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WHAT ARE THE POTENTIALS TO MINIMIZE
LIFECYCLE COSTS AND CLIMATE FOOTPRINT IN HOUSING

AND AT THE SAME ENSURE [IMPROVE]
ARCHITECTURAL QUALITIES?

ABSTRACT

Economy in architecture is not primarily building costs, but resource optimization and life cycle costs
(LCC). The building industry argue that high costs is hindering quality housing, even though construction
prices in Sweden is among the highest in Europe. Economic incentives are missing to build more clima-
te neutral. Life Cycle Assessments (LCA) can help architects identify the largest optimization opportuni-
ties for both cost and climate early in the design.

The Swedish building sector causes 20% of the nation's CO, emissions. The lifecycle of
buildings is central to climate change, yet knowledge of LCA remain scarce in most architecture and
construction companies. However, interest is increasing as LCAs will become a requirement in 2022.

Moreover, 240 out of 290 municipalities have a shortage of housing and many cannot afford
new productions. The issue of high prices has caused a debate on how to build cheaper housing for
everyone. A precarious path if lower quality means higher operational costs over the building’s lifetime.

Architects have a reputation, often justified, of not caring about costs. Sustainable goals pre-
sent at the start of projects get lost along the line, as economic calculations do not add up. The wi-
despread neglection of economy teaching in Swedish architecture education is not helping.

The aim was to challenge the perspective of economy and demonstrate how to build cheaper,
but better. | re-designed an existing rental villa from 2020 in Viskafors, and investigated the interrelation
between building costs, life cycle costs, energy use, climate footprint and the improvement of archi-
tectural qualities, such as space, proportion, functionality, and materiality. This was performed through
interviews, literature, design experiments and calculations.

According to the chosen parameters and price estimations, large optimization potentials were
found. The result of re-designing and improving the building volume (e.q., orientation, roof, and plan lay-
out) and selected materials (e.g., window and foundation), reduced lifecycle cost by 5,4%, energy by 18%,
and CO, emissions by 31%. Replacing the technical equipment further increased total savings up to
10%, 33% and 55%. The result is a summary of plus and minus values, combining selected experiments
into one final design proposal.

Keywords:
#reconomy #LCA #L.CC #lifecycle #resource optimization #sustainable housing

SAMMANFATTNING

Ekonomi inom arkitektur ar inte bara byggnadskostnader, utan resursoptimering och livscykelkostnader
(LCC). Byggbranschen havdar att hoga kostnader hindrar bostader av hog kvalitet, trots att byggpriserna
i Sverige &r bland de hogsta | Europa. Ekonomiska incitament saknas for att bygga mer klimatneutralt.
Livscykelanalyser (LCA) kan hjdlpa arkitekter att identifiera de storsta optimeringsmajligheterna inom
bade kostnad och klimat i tidigt designskede.

Den svenska byggsektorn orsakar 20% av landets totala koldioxidutslépp. Byggnadernas livs-
cykel &r central for dess klimatpaverkan, men kunskapen om LCA ar annu bristfallig i de flesta arkitekt-
och byggforetag. Dock finns okat intresse, d& LCA-deklarationer blir ett krav &r 2022

Dessutom har 240 av 290 kommuner bostadsbrist och manga har inte réd med nyproduktion.
Utmaningen med hoga priser har lett till en debatt om hur man ska bygga billigare bostader for alla. En
riskfylld vag, da billigare kvalitet ofta innebar hogre driftskostnader under byggnadens livstid.

Arkitekter har ett rykte, ofta motiverat, for att inte bry sig om kostnader. Uppsatta hallbarhets-
mal i borjan av manga projekt gar forlorade langs vagen, da ekonomiska berakningar inte gar ihop. Den
utbredda forsummelsen av ekonomiundervisning i svensk arkitekturutbildning hjélper inte.

Mitt mal var att utmana vissa ekonomiska perspektiv och visa hur man kan bygga billigare,
men battre. Jag omformade en befintlig hyresvilla fran 2020 i Viskafors och undersokte sambandet
mellan byggnadskostnader, livscykelkostnader, energianvandning, klimatavtryck och samtidigt forbatt-
ring av arkitektoniska kvaliteter, sdsom rum, proportioner, funktionalitet och materialitet. Detta utfordes
genom intervjuer, litteratur, designexperiment och berakningar.

Enligt de utvalda parametrarna och prisuppskattningarna hittades stor optimeringspotential.
Resultatet genom omformning och forbattring av byggnadsvolymen (t.ex. orientering, tak och planlos-
ning) och utvalda material (t.ex. fonster och fundament), minskade totala livscykelkostnader med 5,4%,
energi med 18% och koldioxidutslapp med 31%. Byte av teknisk utrustning okade ytterligare de totala
besparingarna upp till 10%, 33% och 55%. Resultatet ar en sammanfattning av plus- och minusvarden,
som kombinerar utvalda experiment i ett slutligt designforslag.
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MOTIVATION

Regarding costs, the UN sustainability goals states that all people should have access to safe and
affordable housing (UN 2017). The same is stated in the Swedish constitutional law. Yet, Boverket (2019)
states that 240 out of 290 municipalities in Sweden struggle with housing shortage (Kurvinen 2020).
According to Crona (2018), Sweden plan to build cheaper housing to reach these goals, but that includes
a high risk of cheap becoming expensive over time. Dahlberg and Norrbrand (2003) agrees by saying
that, too often, the building cost receives most focus, and how to pay off the investment as quick as
possible. Wiser consideration should be made between buidling cost and cost for maintainance, repair
and operation. Furthermore, Crona (2018) explains how there are different ownership of housing in
Sweden, each with their unique regulations and economic conditions, and in spite of the great need for
rental houses in peripheral areas, they do not benefit from the current regulations and market, making it
a struggle for developers who desire to build climate neutral and invest in quality materials. The building
industry argue that economy is hindering quality housing, even though construction prices in Sweden
is among the highest in Europe. According to the German Sustainable Building Council (DGNB, 2021),
life cycle costs (LCC) is a tool for sensible use of economic resources throughout the entire life cycle of
a building. They argue that significant optimisation potential for later economic management can be
found in early design phases, where the architect has the most influence.

Regarding climate tmpact, Eberhardt et al. (2021) recalls that the UN, through the Sustainable
Development Goals (SDGs), aims at reducing green house gas emissions (GHG) by 40% by 2030 and
80% by 2050 compared to 1990. The European Union (EU) alike, aims at net-zero emissions buildings
by 2050. The building sector has an opportunity, or responsibility if you may, to evaluate their practice,
as they account for 40% of all energy, 33% of all GHG, 30% of all raw materials and 40% of all waste,
globally. According to Beemsterboer (2019), the lifecycle assessment (LCA) of buildings is crucial from
both cost and climate concern, yet knowledge of LCC and LCA remain scarce in most architecture and
construction companies. However, interest is increasing as LCA-based climate declarations will become
a requirement in Sweden in 2022. Eberhardt et al. (2021) also points out that LCA is primarily used as
a final assessment of completed building's, rather than an iterative design, which should be the case.

Regoarding avchitectural gualities, whichever they are, it is important that the architecture is en-
sured and not diminished, when the life cycle cost and climate footprint is reduced. As previously men-
tioned, most impact can be made in early design. This amplifies the interrelation between architectural
qualities, costs and climate footprint. A design based on life cycle thinking could include principles like
adaptability, durability, use of low-impact materials, and perhaps as importantly, reducing the amount of
materials. Fermenias (2020) mentions in a study of apartment renovations in Sweden, that 20% chose to
put up a wall between kitchen and living room, while another 20% chose the opposite and made an open
play layout. This is an imperative for adaptive design that architects must consider.

AlM

The aim of this thesis has been to investigate how economy, especially from a life cycle perspective,
can become either a driving force or hinder for sustainable housing in Sweden. It addresses cost cal-
culations parallel and in relation to climate footprint and the architectural experience, specifically the
parameters of space, proportion, functionality and materiality, in order to find the most balanced design
solution. The starting point is a case study of a small rental villa in Viskafors, built in 2020. | re-designed
that existing building and investigated how the design experiments impacted and improved the original
building from the parameters above. | got support from involved stakeholders, such as builder, architect
and building manager, to understand the project from their views and intensions.

GOALS

- Demonstrate potentials for higher architectural quality, with lower carbon emissions, at lower cost
- Challenge the traditional view of economy, in relation to sustainable building design

SUBGOALS

- Strengthen the role of the architect through new knowledge and interest in economy

15
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clinker flooring in the whole house
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RESEARCH QUESTION

- What are the potentials to minimize lifecycle costs and climate footprint in housing
and at the same time ensure [improve] architectural qualities?

SUB-QUESTIONS

» How can economy become a driver [or hinder] for sustainable Swedish housing?
- What does economy mean in a sustainable building context?
- How can architects begin to work with economy?

DESIGN QUESTIONS

For exawple: \What happens to cost, emissions and quality of the architectural
space, if a material is changed, if the room is enlarged, if the walls are made thicker,
the window moved to the west, if another energy source is chosen or if the building
gets a simpler shape?

AUDIENCE
- Chadwmers sehool of architecture,

to address the relevance of economy in the design education

- Architecture studendts,

to find interest and inspiration on how to start working with economy

- The case study stakelroleers,

to contribute with insight that could be useful in their next projects

* Arcivitects
and others in the building sector, to highlight the benefit of working with lifecycle
assessments in regards to sustainability and future challenges

17/
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One out of 13
type houses 84m2 NFA
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CONCEPT

Carbon
Emissions

ECONOMY

Architectural
Qualities

DESIGN EXPERIMENTS
ON CASE STUDY
[change volume & materials]

PARAMETERS

Life Cycle Costing (LCC)
Cost, £/m2 GFA

Life Cycle Analysis (LCA)
[Carbon Emissions,
kg CO,-eq/m?a)]

Architectural Qualities
[Space]

[Proportion]
[Functionality]
[Materiality]

NEW DESIGN PROPOSAL
[Combine the best experiments]

19



METHOD

RESEARCH FOR DESIGN

RESEARCH BY DESIGN

SIMPLIFIED WORKFLOW

It started with an interest...in economy and architecture

| started interviewing architects and reading about
to explore a possible thesis idea il economy

Then came across the company Viskaforshem
and their interest in high quality rental housing

| received the | estimated prices and cross-checked
drawings and got to by talking to the prices in Wikells
visit the villas stakeholders Sectionsdata

Then built a sketchup model of the case study and added
materials and prices in the architectural lifecycle software called CAALA

| made design experiments on major buildings
parts [e.g. volume, plan and materials]
and evaluated the architecture

Calculated LCA

21
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0%
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Refine ideas
Thesis question

20%

40% 60%

80% 100%

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Define economy
Calculation-tools
Context & framework

Study case/site
Create concept and
begin experiments

Design changes,
calculations and
comparisons

COMMUNICATION

Finalize/Synthesize
Design proposal
Artistically articulate

Last changes
Communication
Pedagogy

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Direction choice

4 Understand MT
4 Prel. Choice

8 Positioning

10 Knowledge
Development

11 Methods

15 Prep. Interview
18 Feedback

18 Evaluation

18 Final draft

18 Final choise

Project plan

7/10 Present idea
26/10 Interview
28/10 Interview
17/17 Midceritic PP
12/77 Interview
23/17 Interview
24/17 Interview
18/171 PP2 Handin
4/12 Interview
10/12 Interview
9/12 PP3 Handin

Familiar with collected
data, tools and case

13 PP4 (100%)

@18 Official start (M)

Concept
Case study analysis
First experiments

Chose optimized
experiments
Draft drawings

1 UN SDGS (Web) 4 Pre-midterm (M)

2 Climate 10 Tutorial
adaptation (Web)
3 Circularity (Web) — @Midterm

17 Abstract (50%)
8 Case study visit 17 Booklet (50%)
12 Interview
15 Tutorial

22-26 Mid-sem (S)
22 LCA course 29 Tutorial

22 Tutorial

Combine experiments
in design proposal
Draft Report

Presentation material

4

6 Tutorial
8 Tutorial 10 Booklet (90%)
12 Interview 12 Abstract (100%)

18-20 FinalSeminar
presentation (98%)
28 Exh. setup
31-3 OpenSeminar
Exhibiton (100%)

® 4 Final handin +
Evaluation
7 Exh. setdown

19 Pre-final (M)W

28 Tutorial
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DEFINITIONS

AIRTIGHTNESS
The uncontrolled air exchange per hour through the building enve-
lope. The airtightness is checked on site with the blower door test.

ARCHITECTURAL QUALITIES

Refers to how the design is experienced and valued by the user.
The chosen quality parameters in this thesis are space, proportion,
functionality and materiality. They are later defined in detail.

AUXILIARY ENERGY
Required electricity to drive systern components, such as circula-
tion pumps and controls. It does not directly cover heat demand.

BUILDING COST
Building materials, construction work and salaries, w/o tax

CLIMATE CHANGE

Describes the change in the climate due to natural or man-made
processes. The global rise in temperatures on the earth's surface
is due to excessive emissions of greenhouse gases and will affect
our planet's ecosystems in unpredictible ways.

CLIMATE IMPACT/FOOTPRINT

A measurement on humans impact on the planet and how much
natural resources [and COZ} it takes to provide for a society or a
person.

co, EQUIVALENTS
A common unit for all greenhouse gases interpreted into CO,
amount, to compare global warming impacts between sectors.

CROSS LAMINATED TIMBER (CLT)

Cross-glued wood, or KL-wood in Swedish, is glued massive woo-
den boards, made up of an uneven number of layers, usually th-
ree-nine. It is load bearing and ressembles a very thick plywood.

ECONOMY
Orriginally derives from the greek words of 'manage” and "house-
hold". Different aspects of economy is discussed in the thesis.

EMBODIED ENERGY
The sum of energy [CO, ] required to produce a material, considered
as if that energy was "embodied" in the product itself.

ENERGY EFFICIENCY
A measurement of the energy used to achieve a specified benefit. A
higher energy efficiency means less energy to achieve the benefit.

ENVIRONMENTAL PRODUCT DECLARATION (EPD)
A declaration document with data describing the environmental
impact during a product's lifecycle (e.g. CLT or concrete)

GLOBAL WARMING POTENTIAL (GWP)
Greenhouse gases contribute in varying degrees to global warming
depending on their heat absorptive capacity and their lifetime in the
atmosphere. GWP describes the cumulative effect of a gas over a
time period, compared to CO,. For example, the GWP of methane
gas (CH4) is 21, which means 1 kg of CH4 is 21 times higher than
1 kg of CO,. GWPs provide a common unit of measure, which al-
lows analysts to add up emissions of different gases to simplify
comparisons between sectors. GWP is given in kilograms of CO,
equivalent per functional unit.

GREENHOUSE GAS EMISSIONS (GHG)

Emissions of gases that cause climate change by creating a gre-
enhouse effect in the earth's atmosphere. These emissions mainly
include carbon dioxide from fossil fuels, but also deforestation and
other changes in land use.

GROSS FLOOR AREA (GFA)
Floor area inside the building envelope, including external walls.

INVESTMENT COST
Money can be invested in different stages, but in the case of this life
cycle cost analysis, the investment refers to the initial building cost

LAMBDA-VALUE (2)
Specifies heat conductivity of a material [W/mK]. It is used for ther-
mal calculations on buildings and components.

LIFECYCLE

The interconnected stages of a product system from raw material
extraction to final disposal and/or reuse. Since buildings are used
over very long periods of time, only a consideration of the entire
life cycle (life cycle assessment) can provide information about the
actual quality of a building.

LIFECYCLE ASSESSMENT (LCA)

A method for environmental evaluation of products [or building],
processes and services over the course of the their entire life cycle
In this case "production, replacement, energy use, and disposal".

LIFECYCLE COSTS (LCC)

A method for cost evaluation over the buildings lifetime. This case
includes the cost of investment, energy use, maintenance, replace-
ment and repair. They are later defined in detail.

LIFE CYCLE STAGES/MODULES

Describes which phases of the life cycle taken into account, for
example the production of materials including raw material extrac-
tion and transport to the manufacturer (A1-A3), but not the actual
construction on site (A4-A5). Stages are later defined in detail.

NET FLOOR AREA (NFA)
The usable heated floor area of a building. Less than GFA, since
it excludes exterior walls and interior walls less than 15cm thick.

PRIMARY ENERGY DEMAND

Describes the energy taken from the environment, for example in
the form of crude oil, natural gas, hard coal or also in hydropower. It
is the computationally usable energy content that has not yet been
subjected to any conversion.

PRODUCTION COST
Building cost, land and developer costs, w/o tax

RESOURCE

Natural raw materials, or reused matter, that can be made usable
for human purposes. A distinction is commonly made between re-
newable and non-renewable materials.

THERMAL BRIDGE

A concept in building physics known as "cold bridge" in Sweden. A
thermal bridge is a localised area in the building envelope where
more heat is leaking out. This will require more energy to heat the
space, or in some cases cause condensation (moisture) within the
building envelope, and result in thermal discomfort.

U-VALUE

Specifies the insulation performance of a building element, by mul-
tiplying the lambda value and thickness of material. A lower u-value
means better insulation.

25
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ECONOMY

INTRODUCTION

Economy originally derives from the greek words of "'manage’
and "household". Everything seem to go through this system that
penetrates all areas of life. According to the economist, Yanis Va-
roufakis, economics is closer to philosophy than it is to science.
He puts it in contrast to a meteorologist predicting the weather
forecast. No matter the prediction, the weather decides by itself.
Economy is profoundly different. Economy, and the society for that
matter, becomes what we predict. He says that: "what you and I do,
depends on what you and | believe, and the change of our belief
feeds into a different social and economic outcome" (KODX Seatt-
le, 2018, 23:34). A few seconds later, he explains that: "economy is
part of the same phenomenon it tries to explain, like a cat chaising
its own tail" (KODX Seattle, 2018, 24:00). This is why economy can
never be a science, and why it is not a topic exclusively for experts,
and why economic ideas must be taught alongside economic and
societal history.

