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Abstract
This project is a proposal for a sustainable
microbrewery, which is located in Agger, the
North Jutland region of Denmark. It aims
for a better understanding of a specific field
called brewery architecture, which connects
interdisciplinary subject areas like food
industry & engineering, brewing technology &
chemistry, and hospitality architecture.
In order to achieve a holistic and coherent
solution, the integrated design method is
applied. The design implements the three
pillars of sustainability with an individual focus
on each aspect. The environmental impact
of the building is optimized by reaching low
energy building standards with utilizing the
local climate conditions for both passive
strategies and renewable energy resources.
Economic sustainability is catered by
considering the life cycle of used materials.
The project has a strong social focus regarding
the importance of different user groups and
their emotional belonging to the location.
Moreover, the design intends to facilitate a
social transformation in the local community
by providing a welcoming environment with
high-quality architecture.
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Reading guide
This report is structured in the main phases
to guide the reader through the design
process. Even if this system does not follow
the traditional five-phase Integrated Design
Process (Knudstrup, 2004) set up, the qualities
of the methodology are implemented entirely.
The first section includes all the research,
which built up the project’s theoretical base.
This is divided into subchapters like theoretical
analysis, sustainability, case studies, site
analyses, architectural analysis. As the most
far-reaching chapter, it ends with an overall
conclusion to point out the most important
findings worth for further consideration.
The following section is the design phase,
which includes the design drivers chapter and
the presentation. In the design drivers part,
the initial design strategies are explained that
were formed at the beginning of the project.
The presentation part shows the final design
of the project.
As a synthesis phase, the design process
section gives an overview of the iterative
optimization, how the design developed and
changed according to the level of detailing
and integration of architectural and technical
features.
The thesis ends with an epilogue chapter,
which not only includes the student’s
reflection and conclusion but also the list of
used literature and illustrations.
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01
Introduction
The report starts with a short introduction
where problem and theme outlines are
described, together with the motivation
and also used methodology.
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Problem outline
The main focus of this project is designing
a sustainable microbrewery with strong
connections to dissimilar user groups and to
the identity of the place.
Architecture and engineering are represented
as equal parts of the advanced integrated
design. The design needs to be based on deep
knowledge and a clear understanding of the
field of specialization.
Preserving and respecting the local heritage
regarding landscape, building techniques and
architectural typologies are focal points of this
project. Therefore, an innovative approach
about rethinking and reusing towards old and
new can lead to careful still modern solutions.
The architecture should express a quality
design that attracts people with a welcoming
interior and provides flexible facilities that
users can engage in. For instance, creating a
special atmosphere with special attention to
light design and materiality can give a unique
character. As a theoretical background for
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Motivation
social sustainability, the local identity should be
reinforced by a better understanding of user
relations and study of the place attachment.
Though, the primary engineering focus is on
sustainability other technical considerations
about tectonics are also playing an important
role during the design process. Hence, the
project should be developed in two ways.
As a tectonic approach, the choice of
construction, structure, and materials
need to be optimized by applying Life
Cycle Assessment (LCA) and investigation
in ventilation strategies in order to achieve
economic and environmental effectiveness.
In contrary, sustainable methods towards
reaching high standards of indoor climate,
daylight conditions are prioritized. The
growing requirements for the building’s energy
production require to aim for at least low
energy building design, therefore standards
for energy production need to be obtained.

The thesis project as a manifestation of skills
and knowledge required along the master
studies, empower students to challenge
their abilities with experiencing a relatively
unknown and specific theme of architecture.
Brewery architecture definitely belongs to this
category, while it is still a growing field with
newer innovations, evidence based research
regarding of food science and a complex
architectural typology.
It also combines the professional and personal
interests as the individual perception on the
variety of beers offered in the Danish market
seems much more limited in comparison
with the other European countries. So
these findings encouraged to start a further
investigation. Furthermore, it is surely a rare
design topic to work with and maybe that is
the last chance to broaden understanding
and to gain expertise of this theme.

Theme description
Food and drinks have always been a huge part
of life, especially in the Danish context. The
way how people spend their time together
is considered an important social aspect.
Moreover, not only food and drinks but social
gatherings also contribute to people’s health
and well-being, which is worth further analysis.
Initial research showed that the craft breweries
started to appear with competence recently
(Pattinson, 2010). This rapid expansion of the
micro brewing sector has given the country
a very respectable number of breweries,
compared to its population and by the
millennium Denmark has established one of
the most dynamic and exciting beer cultures
in Europe (Pattinson, 2010). New breweries
continue to pop up with the growing popularity
of craft beers.
A microbrewery produces 500 to 10.000
hl beer per year typically, much smaller
than large scale corporate breweries and is
independently owned. They are generally

characterized by their emphasis on quality,
flavor and brewing technique (Boteler, 2009).
The small scale brewery typology was chosen
in order to follow the current microbrewery
trend, moreover, it also supports the project’s
social concept of community forming while
boosting the active socializing and forming
cohesion between local groups with space
and product identification. Functionally it
works as a combination of a brewery and a
public-house with catering facilities but as for
a marketing strategy it sells both on and offsite to promote the local product.

The project is situated on the West coast of
North Jutland, surrounded by Thy National
Park and is also a part of the Cold Hawaii
coastal zone. Agger is an ideal location for
the microbrewery because there is a lack of
brewery typology in the neighborhood and the
community desperately long for a gathering
space that can facilitate catering.

The location was found by research on
existing breweries with a mapping method
showing the density and typologies in the
whole country. Besides mapping, an intention
to seek for touristic areas with the unique
atmosphere was used as a tool. These regions
include national parks, which promote a
healthy lifestyle with a wide range of outdoor
sports opportunities in a breathtaking nature.
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Methodology
Integrated design process
The integrated design process (IDP) by
Mary-Ann Knudstrup (2004) is a method for
combining engineering and architectural
aspects of the project. Technical and
architectural considerations are equally
important and implemented from the very
beginning in order to lead the process to a
common direction.
The sustainable approach towards the design
is applied in every decision from conceptual
level to detailed planning and it guides the
project to the right direction. Therefore,
it is a part of the non-linear process that
immediately shows when it is necessary to
change and step back.
It is important to mention that the different
parts have dissimilar methods for the
translation into the architectural design. For
example to reach environmental sustainability
it is clear that it can be fulfilled with using
passive and active quantitative strategies
while social sustainability is harder to utilize
because of unpredicted parameters like
individual user needs. Moreover, sustainability
is not only needs to be a part of the design but
also the proposed architecture in essence.
The IDP is an iterative process based on
five phases where it is necessary to go back
and forth in loops to achieve a complex and
holistic outcome.
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Firstly, the project is outlined, in this case the
purpose is to establish an energy and climate
optimised microbrewery with emphasis on
several user profiles, quality detailing and
sense of the place. The analysis phase consists
all the needed information to create strong
foundations for the rest of the project and
ends up with a preliminary function program
based on design criteria. This includes both
theoretical research like studying the relation
to the land or brand tourism and as for the
practical part assessing the context with site
analyses together with serial vision.
The following phases are sketching and
synthesis, the most flexible stages with the
most changes when different concepts are
tested to combine technical and architectural
considerations. Different medias and tools are
used such as calculations for technical choices
and also 2D drawings together with physical
and digital 3D modells.
During the synthesis the final solutions
are already proved to be sufficient such as
material’s life cycle performance, the indoor
environment is optimized and the energy
production is under the 2020 demands.
At the end the project is communicated with
several media at the presentation phase.
The final result is shown in plans, sections,
construction details and in 3D renderings.
Moreover, the process that leads to the
finished design is also presented.

Problem

Analysis

Sketching

Synthesis

Presentation
Ill. 01 - The Integrated design process

Qualitative research

Quantitative research

Iterative process

This project is making use of dissimilar types
of qualitative research to gather useful
design related information and gain better
understanding on the part of the field that
cannot be acquired by precise calculations
or tested strategies but impressions and
experience.

The major part of the analyses are applied
as a quantitative research to get to know
precise, detailed and up to date overview on
the context of the field. Moreover, the further
purpose is to find a way how these information
can be efficient to shape the design.

The main feature of the design development
is the iterative process. It was also applied
as an individual methodology type. It is a
constant curve, which starts with the research
than through trials different scenarios are
explored. Then, these are tested according to
chosen principles and in the end, evaluated.

As a base, a study trip to a local microbrewery,
Søgaard’s Bryghus in Aalborg was organised.
During the brewery tour there was a chance
to experience the special environment and
get an overview on the applied technology
through professional interviews and personal
impressions.
Secondly, using personas and scenarios
can provide an insight of the possible social
impact on the the user groups of the project.
The clear understanding of this influence can
lead to a fruitful cooperation with the future
users and further on a well used building.

Ill. 02 - Qualitative research

This information is used at the beginning to
map out the current situation and built up
a strong base to prove the relevance of the
project. This is made via studying technical
databases like climate conditions for mapping,
scientific journals of the beer’s influence on the
health and well being and current regulations
for gaining background knowledge on the
brewing technology and chemistry.
As a consequence of the constantly growing
field of beer technology and scientific studies
the used findings are focusing only on the few
preferences of the designers with a specific
direction and not the extended whole.

Ill. 03 - Quantitative research

The solutions not always fit with the base
concept so it is either leads to the running of
new studies or the concept is changed. There
are different tools that are used during the
process according to hand sketching through
3D models until the use of advanced software.
The level of accuracy also means high
complexity.
Therefore, the disadvantage of the iteration
lies within the timing because it cannot be
predicted as a precisely good outcome. On
the other hand, small studies like sketching
are fast and limitless but also not precise.

Ill. 04 - Iterative process
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02
Analysis
This chapter includes all the analysis
that were used as a base for starting the
sketching and designing phase of the IDP.
Because of the unusual typology it was
necessary to dig deep into the theory, as
well as investigate the possibilities of the
project building site.
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Beer production history
Beer represents the drink of the masses, it
is widely spread all over the world and the
beginnings of the beer brewing go deep into
the history, supported by the recent discovery
by Stanford University archaeologists of
13000-year-old beer residua in a cave in
Caifa, Israel (De Witte, 2018). The ancient
beer was far from what we drink today and
production of alcoholic beverages based
on the fermentation was proved in different
parts of the world, in Europe, China, and North
Africa, even though the materials, processes,
and techniques varied significantly according
to the regions (Cabras and Higgins, 2016).
The research of samples from Israel proved
that the alcohol production was mainly
developed for ritual and spiritual purposes,
prior agriculture. (Liu et al., 2018). The beer was
more likely not liquid but had a consistency of
porridge and was a more-ingredient mixture
made by the three-stage brewing process. The
main ingredients were wheat and/or barley
that were turned into the malt, which was later
mashed and heated to be later fermented
with airborne wild yeast (De Witte, 2018).
Apart from that, the evidence of alcohol traces
in China which dated between 9000 and
7000 years ago showed that the liquid was
a concoction of wild grapes, hawthorn, rice
and honey (Cabras and Higgins, 2016). Other
evidence of beer brewing comes from ancient
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Mesopotamia dated back to 6000 BC, with an
text evidence from between 3200 and 3000
BC that documents that beer was no longer
just an agriculture commodity, moreover it
became a product that was strongly connected
to the Sumerian economy as it was subjected
to taxes (Cabras and Higgins, 2016).
Another finding from ancient Egypt shows the
importance of beer shown in many reliefs,
paintings, and scripts as it was often used as
the main payment (Stika, 2011), the salaries
were paid in grain which was later transformed
into two main items of the Egyptian diet bread and beer (Brewer and Teeter, 2010).
The beer was exported from Egyptian ports
to the south Mediterranean seas and could
influence the brewing style in ancient Greek
were the first findings of beer production dated
back to 3000 BC were discovered. Here it was
drunk mainly by lower social classes, whereas
the upper classes preferred wine. The beer
drinkers were often called ‚uncivilised‘.
This trend sustained until the collapse of the
Roman Empire. Simultaneously, the popularity
of beer remained in the Northern and Eastern
parts of Europe, especially among the
Germanic and Celtic populations. Later during
the Middle Ages, the brewing was mainly
based in the monasteries on the British Isles,
Germany, and Scandinavia where it was first
produced for their own use. It did not become

a business until the 13th century when the
first pubs were established, being supplied
from the monks, which also played a great
role in the brewing innovation process by the
addition of hops (Cabras and Higgins, 2016).
Another huge improvement was made
much later, during the Industrial Revolution,
when the new inventions of cooling and
pasteurization enabled the beer production to
become regulated and controlled and achieve
the same results every time. Additionally, the
invention of the steam engine supported
mass production and also transport.
All this led to the fact that beer became
a widespread commodity. This trend was
however slowed down between the world
wars. Firstly there was a lack of grain and other
ingredients and secondly, the governments
announced many restrictions for alcohol
drinking and trading (Cabras and Higgins,
2016).