ECONOMY AND ARCHITECTURE

In a recorded lecture by W. Unterrainer (personal commmunication,
15 Oct, 2020), named "architecture and economics, a difficult rela-
tionship both ways', he says that: "a large parts of the public, de-
velopers, mainstream media and many politicians, consider most
architects ignorent and uninformed towards economic questions,
or to say it bluntly, they think that architects do not care about bud-
get" (Unterrainer, 2020, 00:45). He continues by mentioning how
there unfortunetely are many examples and justified reasons for
their position, and one of many aspects is the widespread negelec-
tion of economic teaching in architecture education. Economy is
frequently seen in the list of project delimitations, as most students
in Sweden, choose not to be limited by budget, nor learn about their
project’s economic context. One of the outcomes, according to In-
obi (personal communication, 12 Nov, 2020), is that when a young
architect enters their professional life, their take-off distance is so-
metimes quite long, due to lack of economic understanding. Fur-
ther, from what they have seen in university, students tend to take
a social or design track, but in reality, economy is more central. In
fact, sustainable project goals like empowerment, equality, or orga-
nic materials, often get lost along the line due to unfulfilled econo-
mic budgets. Another aspect according to W. Unterrainer (personal
communication, 15 Oct, 2020) is the many actors in the building
industry and their conflicting goals and share of payment along the
line, including the architect, engineer, investor, builder, municipality
and even neighbors

ECONOMY IN SWEDISH HOUSING

Kurvinen, A (2020) has written a book on the economic questions
within sustainable Swedish housing, such as the rate of return,
profitability, write-off time, and how the initial cost of production is
connected to the final rent. He says that strong economic motifs
are needed to turn today’s trends and build climate friendly. Kurvi-
nen (2020) encourages architects and others in the building sector
to get to know the economic logics, to critically and constructive-
ly take part of the economic discussions, challenge the standard
building routines, and learn to stay on budget. He says that in a
volatile market, values and assumptions are continually changed.
Black and white does not exist. The economic evaluations must be
project specific.

Crona (2018), who wrote the report "to build cheap is expensive’,
start by introducing the four main types of tenure in Sweden: ow-
nership, condominium, rental and cooperatives. She explains how
each type has different economic opportunities due to unique re-
gulations for building, loans, accounting, and taxations. Together
with the market, these will affect the cost, and thus what is built,
and where

Definitions are important in discussions for correct comparisons.
Production cost is defined as the sum of building cost and land
cost (SCB 20719) and can be seen with or without tax. The building
cost is material, developer, constructtion, setup and connection
cost for energy, internet, district heating, risk fees and so on. Land
costs is the purchase price for the plot, connection for water and
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drainage, groundwork, registration of property, title deed, detall
plan, geological investigations, municipal fees, street and roads,
possible risks and so on (Kurvinen 2020).

Figure 1. Production costs in Sweden. From Lonsamhetskalkyl for
hallbart bostadsbyggande by Kurvinen (2020, p.35)

"Today, Sweden has the highest building costs in Europe" (Crona,
2018, p.1). But, even though the building costs are accused of the
high housing prices, statistics show that a more reasonable expla-
nation is the high demand and limited supply on the housing mar-
ket. The production cost has increased rather as a consequence of
the market situation, and the lack of capacity and flexibility of the
building sector (Kurvinen 2020).

Since the price per m? has immensely increased the last years,
apartments have been reduced in size. In the 70s a 3-room apart-
ment was about 75 m?. At the end of 90s it had increased to 85m?,
due to universal design. Today, the size is down to 70m?, in spite
of increased building standards. The result is a lack of larger flexi-
ble apartments. Extra rentable rooms, generational living, student
housing, collectives and large families are some constellations that
are difficult to fit in small modern housing. On top of that, common
spaces in new productions are often minimized for better m?ratio
and instant profit. If a developer desires to build with higher quality
towards a lower instant profit, the banks might even consider that
a higher risk and thereby demand additional security. So, in spite
of the need for rental houses on the outskirts, they do not benefit
from the current regulations. For example, if the market value of
the building is considered lower than the initial building cost, the
value will instantly go down and be seen as a loss for the company.
Crona (2018) suggests the solution to wait with the valuation the
first 10 years and let the initial building cost be the actual value, or
perhaps extend the start of devaluation by certifying the house by
environmental systems like Svanen or Miljobyggnad Guld.

RATE OF RETURN

The required rate of return is based on the specific risk of each
project and where it is located. If the risk is considered high, the
required rate of return will increase, along with the rents. That is
what happens in many peripheral places in Sweden. If the periphe-
ral areas instead could use the same return rate as in central cities,
the rents could go down. This is reasonable, especially since the
vacancy risk would be close to zero because of the great need for
housing today. Another helpful way is to connect the rate of return
to the write-off time of the building, instead of market speculations.
The normal write-off time since the 60s in Sweden has been only
50 years. By finding a way to extend the time to 70, 100 or even
longer period, would lower the required rate of return each year. In
that way, rents could be lowered because the profit is calculated
over a longer lifespan (Kurvinen, A. 2020). In this way, durable ma-
terials and longer lifecycles are solutions for both cost, climate and
affordable housing.

An investigation was made by Kurvinen (2020) to see how the
required rate of return affects the rent. The production cost was
same for all three cases, 42 000 SEK/m? A return rate of 2,7%
gave 7500SEK/month. 3,5% gave 9800 SEK/month and 5% gave

12 400SEK/month. A significant difference in spite of the same
production price. Crona (2018) wants to see specific declarations
for each building component, called K3-declaration, because each
material differ in lifespan. That would help, but even then she says,
the high building costs of 40 000 SEK/m? does not make it easy for
rental hosuing. The low interest rate is what saves the cash flow,
but carry a risk if suddenly increased. Crona argues that the buil-
ding sector must update their regulations and reward those who
try to build better, because there is a need to prepare for an unsta-
ble climate and it is counterproductive to focus on the short profits

PRODUCTION COST

The production cost (building + land) for rental housing has increa-
sed by 30%, from 25 000 SEK/m? up to 33 000 SEK, between 2010~
2017. The difference between cities and country side is about 5000
SEK. Note that the cost for condominiums is much higher, 62 000
SEK/m?in the city and 40 000 SEK in the counties. The production
cost increase is mainly due to building costs, but also the cost of
land. Still, they only seem to be part of the reason for increased
prices. The housing has increased more than the production and
is therefore only part of the reason for increase. To conclude, the
production costs has higher relevance to rental housing, while the
condominiums are mostly driven by the market, by demand and
supply. The supply of land in attractive areas are limited and being
the places where most people want to move, the lack of housing
will drive up the prices by a competition between those who can
place the highest bid. The most effective way to solve the high mar-
ket prices is simple in theory but not in practice; build more of what
is demanded

A reduction of 20% in building cost (materials, transport, workers
etc) would only reduce the total production cost by 10%, since it
is only half of the total cost. Taking it one step further looking at a
new rental production at 9600sek/month. That price is divided in
three main parts. 1. capital costs is 50% (4800sek/month), 2. ope-
ration 30% (2900sek/month) and 3. administration 20% (1900sek/
month). The capital cost is further divided, in 50% building cost
(2400sek/month), 32% developer cost (1500sek/month) and 18%
tax (900sek/month). "That means, if the building cost is reduced
by 20%, the final rent only reduces 5%" (Kurvinen, 2020, p.36). In
other words, building costs is not the only reason or hinder for af-
fordable rental housing

In the last investigation, the author looked at how much the ope-
ration and maintenance had to be reduced to make up for higher
quality in production, and still keep the same rent. Looking at the
version with 3,8% in rate of return, 5% increase in production needs
25% lower operation and maintenance, and 10% price increase
needs almost 50% lower maintenance. This can be quite hard to
reach in reality. "If an investment in higher quality partly could com-
pensated by lower operation an maintainance, it would not be im-
possible to add even more quality in some cases" (Kurvinen, 2020,
0. 40). The 5% increase in production, would be about 100 000 SEK
fora 100m? house, which could be re-invested elsewhere

Figure 2. The ability to influence costs in different stages of the buil-
ding process (W. Unterrainer, personal communication, 29 Mar, 2021)

LIFE CYCLE COST

In a Master thesis by Dahlberg and Norrbrand (2003) regar-
ding life cycle cost (LCC) analysis on buildings and parts of
buildings, they say that:

"During new production planning, it is important
to make wise consideration between investment
costs [building cost], operation and maintenance
costs. Too often, only the investment cost is re-
garded, alternatively in combination with a pay-
off-calculation that displays after how long time
the investment is repaid. This is short-term thin-
king that might lead to higher total costs in the
end. A good way to give a fair cost calculation is
to do a so called life cycle cost (LCC) analysis"
(Dahlberg & Norrbrand, 2003, p. 7).

Yimeén (2017) has in his licentiate thesis written about en-
vironmental and cost assessments of buildings, where he
lifts an imortant aspect of LCC:

"The idea of LCCA is that costs occurring in the
future are discounted, compared to the costs oc-
curring today. The reason is that money available
can now be invested or deposited somewhere
else, for example in a bank. If the cost occurs in
the future you will gain the interest compared to
if it was deposited at the present time" (YImén,
2017, p.4).

According to Gluch (2014), far from all building projects use
LCC as part of decision making. Scientists and professio-
nals both, have expressed frustration the last 10-15 years
about the missing LCC tools that could help make better
long term decisions. She argues that: "if environmental cal-
culations is to get a central place in the decision making
it has to be connected to the economic consequences”
(Gluch, 2074, p.17). She motivates the use of LCC, by recal-
ling the long life of buildings, and how each decision during
the initial investment will entail long-term economic conse-
quences. Through the use of LCC, an expected total cost
during its lifetime is portrayed, and through that understan-
ding, wise decisions can be made regarding different de-
sign solutions. On the German Sustainable Building Coun-
cil's webpage (DGNB, 2021), they define their LCC critera:

"Our objective is sensible and conscious use of
economic resources throughout the entire life
cycle of a building. In the conception and plan-
ning phases of a building, there are areas of sig-
nificant optimisation potential for later economic
management."

In their opinion, the parties involved in the planning process
should regularly follow-up costs associated with their de-
sign. In addition to profit from the production, the economic
viability of a building depends on cost-efficient operation
Carrying out the LCC and communicating them clearly to
the client, increase the likelihood of achieving solutions op-
timised for cost-efficiency in the long term.
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ARCHITECTURAL QUALITIES

THE INTERRELATION BETWEEN
RESIDENTIAL LAYOUT AND RENOVATIONS
Two research studies were done by Centrum for boendets Arki-
tektur (CBA), at Chalmers Architecture (Femenias 2019), about the
possibilities of climate friendly residential building design . The initi-
al study was looking at the interrelation between residential layout
and interior renovation, and material flows. The second empirical
study looked at the extent of renovation in apartments from 2007~
2008, and further how design, usability and flexibility, could help
limit unnecessary renovations and reduce climate impact. The re-
sult shows a much higher renovation extent than needed. The stu-
dy is Swedish context including apartments mainly in Gothenburg
and Stockholm. A total of 35% of all the 313 households in the stu-
dy said they had changed the plan layout of their apartments. Note
these are larger condominiums, not rentals like the case study in
this thesis. A rebuilding refers to closing or opening new entrances,
moving inner walls or storage units.

ADAPTABILITY, GENERALITY & FLEXIBILITY
There are normally two types of adaptability, general rooms, or flex-
ible rooms. The general room is a space with multifunctional use,
for different needs over time. The flexible room is a space that is
easy to re-build. According to Femenias (2019), earlier studies have
shown that flexibility is a way to save resources over time, when a
space or building can be reused for a new function or be changed
with smaller interferences. Flexibility taps into cost efficiency due
to less rebuilding costs. Higher initial costs for integrating flexibility
have at times been a hinder. There is also an ethical perspective that
buildings should be an asset not a burden for future generations.
Adaptability is an attractive quality that might raise the economic
value, as well as possibilities to remain in the building when life
changes in terms of economy or family growth. Many studies have
raised awareness that residentials with too specific room functions
will hinder the possibility for adaptation. Some sources in the study
(Femenias 2019) say a general room is 4x4m to be able to host
different needs over time. Some say 15,4-16,4m2 and a width of
at least 3,1m. Less than 2,2m wide is considered a specific room.
According to Nylander & Forshed (2011), the general room appears
outside the functionalistic room types. It is somewhat larger than
the normal bedroom but slightly smaller than normal living room.
The room length and width should be at least 3,6m. They further
add how similarity in material, detail and shape enhances generali-
ty and flexibility, since no room is then clearly defined in function by
its materials or such. Femenias (2019) adds daylight and technical
equipment to the list of things that affects the generality of a space.
Room proportions and relation to each other will also define gene-
rality, where a plan with circular flow is more general than one with
a chain structure. Rooms which are passages are harder to adapt,
yet still in most renovations, both kitchen and living room becomes
passage rooms.

CIRCULATION, SPACE & FUNCTIONALITY
Nylander & Forshed (2017) defines circulation as the movement
between several rooms and how that makes the space feel larger,
more generous and functional. Some circulations are more useful
than others. Through circulation the rooms are experienced both
separately and as a whole. Rooms with more openings could the-
refore increase flexibility and generality, but the study by Femenias
(2019) said that 50% of the residents spoken to had removed their
circulation by closing a door, adding a room, or removing free-stan-
ding storage units. One interpretation is that the residents value
function and furnish-abilities above movement in the apartment.
Another aspect is that adaptation and renovation was only pos-
sible due to the circulation that was built from the start. Further, the
authors argue that: "the ultimate flexible floor plan is one having a
core of kitchen and bathroom, and on top of that, lightweight walls
that are easy to move" (Femenias, 2019, p.147). These are more
often seen in office buildings which are more frequently rebuilt.
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Other architectural valus like openness, light, and generous spa-
ces are appreciated by more than 30% of the users spoken to, as
is large windows and views to several cardinal directions. 5-10
% complaints about loud noise and overheating, which might be
connected to open plans and large windows without proper sun
protection. Nylander & Forshed (2011) explains how daylight en-
hances and defines the room character. A bright room feels more
public, a darker room more private. A low breast height can give
better connection with outside, even as a person is sitting in the
couch or laying in bed, but in the wrong place it would disrupt the
furnish-ability of the wall. Daylight also directs our movement and
eyes, which is why axiality is an important concept. Axiality is nor-
mally known within city planning and infrastructure, but in housing,
axiality is a line of sight combining two or more interesting points.
The axis normally goes from two or more rooms and can be both
straight and diagonal. It is a way to orchestrating interesting views
and daylight to enhance the spatial experience. They explain fur-
ther how this openness must be balanced by more private and em-
bracing rooms, by having clear corners and whole wall surfaces to
furnish. The same applies to outside spaces, trying to balance the
private and public space. Nylander & Forshed (2011) calls this "in-
tegrity"; well defined boundaries between "yours and mine’, such as
street space, entrance, courtyard, terrace, patio or similar. Overview
and clarity about private and public is fundamental for the feeling
of safety and knowing what is expected. The boundaries between
inside and outside are important, both practically and estethically.
Boundaries can be created by height levels, trees, small objects and
so on. The entrance is a place where public and private meet and
should be express welcome, safety and integrity.

Going back to the renovation study (Femenias 2019), the author
say that 18% rebuilt their kitchens, where L-shape was the most po-
pular, complemented by a cooking island (30%). Generally, people
seem to find their kitchens too small and thereby extends them
during renovation. Further, "20% put up a wall between kitchen and
living room, while 20% did the opposite to open up the apartment”
(Femenias, 2019, p.148). This reflects the need for architects to de-
sign for adaptability. There is a tendency for younger to open up
rooms and older to close, but these statistics are not yet fully be-
layed. Moreover, 11 % (36 households), created new rooms in their
apartment and the majority of these households were families
with children. They achieved more bedrooms by splitting double
rooms (requires two windows) or taking part of the living room, or
remaking a walk-in-closet. Some households did the opposite, by
combining a bedroom and living room, or extending a bedroom by
removing the closet.

MATERIALITY

Another reason for renovation is that people want to style their
home, which tapps into the discussion on material and details. Ny-
lander & Forshed (2011) takes a trip back to the architect Vitrivius in
Rome, 2000 years ago. They say "architectural quality is when "be-
auty, durability and comfort is equally combined” (p.11). A material
need to be more than durable. It needs to have patina; to age beau-
tifully, and speak to our senses. Their opinion is that functionalistic
view of "form follows function" has long been a devaluation of be-
auty, but the last decade beauty has come to take its place again in
the architectural discussion. Though beauty is subjective, there are
still parts of the experience which is not. The author argue that all
people appreciate wholeness, such as harmonic proportions and
when things fit well together. Moreover, to be met by a carefully per-
formed craftmanship matters to our feeling of self-worth. "Some-
one has cared for the place, so | feel appreciated and will also take
care of the place” and thus it will likely last longer. The same goes
for the experience of a poor craftmanship and quick fixes. There is
a similar conclusion by Femenias (2019), that using quality mate-
rials from start will reduce renovations and unneccessary material
flows, climate footprint and economic costs over time.
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Figure 3. Life cycle stages included in EPDs (Rheinzink 20217)

ABOUT LCA

The scientifically based method of LCA (Life Cycle Assessment) is
a tool that can calculates the greenhouse gas emissions of a given
product (or building) over its entire lifetime. The LCA can include all
the stages from raw material extraction, processing, manufacture,
distribution, use, maintenance, and disposal or recycling (i.e. cradle
to grave). The idea is to help designers identify the largest climate
impact reduction opportunities (Eberhardt et al. 2021).

The emissions can be divided in two main areas, called embodi-
ed energy and operational energy. The embodied is CO, emissions
from materials, while operational energy is the CO, emitted through
energy use. According to Eberhardt et al. (2021), the EU building
sector has for long focused on operation, which has led to develop-
ment mainly in energy-efficient buildings. This must be balanced
with the embodied energy, as materials can account for 50-70%
of entire lifecycle impacts. Beemsterboer (2019) mentions a study
from the 90s showing that 80% of the operational energy demand
was from space heating, hot water, and electricity use. Today, with
improved insulation of buildings, the share of operational energy
decreased, giving rise to a more active consideration of embodied
energy in materials. Buildings are long-lived dynamic entities that
consists of a multitude of materials where each has their own per-
formance and connection to the whole. This complexity is often
not adequately accounted for or discussed in current LCAs.

WHY LIFE CYCLE ASSESSMENT (LCA)

Climate change is one of many ecological sustainability aspects,
but a major aspect where humanity has gone beyond their boun-
daries. It is therefore an urgent challenge and focus all over the
globe. Not the least regarding the built environment. Eberhardt et
al (2027) explains how the building sector is responsible for 40% of
all energy, 33% of all greenhouse gas emissions, 30% of all raw ma-
terials and 40% of all waste, globally. Much of which is based on a
linear economy of “take-make-use-dispose’. On the contrary, circu-
lar economy can help restore resources and minimize emissions,
by closing the material loops by focusing on design principles like
adaptability, durability, use of low-impact materials and reducing
the amount of materials. To reach a circular built environment,
the design stage is significant, since early decisions will influen-
ce a building's life cycle and climate footprint the most. However
today, LCA is primarily used as a final assessment of completed
building’s, rather than an iterative design. This is often due to lack of
data, knowledge and interpretation of the LCA result. This is not the
most effective way of using the tool. While this is an ongoing deve-
lopment, the building industry would benefit from knowing which
major building parts to focus on regarding the maximum reduction
of emissions (Eberhardt et al. 2021), which is something that is
investigated in this thesis

According to Beemsterboer (2019), the lifecycle of a residential
building is important from a climate concern, yet the knowledge of
LCA remain scarce and uneven in most construction companies.
The interest in LCA is increasing, and in 2022, the use of LCA-ba-
sed climate declarations (A1-A3) will become a requirement in the
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Swedish building sector. Yet agian, it must be seen throughout
the whole lifetime of the building, not just the finished proposal.
'If the ambition is to make use of the full potential of LCA for in-
dustry and ecology, it is necessary to more actively integrate LCA
in the planning, design, and construction of residential buildings”.
(Beemsterboer, 2019, p4). The use of LCA is complex, but not more
complex than many other parts of the building process.

Moreover, many companies experience difficulties making effec-
tive use of the LCA potential. The main problem seems to be with
demand (e.g. since it is voluntary and not yet legalized), resour-
ces (e.g. time, money, ability, and data availability), competence
(e.g. lack of understanding and experience with the method), and
concern about its accuracy (because of large amounts of data
and simplified modelling of complex environmental cause-effect
chains). LCA is a data-intensive practice, and it seems as if data
is unfortunately especially scarce in early design phases where it
is needed the most.If LCA is used effectively, it offers a potential
beyond the reduction of CO, emissions (e.g. energy questions and
resource management).

Beemsterboer (2019) highlights a wide variety of established
simplification techniques with five simplifying logics: exclusion,
data-substitution, expert judgement, automation, and standar-
dization. These strategies can make LCA easier and quicker, but
one should be careful not to simplify too much. Still, "It is difficult
to imagine an LCA study which does not contain any simplifica-
tion in at least part of the assessment. Simplifications are a way
of getting work done and reducing the complexity of the task”

(Beemsterboer et al. 2020, p1)

LCATOOLS

There are many lifecycle stages of a building and each LCA-tool
will focus on certain stages, giving them different benefits and li-
mitations. An investigation was done to find the most suitable tool,
which included looking at the following tools: LCAbyg (all stages),
Bombyx, BM (A1-A5), Bidcon (AT-A3) Anavitor, Klimatkalkyl, EC3tool,
Tally, OneClickLCA (all stages), HBERT, LCAquick, Etool and CAALA
(A1-A3, B4, B6, C3-C4). The CAALA (Computer Aided Architectural Li-
fe-cycle Assessment) software was chosen due to its specific focus
and simplification of giving architects a tool to achieve both cost,
energy and CO,-emission savings on a large scale early in the de-
sign phase. Many other tools requires more heavy details and is
not directly connected to real-time 3D-modelling like CAALA. More
about the CAALA software is explained on next page.

LIFETIME

According to Andersson and Nilsson (2020), the buildings in the
city have considerably shorter life spans than buildings in the coun-
tryside, due to development reasons. They refer to a study saying
that '25% of all buildings demolished in Sweden since 1980, were
less than 30 years old (p.21). This is very significant from an LCA
point of view, which will be discussed later in the lifecycle experi-
ments

CAALA MODELLING

COMPUTER AIDED ARCHITECTURAL LIFE-CYCLE
ASSESSMENT (CAALA)

The CAALA software is especially made for architects to optimize
their design in early stages, in order to reach the climate potential
and avoid exceeding the budget. It is one of the first plug-ins
that includus both lifecycle cost (LCC), energy demand and CO,
emissions in the same simulation (F6S, 2020). The software in-
cludes the stages A1-A3 (Production), B4 (Replacements),
B6 (Operational energy use), C3 (Waste processing) and C4
(Disposal). In that way, it integrates both embodied and ope-
rational energy in the LCA, and both investment cost and
operating costs in the LCC. Thus displays the interesting in-
terrelation between cost, climate and design (architectural
qualities). Building planners can then easily modify indivi-
dual parameters (e.g. the wall material, insulation thickness
or a new roof) and instantly see the conseqguences of the
design choice just made. The designer builds their model
in Sketch up and without any wall thicknesses, each sur-
face must be assigned correctly to a CAALA-layer. The co-
lour coding gives the user instant visual feedback to help
verify the correct boundary conditions (Hollberg et al. 2017)
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The A-layers are those affected by thermal losses during
operation. B-layers are unheated spaces, and mainly em-
bodied energy from the materials. In the CAALA-software,
specific materials is assigned to each layer. The materials
can be taken from a dropdown meny or be customized as
desired. The thickness is added when materials have been
defined. The data is collected from the DGNB system and
the Okobaudat data. The materials can partly be manipu-
lated manually by the desiger, for example changing the
lamda value (insulation performance) or material lifespan
(important for replacement stage), and of course material
thicknesses. The investment costs (initial building cost) is
added manually for each layer. Material cost is not built-in
For maintainance and repair cost, the software will calcula-
te a certain exponential cost in % on the initial building cost,
as a qualified simplification. The energy price per kWh is
added manually because prices vary enormously between
countries. After adding the required data, and thereby get
a total LCC (Lifecycle cost) for the assigned lifetime of the
puilding. The lifetime can be adjusted between 1-100 years
(CAALA, 2020)
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Figure 4. Seleted life cycle stages in CAALA

(Figure 5 & 6. Boundary conditions in CAALA software.
A. Hollberg, personal communication, 23 Feb, 2021.
lllustrations based on Hollberg et al. 2017)
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Small bedroom
2020 Viskaforshem
Brunnberg & Forshed
Robin Hayes

ENERGY PRICE

ELECTRICITY PRICES

Today's price for electricity and the exponential price increase in
the future must be manually added in CAALA. The price make a
large impact on the LCC and therefore time was spent on trying to
understand and estimate reasonable energy prices and inflation in
the future. Note that even good estimations are highly speculative
The prices of the future can change due to new laws, taxations, inn-
ovations or similar. The values and tools of calculation was done
with help from the Swedish Energy Agency (L. Nilsson, personal
communication, 2021 March 15). Energy prices are different de-
pending on private or public sector, household, or companies, what
kind of company and where the activity takes place. In this case, it
is a small household villa with heat pump. There are four different
energy areas in Sweden, divided from north to south. Most people
live and pay the costs within area 3, including this case study in Vis-
kafors. All energy use in Sweden is liable to tax but it is not included
in the modelling software. Prices also go up and down, depending
on weather, wind, temperature, and other factors. Especially energy
coming from "green technology"

ENERGY PRICE DIVIDED IN FOUR PARTS:
1.Power distribution grid (transport of energy is same for

all in same area)

2 Energy price (Deal with energy company)

3.Energy tax (government decides)

4 Value added tax (VAT) (an additional 25% on total sum)

AVERAGE ENERGY PRICE (KWH) IN SWEDEN?
1.Power distribution grid (0.4 SEK/0.04 €)

2. Energy price (0.4 SEK/0.04 €)

3.Energy tax (0.36 SEK/0.036 €)

4 Value added tax (VAT) (Not included in CAALA model)

“Total 1,16 SEK/0.16 € (SCB 2021). Note that the price is much
lower than many other parts of Europe (see graph).

ESTIMATE THE PRICE OF 20507
1. POWER DISTRIBUTION GRID (25 year Historical Com-
parison gave 1,4 %/year. See calc. below):

The price from 1996 until 2019 has changed from 0,19 to 0,347
(SCB 2021). This change has not taken to account inflation and to
equalize the percentage increase and see the real price developme-
nt, we must first look at CPI (Costumer Price Index) for the same
year span. The values were “156”" in 1996 and "334" in 2019 (SCB
2021). 334/156=1,3. This means the starting point price in 1996
must first increase with 30% to be comparable, so 0,19 SEK x 30%
=0,24 SEK. This can now be set in relation to the price in 2019, 0,34
SEK. The price development between 1996-2019 has gone from
0,24-0,34 SEK (in 25 years). This is 0,04 SEK/year for 25 years. In
exponential increase, the equation is 0,24x?°=0,34. The exponential
X is then 1,4% each year. Inflation is then already ‘included” in the
price like a discount. This means including the price of 1996, as if it
was the price of 2020.

.....
.....
e

Figure 7. Electricity
prices (including taxes)
for household consu-
mers, second half 2020
by Eurostat (2020).
Retrieved from https.//
ec.europa.eu/eurostat/
statistics-explained/
index php?title=Electrici-
ty_price_statistics

2. ENERGY PRICE (30 year Future Scenario = 1,46%/year)

The energy price is calculated from The Swedish energy agency
scenarios for the spot-price on electricity in the power market (L
Nilsson, personal commmunication, 2021 March 15). In other words
the price on the Nordic electricity market NordPool. The price in
year 2020 is 0.31 SEK and is estimated to be 0,479 SEK in 2050
(Anincrease of about 0,17 SEK in real terms, ca 50% in total). The
exponential equation is 0,31x*=0,479. Making x=1,46%/year

3.ENERGY TAX (unchanged at 0.36 SEK in real terms, so 0%
increase)

4. VALUE ADDED TAX (VAT) (unchanged and not included)

SUMMARY: Power grid 1,4%, energy price 1,46%, energy tax
0%. Since they are almost 30% each of the total price, you might
summarize by the equation (1,4+1,46+0)/3= ca 0.98% average. So
more or less 1% increase of total energy price (already adjusted to
inflation)

ENERGY PRICES IN CAALA

There are three values to decide in CAALA lifecycle modelling.
1.Energy price today (starting point)

2 Exponential increase of energy price (estimated in %/year)
3.Inflation discount (%/year works as discount on energy price).

Inflation can be confusing when estimating prices. There are two
ways to calculate price and inflation which will have the same out-
come in the model.

1. If adding a value to the inflation rate (discount) in the model, the
energy price must be in ‘nominal terms’, which means a price not
yet adjusted for inflation. Otherwise, the “inflation discount” will be
counted twice.

2. The second option is to set inflation discount to 0% and instead
include it directly in the energy price. The energy price development
will then be in real terms’, which means a price already adjusted
for inflation and thereby excluded the effect of inflation (It means
the prices have been compared as if they were all in 2020).

Since the calculations show a price increase in real terms (adjusted
to inflation), the energy will be more expensive in 2050 than today
in 2020. If the inflation is 1, 5 or 10% does not affect the real price’,
but only the "nominal price’. So, if adding 5% inflation, it must also
be added to the energy price. The difference between them must
always be 1% according to the calculations above. Since | included
inflation in my energy price calculation, I will set inflation to 1% and
energy price to 2%. Price today (ex VAT) is 1,16 SEK. In 50 years the
energy price will be 1,76 SEK x 1,01x*°=1,9SEK/kWh. Looking at
the diagram below, it is important to say that Swedish price/kWh is
very low. Almost half that of Germany.

G@rmaxv\q
3 SEK/kWhh

Sueden

1,7 SEK/kWh
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THE SITE

Mikael Bengtsson

THE ORIGINAL PROJECT

7
Z L8

PROJECT: 13 detached rental villas of 84m?
Kallsprangsvagen, Viskafors. Year 2020.
CLIENT: Viskaforshem AB

ARCHITECT: Brunnberg & Forshed
CONTRACTOR: Fristad Bygg

VISKAFORSHEM AB

Viskaforshem is a public non-profit housing organi-
sation owned by Bords municipality. Companies like
these exist all over Sweden to offer good rental hou-
sing for everyonw, no matter background. They are
to take active responsibility for the building of society,
and operate with normal business principles.

VISKAFORS

Viskafors i located 10km outside of Boras city and
has about 3800 inhabitants. Historically it is an old
factory town, but after the textile and rubber industry
closed down, fewer workers settled there. Viskafors-
hem wants to attract new people by attractive archi-
tectural housing.

WHY VISKAFORSHEM?

The client Viskaforshem explores a relevant question
about how it could be profitable to spend money on
quality. It is a wise invesment that goes hand in hand
with sustainability, longterm thinking and resource

optimization (Brunnberg & Forshed, personal com-
munication, 2021 Feb 12). Mikael Bengtsson (VD),
says the demand for small houses are clear, yet den-
sification is the popular strategy. Viskaforshem works
against mainstreem trying to build high quality rental
housing (personal communication, 2020 Dec 10).

WHY THIS CASE STUDY?

The scale fit well with the scope of the thesis and
there was mutual interest in knowledge exchange,
since lifecycle assesments had not been done. It is
an interesting case because the quality, from many
aspects, is already above average swedish standard
and is therefore a challenge to optimize.

TASK & TIMELINE

The task was specifically three-room housing, since
previous project at Pumpkallehagen had four rooms
and the desire was to widen their building stock. The
plan was 19 houses at first but was reduced to 13
due to ground quality (normally in projects it is the
other way). First sketches was in 2016 and the ope-
ning will happen in 2021.

1:12500 ( A4)
Drawings by Brunnberg Forshed
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CASE STUDY VISIT THE ORIGINAL BUILDING
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Volume sketches by
Brunnberg Forshed
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REAL ESTATE ECONOMY

General calculations on the original buildings to help get a sense of the
project scale and costs, before zooming into one villa.

PROJECT BRIEF

Type: 13 detached rental houses

Gross floor area (GFA): 99sgm

(incl outer walls. excl patio, terrace and attic storage)
Net floor area (NFA): 85sgm livable rental space
NFA/GFA (key ratio): 85/99=0,86

PRICE OVERVIEW
Total price incl VAT (value added tax): ca 60MSEK (exVAT 50MSEK)

Total price/villa: 60/13=4,6MSEK (ca 3,8MSEK ex VAT)

Total rentable space (sgm NFA): 1105sgm

Total Production cost incl VAT (SEK/sgmNFA): 60/1105=54 298 SEK/
sgm (incl land and building)

Price division: Land TOMSEK and building 50MSEK

Land price incl VAT (SEK/sgmNFA): 10/1105=9050 SEK/sgm land
Building price incl VAT (SEK/sgmNFA): 50/1105=45 248 SEK/sgm

RENT

Rent (SEK/villa/month): 10 114 SEK/month (excl heating, electricity,
water and waste disposal)

Rent (SEK/sgm/month): 10 114/85= 119 SEK/sgm

Rent (SEK/sgm/year): 119x12= 1433SEK/m?2/year

(There is a maximum permitted standard rent when receiving invest-
ment support for new rentals or student housing. Support from Bover-
ket (2020) may only be provided if the project ensures relatively lower
housing costs, in this case 1450 SEK/sgm)

ADDITIONAL COST

The additional cost includes heating, electricity, water and waste dis-
posal. The cost depends on personal usage but is estimated to 2000
SEK/month. By having additional costs, Viskaforshem desires to teach
the tenants about sustainability as they become in control of their own
usage and costs and as a company avoid, to some degree, increased
administrative work.

OTHER
Rate of return/yield (depend on location and estimated risks): 3,25%,

general for the municipality
Devaluation (decrease in value of time): 70 years
Heat source: Geothermal heat pump with unit inside each house. Floor

heating in all rooms. Their own estimation is 30 kwh/sgm/year.
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MODEL OF ORIGINAL BUILDING

O% — A1-A3 Production A'*
B4 Replacement S 7o
<
35%  c3+C4 End-ofiife

== B6 Energy demand in use 60%

INTRODUCTION

These two pages intends to present the so called original model.
Basically it is the case study house with values estimated through
many investigations and interviews. It is the base for which all the
experiments are compared to. This is the detailed data used in the
modelling, explainations about what the life cycle parameters in-
clude and exclude, and how to understand the result. And at last,
some related research for comparison

GENERAL MODEL DATA

New construction - Single family house

Region 10 - Hof (area in Germany similar to our climate)
DGNB System (German Sustainable Building Council)
Database Okobau.dat (2016)

LIFE CYCLE MODULES

A1-A3 Production - B4 replacement - B6 Energy demand in use
phase - C3+C4 End of life - D Benefits beyond system boundaries
(optional, not included)

OBJECT DATA

Average floor height 3m (floor-floor), 1 floor, NFA 84 m?2, BFA
105m2, energy reference area 100m2, thermal bridge "enhanced
0,05 W/m2K" (medium) and air tightness 'new construction - gene-
ral n50=4h"" (medium)

U-VALUES

Average climate shell 0.21, Foundation 0.125, Wall 0.158,
Roof 0.073, Window 0.9

MATERIAL LIFESPAN BEFORE REPLACEMENT

BELOW 50 YEARS: Painting 15 years, Construction wood varies,
Windows 30 years, Wood terrace 30 years

50 YEARS: Interior walls (lasts longer, but is often replaced), Tar
paper below roof, Technical system (TGA)

75-100 YEARS: Doors, Cedar Facade, Stone clinker flooring, Roof
cladding, Cellulose insulation, Intermediate floor

NEVER REPLACED IN CAALA Foundation (concrete, EPS, XPS),
Load-bearing structure (CLT)

NOT INCLUDED IN THIS LCA Bathroom, kitchen, furnitures and
other details. Focus is major building parts
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GLOBAL WARMING POTENTIAL (GWP)

This graph displays the Lifecycle assessment (LCA), measured in
global warming potential with the units, kg CO,/m? per year. The
reference area used in the experiments is 100m? and the reference
study period for is 50 years (which of course can be adjusted). In
other words, the figure say 37 kg CO, x 100m2 x 50 years = 185
tons of CO, (3,7ton/year or counting 3 people living in the house:
38,7/3=1,2ton/person/year)

FLIGHT SWE-NY

To make a few CO, comparisons, one ROUND-TRIP
roundtrip flight Sweden-New York (3300 MiL)
(12000km) is the same CO, cost per = 1200 KG CO,

person, 1,2 tons (Kortspelet klimatkoll
2020), as the buildings lifecyle (if three
people live there)

Or a mixed food diet is in Swedish

MIXED-FOOD
average 2 tons CO,/person/year (Kort- AVERAGE 1 YEAR

spelet klimatkoll 2020). Which means, the = 2000 KG €O,
building costs each year is the same as )
two people eating for a whole year.

The use phase is 60%, End of life 35%, replacements 5% and pro-
duction almost 0%. Production and end-of-life should be seen to-
gether in a sense and is mostly dependent on embodied energy
in materials. Production is almost 0% due to wooden materials
that binds CO,, but importantly, that CO, will be released again at
the end-of-life, making it 35%. Replacements are different for each
material and has been manually decided in CAALA software (see
material lifespan list). After its expected lifespan is is replaced and
counted once more into the LCA. In this way, long-lasting materials
will be cheaper.