Beer brewing in the Danish context
„Down through the centuries since the
earliest times, the beverage [beer] has
remained an essential element of the
nation‘s diet. In town and country alike, it
was on the table morning, afternoon and
evening all the year round: even in the nighttime it was prudent to have to have a jug at
hand by the bed in case of sudden thirst; no
traveller set forth without his keg or bottle,
no shipmaster without his cask. Beer was
served at banquets and festive gatherings,
betrothals and funerals“

(Glamann, 2005, p. 9).

The drinking habits played very much
an important role in life in Denmark, the
consumption of the beer was massive. It varied
from person to person according to the social
status but it is a fact that during Renaissance
some could drink up to 20 potter (= 19,3 liters)
a day. Production of a beer became essential
in Copenhagen and other Danish cities as
they were so polluted that it influenced the
water quality and one could not drink it at the
beginning of the 17th century.
The decrease was first seen during the 18th
century when the new beverages started
to appear in Denmark - distilled liquor
(brændevin) and other spirits, wine, coffee, and
tea. This timeperiod, however, also brought
new brewing technologies and procedures

invented in the Industrial Revolution and
turned the beer production upside down
(Glamann, 2005).
Many new breweries were opened and in
the 19th century, their number was almost
one thousand. However, this started to
decrease rapidly in the following century due
to closures, mergers, and acquisitions (The
Danish Beer Revolution, 2015). According to
Bentzen and Smith (2018), there were nearly
two hundred breweries in 1950, usually local
ones. Most of them were, however, closed
down or consolidated in the following fifty
years and the total number was reduced to
only twelve breweries in 2000 (Olesen, 2019).
Nevertheless, the beginning of the millennium
has started a massive change in the brewing
sector. Microbreweries started to appear
straight away and in just ten years there
were more than one hundred breweries,
this amount doubled in 2018, see Ill. 05. This
growth followed the worldwide expansion of
the industry and customer inquiry for superior
beers. Those have always been highly priced,
which according to Bentzen and Smith (2018)
motivated business entrants to plug into the
market and caused the increase. Microbrewers
are also more flexible and more likely to adjust
their production according to the customer
tastes and carry out experiments as they
produce a smaller volume of beer than the

Number of breweries in Denmark
year
2018

206

2017

193

2016

171

2015

160

2014

150

2013

143

2012

128

2011

124

2010

118

2009

116

2008

114

2007

98

2006

82

2005

50

2004

26

2003

18

2002

16

2001

13

2000

12

50

100

150

200

Ill. 05 - Number of breweries in Denmark
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larger breweries (Cabras and Higgins, 2016).
Nowadays, there is no clear definition of a
microbrewery in Denmark, however, the
companies with an annual beer production
of less than 200 000 hl pay lower taxes to
the general beer tax (Bentzen and Smith,
2018). According to Olesen (2019), there are
currently 206 breweries in Denmark (including
the Faroe Islands and Greenland). These are
not equally spread across the country, from Ill.
X it can be seen, that the majority of them are
located in Copenhagen and Zealand, whereas
North Jutland is the region with the lowest
ratio of breweries to the area. According to
the book The Danish Beer Revolution (2015),
there are four dominant directions in the
brewing industry:
EXPERIMENTING
Every year there are hundreds of new beers
entering the Danish market and challenging
both producers and customers.

5 Bornholm
3 Greenland
2

Faroe Islands

11
5

SUSTAINABILITY
Organic beers production is very popular in
Denmark.
IDENTITY
Microbreweries often look for the connection
with the surrounding and the ingredients and
flavours typical for the neighbourhood.

4

13
25

4

4 4

9

THE NEW NORDIC
The Nordic brewers are trying to introduce beer
as a perfect possible choice to accompany the
Scandinavian food which has become famous
all over the world.
Beer is an important part of the Danish culture,
it is a symbol of tradition and craft while on the
other hand the Danish brewers are perceived
as a very innovative and creative.
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Ill. 06 - Location of the breweries in Denmark

Food and drink behaviour
To understand beer’s significance in socializing,
it is vital to gain insight into the very roots of
food and drink culture. These two are strongly
related and almost cannot exist separately.
Various cuisines, customs and table manners
and moreover the built environment which
give a unique frame to every scenario, have
a great influence on the drinking perception.
Hence drinking settings as specific typologies
in architecture will be essentially explained.
There are two significant food models,
the southern European model has a base
with wine and bread while the northern is
characterized with beer and pork (Medina,
2011). The southern model is also known as
the ‚‚Mediterranean diet”, which has a healthy
reputation for regular wine consumption.
In South Europe, wine is still considered
as a traditional drink even though beer
consumption has a growing tendency.
Moreover, ’good’ beer is generally speaking
what is produced in central and northern
Europe (Medina, 2011).
Drinking alcohol usually occurs in social
settings and according to different nations the
occasion changing such as for South Europe
it is embedded in everyday events like during
meals but for northern nations, it is consumed
when going out (Astrup et al., 2016). These
drinking patterns are changing, merging and
also new drinking environments come into
being like particular occasions, for instance, a
wedding or a birthday party (Astrup et al., 2016).
In 2004, a new trend started to spread from
the Nordic countries to Europe and beyond
that promotes the Scandinavian food and

drink culture called the New Nordic Cuisine.
The movement proposed an alternative to
the Mediterranean and French cuisines which
for centuries had defined ‘‘good taste’’ (Leer,
2016).
Internationally, the restaurant Noma in
Copenhagen had become the label of the
movement (see Study Cases: Noma, page
28). They created a manifesto to describe the
main aims. In essence, the cuisine needs to
represent the purity, freshness, and ethics
associated with the region (Leer, 2016).
Moreover, it concerns the use of ingredients
and produces that need to originate only
from the excellent and characteristics in the
Nordic Climate (Leer, 2016). To keep up with
today’s environment preserving movements
the cuisine should live up to the knowledge of
health and ethical standards of animal welfare
(Leer, 2016).
As the most popular drinking setting, the
pub is a vital institution, which not only
retails beverage but provides opportunities
for socializing (Cabras, 2016). Pubs are also
meeting points, communities are formed and
people can feel the sense of social belonging.
Hence Cabras (2016) states that drinking in a
controlled and safe environment can foster
social drinking and prevent the increased
level of alcohol consumption at private
premises. The brewery as a social setting and
representative of regional food and drink
culture needs to set an example to rediscover,
rethink, and promote the Nordic cuisine and
traditions.

Ill. 07 - New Nordic cuisine model
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Tourism, brand and local identity
Beer has a great potential in making an impact
on tourism as a global and local market
driver. Beer-tourism is a relevant field to get
informed about the wider perspective of the
community-building aspect.
Firstly, the architectural approach of tourism
design will be presented to get a better
understanding of the relation between
landscape, environment, and design. Then, the
relation between the land and locals will shed
a light on what makes a sense of the place. In
the end, beer’s local identity forming feature
with production branding will be expounded.

Tourism
In the following paragraph, tourism’s special
aspects will be essentially explained such as
how it forms the landscape and requires a
unique architecture approach. The main aim
is to protect the existing environment and
realize potential locations that have always
existed but have not been utilized or have
been underestimated (Ellefsen, 2008).
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Amenities are highly important along tourist
roads and sites not only because of user needs
but also it defines the character of the place.
There are dissimilar purposes because each
project is individual but the main ambitions
are to make it possible to experience the
natural assets or tell the story of the city and
use the natural resources (Ellefsen, 2008).
In other times it is not about creating new
but preserving with tidying up, re-establishing
and rehabilitating current situations (Ellefsen,
2008). It is crucial if the users can relate to the
built project because their caring and attitude
can predict its future. Therefore, the architects
ought to provide an experience that designed
in a manner that respects tradition, natural
resources, materials, and sustainability. This
viewpoint means architects should aim for
minimal encroachment on the environment
with very modest changes.
All in all, creating architecture that is a culturally
active product is about both developing
and reinterpreting tradition (Ellefsen, 2008).
Architects should, therefore, learn from
touristic route design as it incorporates
sophisticated design with national heritage
and respect towards the natural resources.

Ill. 08 - Beer tourism

Architectural perspective
“Tourism architecture” is an interdisciplinary
field where landscape and urban design
combined with the architectural approach not
to mention a specific area of civil engineering.
This does not mean that the design is not
developed into every bit of detail. For example,
there is special emphasis on the views, the
material connections and also the climate
adaptation.
All in all, it is believed that the future brewery
can benefit from the main strategies of tourist
route design, such as how small gestures with
broad background knowledge and expertise
can start a change.
The great importance of the relation between
the user and the land was already mentioned
earlier but now the connection between the
steady consumers or customers who are
clinging to a specific area will be introduced,
which makes the local identity. The sense
of place and place attachment have been
concerns of cultural geography for long but
these phenomena had been naturally existing
without awareness until now when they have
to be consciously designed and maintained
(Schnell and Reese, 2003).

Since microbreweries have been appeared and
spread, a new tendency for attachment to the
local environment followed by that truly drove
the brewery revolution (Schnell and Reese,
2003). The theory behind this movement
was simply about the unique experience and
local tradition that people were craving for,
in time with the homogeneous environment
without relations. The beers brewed by
smaller breweries have its special character
nothing like big brands that made them from
the beginning distinct. This was part of a
marketing strategy to promote local ties and
provide local and exceptional experience, only
for the few not for the masses (Schnell and
Reese, 2003).
A study was made about the relationship
between the names of the beers, the images
on the labels and the nature of the places.
In many cases the brewpubs itself were
filled with local colors, symbols to represent
a sense of place with an identity. The labels
and beer names were telling stories about
local traditions, historical figures, nature,
landmarks, climatic events or insiders-only
names refer to legends, ghost stories (Schnell
and Reese, 2003). These locally rooted details

created links that people could easily sense
belonging, no matter if they came as a tourist
or originated from the area. People have
intended to prefer places with a particular
character, which is widely used as a marketing
strategy for brewpubs. Moreover, label
culture is an essential part of the mentioned
concept. The business approach to humanize
brands make the products more appealing
to consumers. By developing a relationship
between the brand and the consumer an
emotional attachment will be formed hence
the sense of a place can act as a reinforcement
(Hede and Watne, 2013).
There are several brand humanization
strategies like anthropomorphizing (brands
characterized by human features like
emotions, behavior), personification (brand
cognates with personality traits and gender),
and user imagery (the connection between
user personality and used trademark) (Hede
and Watne, 2013). To sum up, using local
tradition, uniqueness and storytelling are
common strategies for creating a sense of
place and branding. This concept can be
strengthened by architecture in a way that the
design respects and integrates the context.
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Beer brewing technology
The brewing process is a complex task that
requires strict technological procedures. The
main ingredients are water, barley, hops, and
yeast.

Milling

Boiling

Maturation

Different types of malt are crushed to enable
the extraction of fermentable sugars. This
milled product is called grist.

The wort is collected in a kettle, where it is
brought to a boil before the hops are added.
After boiling, rapid cooling is essential in order
to avoid the contamination of microorganisms
and oxidation.

During this stage the flavors change, due to
the settlement of the yeast, the beer matures.

Mashing
The grist is mixed with heated water and
during this conversion, the malt‘s starch is
broken down into sugars using the natural
enzymes.

Lautering
During this process, the sweet liquid (wort) is
separated from the grain husks.
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Fermentation
The fermentation starts by adding yeast. It
ensures the conversion of the sugary wort
into beer by producing ethanol and carbon
dioxide.

Filtration
During this, the beer is filtered and/or
pasteurized, carbonated a sent to the beer
tank where it is stored for 3-4 weeks to
complete.

Packaging
The beer is packed into bottles, cans or kegs
and is ready to leave the brewery.

Milling

Mashing

Fermentation

Maturation

Lautering

Filtration

Boiling

Packaging
Ill. 09 - Beer brewing process
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Sustainable breweries
In this section the innovative brewery as a
specific typology will be introduced, how
it deals with today’s vital environmental
challenges and provides sustainable guidance
for a long-term future operation.
As earlier mentioned, the number of craft
breweries is widely expanding all over the world,
therefore it is crucial to find appropriate design
solutions that can serve an environmentally
friendly and affordable scheme for not only
the owners and operators but for the users.
The beer industry, in general, has a greatly
negative impact on the environment, through
its energy and water consumption and during
the running a huge amount of emission and
waste by-products are created. “Maintaining
a healthy balance between environmental
stewardship, social enrichment, and economic
vitality can lead to many short and also longterm benefits. So, finding an ideal balance of
these variables can produce a win-win situation,
more profitable products, and less harm to the
environment !” (Brewers Association, 2019, p.
4)
A successful sustainable brewery design
includes a lot of cooperation with several
fields of professions such as electricians,
mechanical engineers for the operating
systems like pumps / hot water generation,
heat recovery and HVAC units and also
brewers/ brewmasters. The following will focus
on the duty of an architect who can create a
good base with conscious design.
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Firstly, the chosen site needs to have some
special characteristics that can enhance
the experience of beer consumption and
production. Most importantly, the community
persona has to take into consideration if it
truly fits with the building typology. Then,
functional qualities have to be fulfilled like
the location of the brewery has to have a
good infrastructure regarding of delivery
and connection to the municipal water
system and the water discharge also needs
to be solved. Furthermore, easy access for
employees and customers can enrich the
wayfinding and by encouraging the users for
public transportation and bike use the carbon
emissions can be minimized.
The foundation of the sustainable building is the
building envelope that inevitably determines
the level of indoor comfort (Brewers
Association, 2019). For that reason, the highperformance building material’s capital cost
can be expensive but it will be optimized during
the building life cycle, which will lead to lower
operation costs and decreased environmental
footprint. By choosing materials for the
construction, recycled resource content
engineered products and composites should
be prioritized. It is important to implement
as many bio-based materials (that can be
reused or are considered renewable) as
possible(Brewers Association, 2019). Lastly,
through the overall construction, the wastes
should be possibly reused at another part of
the project to minimize waste production.

The brewing industry operates with major
utility use so it cannot function without reliable
and cost-effective sources for energy, water,
and wastewater. As the industry is reliant on
the natural resources it is crucial to protect
and preserve them (Pears T., 2019). During
production, a lot of waste is produced. For
example, a typical small brewery brewing
1500 liters three times a week will produce
around two tons of spent grain in a week
(Thomas, K. R., and Rahman, P. K. S. M., 2006).
Consequently, the starting point in the brewing
industry towards sustainability could be to
handle the high volumes of waste material
that is discharged with every brew. Breweries
are major producers of organic waste
materials like spent malt, grain, and yeast,
not to mention the huge water consumption
(Thomas, K. R., and Rahman, P. K. S. M., 2006).
In the past, brewery wastes were generally
ended up as agricultural use- products
especially animal feed but recently due to
legislation new solutions had been invented
to broaden the options for disposal (Thomas,
K. R., and Rahman, P. K. S. M., 2006). Much of
the content of brewery waste is organic and
digestible so there is potential to recycle into
the food production system. The innovations
are very broad from sludge digestion to
release energy, supplementation of food
products through mushroom cultivation
or even incorporation of paper materials
(Thomas, K. R., and Rahman, P. K. S. M., 2006).
The challenge is not only to handle the waste
product but their bulk as well. Each stage of

the brewing process produces waste. For
every 1,000 tonnes of beer produced, 137 to
173 tonnes of solid waste can be created in
the form of spent grain, trub (unwanted wort
production byproduct) yeast and kieselguhr,
the main material used for filtering the beer
(Jurado J., Sørensen H., 2011).
There are many ways to reduce waste and
recover byproducts such as spent grains can
transform into valuable products or using
recovery equipment that minimizes energy,
water and ingredient consumption. These
used to recover the beer from the surplus
yeast or to dewater the spent grains (Jurado J.,
Sørensen H., 2011).
In general, the waste management for the
main ingredients like grains and yeast can
be reused in the beverage industry due
to having food characteristics (Thomas, K.
R., and Rahman, P. K. S. M., 2006). So the
hygienic production and transport make it
theoretically feasible to incorporate spent
grains into human foods. Biscuits and bread
are popular choices and allow for novel flavor
characteristics as well as giving a local focus
(Thomas, K. R., and Rahman, P. K. S. M., 2006).
It also works in reverse, for example at Toast
Ale brewing the surplus bread is in the
production of their beer. By replacing a third
of the barley required in beer with bread they
aim to cut food waste in half at consumer and
retail levels(Thomas, K. R., and Rahman, P. K.
S. M., 2006). Lastly, the spent grain has the

potential to produce edible fungi, which have
been promoted by breweries for some time
and represent a clear possibility of producing
added value out of a waste product (Thomas,
K. R., and Rahman, P. K. S. M., 2006).
In conclusion, designing a sustainable
brewery in an architect point of view is even
a higher responsibility due to the criteria
of mixed functions like small scale factory,
office, and hospitality. Hence the early
design decisions are vitally crucial to the very
details like material choice and waste plan,
which defines the level of sustainability. To
define a good waste production strategy it is
necessary to collaborate with specialists like
biotechnologists and brewers. Alternative
solutions for waste management that
enhance the culinary experience and life cycle
of ingredients and also building materials are
definitely worth further consideration.

Passive strategies

waste management

Active strategies

water management

heat recovery

energy eﬃciency

Ill. 10 - Sustainable strategies in the brewery industry
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Energy performance and indoor climate
As a part of environmental sustainability, the
energy performance of the buildings needs
to be taken into account during designing.
The overall energy consumption of a project
is affected by a wide range of parameters to
mention a few, from the positioning of the
building through the applied building elements
and structures until the operating systems.
At the early stage of the design, it can be easily
regulated, which can be a helpful tool for
choosing a better option during the process
and also leads to a more sustainable solution
that saves time and operation costs in the
future.
Designing with passive strategies is the
starting point of an energy efficient building
design, which can be even more improved by
using power saving systems.
The passive strategies are applied to make use
of the local weather conditions and thereby
lower the energy demand of the building. The
main interests lie on natural ventilation as
passive cooling, daylight circumstances, the
building envelope, passive solar heating, and
insulation. The active methods produce power
from renewable resources to provide heat or
electricity with a choice of solar cells or wind
turbines or heat pumps.
According to the energy frame regulations
the small scale brewery belongs to a public
business category like institutions that belongs
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to the low energy building sector. Therefore,
the 2020 energy class suggests reaching 33
kWh/m2/year(Danish Knowledge Centre,
2018).

project demands dissimilar requirements, not
only the basic comforts need to be fulfilled
but special conditions are necessary to be
provided because of the brewing technology.

Relating to the brewing technology, the
proposal design needs a lot of equipment,
controlled ventilation and sufficient lighting
for working. So, a great load of energy supply
will be needed to recover this demand so
probably active systems needs to be applied.
Moreover, the brewhouse operates with
huge waste production and natural resource
consumption like water. That means supply
systems with recovery and alternative
strategies like reusing byproducts need to be
implemented for waste and water treatment.
The biggest energy consumption will be
produced by the brewhouse but there will be
other supplementary demands for general
comfort provided for other parts.

This means the brewhouse is representing a
small scale factory with a workplace within and
often a hospitality function is connecting to it.
Therefore, the conditions can be widely variant
depending on the people load and specific
equipment that greatly affect the air quality
and temperature by pollutions, humidity and
heat gain. For that reason, the main studied
parameters need to be the atmospheric and
thermal comfort with a special focus on odor
protection and visual comfort.

Social sustainability is based on user
satisfaction, which is strongly affected by
the indoor climate. A sufficient indoor
environment is vitally important because it has
a big influence on human productivity and on
health and wellbeing. As a methodology, the
needs of the different users are specified and
later on applied as design criteria. In order
to create the best conditions, the building
design needs to be optimized according to the
improved results by manual calculations and
tested by the BSim simulation program. This

These mainly derived from the brewing
technology. Sufficient air quality with odor
protection and acoustics are factors that need
to take into consideration when a catering
function like restaurant or pub merges with a
brewer’s workplace. In addition to the indoor
climate, the quality of outdoor spaces was also
chosen as a guide criterion that can enhance
visual comfort and can supply a healthy indoor
environment.

Construction and LCA
The building material’s properties determine
the indoor environment and because of
the embodied energy and the manufacture
process of the products affect the overall
energy consumption. The embodied energy
of the materials according to findings in 2015
(SBi, 2018) in a low energy building can exceed
to 46% compare to the operation which is
54% (this is assumed to be further increased
in the coming years to 65%). So the choice of
materials not only specify the aesthetics and
building technique but has a strong influence
on the environment and economy.
Moreover, the building has several effects
derived from its component like resource
effect, health effects and last but not least
environmental effects. The first group is
about the relation between materials and
the energy needed to be produced, which
destroy resources of non-regeneratives like
fossil fuels and certain minerals (Steen Larsen
T., 2018). Secondly, there are a lot of toxicity
and emissions from materials, which can lead
to a poor indoor environment with generating
dust, noise, vibrations and hazardous
chemicals (Steen Larsen T., 2018).
The biggest effect targets the environment
especially the water, the land and the air by
combustion of fossil fuels and nuclear power
(Steen Larsen T., 2018). Therefore, it is crucial
to investigate the used materials of the design
more in depth to avoid the continuation of
these effects.

One way to investigate the environmental and
economical aspect of sustainability is working
with the life cycle assessment. In general, the
life cycle thinking can support to save materials
resources, minimize waste production and
has great potential in energy saving (Steen
Larsen T., 2018).
Using LCA can predict the environmental
impact of the building by the performances
of the construction and the used materials.
It can help to make conscious decisions by
comparing products and system based on
efficiency, durability, performance quality
standard and life expectancy. By tracking the
carbon footprint of the building the overall
building performance can be estimated (Steen
Larsen T., 2018).
The life cycle of the products are also playing
an important role with the overall evaluation.
Normally, a material goes through four
stages like production, construction and
refurbishment, operation and maintenance
and lastly demolition, removal and disposal
(Steen Larsen T., 2018).
All in all, the choice of materials and building
components needs to be tested already in an
early phase and alter for the final selection
that based on the improved income. Choosing
suppliers with quality labels can help to find
LCA approved products like EU Ecolabel , C2C
(Cradle to Cradle) and FSC for wood products
(Steen Larsen T., 2018)

Ill. 11 - LCA of the material
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Case studies
In order to gain an insight into the specific
field of brewery architecture and get further
inspiration to create a unique architectural
language, several study cases were examined.
The chosen projects are divided into 3
sections, according to their main focus on the
architectural typology, sustainable approach or
encouragement for a social lifestyle. Through
plans, pictures, and illustrations each project
will be briefly described. Then a conclusion will
be given on the design strategies that can be
taken into account later on.
As a part of the qualitative research, a study
trip was organized to Søgaard’s Bryghus in
Aalborg. It is an experience-based learning
method, which is a guide to translate
personal impressions and observations
into professional knowledge and further on
development. This tour does not only give
insight into how the building is used but also
about how consumers and professionals feel
in a particular environment.

Rating system
A rating system helps to evaluate the
projects and conclude on their main focuses.
According to the three main categories such
as architectural typology, approach towards
sustainability and social aspects each study
case is rated. The icons represent if the project
belongs to a specific group. In certain matters,
a project can fit in more groups regarding
personal opinions

26

Architectural typology
As the theme is quite rare with being a
borderline between architecture, food
industry and beer technology/engineering
an interdisciplinary approach is required to
broaden the general knowledge. It is vitally
important to study breweries with a related
scale because these findings will become the
basis of the design. Moreover, this base will
influence all the parts of the design process,
including the initial concept through the spatial
organization to materiality and detailing.

Ill. 12 - Architectural typology

Approach towards sustainability
Sustainability is highly prioritized in the project
design because it not only defines the final
building product or solution but the overall
approach and way of thinking behind every
design and engineering decision. It needs
to be mentioned that all three aspects of
sustainability are considered equally essential.

Social aspects
The brewery as a hospitality typology is
providing a special scene for social interactions.
Therefore, the role to create and reinforce
community relations is a main social concept.
There are different strategies to achieve the
aforementioned for instance to form the
identity of a place that can recall consumer’s
emotional attachment to a specific building or
by using personas from the very beginning of
the design can empower user satisfaction.

Ill. 13 - Approach towards sustainability

Ill. 14 - Social aspects

Bryghuset Vendia
As for an initial reference the Bryghuset
Vendia was chosen in Hjørring. Vendia offers
a broad spectrum of catering facilities such
as brasserie, bistro, brewery and restaurant
that are famous for its high quality. They
host several events, run a chef school and
more importantly give space for brewery
tours combining with tasting ( Bryghuset
Vendia,2019).
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Other than the double height “display” window
that shows the integrated microbrewery with
the dining area, the sophisticated architectural
aesthetics is not represented. Vendia’s design
has a strong functionality but blends into the
townscape with a common material choice and
building typology. In conclusion, the Bryghuset
Vendia has a clear spatial organization that can
help to set up the new design’s layout. Even
though the building’s capacity is bigger, the
circulation principles can be applied in a small
scale brewery. Its relation to the urban pattern
can be further considered if the design will in a
row housing area.

Ill. 15 - Bryghuset Vendia
Stueplan Bryghuset Vendia

5.5

This brewery gave the first overview of the
necessities for a room program, the circulations
between spaces and functional programming
as such. The floor plans show the complexity
of organizing different functions into one
unity such as restaurant, bar/ café, brewery
and office for the management. It also gives
information about the user groups and their
spatial needs.

187

45 x 70 mm afrundet træ fænderliste
monteret på glasvæg mod bryggeri.

28 28
Plateauet placeret midt
for eksist. facadeparti

Nyt murhul gennem 2 etager
Nyt parti isættes hul

Ill. 16 - Bryghuset Vendia - floorplan

Plateauet placeret midt

A
Rev.