Energy in use phase is connected to the primary energy demand. It
is based on the building's shape factor and volume, insulation and
u-values, thermal bridges, air tightness and the efficiency of the
technical equipment. The original model has a heat pump ground/
water with mechanical ventilation and heat recovery and a default
CO,-Intensity kg CO2eq/kWh] set to 0.53 (this will be experimented
and discussed later). The LCA can not take into account how ma-
terials might loose insulation-performance over time. Estimations
like these have to be done manually. As energy use is 60% of CO2,
it motivates architects and builders to investigate and use effective
technical equipment

Though the LCA includes many major lifecycle stages but not all
of them, for example construction phase or some parts of the use
phase, like maintainance. The lifecycle costs is different regarding
this. To compare an LCA to another LCA, one must be sure to com-
pare the same lifecycle stages, lifetime of the building, and same
level of material data. This can be difficult and much study is being
done abour how to simplify LCAs to create more comparable re-
sults. Still, if LCA is used early in the design phase, it is possible to
find the largest opportunities for optimization, even if the complete
CO2 can be uncertain

72 % Investment costs

Repair :L 7%

Maintenance & Replacement 5% 6% == Energy costs

LIFE CYCLE COSTS (LcC)

This graph displays the LCC measured in €/m? with same referen-
ce area of 100m?. Note this is a total cost for 50 years, and not a
yearly cost like the LCA. The yearly cost must be calculated manu-
ally by dividing by the amount of years. The 50-year lifecycle cost
for the whole building is 4792€ x10 SEK x 100m? = 4 792 000 SEK
(including a 200 000 SEK heat pump). This is 96 000 SEK/year or
8000 SEK/month

The investment cost is the estimated building cost ex VAT and in-
cluding work hours, about 3,4 million SEK (70% of total LCC!). This
is the cost used in the modelling by assigning costs for each ma-
terial layer, but in reality this number is likely +- 200 000 SEK due to
details that can not be covered in the LCC software. Maintainance
and repair are calculated by adding an exponential %-increase/year,
on the investment cost. It differs between the built structure and
technical system by following: Building maintenance: 0,1% and re-
pair: 0,35%. Technical maintainance 0,41% and repair 0,66%. This is
a good estimation by the DGNB system, but it has some flaws. As
investment cost gets higher, repair also gets higher, but in reality it
is sometimes the opposite. Aninvestment in better quality will likely
lower the need for repair and maintenance, which in return, lowers
expenses over time. This concept is then not really visible in the
LCC today. The LCC does not reconize the lifespan of the material
like the LCA does

The last parameter is the energy cost. This cost is added manually,
since it is different around the globe. In this case, the initial price
for electricity is 0,12 £/kWh (ex Vat), the rate of energy price increa-
se is 2%/year and the price discount rate for inflation is 1T %/year.
In other words 1,2 SEK/kWh with 1% cost increase each year of
the building's lifetime. This cost is not only for energy use but also
general costs like repair and maintenance. Sweden has very low
energy cost (and very clean energy). It is therefore only 6% of total
LCC (compared to 60% for the LCA). Since the energy cost made a
large impact on total LCC, indepth calculations was done for realis-
tic price estimation (see separate chapter on energy)

O Detached House W Semi-detached House B Terraced House

2200 136.

Life cycie cost (2/m2)

Construction Use End-of-Life TOTAL

Figure 8. Lifecycle cost £/m2 in the UK (W. Unterrainer, personal
communication, 29 Mar, 2021)

White staples shows villa costs. Construction is 37% of total LCC
This means the initial building cost is paid 3 times over the entire
lifetime! The study period is unfortunetely not known, making com-
parison more difficult. Still, knowing construction costs are higher
in Sweden compared to UK, it is plausable that construction/invest-
ment cost in the original model is 70% of total LCC over 50 years

PRIMARY ENERGY DEMAND

This graph displays the Primary energy demand, measured in
kWh/m? per year. The total is 62kWh x 100m?2 x 50 years =310
000 kWh (or 6200kWh/year). This operational energy is compiled
according to the parameters below.

The energy depends on the technical system for both heating and
ventilation, in this case a heat pump with mechanical ventilation.
Changing to natural gas, oil boiler, district heating or pellets, will
drastically change the result (see technical experiment). The aux-
ilary electricity is needed to run the water pump, fans and so on
The space heating depends on shape factor, floor area, the ceiling
height, the solar gains and losses through windows, as well the
building's insulation. The hot water is a fixed value. The primary
energy demand is a summary of the above, including the energy
generated from the heat pump. The values also depend on clima-
te, geography and other factors. Minimizing the thermal bridges
and air tightness in the software would lower result by T0kWh. The
result is plausible for a small detached house with only one floor.

180

160 1

140 +

120

Brons

siver B\ o
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Excluding I Excellent
hot water

Certified IOutstandlng

524300  GreenBuilding  Svanen FEBY12 Passivhaus ~ Miljobyggnad ~ BREEAM

Figure 9. Environmental certifications. A comparison of energy
usage in multi-residential buildings in Southern Sweden (Lundgren
2014).

The Viskafors villa with 62kWh will reach green building certifica-
tion, Svanen and Miliobyggnad Guld. A real passivehouse are as
low as 15 kWh, but it is difficult to reach that low when having an
uneffective building shape and only one floor.
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EMBODIED ENERGY [CO,/M?]

This is the embodied CO, in materials connected to each major buil-
ding part. It is measured in kgCO,/m?a and the lifespan is 50 years. It
includes all life cycle stages, which means some of these materials
are counted twice due to replacement. A different total lifespan of the

building would change graph.

1. The roof has the highest impacts, likely due to
zink roofing, 30% thicker insulation and 14cm CLT
load bearing construction compared to the 10cm for
the exterior wall.

6. The intermediate floor is lowest, but still made the list
of highest impacts, also due to thicker CLT and insulation.

2. The foundation is second highest, due to concre-
te, armory and cell plastic insulations.

4. The windows have impact due to glass and aluminium,
and because it is replaced once after 30 years.

BUILDING COSTS [€/M?]

The building costs are also calculated per m? for comparison
with CO, /m?. One important note is that not all elements are
the same thickness (e.q. the exterior wall includes more ma-
terial layers than the windows), so even if area is the same,
the volume is not. The result from comparing the two graphs
shows that embodied CO, emissions in some sense follows
the building cost, but not fully. It is only the roof that appear
the same in both diagrams, as number 1 on the list. The others

are different.

1. The roof cost is the highest (same for CO,) and
thus has potential to lower both parts i re-designed
or changing materials.

5. Intermediate floor cost is mostly due to thick CLT. The
cost/m? is lower than the CO,/m?, but the project would po-
tentially save large costs and CO, by removing it.

3. Foundation of concrete, EPS and stone flooring
has high CO,/m? compared to the cost/m?. Since it is
cheap it is likely more used, but should be questioned
and improved.

6. The windows changes the most. They are very cheap
compared to the CO,/m?*. Which means high CO, saving po-
tentials.

Facade construction
Fristad Bygg
Robin Hayes




View from the living room
2020 Viskaforshem
Brunnberg & Forshed
Robin Hayes
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Case study

Year Developer
Architects
Photo

Chapter 4 [Experiments| is meant to
: be read in a certain order, from wide
. tonarrow

There are two main categories
VOLUME & MATERIALS.

Drawings appear not mainly in the
end, but connected to each related
experiment and calculation.

* The following chapter 5 [Summary],
a new proposal combining the best
experiments are displayed together
with the total life cycle savings.

OVERVIEW

1. VOLUMES 2. MATERIALS

LIFECYCLE STAGES
Explaining the stages

LIFESPAN
25-50-75-100 years

ORIENTATION
West vs south-east

ROOF
Pitched roof vs flat roof

PLAN & VOLUME
Plan

Volume

Section

Facade

1. LIFE CYCLE INTRODUCTION

LIFECYCLE STAGES IN THE LCA

This is the stage where all
materials are produced.
The result is 0, because
wood has a minus value in
production since it binds
CO? The loadbearing wall
and roof is below 0 becau-
se it is CLT, cellulose insu-
lation and cedar facade.

AT-A3 is used by many
companies to calculate
LCA and will become re-
quired for new buildings
in 2022, acc. to Boverket.
This is a step in the right
direction, but the graphs
show how AT-A3 can be
misleading. Wood will re-
lease CO, in the end-of-life
stage, and will then reach
a +-0 at best.

The replacement stage
calculates that some
materials will be repla-
ced after their expected
lifespan, for example 30
or 50 years. The load
bearing structure  will
never be replaced and
is therefore not chang-
ed in the graph. The
replacing of wooden
products make small
difference in LCA as
mentioned. The largest
change is windows and
doors, due to glass and
aluminium.

The circular  graph
changes alot when ad-
ding energy use over
50 years, but the stap-
le graph is unchanged
here because it only in-
cludes embodied ener-
gy in materials and not
the CO, through energy
used to run the building.

What mostly effects the
circular graph and ener-
gy use, is how well the
building materials  will
insulate and what type
of technical equipment
used for heating and
electricity.

Adding the end-of-life sta-
ge and CO, emissions for
waste disposal is crucial to
balance the LCA and crea-
te a realistic picture. This
combination of lifecycle
stages is used in the expe-
riments. Note that some
staples have been mirrored,
which means the wood
products released the CO,
that was previously binded,
and almost create a net
zero between production
and end-of-life. However,
none of the staples are now
below O, which means all
material layers have a CO,
cost if the entire 50-year life
of the building is counted
for. Largest is roof, ground
and windows, due to me-
tals and concrete.

BENEFITS AND
CONSTRUCTI LOADS
PRODUCT STAGE |[ON PROCESS USE STAGE END OF LIFE STAGE BEYOND THE
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The D-stage is in many
cases speculations about
the future potentials of
how materials can be reu-
sed or recycled. Though
it is important part of the
lifecycle, it gives LCA credit
for something today that
might not be true tomor-
row. Therefore it is exclu-
ded in the experiments, to
avoid green washing.

For example it could be
about how burning wood
in the future might be con-
nected to a new innova-
tion where the energy and
CO, emissions can be re-
used for a benefit, instead
of being released back into
the atmosphere.

o1



25 YEARS

The lifespan of a building is at the core of lifecycle thinking. The
onger the building stands the better. The years reflect the time
from construction to demolition. The total lifecycle cost/m?2 in-
creases each year due to maintainance, repair and energy costs,
but note how cost per year gets lower. The | CC graph does not
display vearly cost like the GWP does, only total cost. The yearly
cost is therefore calculated manually and displayed in the black
boxes. CO*/m“a (GWP) gets lower each year, with some bumps
when materials are replaced (timeline illustration below. OBS! Not
complete and not in scale, mainly for visual help). The energy de-
mand is constant but in reality it could increase when materials get
older and looses performance, but in a way also get better, since
the replacement is likely better due to new future innovations

Tearing down the building after 25 years will drastically increase
CO, emissions. As much as 25% of the buildings demolished in
Sweden since 1980, were less than 30 years old (Andersson &
Nilsson, 2020, p.21). The demolition after 25 years stands for
55% of the total GWP (potential reuse not included). Replacement
is almost zero because most materials lasts more than 25 years
anyways. The second problem with a short lifespan is that the villa
will most likely be replaced by a new building, either on the same
site, or elsewhere. This will lead to even higher costs, both financi-
ally and for the climate. If the building lasts longer, new buildings
will not be needed in the same extent, which reduces costs for
everyone

BUILDING
COST OF

160 000 SEK/YEAR

13 000 SEK/MONTH
for 25 years

TOTAL LCC

LIFE CYCLE COSTS

50 YEARS

The heating system (TGA) is changed after 50 years, so at year
57, the TGA is counted twice. This is shown in the GWP timeline
below. So TGA is lowest at 50 years, 2.1kgCO,/m? but also the
same for 100 years. For example: T year is 105kgCO,/m= Then
divide with amount of years. 105/50=2.Tkg. Same at 100 years:
105+105/100=2.Tkg. If the year was set to 51, meaning once re-
placed: 105+105/5Tyears=4,1kg/year. Then total GWP would be 39
instead of 37

Windows are replaced every 30 years. At year 30, 60, 90 the values
appear best. While year 31, 61 and 91, the values are at its worst
because then they are counted twice without having lasted so long
Year 1is 50kg/m2/a. Then add 50 for each replacement and divide
by amount of years. This means the window element will be same

NE

during 25-50-75 and 100 year lifespan

Repair and maintainance is based on an average expense in x-%
on investment cost, which means those costs will increase expo-
nentially in the graph. Similar regarding the energy costs, which will
depend on set price for electricity and inflation. This also means
the program can not fully distinguish different material qualities,
but only their lifespan before replacement. For example, the ma-
intainance cost would be the same for a brick wall compared to a
wooden wall if they had the same investment cost and expected
lifespan. But in reality, a wooden wall will only last as long as a brick
will if careful maintainance is upheld.

BUILDING
cosT 70% oF
TOTAL LCC

96 000 SEK/YEAR
8000 SEK/MONTH
for 50 years

Total cost 4 MSEK
96 000 SEK/YEAR

75 YEARS

Extending from 50-75 years, the CO, emissions are lowered, but
not as much as between 25-50 years. Looking at the GWP graph,
the largest difference is seen in disposal stage. Likely because
some materials have lasted longer by then. Moreover, the emis-
sions from energy use is now 62% of total LCA and is getting higher
n percentage the longer the building stands, because the building
will always need energy while the embodied energy in materials are
constant and evens out over the years.

Important to know is that CAALA software will not replace the lo-
adbearing structure and foundation, since replacing them often
means replacing the entire building. It is therefore important to in-
vest in durable loadbearing materials that will keep its performace
and aesthetics over time.

The step from 50-75 years saved more money per year (ca 20 000
SEK), than going from 75-100 years (ca 7000SEK), this seem to be
because both repair, maintenance and energy cost is increasing
exponentially, at the same time as the investment cost is being
spread out on more years

BUILDING
cosT 60% OF
TOTAL LCC

77 000 SEK/YEAR

6400 SEK/MONTH
for 75 years

Total cost 5,7 MSEK
77 000 SEK/YEAR

100 YEARS

100 years is the maximum for CAALA to calculate but it is impor-
tant to argue for an even longer durability than 100 years if we are
to reduce climate change. Architecturally, historical and cultura
buildings are appreciated by most and even upholds a high finan-
cial value on the market, if it is built with quality materials that age
beautifully

After 100 years, the investment cost is 45% of the total LCC, which
means the initial price for the building has been paid twice over
100 years. If construction costs would be lower and energy prices
higher, like in other parts of Europe, this would happen even faster,
which add importance to quality that can bring down maintenance
and energy costs

A reflection. Maintainance is 570sek/month for 100 years compa-
red to 430sek/month for 50 years. It might seen strange, but it is
mportant to calculate the same amount of years, in other words,
adding two 50-year buildings to compare the same "product”. That
s 430+430=860sek/month compared to one 100-year building
with 570sek/month

PAID THE HOUSE TWICE OVER!®

BUILDING
cosT 45% oF
TOTAL LCC

70 00O SEK/YEAR
5800 SEK/MONTH
for 100 years

Total cost 7 MSEK
70 00O SEK/YEAR

Investment costs
25 yeors
=— Energy costs )CW J fO“V' 75 years f:O“Y' 100 years
Maintenance & Replacement
. +764€/m?
Repa voron MS?K +977€/ > + 2226€/m*
’ +0977 MSEK + 2,22 MSEK
GLOBAL WARMING -12 kg CO, -1 kg CO, -3 kg CO,
POTENTIAL (GWP) -1200 kg/yeor -100 kg/yeor -300 kg/yeor
-60 ton/50Yrs -5 ton/50yrs -15ton/50yrs
B4 Replacement
== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production
SAVE 36%
CO, just by
prolonging tie
Lfetime!
700 Lfi
awp 1éo B4 Window
CO,/m> replacement
50 46 B4 Technical B4 Window B4 Window
45 replacement rep\ag@.;wem replacement
55 36 34 33
32 32
@
Yeow o 5 25 3031 50 51 60 61 75 q0 91 100
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2. VOLUME EXPERIMENTS

ORIENTATION OVERVIEW

Case study
hoto

ANALYSIS INTRODUCTION

The original site plan shows a "social and equ-
al orientation” with repeated entrances towards
the street and not oriented according to sun.
They are placed in two circles; the outer circle
points entrances inwards, inner circle points
outwards. Entrances close to the street is prac-
tical, but perhaps there are more spatially inte-
resting,- and energy efficient orientations?

EXPERIMENT DATA

The original house is rotated in the sketch up
model to different compass directions, in search
for the most optimized orientation.

RESULT & REFLECTION

The experiment shows that pointing the largest
window exterior to south-southeast would im-
prove energy demand and CO, emissions. The
cost was more or less unchanged. The result
shows lower energy demand in the use phase,
because of reduced need for space heating [due
to solar gains and less heat losses]. On the ori-
ginal site plan, eight villas are in this way inef-
fective and five are effective. A new orentations
could eventually lead to higher inital cost in infra-
structure, if the entrances are further away and
the villas are uniquely oriented, but not necessa-
rily. The new proposal shows a variant without
extensive road changes. Note, the experiment is
done with the original villa. If the villa was re-de-
signed with larger windows in south and smaller
in north, the result would become even better.

EVALUATION MATRIX
5MWh in 50 years (TkWh/m?a)
5ton CO, in 50 years (Tkg/m?a)
7000 SEK in 50 years

Note that this is the result of one house. Adding
all 13 houses, the CO, saving would be 65 tons.

ARCHITECTURAL QUALITIES

In the new proposal, eight of the thirteen houses
have been rotatated, creating new architectural
qualities. The entrance driveway of each house
have been kept in the same place for fair com-
parison, in case the site is not flexible in reality.
All entrances are within 15m from main road, all
have a driveway for easy access, and all can be
seen from the road, same as before.

Not all terraces are now directly towards a pri-
vate side, but instead, some entrace patios are.
The best part is that all terraces, some more
than other, are facing the southern sun. Four of
them was previously facing the northern cold!
A warmer terrace is more often used. Nature
views, both outside and inside, are kept, but in
some cases, the best views might now be from
the bedroom rather than the living room.

There is a new spatial variation between the vil-
las. The orientation is more diverse and unique,
which avoids boring repetition of practial entran-
ces facing the street. There are now all types of
facades visible for the visitor on the street.

ORIGINAL VS NEW

Original site drawing by Brunnberg Forshed
1:2000 (A4)

Solar gains

@ |neffective
Semi-effective
Effective

-Original road
‘Rotated
-Back entrance

- +Original road
-Rotated
-Original road
‘Rotated ‘Re-design road
-Mirrored -Rotated
-South-west
compromize
-Original road
Rotated
*Mirrored
-Original road N
-Rotated oﬁv"@ 9
fo
&
-Original road 4
-Rotated
‘Re-design road " .- &
-Rotated
NO SCALE
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WEST VS SOUTH-EAST

WEST

Eight out of 13 villas are oriented more to the west and was
therefore chosen as the original orientation in the experi-
ment. The direction is measured from the facade with most
windows. The idea is to experiment with solar gains.