Søjler flyttet/ændret, parti mod selskab 1 ændret, reol & bord indtegn.
Emne:

ARBEJDSGRUNDLAG

27

12.06.2007
DATO:

Noma 2.0
A worldwide famous restaurant Noma 2.0 was
designed by BIG architects in Copenhagen
with a main idea to organize the individual
functions into a coherent unity with their own
character. User satisfaction was a high priority
so the architect’s design decisions, choice
of material were severally fitted each space
according to the chef’s and guest’s needs. The
extensive use of glass allows chefs and guests
to follow the changes in weather, daylight and
seasons and makes the natural environment
an integrated part of the experience (BIG,
2018).

Ill. 17 - Noma - exterior

Ill. 18 - Noma - interior
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This sensitive design offers a unique
experience to all types of users from staff to
guests. Besides the thoroughly planned details
with the choice of materials, structural joints
they emphasized the building’s connection to
nature. The use of glass enables to link the
cozy indoor with the wild outdoors. Moreover,
the facades were consciously designed to
show specific views and form clear wayfinding
during the outdoor tour of the restaurant. All
this came from a deep understanding and
respect for the surrounding landscape and
natural habitat.
All in all, studying these projects was an
inspirational case regards how the building
utilized the qualities of the surrounding nature
that can be crucial in the future brewery with its
location. Hence it set a good example of how
different functions can be organized as a set
without interacting. This defined the volumes
of the building that created a relatable scale
and identities to the units.

Kornets Hus
The design of an agricultural and baking
education center by Reiulf Ramstad in the
Jutland region stands out with its kiln- shaped
forms and yet respects the area’s cultural
landscape. This cultural heritage originates
from the diversities of the landscape that
represents a continental feature with old
historical traces. Therefore, the architect kept
the positions for the current functions like
farm and bakery and added more value to it
with a modern twist. The form was derived
from research into the region’s landscape,
folk culture and agricultural heritage (Morris,
2017) such as the baker’s kilns and L-shaped
plan around the courtyard or the central
bread oven.

Ill. 19 - Kornets Hus - render

Providing sufficient daylight conditions via light
wells- for teaching and exhibition - became an
essential part of the design (Morris, 2017).
The approach towards form- evaluation and
the connection to local heritage (landscape
pattern, typology, and baking tradition) and
last but not least the implementation of
efficient use of natural light are definitely the
best features of Kornets Hus. Though, the
design is not extended to details like precise
choice of materials like the floor, wall finishing
or interior decor.
In the end, the consideration behind
landscape relations, shaping the building and
as a technical aspect prioritizing daylight is
surely worth for further consideration. This
case truly represents how the old traditions
can live on in a modern building that can be a
beneficial strategy in the brewery.

Ill. 20 - Kornets Hus - cross section

29

Barr
Barr in Copenhagen is focused on a broader
food and drink traditions found in the region
along the North Sea, which includes the area
of Scandinavia, Germany, Benelux and British
Isles (Barr, 2019). The name, Barr (meaning
barley in old Norse) reflects the restaurateur’s
fascination with the region’s food and drink
history and culture (Barr, 2019). Raw materials
like wood, leather, and wool represent the
Nordic atmosphere (Barr, 2019). In the
interior, traditional craftsmanship meets with
modern and still customized architectural and
product design innovations.

Ill. 21 - Barr - entrance

Ill. 22 - Barr - furniture

Ill. 23 - Barr - detailing

Ill. 24 - Barr - interior
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This is an inspiring restaurant project by
Snøhetta regards of materiality, well thought
to detail with keeping the usable structures
and also a perfect mixture of presenting old
traditions with today’s solutions. It represents
an outstanding interior, product, and even
graphics design while there is no or lack of
connection to outdoors. What is more, NOMA
turns more inwards without providing any
visual connection to the surrounding public
area.
Thanks to the restaurant typology this case‘s
highlights are hidden in the details. This
precise design can be beneficial in the project
in order to create a sense of place to promote
the area’s traditions regards of local cuisine,
materials, and craftsmanship. The quality
design can further develop into the label of
the brewery, which can contribute to the
local’s trust in services by the microbrewery
and can become a tourist attraction.

Søggard’s Bryghus
As a part of the qualitative research, the
Søgaard’s Bryghus brewery was visited in
Aalborg. The brewery was opened in 2004
and has a 100 000l annual beer production
per year. The establishment includes a
brewhouse, a pub, and a restaurant. In the
brewhouse, two brewers are working full time
with superior cooperation of a brewmaster
and part-time workers for short processes
like bottling or packaging. Søgaard’s strategy
for optimizing operational cost is to share the
equipment used. That means it works as a
contract brewery with sharing the set up with
different brands so a lot of products produced
by one place. The waste management is
handled by cooperation with local farmers
to supply cattle feed. To raise the number of
customers special events and popular beer
tasting tours are organized.

Ill. 25 - Søgaard’s Bryghus - brewery 1

Ill. 26 - Søgaard’s Bryghus - brewery 2

Ill. 27 - Søgaard’s Bryghus - brewery 3

The interior design is really appealing with two
zones, one with a modern restaurant, which
harmoniously fits with the traditional wooden
English style pub by using local decoration and
materiality. Instead, the brewhouse, which
is separated from the public and only the
cooking equipment is on display at behind.
The tour not only shed a light on the spatial
connections and sizing of the tanks but
important criteria to meet with, like regulated
temperature, pressured air and humidity
in storage and production areas. The visual
connections between the production and
consumption areas also need to be further
taken into account.

Ill. 28 - Søgaard’s Bryghus - interior
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Introduction to the area
The site is situated in Agger, on the west coast
of the region Nordjylland in Denmark. The
local area of Agger is within the regional plan’s
coastal zone boundary, which includes urban
and cottage areas.
It is already fully developed so there is a
possibility only for new construction that is
fitting to the existing buildings (existing can
be renovated or rebuilt). The town has a
cultural environment that has to be protected
as well as the coastal protection system, bird
and habitat protection areas that are high on
priority.

North Jutland region

Agger

According to the Environmental Act, planning
has to have minimal physical effects on the
area in order to respect the predominantly
conservative nature (Thisted Kommune,
2008).

Denmark

Ill. 29 - Project location map
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History

Architectural heritage

Agger today

The settlement originally consisted of small
communities and stretched from Londbjerg
to Thyborøn. From the 1600th century, the
village gradually moved to the east with the
community. In 1825, the sea broke through
the old Agger canal, which led to a change
in the population and townscape itself. The
landmark of the place became the victim of
the sea and the church was rebuilt later in
Øster Agger where parts of old houses were
also moved in shelter from the water.

Agger has a cultural-historical heritage, which
includes several landmarks in different parts
of the town.

The population today is about 370. During
winter time, around 350 tourists are
visiting Agger though the peak season is in
summer with 2-3 thousand newcomers to
experience the extraordinary scenery with the
combination of the fjord, sea and protected
habitat (Natura 2000).

Around 1900, the aquaculture establishment
was founded to secure the coast with herds
and dam buildings of a significant character.
The conditions for the fishing industry changed
the population, as the hydropower system led
to several and new types of jobs with them.
The consequence of the herd construction
made the shoreline changed and the landing
site with the fishermen’ s houses at the west
of the town became immediately unusable.
Fishing was the original profession in Agger
but has been disappeared quietly. In 1949,
there were 31 seagoing boats and today it is
only 4.
In 1971, the harbor was moved to the east of
the dam to the current Agger harbor, which
was in connection with the ferry service Agger
Tange –Thyborøn and residents with the
church were forced to move again more to the
east. In the 1970s a turn arrived, when holiday
homes started to pop up and slowly changed
the status of Agger from a fishing village into a
tourist area (Thisted Kommune, 2008).
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The churchhad been gone to several
relocations, renovation, and extension due to
the sea and moisture conditions. The current
building is only almost 30 years old and was
re-equipped with a baptismal room and
extended with a few meters.
Some parts from the old Agger remained,
notably the Fisherman‘s House, which
since 2005 is a museum and open in the
summertime (Thisted Kommune, 2008).
A large workplace with several units (now still
called The Black Houses) was a presence for
aquaculture systems, which was closed down
in 1993 with the change in the inhabitant’s
professions. Later on, Thisted Municipality
leased these buildings for Coastal Directorate.
Nowadays are owned by Agger Bådelaug,
whose members are responsible for the
maintenance and offer cultural events (Thisted
Kommune, 2008).
The architectural heritage and preservation
as such are high on the priority of the town,
which helps to protect the local charm of
Agger and give guidance for new owners.
The new proposal should accommodate this
approach and create a respectful design.

The town offers events around the whole year
but the most popular ones are in July and
August. These can be categorized in culture,
sport and culinary sections. As entertainment
they organize several events with different
target users like book clubs and theme
presentations are mostly for the locals but
the country famous “Havne fest” (Sea Festival),
the annual Royal Ballet performances at the
spectacular beach stage and the Sculpture
festival along the seafront are the main
attractions (Nordjyske, 2018). For the sports
lovers, other than the water sports like all kinds
of surfing and swimming the Agger marathon
and Lady walk are the ultimate favorites.
Lastly, there are organized occasions to try
the local food and drink at a food market or
wine/ whiskey tasting tours and even summer
picnics can be arranged by the local bistro.
In conclusion, it is clear that these events
mostly focused on the peak season and lacking
opportunities for the rest of the year even if
nature experienced activities could be more
promoted. So, the proposal should find an
alternative to offer activities that can operate
all season and can create an opportunity for
merging the line between tourists and locals.

The Black
Houses

Fisherman‘s
monument

building site

Fisherman‘s
house

church

Ill. 31 - Context map
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Introduction to the site
Serial vision is a mapping method, which helps
to analyze the surrounding area in terms
of multi-sensual impressions and human
perceptions (Davids, 1987). The studies
are made as a sequence of photographs in
order to visually follow a pre-specified route
in the context. The purpose is to extend the
understanding of analyzed rhythm, movement
and urban pattern of the site (Davids, 1987).

3

The first route accesses the site from the
western part of Vesterhavsvej and ends
up after the connected street of Aalumvej.
Along the way, the central area with the main
junction of parking and bus stop turns into a
mixed area of residential and small business.
Besides, it is the main road and pedestrian
and bike roads blending the traffic and flow of
people are low with serene movement.

1

The second route starts from the eastern part of
Vesterhavsvej, where it joined by Gyvelvej and
ends up with a perpendicular street Aalumvej.
The building characteristics by materials, and
style appear more homogeneous than the
first route but different functions are merging
like shops, supermarket or even a hotel do not
show a different building typology.

2

The last route reaches the site from the
northern part of Aalumvej and ends up where
it joins Vesterhavsvej. The rhythm is even
slower than, experienced in the other routes.
As a side road, it is a calm, safe and very
private area with more greenery that makes it
suitable for families.
1:2000
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Ill. 32 - Serial vision map

1

2

3

Ill. 33 - Serial vision photos
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Atmosphere of the site
It is more common to explain the atmosphere
of the interior spaces but in general, every
place has its own character, which influences
people by evoking emotions. This can further
lead to emotional engagement or attachment
to places. The quality of a space is not just
relying on visual perception but it is a mixture
of different multi-sensorial stimulants. Peter
Zumthor said (2006) “when we enter a
building, see a room, we have a feeling about
it”. He continues like this “we perceive the
atmosphere of the room, a sensation that
both could be positive or disturbing”.
This is true to the outdoor spaces even for
a whole village like Agger. The coastal town
has an undeniable vibe, which gives a calm,
undisturbed feeling to the visitor. This area is
perfect for recharging by the natural scenery
of the wild sea surrounded by the protective
sand dunes covered with the swaying
long grass. While the seasons change the
atmosphere of Agger turns into a sleeping
town, where the mood is affected by the lack
of light and the constant fight against the
wind. These two characters are alternating
during the year, which determines the main
impressions of the area.
Ill. 34 - Mood map
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Ill. 35 - Tomography
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Site context
On the map, the yellow area shows the chosen
building site. The location is well connected to
all amenities as taking place on the main street,
close to sand dunes in a housing area. Along
the main road, public transportation stops
and several parking spots are established. The
parking areas mostly accommodate cars and
not bikes. The pedestrian routes are framing
the main road both sides but these are shared
pavements for both cyclists and walkers.
Agger is a country leader in supporting people
with special needs by providing the longest
handicap path in Denmark (VisitThy, 2019).
This path was established to support the “life
by the sea” concept, which provides access to
the beach to all user groups in order to exploit
the experience of the natural habitat (VisitThy,
2019). In general, the traffic is not heavy by
causing high noise and pollution levels or
crowd around the project site.

P

P
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project site
touristic
residential
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shopping
Ill. 36 - Infrastructure and functions

The town’s this area has mostly a housing
function with a variety of hospitality
establishments like a holiday resort, a bath
hotel, and a small café, a restaurant and a
street food eatery nearby to the beach. Some
small businesses are also represented as a
supermarket and a gift shop. The functional
differentiation not affected the building
typology, only the holiday resort represents
a more modern building shape with a flat
roof and a bigger scale. The chosen site is
at the boundary of a residential area and
public functions so it seems logical to make
a connection with other hospitality functions
with respect towards the neighboring
buildings.