ARCHITECTURAL QUALITES

The west side of buildings are normally the warmest, be-
cause the house have been warmed up during the day and
when afternoon sun comes, the heat peaks. This someti-
mes causes heat problems, but could also be pleasurable
to still have the sun on your terrace after work.

ENERGY
DEMAND

becomes

GLOBAL WARMING
POTENTIAL (GWP)

B4 Replacement

== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production

LIFE CYCLE COSTS

Investment costs
== Energy costs
Maintenance & Replacement

Repair

56

SOUTH-EAST

Five villas are originally oriented to the south/south-east,
which seem to be the most effective orientation according
to the results below. There is more solar gains and less heat
losses during morning and midday, which helps to heat up
the house. However, the result showed smaller difference
than imagined. The oprientation principle worked, but to op-
timize it, more window area could be added to the southern
facade to increase solar gains further.

ARCHITECTURAL QUALITES
More than the indoor cliamte, the location of entrances
must be looked into, as well as the space between the villas.

-1 kWh
-100 kWh/yeor
-5 MWW/ 504rs

-1 kg CO,
100 kg/yeor
5 ton/50yrs

- 7€/ m?

-7 OOOSEK/504rs
- Unnoticable
change

PITCHED VS FLAT

INTRODUCTION

The roof is one of the largest building elements and has
immense impact on cost and climate footprint. In this case,
the roof ratio is high compared to functional floor area. The
main issue is the intermediate floor which has high cost
compared to its use. Taking it away without changing the
pitched roof, would lead to high ceiling height inside and
much larger demand for heating. Thus the idea of a flat roof
experiment. In the experiment, the roof construction mate-
rials are the same. To simplify: 140mm CLT, 270mm cellu-
lose insulation (A 0,04) and rheinzink roofing. The pitched
roof is 115 m2. The intermediate floor is an unheated attic
space for storage, accessable only by a foldable stair inside.

ARCHITECTURAL QUALITES

The pitched roof is practical in terms of water protection
and makes the villa volume more generous in scale. The
roof materials are visible which adds to the spatial expe-
rience. Still, the attic space is not functional and its ceiling
is too low to ever become an extra floor in the future. That
motivates an experiment of reducing materials.

GLOBAL WARMING
POTENTIAL (GWP)

B4 Replacement

= B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production

LIFE CYCLE COSTS

Investment costs
== Energy costs
Maintenance & Replacement

Repair

ENERGY
DEMAND

REFLECTIONS

The flat roof displays an alternative of maximized reduction,
down to T00m?roof area, thus saving 15m? (15%). On top
of that, a total reduction of the intermediate floor. This sa-
ves about 340 000 SEK in investment cost, plus 150 000 in
energy and maintainance the next 50 years according to
LCC. This allows for new priorities and investments in ar-
chitectural solutions that would add more value than the
pitched roof and attic space. It will also be possible to invest
in more climate friendly materials in places like foundation
and windows.

ARCHITECTURAL QUALITES

The space inside is unchanged since ceiling height is still
2.6m. The space outside between the houses changes
when the scale is lowered. Less roof variation will be ex-
perienced, because the roof material is not visible anymo-
re. Regarding materiality, it makes no sense to hide quality
materials like zink and brick. A small angle is to consider for
the final proposal. The proportions could work. The volume
relfects the floor area inside, compared to the original that
appears larger than it is.

-5 kg CO,
500 kg/year
25 ton/50Yrs

- 486€/m?*

-486 OOOSEK/504rs
- 9720 SEK/year

- 810 SEK/montih

Sanres

500 000
SEK!

-2 kWh
-900 k\Wh/year
-45 MWh/504rs
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ORIGINAL PLAN

1:200 (A4) v
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ARCHITECTURAL QUALITIES

The original plan has three sections with six equal room divisions,
perhaps to simplyfy construction modules in transport and assem-
bly. Main ideas seem to be circulation, axiality and general rooms.
They have gone to great lengths to accomplish circulation and
walkability, to make the space feel larger. You walk accross and
around the open kitchen core, but to do so, you must pass private
bedrooms and an extra passage by the bathroom has to be ad-
ded (not very space effective). Having to pass other rooms, which
most likely will be bedrooms, will at times disturb privacy. A door
between parent and child bedroom is practical, but other than that
it is a questionable circulation. Continuing, the kitchen is generous
in space and size, but in spite of the transparent window bay, the
kitchen core is quite dark. The window bay extension feels squized
in and could have been larger, but it gives generous daylight and
views in several directions. Regarding windows, there are often
two in each room with well-planned axis views. The window height
is 700mm, which works for most dining tables, but not so well in
other rooms, e.g for work stations, beds or sofas. It makes it harder
to furnish practically

The two larger rooms of 16m?2 are symmetric and general but does
not fully work. The sizes are not optimized for its function. It is true
that they are general and functions can be switched over time, but
at what cost? They are generally too small for a living room and
unneccessarily large for a bedroom. Also, one of them has a walk
in closet, making it more suitable for a bedroom and therefore less
general. To make it general the storage should be split in two. There
are few walls to furnish with a couch or TV without blocking doors
or windows. The functionality of a room is not just about the area,
but the room proportions. One could argue that the dining room of
10m?2 has to be included in the living room area, but it is a separa-
te room, which of course, some might appreciate. However, it is
not flexible to use in other ways than dining, nor adaptable enough
to add a dividing wall or such. The function is quite fixed. Having
specific rooms compared to larger general rooms, both have their
benefits, but in a small villa like this, at least one large and generous
room should be considered, as more time is spent in the living
room than the bedroom, but also to increase adaptability over time.
This is why the two equal rooms can be questioned.

The smaller room of 9m2 and it has no built in storage, which is
unpractical. The bed can more or less only be in one good place.
The extra entrance patio feels randomly placed and does not fit the
otherwise strict symmetry. There is no roof over the terrace, due to
aesthetic preferences of some, but it makes the terrace less useful.
The average ceiling height of 2.6m is above average. The materi-
ality is of high quality, with visible painted CLT walls, floor clinker,
kitchen bench and window sill made of stone and so on.

o8

NEW PLAN

O
HIERN

ERI-NAEN]

ARCHITECTURAL QUALITIES

Unlimited plan variations can be made within the 84m?2 limitation.
The new design ressembles the old, trying to keep and improve the
original ideas of circulation, views and general rooms. The circula-
tion is around a core of bathroom, storage and kitchen. As said by
Femenias: "the ultimate flexible floor plan is one having a core of
kitchen and bathroom, and on top of that, lightweight walls that
are easy to move" (2019, p.147).

Bathroom has gotten a skylight for natural daylight. The kitchen
is similar size as the original (Tm less, still above recommended
size), with more daylight and views to the terrace and nature while
cooking. There are now two general rooms of 13m?2 with possibility
for double beds. The open living room has generously 38m?2 and
a ceiling height from 2.6-3.5m, with more possibilities to furnish.
The window sills are lifted to 900mm to simplify furnishing further.

There are larger windows to the south for solar gains, while redu-
cing windows to the north to avoid heat loss. The large window in
the living room frames the outside view and is designed to have an
external vertical screen shading. The windows toward the terrace
extends down to the floor, to create connection with the outside,
and thus make the space feel more generous. They are shaded by
the new extended roof.

Having to reduce materials to optimize cost and climate footprint,
called for a new roof solution. The new shape gets quite new pro-
portions and spaces. Instead of a classic barn-shape villa, the two
shifted volumes with single roof angles appears more "functiona-
listic" and perhaps minimalistic with fewer but larger windows and
higher ceiling. The two volumes reflects the program inside. The
roof angles are 3/5 degrees, creating variation in spatial experience.
The roof material can be seen from both long sides. The shifted
volumes create natural spaces for entrances, and by extending the
lower part of the roofs, the entrances will receive rain protection
and sun shading and becorme more defined, safe and welcoming.

The new plan might seem larger, which is desired, but the heated
space is the same. The old external storage is integrated into the
villa, to save facadematerial and help insulate the exterior wall It is
doubled in volume (important since the attic storage is removed).
The cold storage can be used for food, clothes, bikes etc. The en-
trance patio becomes a closed airlock; a space that keeps heated
air inside when entering the house. Being 9m?, the space can be
used as a hangout space as well as a dirty zone before entering the
indoor hallway. The terrace is now on both south and west side and
is doubled in size, which makes it more useful throughout the day
and different weathers. The terrace is semi-private and an impor-
tant transition between the public and private.

ORIGINAL VOLUME

o
EXPERIMENT DATA
Total climate shell (incl patio & storage), 440m?
Floor area, heated space, 84m?
Ceiling height 2.6m
Attic space, unheated, pitched ceiling, 700m?
Windows to heated space, 30m?
Storage separated outside (add in plan), 6m?
Entrance patio, open and unheated 12m?
Terrace on one side, 30m?
Roof over heated space, pitched type, 715m?
Roof over unheated space 20m?
INTRODUCTION

The plan and volume are connected and must both be re-
designed. Note that floor area is the same, but other areas
and spaces have been extended or reduced. Further, for fair
comparison, all material types are unchanged. E.g same
rheinzink roof and concrete foundation. The idea is to im-
prove space and shape while still lowering cost and climate
footprint.

GLOBAL WARMING
POTENTIAL (GWP)

B4 Replacement

== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production

LIFE CYCLE COSTS
Investment costs
== Energy costs

Maintenance & Replacement

Repair

ENERGY
DEMAND

NEW VOLUME

......... R
EXPERIMENT DATA

Total climate shell (ex. roof extensions) 451m?” + 11m?
Floor area, heated space, 84m? +-0
Ceiling height 2.6m-3,5m. +0-0,9m
Windows té heated sbace, 34m? + 4m?
Storage integrated, 10m? +4m?
Entrance, closed airlock with windows, 9m? NEW
Terrace on two sides, 62m? +32m?
Roof over heated space, shed type, 100m? -15m?
Roof over unheated space 50m? + 30m?
REFLECTIONS

The higher ceiling increased energy demand by 6kWh com-
pared to a flat roof; quite a large impact while "only" gaining
20cm celling height. But, having reduced the intermediate
floor, the total demand is still 4kWh lower than the original.
The new volume saves 300 000 SEK in investment cost, 40
000 SEK in energy, 15000 SEK in maintainance and 50 000
in repair over 50 years time.

-4 kg CO,
400 kg/yeor
20 ton/504rs

- 306€/m>

-306 OOOSEK/50yrs
- 6120 SEK/year
- 510 SEK/montiv

-4 kWh
-400 kWh/yeor
-20 MWW/ 504rs
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3. MATERIAL EXPERIMENTS

CONCRETE FOUNDATION

INTRODUCTION TO CONCRETE

The orignal villa has a swedish standard foundation; a
concrete slab on the ground. It is made up of 150mm
concrete slab, a surrounding concrete plinth in various
thicknesses, 200 EPS,- and 100 XPS insulation. These
kind of foundations happen by routine and is rarely
questioned, which is why it is intentionally challenged
in this thesis. Concrete is loadbearing, cheap and quite
easy to make. Therfore very popular. It is not flexible
to change or easy to reuse, and most importantly, it
is a main cause for high CO, emissions in buildings.
Finding alternatives to concrete is therefore essential
for the goal to lower climate footprint.

To make up for the uneven terrain on site, some
foundations have more insulation and larger con-
crete plinths. That means increased CO,. There are
extra reinforcements around the edges and in the
middle, which increases the amount of armory [and
CO,J. Around the plinth, there is only one layer of 100
XPS-insulation. Less insulation means higher thermal
bridges [heat loss]. The foundation of entrance patios
and storage are also made of concrete, but does not
include heat losses, since it is unheated space.

Both cost and CO, levels of concrete can be very dif-
ferent on the market. It depends on quality, character,
load-bearing capacity and even weather and geograp-
hy - and where the data is collected from! Options of
greener concrete to reduce CO, exist, but it normally
has longer drying times. In some cases, to hurry up
the drying process, workers might add more plastic
on top, or even cement and armory within, to keep it
from cracking, and they thereby counteract the lower
emissions (N. Holmaquist, personal communication,
2027 April 12).

Entrance patio
Author

EXPERIMENT DATA

The concrete used in the model is from Okobaudat
(2016) and is called "Beton der Druckfestigkeitsklasse
C 25/30" with 2% reinforced iron. Tm?® concrete has
2171 GWP during the production phase (A1-A3). EPS
insulation has 76 GWP/m?. Both high CO, values.

The LCA in CAALA reads the load-bearing structure
[e.g. foundation] as a permanent element that will
never be replaced, because replacing the foundation
likely means the end of the building. Concrete is du-
rable but CO, costly. The plastic foam insulation (EPS
and XPS) on the other hand, will get worse in insula-
tion performance over time, yet still never be changed.
According to Choi et. al, (2017), the EPS will become
40% worse after 13 years, which is very significant. In
another study from Germany about water in EPS (Pfe-
ifer 2013), the author confirms that EPS can absorb
up to 10 times its normal water levels, from about 1%
up to 10%. Similar values was seen for XPS. Water
channels heat, which effects insulation performance.
These aspects of reality are seldom talked about and
rarely included in LCAs. The building sector trusts the
material because it is standard and videly used. A life-
cycle experiment ressembling this reality is therefore
done in this thesis.

The price of concrete foundations vary alot on the
market. In this case study, the price estimation is
930SEK/m? which seem rather cheap. Insulation is
normally about 30-40% of the price (Wikells Sections-
data, 2027). Interesting note is that plastic insulation
such as EPS was doubled in price from april 2021, due
to lack of the raw material styropor. From that point of
view, the experiment would look different even from
next year (C. Lindstrom, personal communication,
2021 Feb 18). Prices go up and down.

FOAMGLAS FOUNDATION

Foundation
Photo

INTRODUCTION TO KOLJERN

Koljern ® is a prefabricated building element
made by FOAMGLAS ®. A koliern ® element
normally consists of FOAMGLAS ® T3+
208mm and 1,5mm galvanized metal frames
to keep it together. This relatively new product
did not exist in the database, however FOAM-
GLAS T3+ did and was chosen due to similar
properties and same producer. The CO, data is
1,26 GWP/kg in production phase, A1-A3 (Oko-
baudat 2016), and U-value 0.036. Concrete and
Koljern values are compared in the experiment
on the next page. The cost is given by producers
of Koljern; about 2000-2500 SEK/m?2 (N.Holm-
quist, personal communication, 4 April 2027).
Moreover, foamglas consists of 60% recycled
glass (mostly from cars), which could easily be
recycled or reused again. Compared to concre-
te, Koljern also has no drying time and comes as
prefabricated elements, but that aspect is also
difficult to account for in the model.

Koljern-elements are both load-bearing and
insulating, making total thickness of the floor
only half that of concrete. That means saving
floor height, or in this case, getting more ceiling
height. In larger buildings that would be even
more valuable, as gaining space and perhaps
even an extra floor would yield higher income.
It also means that thermal bridges in the area
where wall meets ground will be less than con-
crete, because the whole thickness of the Kol-
jern element is insulation, compared to the 50-
100mm XPS around the concrete. Foamglas is
further said to keep its insulation abilities better
than EPS over time, as plastic will react to moist

and glass will not. Therefore, in the model com-
parison the thermal bridge value was manually
improved for Koljern, from 0,05 to 0,035 W/m2K
in order to simulate a better insulation.

Koljern can be used in the whole climate shell,
such as foundation, intermediate floor, wall and
roof, but the largest savings can be made in
foundation and sometimes roof, especially flat
roofs with terrace or grass, because of load-bea-
ring and water proof properties. In this compari-
son, Kaljern is only investigated as a foundation.

The result show that foamglass had better
values in both energy demand and CO2 emis-
sions, but was more expensive initially, but will
slightly even out during the buildings lifetime,
which is discussed later. This off course de-
pends largely on the price of concrete founda-
tion for each project and location, how prices of
EPS plastic insulation will develop in the future
and many more aspects.

Koljern is for example used in the fossile-free
preschool Hoppet in Gothenburg (Hall et el
2019) which helped reduce 50% of CO2 in their
foundation compared to environmental concre-
te (Koljern, 2021).

EVALUATION MATRIX

- 11,5 MWh in 50 years (2,3 kWh/m?a)
-26ton CO, in 50 years (5,2kg/m?a)
+114 000 SEK in 50 years (2280SEK/a)
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CONCRETE VS FOAMGLAS CONCRETE VS FOAMGLAS

PART 1 PART 2

1 CONCRETE VERSION 1 2 CONCRETE VERSION 2

INTRODUCTION

There are two comparisons between concrete and 150 CONCRETE/ 2% ARMORY 300 FOAMGLAS T3+ (A 0,04) 300 CONCRETE/ 4% ARMORY 300 FOAMGLAS T3+ (A 0,04)
foamglas foundations, to prove a point about the 300 INSULATION (A 0,04) =KOLJERN ELEMENT 400 INSULATION (A 0,06) =KOLJERN ELEMENT
importance of correct data, for concrete in this case.

e conreersora XS on PSS 4143 (PRODUCTION)= 26 kgooyy  ATAS= 89 kg oy 2143 (PRODUCTION) - 210/ 01 AL Sigooim
ground levels and how much has to be filed out. ~ C3+C4 (END OF LIFE)= 40 kg co’/m? C3+C4= 2 kg co?/m? C3+C4 (END OF LIFE) = 50 kg co?/m? C3+C4=2 kg co?/m?
There is therefore not only one original drawing in

The first comparison does not include the concrete
plinth and its insulation, but the second version does. S I L
The comparison shows the difference between in-
cluding the plinth or not. The interesting thing is that
the plinth contains as much concrete as the entire
slab, and contains extra armory. Thus the concrete
and armory is doubled! The insulation increased as
well. On top of that, the second version calculates a
worse u-value (0,06) for the EPS & XPS insulation,
due to their likely loss of insulation performance
over time. The foamglas foundation is same in both
comparisons. The second comparison is the more

realistic one, yet the first comparison is more Com- prawing by Brunnberg Forshed Detail drawing by Koljern (H.Elias-
monly seen. See discussion for further clarifications. son, personal communication, 11

March, 2021)
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This version displays reality best and has largest
savings of energy and CO2. The extra cost can be
paid by e.g. removing the intermediate floor.
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SUMMARY & DISCUSSION

CONCRETE VS KOLJERN

CORRECT DATA

[t is helpful that CAALA software has & broader
approach to avoid getting stuck in details and
maintaining an effective workflow, as details are
not always known in project beginnings. Neverth-
eless, it is of importance to realize that in profes-
sional settings it is all about the detailed data and
correct detailed drawings. Using generalizations
are quicker but offers misleading results, both for
cost and climate. In reality, according to N.Holm-
quist (personal communication, 4 April 2021),
discussions can be about bizarre things like
which type of glue to use in a certain scenario, as
a detall like that can have an impact on both cost
and climate in the end.