Landscape context
The map shows the diversity of the landscape
that divides the project location into four
main sections. From the west, the first part
represents the wild sea, followed by the beach
and the sand dunes as natural protection from
the tidal zone and lastly the built environment
with dispersing buildings determines the
scenery.
The west coast of Northern Denmark is known
for its harsh weather conditions like strong
storms generated by the wind and the drifting
sand, which can destroy the islands. From
1900-1908 a number of breakwaters were
built in a specific angle for coastal protection.
They were designed to break the waves and
limit the destruction of the coast. Moreover,
some artificial dikes were also built to prevent
storm flows from damaging the land behind
the dunes (Nationalpark Thy, 2019).
The presence of sand and salty air also makes
the soil conditions infertile for almost any
type of vegetation. The sand dunes are very
sensitive for tourism and destruction of them
can result in a wind erosion (Danish Nature
and Vegetation, 2011). This means the sand
could blow as a dust storm long way further to
the land (Danish Nature and Vegetation, 2011).
Today the inland dunes are mostly covered
with plantations of conifers or heaths that
helps to decrease the wind erosion (Danish
Nature and Vegetation, 2011). The only flora is
long grass and rosehips shrubs.
To sum up, the proposal needs to conform to
the conditions by a weatherproof design and
turn it into qualities.

project site
sea
beach
sand dunes
urban
Ill. 37 - Landscape
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Climate
Temperature

Precipitation

Wind

This graph shows an integrated result of
the average maximum and minimum air
temperature and also the sea temperature
over a year presented monthly. The maximum
air temperature is in July and August with an
approximate 20 °C while the minimums are in
December and January with hardly below 0 °C.

Rain
The graph shows the average precipitation
from the rain and snow over a year presented
monthly. Besides it also gives the average of
the rainy days in each month. The rainiest
seasons are August and October and the
rainiest days occurred in November and
December.

These wind rose diagrams show the dominant
wind directions with their velocity in the
Thybøron area, which is the most relatable
database for the project location. The diagram
represents an average wind condition in July.
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The rain study can give information at the
beginning of how the rainwater treatment
and sheltering need to handle according to
the level of urgency. That can define if some
N
special protecting strategies are necessary
to apply for the construction. It can specify if
the amount of precipitation is high enough
to implement a rainwater
collecting system.
30
0
60
Regarding
the beer technology
with great
°C
20
water
consumption, an alternative way of using
15
rainwater
could be a sustainable solution to
10
avg.the
maximum
temperature
minimize
cleanair
water
demand.

21

The outdoor temperature is important to
investigate because the thermal perception
will determine the programming of the
proposal (by offering outdoor or indoor
activities) and also the operating system like
N
heating, ventilation or cooling. As seen from
the graph the summer season is limited to a
short period but this is still the most visited
time. So, to extend the best season further
30
0
research can be done
that can add more value
to the programming of the proposal.

The wind data are hugely affecting the design
in terms of passive cooling strategies for
ventilation or an optimal renewable resource
for generating electricity. The wind conditions
are also utterly important when designing an
outdoor space because positioning it in a wind
tunnel can result in an unpleasant thermal
perception and ruin even the detailed design.
In total, the design needs to take into account
the advantages of the wind by positioning to
gain sufficient airflow and also involve wind
studies when60creating outdoor spaces.
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An accurate understanding of the solar
conditions is essential for designing with
passive strategies like orientating, solar
heating during winter and protect with shading
during summer. The little diagrams show the
shadows cast around the site by the neighbors
during the same month, at 11 am and 3 pm.
These hours were chosen for the expected
peakN hours of operation. The position of the
site360
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The sun path shows how the sun affects the
length of daytime and the amount of daylight
in the months of June, March, and December.
The sun position is highly affecting the heat
gain of the building and the possibility to
collect solar energy by radiation.
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Ill. 42 - Shadows
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Future users
The user groups of the local community play
an important role in the brewery design. The
built environment should serve its users so
the spaces need to be tailored to the person’s
needs and expectations. It is necessary to
consider that the physical environment can
affect people’s health and wellbeing and
encourage social interaction. The chosen
user groups can differ in age, gender, and
socioeconomic background. Tourists make
a big impact on Agger’s life mostly during
the summer season. That time the village
is crowded, the holiday resorts are booked.
Their needs differ from the locals in terms of
the time they spent here.
Tourists usually require quality services in
the short term and they are not bothered
if they affect negatively the locals. In some
cases, they greatly enjoy their stay to decide
to become a property owner that already has
different features. This user group includes
families coming for summer vacation, senior
hikers, surfers with almost all age and school
trip children.
The brewery cannot function without an
organized staff. Therefore, the staff needs are
vitally important to take into consideration
in the design. Their relation to the spaces is
based on the specific professions such as
brewer, chef or bartender. All of these fields
are strongly connected to communication
and entertaining that can be supported
architecturally. This user group can include
people from the village or from the neighboring
towns.

44

The main feature of the locals is their relation
to the community and the village. They
spend all their time in the town so for the
development in the built environment would
bring a constant change. They have a need for
a gathering place, where community forming
events can be organized in order to strengthen
the local identity. Their connection to tourists
is complex because on the one hand, they are
profiting from tourism but on another hand
there are inconveniences like too much noise,
traffic. Out of the summer season, the locals
are not complaining about tourists because
the presence is less significant. The locals
represented by all ages and mostly they are
working and studying somewhere else. As a
result of the traveling time, they have different
needs for opening hours of services and
organized events. Since they experience the
town daily they are already got used to it so
their interest would lie on something new that
would bring change but easy to adapt to.
The temporary locals are the ones who
are owners or renters of a holiday lodge.
That means for a while they become part of
the life of the community but they are still
separated. In some cases, they used to live in
Agger but moved and today they are owners.
They already have relations to the town in a
personal and social sense. So their needs for
socializing differ from the first group. In a way,
they are similar to tourists because they want
to experience as much as possible and enjoy
their time but they also have similar features
with locals who are not enthusiastic about
everything because they just simply got used
to it.

Ill. 43 - Users 1

Ill. 44 - Users 2

Ill. 45 - Users 3

Ill. 46 - Users 4
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Ill. 47 - Surfing in Agger
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Partial conclusion
It is very important to summarize the analysis
phase in order to be aware of the base
knowledge that can be further on implemented
in the design. Through the theoretical analyses,
the theme was thoroughly explored with all
aspects of the beer production regarding the
story of the beer industry through the social
features with architecture and environment
relations until the precise brewing technology.
Together with the specific study cases and
the research on the sustainable beer industry
a clear understanding was formed on this
complex functional building categorization

and the problematic aspects, which need to
be solved in a sustainable manner. The site
studies summarized the local microclimate
and gave possible solutions for the future
design criteria as a base of environmental
sustainability. Instead, the architectural
analyses, what a made acknowledge the
importance of the place identity with an
undeniable existence of atmosphere. For this
reason, the interior aura was further explored
to enhance the mood of the place and spaces.
All in all, this whole research shed the light
on the potentials and critical points regarding

the brewery and the chosen project location.
The complexity suggests getting in contact
with specialists from the field of beer brewing
industry like brewer technologists and
engineers.
This not only means that the level of accuracy
for the design will be higher but also the lack of
knowledge on the profession will be minimized.
On the other hand, the disadvantage can lie
in the scheduling of the project, which in this
case can take longer then typologies that are
already known and experienced previously.
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03
Programme
This chapter includes the foundation of
the design that will be presented later.
This section explains how design criteria
were set up and turned into an initial
room program. Moreover, the challenges
of relating to different requirements are
presented. This derived from the mixeduse building typology, which made it
complicated to meet with a certain kind
of regulations.
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Ill. 48 - Functional diagram
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Functional diagram
The basis of the function diagram is the three
main zones. These are the brewery, the guest
zone and the staff zone. Later the zones were
further differentiated into smaller functional
areas. The building’s main entrance is at the
pub cluster. This zone is mixed, that means
it both belongs to the brewery and guest
zone. Therefore, this area is connected to the
Brewery front house. This is truly a brewery
zone, which provides the entrance for the
brewery employees. This part is directly
connected to the brewery back house. The
back house has several, for example, the cold
storage, the dry storage and also the technical
room and a toilet.
The last link of this system is the glasshouse,
which is attached to the brewery backhouse.
This area is special in a way that it included in
two zones such as the brewery and the staff
zone. Following the functional connections
from the other side of the main entrance,
the restaurant cluster is shown. This belongs
to the guest zone and further connected
to the second glasshouse. This one also
has combined properties but in this case, it

links to the staff and the quest zones. This
cluster connected to a varied functioned
system, where staff zone areas placed
such as the kitchen, the staff day zone with
cloakrooms separated by genders and also
the fermentation lab and the technical room.
The guest zone has one more is, which is the
guest toilet.
While detailing the functional diagram into a
room program the process faced with several
difficulties. Most importantly, the wide range
of functions required dissimilar conditions
and some were not applicable for generalized
scenarios while others were lacking standard
regulations. The brewery part was the
biggest challenge and the biggest help was
the contacts from the brewing industry. This
meant the applied parameters were based on
the specialists’ experience and not on following
standard values. Besides the brewhouse, the
conditions in the pub were also unspecified
by national standards. So the design needed
to relate to other hospitality functions like the
restaurant.

A special room program was set up for the
brewhouse, the northern glasshouse, and
the fermentation lab. The front brewhouse
is the area of beer cooking, fermentation,
and maturation. The back house includes the
different dry storage for raw ingredients and
the cold one for keeping the final production
at a low temperature. The ingredients of
hops and yeast need to be kept under strictly
controlled conditions like special ventilation
with pressured air, constantly checked
humidity and low temperature (ref-study trip
interview). The malt can be stored in a general
indoor climate. The northern glasshouse
is a small mushroom garden, using the
brewery wastes as soil addition to growing
the vegetable. The mushrooms require highly
humid and warm areas with (ref: Allman M.,
2018) with filtered light. The fermentation lab
is a specific type of kitchen, where seasonal
ingredients are stored and later on prepared
for the restaurant and pub menu. Here, some
storing equipment needs to be used with
regulated high temperatures.
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Ill. 49 - Design criteria
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Design criteria
The design criteria are set at the early stage,
which is the basis of the conceptual design
and helps to target the main focus of the
project. The proposal has three main criteria.
These are the following, “Reinforce the local
identity”, “Preserve the natural habitat with a
sustainable design” and “Cohesion between
locals and tourists”.
The first criterion’s purpose is to strengthen
the relationship between the town of Agger
and its inhabitants. This can possibly be done
by making them engage in the future design
that is representing the local qualities by
producing a local product that can be
proud of. This can not only create stronger
attachments but also raise attention among
tourists, which can be a starting point of
small scale development. Moreover, this
can positively change the “sleeping town”
the character of Agger which means that the
town is lacking activities out of season.
The next criterion relates to the regional

initiatives with an overall design approach
towards sustainability. This means the
proposal needs to respect the local natural
habitat by minimizing nature intervention. In
addition, design decisions need to be shaped
by considering all aspects of sustainability.
It is vitally important to fit the urban context
by relating to the scale and not to create
an alienating building design. This can be
prevented by a thorough study of the project
area.
The last principle represents mostly a social
related matter by aiming for a transformation
in the local community. According to talks
with inhabitants, the seasonal changes always
bring an unbearable crowd to the town with
all the negative impacts like increased traffic,
noise, and rubbish. Moreover, the village is
lacking a meeting hub, where people can relax
or organize events. This could be a solution
where the two personas can meet and
interact. The existence of the future brewery

as a part of the local tourism could ease the
overcrowded situation by a more balanced
people flow. More importantly, it would offer a
gathering place, where all the users can spend
quality time.
On the other hand, the project has design
strategies, which are practical applications
of the criteria. These help to transform the
theoretical concept closer to realization. Most
of the strategies can be implemented for
more than one criterion but some specifically
belong to one. The general ones are: creating
a welcoming atmosphere; designing with
flexibility; try to avoid nature intervention and
lastly providing experience. The specific ones
are: promoting local traditions; considering
the environmental impact; applying the
rethink, reuse and recycle method; design for
all and access to amenities.

53

54

04
Presentation
The presentation phase shows the
final design with all the diagrams,
plans and details. Also exterior and
interior renderings are presented
to boost the imagination and give a
better understanding of the spaces. It
starts with the developed concept and
continues with the explanations of the
spatial organization, followed by plans
and diagrams that reveal the applied
principles. Each of them is explained by
both graphics and texts.
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Ill. 50 - Concept

56

Concept
The concept of the brewery is based on
the social feature of the drink and food
culture. This means communal dining has a
special effect on gathering people and boost
socializing by creating an informal atmosphere
for interactions.
The future brewery works in a social setting,
where everybody is welcome to experience the
local traditions of beer production and Nordic
cuisine. The whole complex is organized in a
system of clusters, where each of them has its
own character and function and follows the
pattern of the traditional schematic layout of
the old houses in the area.
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Ill. 51 - Masterplan

Master plan
The Agger Bryghus is located on an open
site surrounded by low residential buildings.
People enter the building from the main street
that leads from the Agger centre to the beach,
which is only in the walking distance from the
site.
The parking facilities are restricted for the
employees and the delivery. For the guests,
bike parking is established close to the main
entrance and the existing parking lot, which
is in the walking distance from the site, can
be used for cars. The building uses the whole
potential of the site by the dynamic placing of
the different clusters.
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Ill. 52 - Isometric render
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Spatial organisation
The shape of the building respects the
surroundings and rather than one big unit it
is divided into smaller parts that all have the
typical pitched roof, however, in this case, the
top part is straighten and gives a modern twist
to the traditional development.
Among the clusters, the entrance has a unique
appearance, made especially by using the
timber curtain wall system and extended roof
with a sheltered outdoor zone. This part is
also positioned closest to the main street and
all together enhances the focus on the arrival.
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render entrance
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Arrival
When arriving at the site, one’s eye is
caught by the distinctive entrance that
actively communicates with the street
setting. Large window areas and the
visible brewery equipment behind them
suggest the function of the building and
invites people to come closer and find
out more.
Because the site is in a walking distance
from the beach, one can perceive the
high pylon, a symbolic dominant of the
area, and the sand dunes that create a
natural boundary between the wild sea
and the harmonious city of Agger.

Ill. 53 - Arrival to the site render
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Functional organisation
The main idea behind the functional
organisation of the proposal was introduced
already earlier in this report and now can be
finally seen together with the floorplan.
Different functions are placed in different
clusters, however, there are also some parts
where the diverse activities meet, like for
example in the entrance. These connections
play a very important role in the design, as it
is believed that it supports the overall users’
experience from visiting the building.
Thanks to the diversity of the layout, the
building can be accessed from the different
entrances according to the type of the user.
This distinguishing was also essential for the
delivery which is now hidden from the street
and the pub entrance.

Ill. 54 - Functional organisation
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Circulation process
The circulation process guides through the
stages of beer production and stands behind
the idea of how to place the different clusters
along with the building site.
It starts at the front and back brewhouse,
where the raw ingredients can be seen which
goes under to the mashing, fermentation
and cooking process. The next step is the
mushroom garden, where the waste from the
cooked ingredients is reused. The kitchen staff
regularly harvest the mushrooms and bring to
the next process point of fermentation lab.
Here the product is either stored or prepared
for a meal. Further preparation is done in the
next step at the kitchen. The last step ends
either at the restaurant or the pub. In the
restaurant, the new and also reused products
are served for dining. At the pub’s bar area the
guests can individually tap their own beer as a
culmination of the tour.
Ill. 55 - Circulation process
start of the process
process steps
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Ill. 56 - Floorplan

Room arrangement
The final floorplan shows a detailed layout
organization of the rooms with the exact
areas, presented in a table with m2. The earlier
mentioned functions are presented with the
service and circulation areas. These belong to
the kitchen, the staff, and the back brewhouse
clusters. The first has other than the main
functions, a technical room, a hallway, toilet
hallway, and a cleaning room. The staff zone
has cloakrooms with toilets and showers
separately for men and women. Lastly, the
back brewhouse includes dry and cold storage,
a staff toilet and a technical room.

01 - main entrance / pub
02 - restaurant
03 - glasshouse dining
04 - corridor
05 - toilet hallway
06 - toilets
07 - disabled toilet
08 - cleaning room
09 - technical room
10 - kitchen
11 - entrance hallway
12 - staff day area and office
13 - cloakroom men
14 - cloakroom women
15 - fermentation lab
16 - brewery - front house
17 - brewery - back house
18 - cold storage
19 - dry storage
20 - staff toilet
21 - ventilation room
22 - glasshouse

29 m2
62 m2
30 m2
14 m2
06 m2
14 m2
04 m2
03 m2
07 m2
16 m2
03 m2
14 m2
06 m2
06 m2
09 m2
35 m2
10 m2
04 m2
03 m2
02 m2
04 m2
30 m2
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Ill. 57 - Cross section A-A’

Ill. 58 - Cross section B-B’
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Ill. 59 - Cross section C-C’

Diversity in the sections
The sections give a great impression on how
the different clusters relate to each other
through the structures together with the
outdoor spaces. The first section is crossing
through the kitchen and the brewhouse.
In between these clusters, the protected
courtyard is shown, where people can enjoy
the outdoor dining supplied by the summer
kitchen. It is visible that the kitchen has a
special solution for roof shaping. Here, the
mechanical ventilation unit is hidden by
altering the roof.
The second section shows the open space
restaurant, where a generous interior, where
the ventilation ducts are hidden. It has a
connection to the glass dining, which is always
visually linked even if the indoor garden is not
in use. On the other side of the restaurant, the
pub is represented by all the visible structures
and pipework.
The last section shows a glimpse of the circle
process by the pub, brewhouses and the
mushroom garden. This also gives the concept
of the wild landscaping, which starts from the
glasshouse.
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Ill. 60 - Interior render - pub cluster
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Ill. 61 - Flow in the building - brewery visitors

Brewery visitors
The brewery visitors follow all the way the
cycle route but more importantly, get an
overview of the whole building. They enter the
pub and walk into the brewhouse. Through
experiencing the brewing processes they
further continue to the mushroom garden.
Here, they get familiar with the waste reusing
concept. Walking out from the glasshouse they
head towards the fermentation lab. Without
entering, they see the storing and preparation
process through the large window. Then
they walk through the kitchen hallway, where
the closed glass storage shows the local
ingredients used by the kitchen. After this, they
move on to the glass dining filled with fresh
herbs and other plants. The route continues
into the restaurant, which promotes a special
tasting experience of the Nordic cuisine. The
tour ends, where it started at the pub, where
the visitors can tap their own beer.
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Ill. 62 - Interior render - glass dining
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Ill. 63 - Flow in the building - restaurant guests

Restaurant guests
For the restaurant guests, different dining
options are provided. All of them enter through
the pub and therefore are given a very strong
impression about the brewery function in the
building. The other side of the pub opens up
for a courtyard area, where a summer kitchen
serves BBQ and other seasonal goods during
the warm period. This is the best alternative
for outdoor dining with big groups of people
or with a family.
The restaurant represents high-quality fine
dining, where the chef is coming to the table to
finalize the dish in front of the guests. Here the
idea was to bring the local ingredients to the
table and directly and proudly serve the local
food. If the visitors seek for something more
casual or just spending time in the greenery
even in the colder time, then the best choice
is the glass dining.
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Ill. 64 - Interior render - restaurant
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Ill. 65 - Flow in the building - staff

Staff
The staff includes different professionals
like brewers, a brewmaster, chefs and sous
chefs, kitchen assistants and waiters and
office workers. They all enter the building by
taking the entrance of the staff cluster on
the northwest. After arriving, most of them
changing in the cloakrooms and then each
goes to their workplace.
During lunch time they gather together in the
dining area of the staff zone. It is important to
provide a break out zone for all the employees
designed with special care. This can increase
productivity and improve the well-being of the
staff members, which is beneficial in all ways.
The restaurant area can be seen in the
rendering from a point of view of a staff
member.
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Ill. 66 - Elevation South

Ill. 67 - Elevation North

Ill. 68 - Elevation East
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Ill. 69 - Elevation West

Diversity
These elevations show the building materials
and how the clusters relate to each other and
to the human scale. The main goal is to show
the diversity which can be perceived in the
different heights, angles, building materials
and windows sizes. However, they still speak
the same language and are recognised as one
complex.
The first is the main facade, to the south. This
represents its best with all the main functions
lined up. The alternation of building material
patterns is creating an interesting diversity.
The next elevation shows the brewery from
the northern side. From the inner courtyard
the materials a repeated like the vertical larch
cladding on the restaurant, the larch shingles,
and the reused brick blocks. The mushroom
garden frames the sight with the glass on
the left. The next elevation is taken from the
east side. This is a typical view by arriving at
the site. Moreover, it reveals the backside
with the landscaping of the small dunes. The
last elevation is from the west side, which
visualizes the arrival from the side street.
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Respecting the context
This rendering shows how the actual diversity
of the proposed building follows the urban
pattern of the city of Agger. By creating these
jumps, the brewery is able to fit the context
and be in a dialogue with the surrounding
houses. The glazed area invites the passing
people closer to the building and boosts
their curiosity. The brewery function can be
observed also from this side, thanks to the fact
that the maturation tanks are pushed closer to
the entrance.

Ill. 70 - Street view render
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Ill. 71 - Courtyard render
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Life in the courtyard
Due to the harsh weather, it was essential to
create a space, that is sheltered from the strong
wind. The circulated spatial organisation of
the building supports this idea and shape this
outdoor zone into a garden with a full of life.
Especially in the summer, visitors can enjoy all
the advantages and various settings that this
area offers, like BBQ, outdoor cinema, space
for gathering or different workshops and
events. It was also important to ensure a direct
visual connection with the pub and restaurant
parts.
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column
2x50/250 mm vertical timbers
with 240/15 steel ﬂat between

Ill. 72 - Construction principle
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Construction principle
The diagram shows the cluster system’s two
main construction types, one for the solid
clusters and another for the glass ones. The
first type, which is visible on the restaurant, is
applied in the brewery, the kitchen, and the
staff cluster, while the second is implemented
in the pub and the glasshouses. The latter is
a simplified version of the pub type. The first
has an overall timber frame construction with
different external wall and roof cladding such
as brick or wood. The roof is constructed by
prefabricated elements. In the second a hybrid
curtain wall system is used with a material of
wood and metal. Here, the bearing structure is
made by engineered timber frames with steel
connections. This holds the roof structure
and the curtain wall is attached to it. Lastly,
the glasshouses are also seen on the diagram
with a timber frame construction.
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DET-1

+4,400

+4,400

Construction principle

+4,070
DET-2

+3,100

+3,100

+2,900
+2,360

DET-3
+0,500

±0,000

±0,000

-1,040

1:50

84

±0,000

-1,040

The detail drawing shows the solid cluster’s
construction type, here represented by the
solution in the brewery cluster.The skeleton
of the building is bearing glued timber beams,
which are also known as KVH profiles with a
size of 120/80 mm. These are placed from
the center to the center with a distance of
625mm. Moreover, these are stabilized by
OSB wall slabs with a thickness of 15 mm. The
brick wall cladding is fixed with wall ties and on
the roof brick with rain screen finish is applied.
To avoid thermal bridges high-performance
insulation with a thickness of 250mm in the
floor, 300mm in the wall and 280 mm in the
roof were used. Hence, well-insulated window
and skylight systems helped to minimize
the infiltration. All in all, it was crucial to find
solutions for the construction details that
involve aesthetic qualities, providing a good
indoor environment with the building envelope
and also bear the harsh weather conditions.
The main challenges lied in the wall and roof
connection and the skylight structure.

Ill. 73 - Construction detail - brewery cluster

R - Roof construction

triple glazing:

60 mm
- brick with rain screen
- plastic spacer rail channel beneath
14 mm
bricks to allow free water flowing
5 mm
- waterproof membrane
18 mm
- plywood
- air void / treated C16 battens,
50 mm
spacing 400 mm
18 mm
- OSB slab
120 mm
- insulation slab TOPDEK PIR
160 mm
- MW insulation / bearing rafter
- vapour barrier
40 mm
- horizontal timber battens
15 mm
- indoor timber cladding, treated

8 mm toughened glass
12 mm cavity with prisms
6 mm toughened glass
16 mm cavity
20 mm laminated safety glass
satin ﬁnish on lowermost pane
maintenance catwalk,
galvanised steel
parapet - brass
sheet, bent to shape

R
+4,400

500 mm
Construction thickness:
Uvalue = 0,11 W/m2K
+4,070

5 mm sheet steel,
bent to shape
steel bracket,
special manufactured
Ill. 74 - Construction detail 1
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perforated brick
rain screen roof

wall tie ﬁxed
into plywood

R

metal shim
continuous
angle support

W - Wall construction

low proﬁle
aluminium gutter

- brick fixed with wall tie
- continuous air gap
- water resistant coating
- DHF Formline slab
- MW insulation / KVH bearing
profiles 120/80
- OSB slab
- MW insulation / metal battens
- double plaster board
- ceramic tiles on epoxy mortar

gutter heating
+3,100
+2,900

anti-insect grid

115 mm
50 mm
10 mm
300 mm
15 mm
40 mm
15 mm
20 mm

W

+2,360

OSB support
12x300x120 mm

anti-insect grid
external blinds
underplaster
purenit box
guide rail for
external blinds
Ill. 75 - Construction detail 2
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+2,360

Construction thickness:
565 mm
Uvalue = 0,10 W/m2K

guide rail for
external blinds

PUR foam
wooden interior
parapet

F - Floor construction
- concrete floor finish
- CEMFLOW concrete with
floor heating Ø 16 mm
- separating layer 150 g/m2
- EPS thermal insulation
- protecting concrete screed
- separating layer 150 g/m2
- waterproof membrane
- concrete slab with KARI grid
- gravel, diameter 32 - 63 mm

10 mm
50 mm
2,5 mm
250 mm
50 mm
2,5 mm
5 mm
120 mm
100 mm

Construction thickness:
590 mm
Uvalue = 0,10 W/m2K

parapet,
brass sheet, bent
anti-insect grid

expansion joint
+0,500

+0,500

F

XPS insulation
plinth
concrete block

±0,000

±0,000

dimple membrane
drainage

Ill. 76 - Construction detail 3
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Energy consumption and strategies
To achieve an environmentally sustainable
design the building needs to meet with the
energy frame regulations, which are set by
the national legislation. The brewery design
belongs to the low energy category (low
energy class energy frame is 33 kWh/m2 per
year), with a total energy requirement of 24,9
kWh/m2 per year. This result was reached by a
combination of passive and active strategies.
In the beginning, passive solutions were
applied to take advantage of the local climate
like positioning the building according to
utilize the wind for natural ventilation and
sun radiation. Beyond that, the construction
ensured a lot of qualities like airtight building
envelope, thermal mass by the concrete deck

and also a well-insulated window system
was inbuilt. The building envelope provided
protection from heat loss and created a good
indoor environment. The thermal mass of
the building helped to gain and store the
heat during the daytime while it was released
at night time The passive cooling solutions
regarding shading were applied variously.
At the entrance a horizontal have helped to
minimize overheating, the skylights and most
of the windows got external shutters. All
the windows were positioned deeper in the
building envelope then facade plane to have a
small overhang to shade. Alternatives for the
natural ventilation were applied, like thermal
buoyancy, single sided and cross ventilation.