CLEAN ENERGY

The cleaner and more renewable energy used
in a building, the less some materials matter. At
least in theory. If the energy is clean, the high en-
ergy demand will not matter as much. What is
the point of investing in insulation to lower ener-
gy demand, if the energy has almost no cost or
climate impact? However, if clean, it still has to
be available and we are still increasing our energy
consumption.

EMBODIED ENERGY

Morover, if the energy demand and CO2 intensity/
kWh is low during the use phase, the embodied
energy in materials would become a larger per-
centage of the total GWP In this way, one could
argue that production of certain elements, such
as loadbearing foundation, then holds a larger im-
pact on total GWP Anyhow, finding substitutes to
concrete, steel, gypsum, mineral wool, and other
Swedish standards are crucial for sustainable de-
velopment of the building industry.

NORMAL CONCRETE FOUNDATIONS

Normal villa foundations in concrete have a total
of ca 200 GWP/m?2 in production phase (A1-A3)
in Sweden (N.Holmquist, personal communica-
tion, 12 April 2027). This number is calculated by
a multiplication of the material mass and their
GWP-value. For example, in CAALA database
called Okobaudat, concrete has 211 kgC02/m3
material, armory/concrete reinforcement has
0,75kg/kg material, steel 2,5kg/kg and EPS insu-
lation 75kg/m3. Note that some are measured in
kg and some in m3, so the manual calculation for
them is different. This is where the detailed data
becomes important, as armory has high CO2

impact, the diameter of the metal is crucial to
know and can often be found in the construc-
tion drawings. 8mm instead of 6mm diameter
would actually double the mass and the GWP
result for that material. On top of that, the buil-
ders do not always follow the original drawings.
For example, if builders are in a hurry during
construction and want the concrete slab to
dry faster, it is possible to increase the cement
amount. However, when doing that, they must
also increase the armory, to compensate for the
risk of cracks in the concrete. This reality off ad-
ding more cement and armory, would drastical-
ly increase the CO2 emissions.

THE PLINTH

Another important factor when making the ex-
periment in CAALA is to not forget the loadbe-
aring concrete plinth around the edges. In this
case study, they look different due to the ter-
rain. Sometimes more concrete and insulation
is needed to fill out uneven ground. A plinth of
500mmx500mm buried below ground would,
perhaps surprisingly, be the same volume
amount as the whole flat concrete slab (100m2
of 150mm thick concrete). Therefore two experi-
ments on concrete were done, one with 150mm
of concrete and another with 300mm. On top of
that, there is thicker armory in the loadbearing
plinth than in the slab, which must be conside-
red. That is why extra armory was added in the
experiment.

THE COMPARISON

Moreover, there is also XPS insulation to be
added on the sides of the foundation, not just
below it. The original CAALA model used, this
was not taken into account to prove a point but
is shown through one of the foundation expe-
riments. 150mm concrete, 300mm insulation
and 2% armory was used originally, giving a
GWP of 120 kg C0O2/m?2 (only A1-A3 Produc-
tion). By adding the concrete socket and more
armory as discussed, the material layers in CAA-
LA calculates +150mm concrete, +100mm in-
sulation + 2% armory, and will then arrive closer
to reality, at 210 kg CO2/m?2 (A1-A3 Production).
Comparing this result to a Koljern foundation
(Foamglas T3+) of 59 kg CO2/m?2, one might
save 50% of CO2 on the "kind” experiment, and
70% on the one closer to reality (still AT-A3). If
adding the "end-of-life” (C3+C4) phase in the life-
cycle, Koljern comes out as a winner even more,

as the CO2 cost of recycling Koljern is close to 0
GWP compared to the concrete foundation with
an additional 50 GWP (Koljern-elements might
even be reused as it is, even efter 50 years, and
thus has no cost at all the second time around).
Koljern has then 78% less CO2 than concrete
(59kg/260kg=0,22-1=0,78, for production and
end-of-life phase). If this result is seen in light of
the whole building and its 50 year lifespan, the
results show that Koljern will reduce the total
CO2 by 12 %. This is because total GWP is divi-
ded in two main parts; embodied energy in ma-
terials (40% of total GWP) and energy use (60%
of total GWP). Since the concrete foundation is
‘only” 30% of the total material GWP the impact
of changing from concrete to Koljern will display
a smaller percentage of the total GWP.

GROUND INSULATION OVER TIME
Now to the use phase (B4 Replacement + B6
Energy demand). The next important discussion
is how the cell plastic insulation (EPS and XPS)
will keep its thermal and insulating capabilities
over time, which affects both energy use during
the building's lifetime, as well as the possibi-
lity to reuse the material in the end-of-life. The
lambda value often used for foam insulations is
0,036- 0,04 (W/mK). The same goes for Koljern.
Research shows (Pfeifer 2013) that EPS and si-
milar foam materials will absorb moist from the
ground over time. Moisture contributes to lower
performance in all foam materials, resulting in
both deformations and less insulation capabili-
ties. Another study of EPS in a window in south
Korea shows a loss of performance standards
after about 80—150 days from its production
date and after about 5000 days (13 years), its
thermal resistance decreased by 25.7% to 42.7%
in comparison with the initial thermal resistance
(Choi et. al. 2017). One could also argue that a
foundation has more moist than a window, sin-
ce there is no air to dry it out.

That said, more research must be done in the
fleld, both in lab and in reality, as to how much
the foam is affected, but the point is that EPS
becomes worse over time, while Koljern will not
(partly since it is completely inorganic). There-
fore, to make a more fair comparison in CAALA,
the average insulation of EPS could be changed
from lambda "0.04 to 0.07". By that, Koljern will
lower the energy demand, and therefore both
CO2 emissions and economic costs. Since the

energy price in Sweden is so low, the result in li-
fecycle cost is smaller than it would be in other
parts of Europe. Still, it is possible to argue that
the higher investment cost of koljern compared
to concrete, will even out as time goes by. Just
how much, will depend on how long the building
will last and the initial difference in building cost.

THERMAL BRIDGES

The koljern foundation, being both load bearing
and insulating, reduces thermal bridges where
the ground meets the exterior wall. A concre-
te foundation only has one 50mm layer of XPS
around the load bearing socket, while Koljern has
300mm insulation everywhere. This is display-
ed in the original CAALA model by lowering the
thermal bridges from "enhanced 0,05 W/m2K” to
‘detailed "0,035 W/m2K". This change affects the
total u-value of the house, from 0.22 W/(m2K) to
0.27 W/(m2K)

MANAGEMENT PERSPECTIVES

A mainissue is that individuals will not think long-
term perspective on their house like a building
manager who will own and rent it out over a long
time. An individual will think "I will not live here for
so long that | will have to think about the end-of-li-
fe cost”. The initial prices tag is more important to
them. While the building manager wants as low
maintenance and durability as possible.

OTHER COST ASPECTS

Risk can also be a cost. Regarding a foundation,
EPS is not fire proof and holds a risk of burning.
If the misfortune against most odds happens, it
is fatal.

The drying time of concrete could be a cost, but
not necessarily. If the waiting is planned, then it
doesn't really cost the builders anything extra.

Speculating about the future, there might also
be an economic cost or environmental taxations
on for example CO2 emissions. In that case, LCA
and LCC will have an even closer relation, where
materials like Koljern, in spite of its higher invest-
ment price, will be cheaper than materials with
high CO2. It is possible to add this reality to CAA-
LA, but it is not done in this case study since it
doesn't exist in Sweden today.
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CONCRETE SLAB

Figure 10. Platta pa
mark, principlésning
(Traguiden 2014).

INTRODUCTION

This comparison was made because a slab foundation on
the ground (930SEK/m?2) might not be the best solution
when the site has large amount of wetlands and level dif-
ferences. The punctual foundation could be a good alter-
native.

In the experiment it is needed to say that the comparison of
material is not complete in itself. The construction chang-
es and so does the ground work. The foundation price in
the model only calculates material price and so the price
for ground work must be reduced from the land price. For
example, a punctual foundation does not need digging for
drainage, gravel to even the ground, removing of rocks, nor
transport of the digged up soil. 50 000 SEK was reduced
from the land price in both punctual scenarios as a sym-
bolic estimation. The concrete pillars diameter is 30cm,
Tm high and 10pc. Another interesting experiment would
be to compare with the same material thickness, or same
u-values. Now it is three more distinct solutions.

GLOBAL WARMING
POTENTIAL (GWP)

B4 Replacement

== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production

LIFE CYCLE COSTS

Investment costs == Energy costs

Maintenance & Replacement Repair

PRIMARY
ENERGY
DEMAND
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PUNCTUAL WOOD

Figure 77.
Oppen plintgrund
(Traguiden 2020)

DATA

20mm stone clinker

15mm OSB

440 beams 600cc/370 cellulose insulation
10mm fibercementboard

Total 460mm thick

U-value 0,077

1000 SEK/m?2

REFLECTIONS

More insulation than 370 did not help the punctual founda-
tion. It was the balance point between material and energy.
This is the cheapest solution and is not as thick as the CLT
version. The energy is TkWh worse, because CLT is more
airtight and contributes to a better u-value. A positive side to
punctual foundations is the ability to check the foundation
and make repairs and improvements. That is not possible
with a slab on ground. The CLT seem to have the same
GWP, but different divisions. The CLT has less CO2 in pro-
duction, but more in waste disposal.

-2 kg CO,
200 kg/year
10 ton/50Yrs

- 51€/m?
- 1020 SEK/year

(-51 00O SEK
U 50 years)

+2 kWi
+200 kWh/yeor
+10 MWIh/50yrs

PUNCTUAL CLT

+

Figure 12. Plattbjalklag av
KL-tra (Traguiden 2020)

DATA

20mm stone clinker

20mm wooden floor

440 beams 600cc/370 cellulose insulation
T40mm CLT

Total 600mm thick

U-value 0,065

1820 SEK/m?2

REFLECTIONS

The concrete slab is cheaper than CLT and thus the punctu-
al foundation becomes more expensive in this case, in spite
of the small ground work reduction. The energy demand is
higher, most likely because the foundation is now towards
the open air instead of the ground. In reality, if the experie-
ment were to include that the EPS insulation in the concrete
foundation becomes worse over time and is never chang-
ed, then the result would look in favor for the punctual CLT.
The CO, is lower, since it is wood instead of concrete, but
not much lower, since energy demand is higher.

-2 kg CO,
200 kg/yeor
10 ton/50yrs

+ 47€/m?
+ 940 SEK/year

(+ 47 00O SEK
n 50 years)

+1 kwWh
+100 kWh/year
+5 MW/ 50years

REFERENCES

Reference photos of punctual wooden foundation in CLT in Austria.
(W. Unterrainer, personal communication, 10 March 2021)

ARCHITECTURAL QUALITIY

The quality of a punctual foundation is how it is placed
more naturally in the terrain, which keeps the original beau-
ty of the site and avoids introduing ecological systems. The
space below the house, depending on how tall the pillars
are, can be a functional space as well for play or storage, as
long as it is not completely filled out. The space also needs
to air out to avoid moist in the construction.
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WINDOW TYPE
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Dining room window bay
Author

INTRODUCTION

Windows are important architectural elements,
both regarding spatial experience and technical
performance, and should therefore be chosen
and placed with care. In this original case stu-
dy, windows holds 10-15% of embodied energy
(CO, in material), mostly due to aluminium and
glass. The u-value of windows are normally 10
times worse than an exterior wall, which means
they are also key to lower energy demand, and
thus minimize both CO? emissions and costs for
each kWh saved during the whole lifespan.

The original windows are rather small and have
glass surfaces divided by frames and bars for
desired esthetics, but this increases thermal
bridges and heat loss, as the u-value of frames
are always higher than the u-value of glass, for
example frame 1 W/m?K compared to glass 0,9
W/m?K. The frame/glass ratio can be optimized
by making larger windows. The bars also make
the window more expensive.

Note that window sizes have boundaries. Ro-
tating windows in this case, have a maximum
width of 2388mm and max height of 1788mm.
Width plus height also cannot exceed 3400mm
and frame weight is max 80kg. Fixed windows
don't have the same limitations.

When windows are acquired for larger project
the prices are discounted due to the volume
purchased. It is not comparable with prices on
the public market. The prices are in constant
change and these are from 2019.

ORIGINAL DATA

90 000 sek ex Vat/ villa

16 windows with aluminium frame and wooden
cores, side hinged, open inwards, u-value =0,9
Glass-dividing window bars

Ca 30m?2 window area and ca 3000 sek/m?2.
2+1 glas with integrated venetian blinds

EXPERIMENT DATA

A comparison was made between different
window types to find most balanced option.
The experiment is about the product, not their
sizes and placements. The original windows
were compared to 3-glass windows made of
wood and PVC with different opening functions,
investment costs and same u-values. (Specific
information is seen on the experiment page.)

The glass-diving bars on the original windows
were taken away, because without them, the
thermal bridge setting can be changed from "ge-
neral 0,05 W/(m2K) to detailed 0,035 W/(m2K)"
and improve insulation on all. Moreover, the fixed
window was given a lower u-value of 0,8 since
it will insulate better when it cannot be opened.
In terms of other qualites they are of the same
standard and brand. A ten year guarantee app-
lies to all window options. The lifespan should
be the same if product is taken care of.

RESULT

"Total building savings, not just the windows’
Wood, 50% rotate/50% fixed (1680sek/m?)
Energy: - 52% =3,2kWh/m“a (16 MWh/50a)
Coz: -59% =2,2kgC02/m?a (11ton/50a)
Cost: - 1,3% =64€/m’a (64 000 SEK/50a)

WINDOW SUMMARY

i 1570 i L 2310 D i 1580 i
1 7+ 1 7+

F.G.

Fé601 F701 F801 F1101

Original window drawings by Brunnberg Forshed

Photo

ALU/WOOD, SIDE HINGED,
OPEN INWARDS, CROSS-BARS
(3000 SEK/M?)

Figure 13.
Vridfénster
(NorDan 2020)
Figure 14.
Fast fonster
(NorDan 2020)
WOOD,

50% ROTATE / 50% FIXED
(1680 SEK/M2)

F1601 F2301 FD1601

ARCHITECTURAL QUALITIES

Only changing window product will have smaller architectu-
ral impacts, compared to new window placement and sizes
seen in the volume experiments. However, removing the
cross bars can be sensitive as they are strongly connected to
ideologies of beauty. Removing the window bars can create
a cleaner look and the bars are less important for esthetics
when the facade cladding already is detailed, but certainly
not all would agree. The bars can create a distance to the
outside, but also help make it more private. The bars make it
more expensive, harder to clean and increased maintenance.
Further, fixed windows instead of openable have less frame
which increases daylight and insulation performance. The
proportions are not changed in this material experiments, but
there is a new combination of fixed and rotating windows.
Wood has a more authentic feel compared to alu or PVC, as
it is a natural product.

Functionality might be the architectural value that improves
the most in this case. The original inward opening fits bet-
ter for safety reasons in taller buildings, but serves no pur-
pose here. Opening windows outward enables better use of
window sill inside, for plants, lamps and so on. Moreover, it
makes it easier to install a wider range of solar blinds on the
inside. The original integrated venetian blinds are neither very
practical, pretty or effective. Moreover, the the 2+1 glass is of-
ten for sound insulation performance or integrated venetian
blinds, both which is not needed on this nature site.

REFLECTION

It would not have been impossible to guess wood as a win-
ner, compared to aluminium and PVC which both has higher
emissions. Alu is often chosen because it is believed to have
less maintenance and PVC seem to have the cheapest intial
price. Wood is believed to have higher maintenance, but the
factis that all windows need maintenance no matter the ma-
terial, because it is often the mechanical parts that needs at-
tention after some years, such as hinges and handles. Wood
just needs repainting, but other than that, it is a lasting mate-
rial. With all products, it also depends on quality.

The CAALA software calculates maintenance the same for
all, by adding a cost percentage on the investment, might so-
metimes be misleading. Perhaps a mix of wood inside and
PVC outside would be a balanced option? PVC seem to be
cheapest, but wood will save twice as much CO?, and is still
much cheaper than aluminium, and is therefore chosen as
the winner. The cost savings matters, but are fairly low due
to cheap windows (see production cost). The total savings in
CO2 is higher. Still, both are improved.
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WINDOW COMPARISON

PART 1

ORIGINAL

Photo
Figure 15
PVC vridfonster
(NorDan 2020)
\ -2,15
) e | =20 MWk
J
A -1
H k/gcoz -5 tony
Y R
/4 .
H -840 42 000
SEK | SEK
a »
.
Original Savings .-° Savmgs'-.
values m2/year J + SEK/years

Note! The result is in relation to the building as a whole!

Figure 13

-880
SEK

-10 MWh

-9 tons

-44 000
SEK

WINDOW COMPARISON

Figure 13

Figure 14
-32 |
kWi 16 MWk
-2,2( _
kgcO? 11 tons

-1200  -64 000
SEK SEK

WINNER

Largest savings in energy and
CO2 in relation to lifecycle cost

PART 2

* -1340[ -67 000

Figure 16
Figure 14 Figure 16
PVC Kipp-dreh
(NorDan 2020)
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Two roof types
Robin Hayes

TILES?

RHEINZINK VS BRICK TILES

INTRODUCTION

The villas have 50/50 rheinzink/brick tile roofing, due to a
durability experiment between client and architect, which
motivates this experiment. As the client said, "the one who
lives will see the result”. When comparing zink and tile roofs,
one must include the whole roof construction and work
hours, including all metal work on the house. The tiles are
not complete in themselves, but has to be complemented
with zink where the tiles cannot cover, such as gutter, drain-
pipes and around windows and chimney. Thus, complete
costs must be compared, which interestingly led to the
same building costs. Rheinzink 186 000 SEK (complete),
and brick tiles 126 000 (zink work) + 60 000 (batten and
tiles).

RHEINZINK® -prePATINA (Okobaudat 2016)
AT-A3 (Production)= 3,9kg co2/kg (16 kg co2/m?2)
C3+C4 (End of life)= 0 (+phase D=100% recycleable)

ARCHITECTURAL QUALITES

The varation of zink and brick was initially a sustainability
question, but in fact it became an interesting material varia-
tion that lifted the whole expression of the area. So in a way,
the real-life experiment became an architectural quality.