The most used strategy is the stack ventilation
by using room heights and the skylights. Also,
active strategies needed to be implemented
to adjust the consumption. Energy efficient
equipment was chosen for mechanical
ventilation with a heat recovery efficiency
of 0,85 but the main impact was the use of
renewable resources. The final design applied
a ground source heat pump with a combined
function of space heating and domestic hot
water. To produce electricity, which is a great
demand in a hospitality building and even
more in a brewery, glass solar panels were
used. These panels were integrated into the
roofs of the glasshouses, which also works as
shading.

Ill. 77 - Active and passive strategies
passive strategies

active strategies

day
horizontal eave

tight building envelope
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night

thermal mass

external shading

natural ventilation

double facade

heat pump

glass PV‘s

kWh/m2
per year
35
30
25

33 kWh/m2
per year
24,9 kWh/m2
per year

20

Ill. 79 - Energy consumption strategies diagram

15
10
passive strategies
5

active strategies

Energy frame
low energy class

Total energy
requirement

Ill. 78 - Energy consumption
day

horizontal eave

89

night

thermal mass

natural ventilation

heat pump

Indoor environment
The importance of an effective indoor climate
is very high, since we are working with a
public typology. The users are not sensitive
to different variables so there is no need for
stricter conditions just accurate assumption
of people load. To gain knowledge on the
indoor performance BSim was used with one
cluster in focus. The thermal and atmospheric
comfort were investigated by focusing on the
temperature and the air quality with the CO2
level. This cluster was the pub, which indicated
an overheating issue by the proportion and
orientation of the glass facade. The diagrams
(see Ill. 80 and Ill 81) with the 3D graphics
show the differences between the detailed

architectural model and the simplified BSim
one. Despite the fact that the BSim model
is less detailed the simulation program is
so advanced that it requires this level of
accuracy for making the process easier. The
requirement for over temperatures (DS/EN
15251, 2007) cannot accept to have maximum
100 hours above 27 °C and maximum 25
hours above 28 °C in a year. The brewery
with the final result of the attached overhang
as protection against solar radiation reached
43 hours above 27,6 °C. The monthly heat
balance included heat gains from space
heating, people load, lighting, solar radiation.
The biggest gains were created by the sunlight

Ill. 80 - Pub cluster 3D model
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and the people load.
The losses were generated by infiltration,
natural and mechanical ventilation, and
transmission loss. The transmission loss
showed the highest loss, which is reasonable
with a glass wall structure. The atmospheric
comfort was studied firstly in a period of a
year that showed high values in July. According
to the requirements the level of CO2 in ppm
is taking the values for outdoor 350 ppm and
not to exceed over 700 ppm for indoor (DS/
CEN/CR 1752, 2001) So July was the base of
optimization. The optimized average value in
July was 453 ppm and the maximum was 569
ppm.

Ill. 81 - Pub cluster simplified BSim model

Heat balance - pub cluster - Total Mean
Opening hours
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3375

Transmission

Ventilation

Ill. 82 - Heat balance in pub cluster - total mean
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Ill. 83 - BSim results
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Natural ventilation
As a part of the passive strategies natural
ventilation is utilized during the summer
season, from June to September. It is applied
in all the rooms except the guest toilet. In the
bigger rooms or the ones with higher load
combined methods are used. For example the
pub and restaurant, where thermal buoyancy
and cross ventilation are getting rid of the
used air. In the glasshouses and staff area
mainly the single sided strategy is applicable.
To reach the atmospheric comfort by the
natural air change the sizes of the openings
were optimized (see appendix).

Ill. 84 - Natural ventilation principle

inlet air
outlet air
skylight - thermal buoyancy
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Mechanical ventilation
The building operates with mechanical
ventilation during the heating period, from
October to May. The complex is divided into
two zones with separate ventilation systems.
The first zone includes the brewhouse and
the pub and the operating unit is placed in
the technical room of the back brewhouse.
The second zone involves the restaurant, the
guest toilets, and the staff cluster. The kitchen
requires a specific condition that is why it has its
own system, inbuilt to the roof. The pipework
was organized differently according to the
demanded impression. In the restaurant, the
focus was on the clean interior so the pipes
are hidden (can be seen on thection B-B’, pg.
68). Whereas in the pub, an industrial look was
designed with fully visible pipes.

Ill. 85 - Mechanical ventilation principle
inlet pipe
outlet pipe
inlet
outlet
intake through the building envelope
exhaust through the building envelope
ventilation unit
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Life Cycle Assessment - outter wall solutions
%
350

timber
construction
+ timber
facade

300
250

concrete
construction
+ brick
facade

200
150
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concrete
construction
+ metal
facade

50
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ODP

PEtot

Sek

Life Cycle Assessment - timber cladding
%
140
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80
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ODP
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Ill. 86 - LCC results
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Materiality and LCA
The choice of materials was not only dependent
on the aesthetic appearance and flexibility
to building technique but the environmental
impact also played an important role. This
was tested in LCA (Life Cycle Assessment)
for the wall construction systems and timber
types for external cladding. For the wall types,
different systems were analyzed like concrete
construction with brick facade and also with
metal cladding, lastly a timber construction
with a timber cladding. During the evaluation,
four main parameters were considered such
as the Global Warming Potential (GWP), the
Ozone Depletion Potential (ODP), the Primary
Energy (PEtot) and lastly the Secondary Energy
(Sek). The timber construction performed
in all the fields the best except the ODP
because the manufacturing of the timber
leads to increased CO2 emissions with harm
on the ozone layer. Among the timber types
larch was used for the project as an external

long grass

stone pavement

larch terrace

glass PV‘s

glass

wall cladding, terrace flooring and also for
roof shingles. Even though larch was not
performing the best it was chosen because of
the small difference and also the maintenance
qualities. This means that it is naturally
resistant to insects and other parasites so
protective paintings are not needed, which
are usually consists of chemicals harmful to
the environment. The materiality was one
of the main design drivers, which created a
special atmosphere by enhancing the mood
of the site. In the outdoors different kinds of
flooring are applied according to the defined
routes. At the entrance, the exploring path
is made by concrete as a continuation of the
existing pavement to lead the flow towards the
building. Instead of the more private path and
surfaces like the terrace made by elements
that are gradually merged into the wild nature,
where only the long grass is dominating.
larch shingle

larch cladding
Ill. 87 - Materiality

reused brick

concrete

BSH
glued laminated timber
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Daylight
The analyses of the daylight conditions were
set at the beginning to aim for good visual
comfort. According to the regulations (DS/EN
15251, 2007), the minimum daylight in the
rooms needs to have an average of 3 %. In the
brewery all of the rooms fulfill this requirement,
only some corners are not like the kitchen but
it can be solved by special lighting, which is
already needed for professional cooking. It is
more realistic to have issues by the glaring, so
the passive shading solutions like the shutters
and overhang can be supplemented with
interior screens or curtains.
Ill. 88 - Daylight conditions
1
2
3
4
5
6
7
8
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05
Process
This chapter is supposed to outline the
diverse design process that was carried
out during the whole project period. It
starts with the initial functional layout
and is later followed by further detailed
steps that made up the final design as it
was presented in the last pages.
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Volume studies
The design process starts with the initial
programming parallel with the volume studies
and sketching. The main stages are presented.

No. 1

More loose

Clusters

G
S

D+P

B

Ill. 89 - Volume studies - 1

From the direction of arrival, at the east, the
brewery (B) was positioned. On the opposite
side, there was a staff (S) function. This version
was not chosen because of the too massive
appearance and a not relatable scale. What is
more, the functions are generalized and more
differentiations are needed.
GSPublisherEngine 0.80.100.100

S

B

G
B

D+P
Ill. 90 - Volume studies - 2

The first option was exploring a complex
shape, where the different functions are only
perceived from the inside. The programming
included a central hospitality area with dining
and a pub (D+P).

100

K

S

GSPublisherEngine 0.80.100.100

The next trial was experimenting with a more
loose volume to create more nieces and
specify more functions. The new functions are
the kitchen (K) and the glasshouse (G).
The overall shape looks like an U- form with a
small part that stands out from this unity. The
position of the kitchen made the deformation,
which created a visual connection from the
street as a quality. The changing of the void
and solid parts was worth further testing. The
weakness of the form did not make a clear
understanding of the brewery.

K
D+P

S

Ill. 91 - Volume studies - 3

This volume combines the qualities of the
complex and the more loose shape. With the
small units next to each other, it perceives
as one unit but with the positioning it also
creates voids.
This organization created a cluster system.
The functions did not change compared to
the previous one. As a disadvantage, the staff
function needed to be repeated because of
expected needs. The reorganization of the
functions with keeping the clusters as volume
concept formed the final version.

Further development
After finalizing the form concept a functional
iteration was made. The spatial connections
and their needs were studied in depth.

Functional organisation

Separating the pub cluster

Integration of the glass clusters

GSPublisherEngine 0.95.100.100

GSPublisherEngine 0.95.100.100

Ill. 92 - Functional organisation -1

Ill. 93 - Functional organisation - 2

Firstly, a part of the existing building was
chosen to keep because of its good condition.
This became the staff cluster. Closer to the
south a mixed unit was created, combining a
kitchen with public and private service areas.
GSPublisherEngine 0.95.100.100

GSPublisherEngine 0.95.100.100

On the south, the pub with dining represented
the entrance block. From the arriving direction
the brewery was placed that was connected
with a glass box to the pub. This was the main
attraction regarding the visual connection
between production and consumption.
GSPublisherEngine 0.95.100.100

Secondly, the pub became an independent
cluster. This was made by using a different
structural system and materiality because the
positioning did not change compared to the
last option. Using glass helped to open up
inside to the inner courtyard.
The dining area was offering different seating
arrangements and also a small bar area.
The staff cluster extended with a function
of fermentation lab, which promotes the
Nordic cuisine by working with the seasonal
ingredients.

Ill. 94 - Functional organisation - 3

The final version includes two glass houses,
one is used for mushroom cultivation from the
brewhouse waste and the other is for seasonal
dining. During the process, the integration of
both was studied.
The restaurant also became a separate cluster
with a connection to the courtyard and also to
the glass dining. This functional organization
created the cycle of production route, which
means that the beer and food processing can
be followed step by step.
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Roof shaping
The longest iterative process among the
architectural studies was to define the roof
shape. The challenge was to create diversity
for each cluster but still, appear coherent as
representing one establishment.
In the beginning, typologies from the close
context were tested then later more modern
forms. Firstly, traditional forms were applied
on the solid clusters and the variables were
the glass ones. The too many differentiations
ruined the clarity so it needed to be minimized.
Not only the cluster identity specified
the shaping but the function that can be
provided by an angled or high volume. That
is why skylights are applied for both providing
daylight and utilize thermal buoyancy.
The final system is used on all the clusters
with one variable, which is the positioning of
the skylights.

GSPublisherEngine 0.91.100.100

Ill. 95 - Roof shaping evolution
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Visual connections
Part of the experience is to get involved in the
process of production and preparation. In
some cases like rooms with strictly regulated
conditions, it is only possible by creating a
visual connection.
The study investigated relations between
production and consumption areas. These
zones are shown in the tables: brewhouse and
the pub/ outdoors; glass house and outdoors;
kitchen and restaurant.
The result was evaluated if it was fully or partly
achieved. In the first version, the pub was
directly positioned in front of the fermentation
area so it was the biggest quality. The next
trial provided more connections but the food
production was neglected. The final proposal
is the most successful because other than the
glasshouse and outdoors connection all the
zones are visually linked.