GLOBAL WARMING
POTENTIAL (GWP)

B4 Replacement

== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production

LIFE CYCLE COSTS
Investment costs
== Energy costs

Maintenance & Replacement

== Repair

ENERGY
DEMAND

REFLECTIONS

The lifecycle experiment result show that they are close in
both LCA and LCC. Brick tiles had 1TkgCO2/m?2a less, due to
lower production, but considering phase D, that zink can be
100% recycled and reused and generally be 70% reimbur-
sedinvalue, it might still be the better option over time. Note
that rheinzink is a specific product, different from other me-
tals. Same with the tiles. Rheinzink existed in the database,
but this specific tile did not. Data of a general brick tile is
used for the experiments. In reality it is best to crosscheck
with EPD. The result does not mean that all metal and tile
roofs are this equal. It is a comparison between two quality
materials which have the possibility to age beautifully over
time and keep high functionality and low maintenance for
the building manager.

RT 821 HOJSLEV (Brick tile roof in Okobaudat 2016)
AT-A3 (Production)= 0,35kg co2/kg (16 kg co2/m2)
C3+C4 (End of life)= 0,0065 kgco2/kg

ARCHITECTURAL QUALITES

These are classic roof tiles for rough nordic climate, made
in Denmark. A unigue and durable claymix burnt in 1050° C
- a higher temperature than many tiles on the market (Ran-
ders Tegel 2021). The tiles have color variations which lifts
the unigue material expression of each roof and resembles
well with nature.

-1 kg CO,
100 kg/yeor
5 ton/50yrs

1 kg
becomes

5 tons!

Unchangeo

Two good

options!

-1 kWi
-100 kWh/year
-5 MWlh/50yrs
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HEAT PUMP

PELLETS BOILER

HEATING SYSTEM DISCUSSION

Figure 19. Bergvarmepump F1255. ‘
(Nibe 2021) ‘ ‘

INTRODUCTION

The technical equipment for heating, distribution and trans-
fer is a central part in energy efficient buildings and a good
indoor climate. The technological systems in CAALA show
a large difference in energy demand and GWP as each sys-
tem are also assigned a CO? intensity/kWh, based on Eu-
ropeen standards. Sweden has a much lower CO2 intensity
as our energy production is clean due to nuclear power, wa-
ter, wind and sun. The Europeen context is kept in this ex-
periment, since Sweden is connected to the EU energy grid.

TECHNICAL EQUIPMENT

The original house have a geothermal heatpump, ground/
water, with mechanical ventilation (FTX) and floor heating.
FTXisaa controlled ventilation with fans and heat recovery.
The hot air going out, through a heat exchanger, pre-warms
the incoming cold air (and/or the water). More accurately, a
NIBE F1255 is installed; an inverter-controlled ground sour-
ce heat pump with integrated water heater. That specific
product can not be chosen in CAALA, but one with similar
function.The assigned CO2 intensity is 530gramC02/kWh
and Performance coefficient (ep): 0.55

GLOBAL WARMING
POTENTIAL (GWP)

B4 Replacement

== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production

LIFE CYCLE COSTS

Investment costs
== Energy costs
Maintenance & Replacement

Repair

ENERGY
DEMAND
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REFLECTION

Some equipments will increase the buildings energy de-
mand, but have a smaller CO2 intensity. Others will do the
opposite. E.g. some will increase the kWh and therefore en-
ergy cost, but still have low GWP, given that the CO2 intensi-
ty/kWh for that system is low. It is important to look at both
when choosing the most balanced option. Another reality
to consider is what the equipment needs from the tenant in
terms of work, and the level of maintainance for the client
since this is a rental villa. The work must be considered in
the lifecycle cost, not just the price of purchase and installa-
tion. Further reflection follows on the next page.

TECHNICAL EQUIPMENT

Wood pellets boiler with natural ventilation (air through win-
dows and fixed dampers in the walls). Since wood pellets
boiler is considered as biofuel, the assigned CO2 intensity
s as low as 20gramCO2/kWh. The value is also low due to
natural ventilation instead of mechanical. This is why the
GWP in energy use phase is less than half, looking at the
GWP graph.

-13 kg CO,
1300 kg/yeor
65 ton/50yrs

- 264€/m*

-264 OOOSEK/50yrs
- 5280 SEK/year
- 440 SEK/montiv

20%

less energy!

-12 kWh
-1200 kWh/year
-60 MWlh/50yrs

Figure 21. CO2 emission intensity for
electricity in different nations (EEA 2020)

DISCUSSION ON ENERGY

Sweden has among the cleanest energy in the EU and the world. Our
CO2 intensity in g/kWh is 13 grams. EU average is about 300 gram
and Germany 440 gram. By comparison, Sweden is 23 times lower
than EU average and 33 times lower than Germany. This is key when
looking at the technical equipment and heating system of the house
in CAALA, since by default it uses German/EU data. Since the en-
ergy use phase of a buildings lifecycle is at least 50% of total CO2
emissions (GWP), lowering the CO2/kWh would have a large impact
on final result. Therefore, a discussion is motivated about using the
correct data.

One could additionally argue that Sweden is part of the common Eu-
ropean energy market and a global CO2 footprint. When so called
plus-energy houses are calculating their positive climate footprint,
it is by saying that selling clean energy to other European nations
would push out other unclean fossil energy from the grid. In simi-
lar way, if Sweden would use more energy than nationally produ-
ced, there would be a need to acquire unclean energy from the EU
to compensate. Limiting energy demand is in any case of uttermost
importance. That said, it could be fair to use EU context (average
of 300gC0O2/kWh) when making energy experiments in CAALA.
However, this value also depends on chosen technical system for
heating and distribution in the house. A geothermal heat pump, solar
panels, wood pellets boiler, district heating or oil boiler, the CO2/kWh
will vary intensely. Another example where using general and average
values would be misleading. In the original CAALA model the default
values (German context) will be used in the experiments, followed by
a discussion.

DISCUSSION ON GWP

Often pellets are calculated as CO, neutral, because the CO, they
produce has been sequestrated when the trees were growing. Than
mainly transport remains, but is not included in this LCA. Moreover,
the pellets burner that CAALA seem to use is far too strong for the
house. The probable need is 6- 8 KW and not 20 — 120 KW which is
currently used in the experiment. Changing this in theory, should lead
to even better GWP because a too effective machine will not help
but make heat losses worse. The machine can not be changed in
the software and thus reflections are needed to actualize the result.
That said, changing to a wood pellets boiler with natural ventilation
markedly lowered the GWP by 35% and energy demand by 20%, ma-
king it an interesting option to consider. The natural ventilation requi-
res less material, installations and maintainance. The CO,-intensity
is extremely low for the pellets in CAALA, namely 20gramsCO,/kWh
(0.02kg). Note, this is based on German data. Both EU-average and
Swedish context would be different

Looking at the graph from EEA regarding CO,-intensity for several
systems, and comparing the values to the CAALA software, the gas
is 0.2 vs 0.23 in CAALA, the oil 0.3 vs 0.33 in CAALA, but the heat
pump is deviate, 0.075 vs 0.53 in CAALA. To sum up, the values for
gas and oil are corresponding, but heat pump is considerably diffe-
rent, making the experiment data questionable in Swedish context.

Figure 22. CO2 emissions for various
heating systems (Nibe 2021, p.7).
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Wood pellets does not exist in the graph unfortunetely. Heat pumps
are popular in Scandinavia and the above graph from EEA estimates
75gramCO,/kWh, not 530gram as CAALA says. CAALA likely inclu-
des the mechanical ventilation and perhaps other aspects too, such
as the production of the heat pump and energy use for installation
and drilling. The drilling is not needed for the pellets boiler. To conclu-
de, if the CO, intensity is manually set to 75 grams in the experiment,
as the graph suggests, the GWP result for the heat pump is exactly
the same as for the pellets boiler (GWP 24), only twice the price in
this case. But perhaps there are other hidden factors that explains
the difference, such as performance efficiency?

DISCUSSION ON COSTS

The investment price of the pellets boiler is estimated to 100 000
SEK, 50k for product and 50k for installations. This is half the price
of the heat pump investment. The price can certainly vary and is only
an estimation. The LCC-experiment over 50 years reduces another
40 000 SEK in repair, 25 000 in maintainance and as much as 100
000 SEK in energy cost. CAALA adds these cost in percent/year on
the investment, same for both pellets and heat pump. The pellets
boiler requires refill of wood pellets and a storage space, which must
be solved architecturally. The boiler requires work from the tenants,
perhaps even for the client who will have to buy pellets and perhaps
have to deal with problems the tenants face in the matter. The boiler
could be a cozy fireplace, which adds to architectural experience
The cost of pellets vary from country to country, just like electrici-
ty, but it is a local material. In Austria at the moment, the price is
around 22 cent/kg which is equivalent to 4,5 cent/kWh. Knowing the
primary energy demand from the experiment (50Kwh/m?2/year), the
pellets will cost around 2500 SEK/year. Comparing to Swedish the
prices from Stora Enso, 2800 SEK/ton pellets, or 2,8 SEK/kg (ca 28
cent/kg). Close to the Austrian price but slightly higher. An estima-
tion of yearly pellets cost would be 2500-3000 SEK. This sormehow
has to be added to LCC.

A geothermal heat pump still needs electricity, which is a cost, but
since electricity is not the main energy source for the heat pump,
the amount of electricity is low. The pump only needs electricity to
start the heat extraction process, which generally allows a saving
up to 75% of energy costs in Sweden. Slowly the investment cost
will be compensated by the energy savings. In the end, the LCA-re-
sult depends on which values are given the heat pump in terms of
CO,-intensity and which effect is given the pellets boiler. Secondly,
the cost of a pellets boiler in reality, and the cost to run it over time,
is difficult to estimate.

CONCLUSION

What can be said is that pellets seem cheaper initially due to the dril-
ling needed for heat pumps, and much less CO,, if the data is correct
regarding the Swedish context for the heat pump? Perhaps even a
good architectural addition with a fire place. The choice depends on
correct data, and if the client can accept the possible extra work of
buying and storing the pellets. If so, then pellets seem to be a better
choice.
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SUMMARY ORIGINAL BUILDING PROPOSAL

BY BRUNNBERG FORSHED BY AUTHOR

This is a summary of all the chosen experiments from the investigation. All the best options were com-
bined into one final proposal. The next pages describe the architectural changes, and total savings of
life cycle cost and climate footprint, followed by different conclusive discussions. Large optimization po-
tentials were found. Some design experiments saved resources, while some new improvements added
resources. The final savings are thus plus and minus values combined into a final saving percentage,
which is seen on the next spread, but first out are the architectural qualites.

o

1:4000 (A4)
Excluding the
new volume
LIFESPAN
The lifespan experiment to prolong the life of the building is not implemented, since both buildings have
more or less the same lifespan potentials. In both original and new proposal, 50 years was used for fair
comparison. Still important to remember the immense improvement if the building could last 100 years SR
or more MMM
HHH e
ORIENTATION F | Ak I
The new proposal orients the facade with most windows to south-southest to make better use of pas- L L

sive energy, southern sun on the large terrace and to create more unique spatial experiences along the
street. Originally the villa orientations were a placed in two circles with entrances facing the street, and
with a heat demand based on west facing facade

|

ROOF

The pitched roof was changed to a flat shed roof with small 3/5 degree angle with extension for sha- |
ding and rain protection by entrance and terrace. Due to the overlapping angles, the roof material will be e y
visible from both entrance and terrace side. ( ﬂ

Jo [TT] } I
generous and flexible living room, two general bedrooms, closed airlock entrance, integrated and expan-

D
o B
ded storage, and doubled terrace. @ L]l

MATERIAL SUMMARY A EEEH A EEJT?] ‘ ]

NEW VOLUME AND PLAN - New villa has two shifted volumes in different scales. A rationalized plan O
with circulation around a dark core, new window proportions, increased daylight and ceiling height for m
[ ]

N
]

O
%

FOUNDATION
Both construction types and new materials were investigated to find alternative to concrete. Koljern

[ 1]
ERINAE]
L1

(foamglas) slab was chosen due to best performace in GWP and energy demand, and least maintenan- F
ce over time. Punctual foundations would also work, but would be worth more if the ground levels were
even more diverse than the original site. ‘ ‘ ‘ ‘
V1 Vi
WINDOW TYPE I W
. . . . . . . [T v V5 HHNNAHNEN RN [TTTTITTLLITT]

The new window is made of wood instead of aluminium. A possible compromize to reduce re-painting HJT‘ J‘wﬁfﬁ# —— ‘ ) ﬂ% AT A NN IR IR TN
would be to have wood inside and PVC outside, but that option was never tried. They now open by ro- Mﬁ I L 8 e [ (e 7 % _ T it
tating outwards. The glass-dividing bars are taken away and 50% are not openable. All in all it improves ﬂ“ o %ﬂ ‘ ,T:i;#\j\ oL 1] @'m I L

i : o AR
u-values, creates cleaner appearances and practical window use. f\ I i ‘\‘\‘\‘\‘J‘\‘\‘\ T ﬁ “““‘i““ “! WW B umww
ROOF 1:200 (A4)

Regarding roof materials, brick tile roofing showed slightly less climate impact, but after reflections they
were considered very equal. A mix was chosen to appreciate the diversity and to evaluate both materials
over time in real life.

TECHNICAL SYSTEM

A separate proposal was made for the technical system experiment, because it had such large impact
that it did not feel fair to use the result without clear explainations. The change from heat pump and
mechanical ventilation, to pellets boiler with natural ventilation, saved almost as much as all the other
experiments combined. The two seperate proposals are displayed on the next spread.
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WITH HEAT PUMP WITH PELLETS

ALL RESULTS
IN RELATION TO

ORIGINAL
BUILDING.

GLOBAL WARMING
POTENTIAL

B4 Replacement

== B6 Energy demand in use
C3+C4 End-of-life

== A1-A3 Production

LIFE CYCLE COSTS

== Investment costs
== Energy costs

== Maintenance

== Repair

ENERGY DEMAND

82

MECHANICAL
VENTILATION

SAME
IMPACT AS ALL

OTHER BUILDING
EXPERIMENTS
COMBINED!

‘
-11 kg CO,
-1100 kg/year
-55 ton/504rs

o
- 225€/m?

-225 OOOSEK/50Yrs
- 4500 SEK/year
- 375 SEK/montiv

-10 kWh .-
-1000 kWh/year®
-50 MWI/504rs

LCA (kgCO,) LCC (SEK) Energy (kWh)

WITH HEAT PUMP

TOTAL 50 YEARS 185000 4792000 3710 000
Orientation -5000 -/000 -5000
Window type -17 000 -64 000 -16 000
Foundation 16000 +174 000 -17 000
VENTICATION Roof material 5000 +0 -5000
Flat roof -25000 -486 000 -45 000
New plan/volume +5000  +180 000 +25 000
SAVING -57 000 -263 000 -57 000
% 31% 54% 18% »
Pellets heating -45000 -228 000 -45 000
% Addition 24% 4.7% 15%

-2000 kg/yeor
-100 ton/50Yrs

20 kg CO, NEW SAVING _."-_...--""55% 10% 33%

5,4% 18%
COST ENERGY

ey
- 458€/m?

-458 OOOSEK/504rs
- 38 000 SEK/year
- 3200 SEK/montiv

55% 10% 33%
co, COST ENERGY
-19 kwh r2
4 1400 kWh/ year
-95 MWIh/50yrs

;’l
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LEARNINGS & RECOMMENDATIONS

1. THINK BEYOND 50 YEARS

CHEAPER
BUTBE | I ER

"An investigation of the interrelation between building costs,
life cycle costs, energy use, climate footprint and architectu-
ral qualities, of a small rental villa in Sweden”

TITLE DISCUSSION

The result show that through life cycle thinking and cost calcula-
tions, it is possible to build cheaper but better. Making a building
cheaper by removing building parts and choosing lower quality
materials is not difficult, but improving it while making it cheaper
is something entirely different. That is what the title refers to. For
example, the experiments show that making a flat roof would save
10% of total lifecycle cost, 14 % of CO, and 9% of energy, but that
would also change the building appearance so much that they are
not fully comparable anymore. In this case, to make up for the lost
qualities of the larger volume, the flat roof were given some angles
and thereby a higher indoor ceiling. In that way, a quality has not
just been taken away, but been replaced with a new, and better.
That addition has a cost also in CO, and energy use. Whether the
new roof is "better" or not, is of course up to interpretation of ones
esthetics and which architectural parameters that are chosen. If
an architectural parameter would be to 'maximize storage space’,
then perhaps a different experiment would be better. The point
is again, what other values were added by the cost saved by the
re-design? That can be seen in the list of calculations. The interre-
lation of the different parameters is about balancing, comparing
and prioritizing what is worth the most and where the investment
create the highest value. Both cost and CO, follow the energy use,
since energy has a price/kWh and a CO,-intensity/kWh. Reducing
building cost can go both ways for CO,. Removing materials will
lower CO, but cheaper materials might have higher CO,, but not
always. The building cost is a certain percentage of the life cycle
cost, depending on how long the building stands. The repair and
maintenance is decided by the building cost and type of materials.
Changes in the design often affects all parameters.

For the title to work it has another delimitation. It is easy to add new
functions, change the program and increase the sizes and thereby
claim an improvement. However, the new proposal must address
the client's need. The focus was rather to improve the ideas al-
ready present. For example, there are endless plan layouts possible
within the original limit of 84 m?, but too immense changes make
the plans less comparable in terms of similar architectural values.
Therefore the new design still ressembles ideas from the old, both
in regards to plan layout and materials.

An important note about prices in the model is that the same m?/
price is used no matter the amount of that specific material, which
might not be the case in reality. If reducing the amount of CLT pur-
chased, perhaps the price/m? would get more expensive. Similar
the other way around, e.g. increasing the amount of windows
would lead to a better price/m?, but perhaps more work hours and
cost. Every element is part of the whole and every change has se-
condary effects. Since it goes both ways in this case, materials are
both added and removed in the same way, perhaps that evens out
the results.

WHAT ARE THE POTENTIALS TO MINIMIZE
LIFECYCLE COSTS AND CLIMATE FOOTPRINT IN HOUSING

AND AT THE SAME ENSURE [IMPROVE]
ARCHITECTURAL QUALITIES?

reduced I/fecycle cost by 5 4/0, energy by 78%,
and CO, emissions by 31%. Replacing the tech-
nical equ:pment further increased total savmgs
up to 10%, 33% and 55%. Tr

Do:ng the same to a
simpler standard villa would increase the result
much further!

SUB-QUESTIONS

°Howomeoo—wo—wu1bu/o—wwadrww(whuw(br)fw
"sustoinable Suedish howsing''?