Studied zones
Brewhouse and Pub

Fully

Partly

X

Brewhouse and
outdoor spaces
Glass house and
outdoor dining

X
X
Ill. 96 - Visual connections 1

Studied zones

Fully

Brewhouse and Pub
Brewhouse and
outdoor spaces
Glass house and
outdoor dining
Kitchen and
Restaurant

Partly
X

X
X
X
Ill. 97 - Visual connections 2

Studied zones
Brewhouse and Pub
Brewhouse and
outdoor spaces
Glass house and
outdoor dining
Kitchen and
Restaurant

Fully

Partly

X
X
X
X
Ill. 98 - Visual connections 3
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Optimazing the indoor climate
The biggest difficulty technical-wise was
the optimization of the indoor climate in
the pub cluster. The base problem was the
overheating, which was created mostly by the
critical level of used glass area. The expected
people load and the lighting demands made
the situation even worse.
Initially, a solid roof was tested with a curtain
wall system, which reached the highest point
of the roof. The next iteration was a fully solid
roof and the curtain wall system only reached
the bottom of the roof. This was tested in BSim
and performed to reach temperatures in the
summer season above 30 °C (see at App.). The
optimization made this temperature decrease
til 27,6 °C (see at App.). To achieve this result
the volume was reduced and an overhang was
created to protect the southern and western
facades.
Moreover,
an
external
shutter
was
implemented on the skylight and a special
glass system with shading properties was
used.

GSPublisherEngine 0.81.100.100
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Ill. 99 - Pub cluster evolution

Active strategy evolution
One of the main goals of environmental
sustainability was to reduce the energy
consumption of the project and create a
low energy building. After a point, the use
of passive strategies was not enough to
lower the consumption so active ones were
investigated.

Unit= kWh/m2 per year

Requirement

Result

Energy frame of BR18

43,8

59,9

Energ frame for low energy
buildings

33,0

59,9

Unit= kWh/m2 per year

Requirement

Result

Energy frame of BR18

43,8

34,9

Energ frame for low energy
buildings

33,0

34,9

Unit= kWh/m2 per year

Requirement

Result

Energy frame of BR18

43,8

24,9

Energ frame for low energy
buildings

33,0

24,9

These were photovoltaic solar panels for
electricity production, heat pump with
combined function for domestic hot water
and space heating. The tables show the final
results with the requirements for the energy
frame of BR18 and low energy buildings
(Danish Knowledge Centre, 2018).
The first study only investigated the efficiency
of the heat pump, which performed the worst
with 59,9 kWh/m2 per year. The next one with
the solar panels on all the clusters gave a
better result with 34,9 kWh/m2 per year. The
final solution was a combination of both and
a decrease in the areas of solar panels. The
pub cluster has no panels as in the second
version. This helped to reach 24,9 kWh/m2
per year with fulfilling both of the energy
frame regulations.

Ill. 100 - Active strategy evolution
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06
Epilogue
Finally, the project is evaluated by
conclusion and reflection. During these
subchapters the whole project and the
design process is discussed.
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Conclusion
At the beginning of the project, specific
design criteria were set up to guide the
design proposal. The main principles were
the following, “Reinforce the local identity”,
“Preserve the natural habitat with a sustainable
design” and last but not least “Cohesion
between locals and tourists”.
Beyond that, strategies helped to further
specify how to reach these goals. By designing
a microbrewery combined with a Nordic
cuisine focused restauran,t the local food and
drink culture are highly promoted. Moreover,
the choices of materials and the interior
design all support the Nordic style with a
natural, minimalistic but strongly functional
and ergonomic solutions.
The shape and structural development of the
entrance cluster made it possible to achieve
a welcoming atmosphere already from the
outside with transparency and from inside
a clear layout. Instead of the strategy of
flexibility and adaptability that was only partly
accomplished by programming for different
activities but fixed internal organization. The
design respects the local environment, that
is why the landscaping concept was kept
very open to let the wild nature be the main
creator.
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The production cycle’s main base concept
was the “rethink, reuse, recycle” so the waste
is minimized and turned into a new valuable
product or added as a supplement.
The social aspect was achieved by providing
a wide range of activities for very broad user
types. Visiting a brewery is always something
unique but going to a microbrewery with
evident sustainable features is something
more. Following the production cycle either by
explaining by the staff or joining a tour gives an
even greater experience that cannot be found
in an ordinary brewery. The cluster system
itself was created for exploring dissimilar
atmospheres and circulation in spaces.
All in all, the cooperation with specific
professionals from the beer brewing industry
was crucial to handle the new type of
complexity of the typology. This could not be
achieved without the interview from the study
trip and contacts from abroad.

Reflection
It is important to reflect on the proposed
design in order to be aware of the strengths
and weaknesses of the project. Firstly, the
highlights will be explained. The brewery has
truly successful programming regarding the
use of the site.
The clusters were positioned in a way to fulfill
the best functional and climatic conditions
possible. Instead of the outdoor niches,
which were created by the clusters. These are
differently used, for example, the main one is
the outdoor courtyard for dining and drinking
with an integrated summer kitchen or close to
the entrance there is bike parking with a path,
which encourages people to come closer to
the building and explore. There are functions,
which were derived from the unused areas
of the building such as one facade of the
brewhouse turned into an outdoor cinema
screen or technical solutions like overhang on
the pub created a sheltered drinking space.
To continue with the landscaping, it was a
common impression that the local vegetation
and the lack of landscape elements made
it difficult to design a developed strategy.
Moreover, the local plan also suggests to avoid
nature intervention and only allows minor
elements, which are not distinct like fences

(Thisted Kommune, 2008). Other then the
mentioned, the proposal should haveprobably
investigated other case studies with similar
climatic qualities for inspiration.
Technical studies like using the LCA software
were partly used during the design process
because reused brick was chosen for the main
external cladding of the wall and roof based
on the strategy to reuse the existing building
materials. That means the program has no
database for a reused brick and no further
research was put in EPD for the needed
properties. Usually, LCA is used together with
the Life Cycle Cost program, which would be
needed for achieving a more accurate final
result.
Another technical related challenge was to
predict and improve the indoor climate in the
glass houses and entrance cluster. The Pub
was investigated in the program of BSim but
the glasshouses were not. These temporarily
used winter gardens are covered by special
solar panels, functioning not only as systems
to convert sunlight into electricity but passive
cooling by shading. Besides the shading, other
types of cooling can be implemented such as
utilizing the advantage of natural ventilation
with a single-sided strategy. The efficiency of

the applied solutions was not tested, which
should have been more explored.
Regarding the technical aspects of the beer
brewing production, waste management was
partly solved. As realized at an early phase,
breweries operate with huge consumption of
water, which needs to be solved in a sustainable
manner. There was a consideration about
rainwater collecting but it was not applied
because of the strict requirements of the
quality of used ingredients.
Some study cases suggested special
equipment like recovery systems but none
of them were applicable for a small scale
microbrewery because the initial cost would
not return in even in the long term. For this
reason and also to avoid overcomplicating
systems and their effect on increased energy
consumption. The found solutions were all
active strategies.
To sum up, the design had mainly some
technical challenges which had the potential
to deeper understand and further develop
but the core design meets with most of the
demands.
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Appendix 1 - Natural ventilation in the pub
The efficiency of natural ventilation was thoroughly investigated in the Pub cluster. The calculation
was based on the requirements of the perceived air quality.The calculation process is shown with
the final results. The air change rate according to the supply air is 4,77 h-1. This value was taken into
account while sizing the openings.
Air change rate calculation			
			
Function:
Pub, bar area		
			
Indoor air quality
(based on sensory calculation)
				
Air change rate on basis of experienced air poll 		
				
Pollution load:			
Occupants(1 person)		
1 olf
Building
0,2
olf/m2
Percentage of dissatisfied :			
Maximum PD=		
20% (Class II., B)
				
C= Ci+ 10(q/VL)			
				
c= experienced air quality (dp)		
ci= experienced air quality outdoor (dp)		
q= Pollution load (olf)			
VL= necessary air flow supply (l/s)		
				
c= 1,4 dp			
ci= 0,1 dp			
				
q= occupants *persons + building* area		
persons
31		
area
59,3 m2		
q=
1 * 31+ 0,2* 59,3= 42,86 olf

Necessary air flow supply			
				
C= Ci+ 10(q/VL) > Vl= (10*q)/(c-ci)		
				
VL= (10* 42,86)/(1,4-0,1)= 329,7 l/s		
				
Air change rate				
n= (VL*3600s)/(1000*Vroom)		
				
V room= 284,64 m3			
				
area: 59,3 m2			
height: 4,8 m			
			
n= (329,7*3600)/(1000*284,64)= 4,77 h-1
		
Air change rate on the basis of Co2 level		
		
				
According to DS_EN 15251_2007, Class II 		
		
CO2 load can be maximum 550ppm higher tha the
outdoor CO2 conc.				
Outdoor concentration in Denmark is 350ppm		
		
a person exhales 10l/min with a CO2 conc. On 4%
			
				
c=(q/nV)+ci
				

CO2 concentration				

q= (4/100)* 31 persons *((10l/min* 60 min/h) / 1000l/
m3)		
		
q= 0,096 m3/h		
			
Air change rate 		
900ppm= 1000000*(q/(n*Vroom))+350ppm
n= (1000000*q)/((900-350)*Vroom)
			
n= (1000000* 0,096)/ ((900-350)*284,64)=
0,613 h-1		

3

Appendix 2 - Natural ventilation in the whole building
The same method was used for the calculation as in the Pub. Here all the rooms are presented. The
outcome of the air change rates generated by the pollution load is relatively high, 2- 6,7h-1. This means the design of the openings needs to provide at least an airflow, which gives these high rates. So
generally the openable surfaces are big.
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Appendix 3 - Natural ventilation - windows sizing in the pub
The study shows how the openings were changed according to reach the air change rate of 4,77h-1. The first
option shows a result with an airflow rate of 25200 m3/h and total air change rate of 29,41h-1. Instead of the final,
where the airflow rate is 24840 m3/h with a total air change rate of 28 h-1.
This means it is performing better than the minimum demand. The use of different opening types like windows
and a skylight with separately openable parts made this possible.

5

Appendix 4 - Mechanical ventilation in the whole building
The mechanical ventilation calculation shows most importantly, the result of the total air flow supply, the
assumption of the pipe diameter with an estimated value of air velocity. This calculation helped to choose a
ventilation unit for the total air supply and inbuilt heat recovery system. The rough pipe dimensioning helped to make the ventilation principle and the layout.
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Appendix 5 - Be18 results with different renewables
The result tables are showing different scenarios with renewable energy use. The first option is the performance of only a heat pump. Using this solution means, none of the energy frame requirements is reached.
The second one shows the use of PVs, which fulfil the regulation of BR18. The combined option is chosen
when both BR18 and low energy building regulations is achieved.
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Appendix 6 - Be18 total table
The table gives information about total energy consumption, presented monthly. The results
are derived from the total energy production of 24,9 kWh/m2 per year. The different heat
gains and losses such as ventilation, infiltration, equipment, lighting are affecting the energy
production. Here only the heating related values are presented such as solar incident, transmission and heat loss, room heating, internal supply and heat supplement.
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Appendix 7 - BSim - pub cluster
The tables with the total heat balance graphs are showing the innitial and final option. In the first one
lighting was not included so it did not give an accurate result and the transmission loss was really
high. The final option both natural and mechanical ventilation became more efficient and resulted in
a bigger loss for the heat balance. Moreover, heating, solar radiation and also infiltration were optimized. Regarding the indoor temperature, the first option had hours above 29 celsius degree but the
final minimized this into 27,6 celsius degree

BSim results - innitial proposal

9

Appendix 7 - BSim - pub cluster

BSim results - final proposal
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Appendix 8 - LCA tests
The graphs show two tests for choosing the final inner layer of the external wall and the construction
type of the roof. The first presented four wall types that are the same in construction but different in finishing layer. These are the followings in the order of reference: brick, ceramic tiles, cork and larch. The
ozone depletion shows that the wooden cladding is the best. So for the restaurant larch cladding and
for the brewery, the second best ceramic tiles were chosen. The other graphs show roof finishes, where brick is the reference and ceramic, steel and larch were added. Other than steel the results were
really similar. Steel was not chosen because of its higher performance in global warming potential.
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Appendix 9 - Daylight evolution
The daylight studies show the evolution of window and skylight placing. In the beginning, not all the clusters had skylights and in cases like the staff zone too small windows were designed, which did not fulfil the minimum average daylight percentage. So a skylight was added that not only improved the natural light but the ventilation. Also, the sizes of
large display windows like the brewery were minimized and placed further from each other to lit the room.

12

Appendix 10 - process sketches
Identity of the place

Agger - identity
Agger - landscape

Agger - houses x street

Agger - beach

Agger - bird view
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Innitial sketches

layout and volume studies
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Further development

layout and expression towards the street

layout, section and front elevation
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Further development

elevation and material studies
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detail sketches

Brick roof detailing

roof detailing possibilities
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Landscaping

inner courtyard landscaping
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