This question depends on how economy is defined. If economy
focus is mainly building costs, then it can be seen as hinder. If ad-
ding life cycle perspective, some economic choices today can be
a driver for better economic management tomorrow. In the total
lifecycle cost, the cost of operation, repair and maintenance is
just as much, if not more, than the initial building cost, especially
if the building lasts for 100 years. It is therefore important to find
out early where the best potentials for saving operational cost can
be found. Is it the technical equipment, the building shape, or in a
certain material or elsewhere? If an overestimated economic value
can be found in the design, for example an unneccessary material
or architectural function, and then be erazed or even re-located to a
better place regarding climate footprint and architecture, than the
economic analysis has become a driver for sustainability.

By increasing the building cost in the right way, money should be
spent on materials that requires lower maintenance costs. In that
way, investing in quality is not even an extra cost and thus, econo-
mic analysis is a driver for lower emissions and better architecture.
If economy is seen from a lifecycle perspective, it will also be ea-
sier to communicate and motivate higher initial cost to the client.
If the architects are part of the economic planning process, they
can regularly follow-up costs associated with their design. Staying
on budget will prevent sustainable goals from disappearing along
the way.

* How can architects begin to wovk with economy?

It has to start with an interest. Realizing how economy affects eve-
rything and everyone. Every project must be economically feasible,
and if architects learn about production prices, building prices, ma-
terial and work prices, energy prices, economic planning and logics,
real estate economy, business principles, budgets, risks, rate of re-
turn, regulations for different building types, life cycle thinking of
buildings and so on, the role of the architect will become more im-
portant in the future. The first step is to start showing interest and
lean towards learning. Talk to architects who has the experience.
Talk to other disciplines to undertand their economic perspectives.
Start do add economy in school projects.
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. "What is built today must support
our Ilves for many generatlons if we are to make a sustai-
nable building claim. From a Iong term perspective, it is
expensive to build cheap". (

Similar attitude
it could be nice not just Ieavmg behind lar-
ge amounts of malntenance work for the company and

construction phase as well. E.g. architectural design is not
always the same measures as the supplier's measures. This
creates margins of error when, for example, installing roof ti-
les. Or the accuracy of the CLT structure, where the tectonics
is difficult to achieve due to different dimensional margins of
error between concrete and CLT. According to the builders, the
architects draw a lot that cannot be built or that is difficult to
achieve due to lack of construction understanding. While the
architects thinks their ideas are ignored and changed to make
it easier for the builders.

LEGISLATION AND CERTIFICATION

Politics can be an obstacle, especially when being a municipal
owned company that builds rental housing. Regarding the case
study, they were lucky to have positive politicians that under-
stood the value of what they were doing. A real estate economy
professor apparently said that it is possible to build this way
if one has creative municipal council (M.Bengtsson, personal
communication, 25 May, 2021). There is otherwise often oppo-
sition when doing new things against mainstream.

The legislations and other important contextual aspects dif-
fer between private and public companies, rental or condo-
miniums and so on. E.g. the Public Procurement Act is a law
in Sweden that regulates purchases made by authorities and
other organizations that are financed with public funds. The
law is based on EU directives and seem to be strictly followed.
In other words, Viskaforshem would not be able to tell the buil-
der to sharpen up otherwise they choose another company
next time, because it is not fully up to them, being a non-private
company.

The accounting regulations does not directly seem to be writ-
ten to simplify sustainability either. The annual accounting
actually requires that the house be written down to the value it
had on day 1, even if the company and project is showing pro-
fit. Not all accountants can handle that (M.Bengtsson, personal
communication, 25 May, 2021). There is similar challenges in
regulations regarding the rate of return and estimated risks.
Crona (2078) suggested a way to facilitate higher architectural
qualities by waiting with the real estate valuation the first 10
years and let the initial building cost be the actual value, before
the devaluation (write-off time) begins.

It the Swedish governmental strategy against high building
costs is to build cheaper, this will be an obstacle for companies
wanting to build with higher quality. The legislations should
help, not hinder sustainable buildings.

Lifecycle costs and life cycle assessments matter most when
it might lead to a "building certification” and points as proof of
quality, giving the company prestige, marketing and possibility
of raised prices. An idea again by Crona (2018) is to extend the
start of devaluation by certifying the house by an environmen-
tal system like Svanen or Miljobyggnad Guld.

INADEQUATE KNOWLEDGE AND RESOURCES

The building sector trusts the material because it is standard
and videly used, but also because their experience says the
material "works". Climate friendly materials can not always be
measured by experience. Proven science could well get a re-
naissance. This was partly done in the case study, as the client
collaborated with academia and tried to implement proven
architectural research (e.g. CBA, Chalmers). Moreover, wrong
reputation through inadequate analysis is another issue. Spe-
aking to some manufacturers, they express how their product
has not been presented truthfully, using partial data and not se-
eing it holistically. Bad reputation becomes an obstacle for their
climate friendly options. The public might not have material
knowledge and thus architects has a responsibility to educate.

The reputation of architects not caring about costs is also an
obstacle. The architecture education could help with that, by
implementing economy better in school.

Another issue of transition can be lack of material supply and
to deliver on time. The concrete industry is widespread. What
happens if the Koljern foundation made of foamglas would be-
come widespread accross Sweden and Europe? One material
is certainly not good in all situations, but it has the performance
potential to grow. Is the supplier able to meet the demand?

COMPANIES AND PROFITS

The size of the company seem to matter. Larger companies
seem to have larger obstacles, or perhaps less interest, in buil-
ding with higher quality. This might seem strange, as larger
companies often has more available resources and thereby
possibilities, but they consist of a multitude of departments
with increased bureaucracy, all needing their share of the profit.
There are many lines in the chain, perhaps too many, which
makes the building sector unwieldy. This might be one of the
reasons why architecture companies more and more build
in-house, by own initiative. To lead the project from start to fi-
nish, the original ideas are easier to keep and there are fewer
stakeholders in the chain. Another reason for many intermedia-
ries is the possibility to share the burden to deliver the product
ontime. In the case study, the windows were aquired from Der-
ome, who then aquired from the manufacturer. Derome thus
has its own profit. This is to pass on a responsibility to deliver
on time, even if money could be saved on fewer intermediaries
(C. Lindstrom, personal communication, 18 Feb, 2021). An ad-
vantage of larger companies is explained by the Committee on
Modern Building Regulations: the price of land has immensly
increased the last years but larger companies with resources
have been able to aquire their own land, getting an advantage
in the competition, making them less dependant on municipal
land allocation (SOU 2019:68).

The construction industry suggests materials with largest pro-
fit margins. As a customer you must be aware of the material
details yourself and decide properly, because you are constant-
ly exposed to the wish of changing materials. This is logical,
being a business, trying to find ways of earning money. Mar-
ket driven prices can thus be an obstacle, because changing a
material detail might change the architectural quality intended.
According to the architect A Svensson (personal conmunica-
tion, 12 Feb, 2021) this happened to a small scale in the case
study, where the window lintel was built in cedar instead of pa-
inted wood as intended. The reason could very well have been
mis-communication, which is another common obstacle, but
anyhow, it had to be replaced, which likely meant a cost for all
stakeholders, in terms of time, new material and work hours.

FINAL THOUGHTS

The discussion have addressed some areas of obstacles, but
is certainly not a complete or unguestionable summary. More-
over it is mostly within scandinavian context but likely extends
much further. It hopefully gives a direction for further investiga-
tions and in some sense, sums up the thesis work. There are a
few unattended ambitions personally, where if I had more time,
I'would have enjoyed presenting and discussing the result with
the main case study stakeholders and add their perspectives to
the thesis as a natural ending. That dialogue will most hopefully
happen in spite of the thesis closure, but | wish | could have
passed it on here.
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Method « Concept « Motivation « Case study « Cost « Too
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Weeks (total)

Weeks (divided)

Qutcome

00 e 9 PV B 0°0°0°0°0°0 0 W weeee

METHOD

(thematic
workflow
estimation)

Deadlines

» Volume Experiments « Material Experiments « New proposal « Summary

0% 20% 40% 60% 80% 100%

INTRODUCTION COMMUNICATION

Overview Collect data Define economy Study case/site Design changes, Finalize/Synthesize Last changes
MT-Toolbox Refine ideas Calculation-tools Create concept and calculations and Design proposal Communication We are here!
Develop ideas Thesis question Context & framework — begin experiments COoMmparisons Artistically articulate Pedagogy
Concept Chose optimized Combine experiments

Familiar with collected

Direction choice
data, tools and case

Project plan Case study analysis

First experiments

experiments
Draft drawings

in design proposal  Presentation material
Draft Report

4

Present
&
Reflect
30%

4 Understand MT 7/10 Present idea

1T UN SDGS (Web)

4 Pre-midterm (M) 6 Tutorial

4 Prel. Choice 26/10 Interview 13 PP4 (100%) 2 Climate 10 Tutorial 8 Tutorial 10 Booklet (90%)

8 Positioning 28/10 Interview adaptation (Web) 12 Interview 12 Abstract (100%)
10 Knowledge 11/17 Midcritic PP1 @18 Official start (M) 3 Circularity (Web) — @Midterm 18-20 FinalSeminar
Development 12/17 Interview 17 Abstract (50%) presentation (98%)

11 Methods 23/17 Interview 8 Case study visit 17 Booklet (50%) 28 Exh. setup

24/77 Interview
18/11 PP2 Handin
4/172 Interview
10/12 Interview
9/12 PP3 Handin

12 Interview
15 Tutorial

15 Prep. Interview
18 Feedback

18 Evaluation

18 Final draft

18 Final choise

19 Pre-final (M)W @31-3 OpenSeminar
Exhibiton (100%)

4 Final handin +
Evaluation

7 Exh. setdown

22-26 Mid-sem (S) 28 Tutorial

22 LCA course 29 Tutorial

22 Tutorial
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» Concept

CONCEPT

One out of 13
type houses 84m2 NFA
Robin Hayes

DESIGN EXPERIMENTS
ON CASE STUDY
[change volume & materials]

PARAMETERS

Life Cycle Costs (LCC)
Cost, £/m?2 GFA

Life Cycle Analysis (LCA)
[Carbon Emissions,
kg CO,-eq/m?e]

Carbon
Emissions

Architectural Qualities
[Space]

[Proportion]
[Functionality]
[Materiality]

Architectural
Qualities

NEW DESIGN PROPOSAL
[Combine the best experiments]




- Motivation

~____

—

—

@‘
LIFECYCLE COST

‘During new production it is impor-
tant to make wise consideration
between production cost, opera-
tion and maintenance costs. 100
often, only the production cost is

regarded (...).

(Dahlberg & Norrbrand, 2003, p. 7).

MOTIVATION

\

LIFE CYCLE ASSESSMENT

‘LCA (..) can help identify the largest environmental
impact reduction opportunities throughout a buil-

dings life cycle”

(Eberhardt et al., 2021, p.2)

ARCHITECTURAL
QUALITIES

‘20% put up a wall between kitchen
and living room, while 20% did the
opposite to open up the apartment’

(Nylander et al., 2019, p.148)



» Case study

THE CASE STUDY

PROJECT: 13 detached rental villas of 84m?.
Kallsprangsvagen, Viskafors. Year 2020.
CLIENT: Viskaforshem AB

ARCHITECT: Brunnberg & Forshed
CONTRACTOR: Fristad Bygg

WHY VISKAFORSHEM?



» Case study

CASE STUDY VISIT

[8 FEB 2021]

Rental villa 84m?
Rent 10 000 SEK/month + ca 2000 SEK energy use




- Cost

PRODUCTION COSTS

Prices include work hours, ex. VAT

Price (€/m2)
/1000 €
132 €

29 000 €
176 €

173 €
20000 €
17000 €
15000 €

93 £
100 €
300 €
500 €
233 €
10¢€

50 000 £

359 500 €
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PRODUCTION COSTS
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- Tool

CAALA

Computer Aided Architectural Life-cycle Assessment
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- Tool

LIFECYCLE STAGES

BENEFITS AND

LOADS
BEYOND THE

SYSTEM
BOUNDARIES

|enuajod
-Buijphoay
-A1anoday

-asnay

END OF LIFE STAGE

|lesodsiq

C4

Buissaoo.d a)sepn

C3

uodsuel |

C2

uonijowap
uoIoNIISU02-8(

C1

USE STAGE

asn
Jayem [euonesadO

B7

asn
ABisuas |euoneladQ

B6

Juswiysiqnioy

B5

Juswaoe|dey

B4

Jleday

B3

aoueuUS)UIB

B2

as

B1

CONSTRUCTI

STAGE

Alquassy

A5

a)Is ay) 0] a1eb
a3y} woJy wodsuel |

A4

PRODUCT STAGE |ON PROCESS

Bulnoeinuel

A3

Jodsuel |

A2

Alddns
|eualew mey

A1

C3+C4

B4

A1-A3

........
. .

-
Z
w
p
[
w
[
X
w

USED IN THE

.......
c.
ce

m
w <
23
34
]
=

........

12



REF. AREA 100m*
NFA 84m?

B4 Rep|acement D

MATERIAL LIFESPANS IN MODELLING

BELOW 50 YEARS: Painting 15 years, Construction
wood varies, Windows 30 years, Wood terrace 30 years

50 YEARS: Interior walls (lasts longer, but is often re-
placed), Tar paper below roof, Technical system (TGA)

75-100 YEARS: Doors, Cedar Facade, Stone clinker
flooring, Roof cladding, Cellulose insulation, Intermedi-
ate floor

NEVER REPLACED IN CAALA Foundation (concrete,
EPS, XPS), Load-bearing structure (CLT)

NOT INCLUDED IN THIS LCA Bathroom, kitchen, fur-
nitures and other details. Focus is major building parts.

DY
.....
......
.........
........

- Tool

LIFECYCLE ASSESSMENT

37 kgCO, x 100m* x 50 years = 185 ton CO,

4 A1-A3 Production

DGNB System
(German Sustainable Building Council)
Database Okobau.dat (2016)

35% .........
C3+C4 End-of-life
DGNB System

(German Sustainable Building Council)
Database Okobau.dat (2016)

e 6O%

v

= B0 Enérgy demand in use

GEOGRAPHY
New construction - Single family house

egion 10 - Hof (area in Germany similar to

our climate)

TECHNICAL EQUIPMENT
Heatpump, ground/water
Mechanical ventilation (FTX)
Floor heating.

CO, intensity 530gramCQO,/kWh

BUILDING PERFORMANCE
Average floor height 3m (floor-floor)

ermal bridge "enhanced 0,05 W/m2K" (medium)
Air tightness "ne ruction - general n50=4h""
" (medium).

U-VALUES

Average climate shell 0.2
Foundation 0.125

Wall 0.158

Window 0.9

13



- Tool

LIFECYCLE COST

4792€ X 10SEK X 100m2 =

REF. AREA 100m?
NFA 84m?

Repair
EXPONENTIAL %-INCREASE/YEAR
based on the investment cost, and the energy costs.

BUILDING REPAIR
0,35%.

TECHNICAL REPAIR

O0,66%. 1 7%

Maintenance & Replacement

EXPONENTIAL %-INCREASE/YEAR
based on the investment cost, and the energy costs.

BUILDING MAINTENANCE
0,1%

TECHNICAL MAINTAINANCE
O41%

79 O SEK = 96 OO0 SEK/yeoar

50 years

..........

.o
.
....
.....
.......
...............

Investment costs

PRODUCTION COST
ex VAT and incl work hours

Estimation from client, contractor, producers and

calculation softwares (wikells)

== Energy costs

INITIAL PRICE FOR ELECTRICITY
0,12 €/kWh (ex Vat)

ENERGY PRICE INCREASE
2%/year

DISCOUNT RATE FOR INFLATION
1 %/year

SUMMARY
1,2 SEK/kWh with 1% cost increase each
year of the building'’s lifetime.

This cost is not only for energy use but also
general costs like repair and maintenance.
Sweden has very low energy cost compared
to the EU and Germany.

14



EXPERIMENTS
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Wooden rental villas,
Kéllsprangsvagen, Viskafors
2020 Viskaforshem
Brunnberg & Forshed
Robin L YR

- Volume Experiments

1. VOLUME EXPERIMENTS

LIFESPAN
25-50-/5-100 years

ORIENTATION
Placing houses on the site

ROOF
Pitched roof vs flat roof

PLAN & VOLUMES
Plans

Volume

Section

Facade

2. MATERIAL EXPERIMENTS

FOUNDATION
Concrete vs foamglas
Slab vs punctual

WINDOWS
Alu-Wood-PVC, including
Vertical vs horizontal mon-
tage and Openable vs fixed

ROOF
Zink vs brick tiles

TECHNICAL
Heat pump vs pellets

3. SUMMARY & LEARNINGS

Final savings
Design strategies
Answer to research question

16



25 yeors 50 yeors

L. "25%of allbuildings demolishedin Sweden
' since 1980, were less than 30 years old”
(Andersson & Nilsson, 2020, p.217).

160 000 SEK/YEAR BUILDING a6 000 SEK/YEAR

13 000 SEK/MONTH COST OF 8000 SEK/MONTH

FOR 25 YEARS TOTAL LCC FOR 5O YEARS

LIFE CYCLE COSTS

Investment costs == Energy costs

Maintenance & Replacement Repair

- Volume Experiments

BUILDING
cosT 70% oF

TOTAL LCC

Total cost 4 MSEK
96 000 SEK/YEAR
for 25 years

+764€/m>
+0764 MSEK

75 years

ILDI
77 000 SEK/YEAR BU NG

6400 SEK/MONTH cosT 0% oF

FOR 75 YEARS TOTAL LCC

Totod cost 5,7 MSEK
77 000 SEK/YEAR
FOR 75 YEARS

+A77€/m?>
+0a77 MSEK

Paid the house twice over! ®

100 years

D
70 OO0 SEK/YEAR BUILDING
5800 SEK/MONTH cosT 45% oF
FOR 100 YEARS TOTAL LCC

Totad cost 7 MSEK
70 000 SEK/YEAR
FOR 100 YEARS

+ 2226€/mA
+ 2,22 MSEK

17



25 years

L. "25%of allbuildings demolishedin Sweden
' since 1980, were less than 30 years old”

(Andersson & Nilsson, 2020, p.217).

160 000 SEK/YEAR BUILDING

13 000 SEK/MONTH COST OF

FOR 25 YEARS TOTAL LCe

LIFE CYCLE COSTS

Investment costs == Energy costs

- Volume Experiments

50 years 75 yeors 100 years

Paid the house twice over! ®

BUILDING
cosT 45% oF
TOTAL LCC

BUILDING
cosT 0% oF
TOTAL LCC

BUILDING
cosT 70% oF
TOTAL LCC

70 000 SEK/YEAR
5800 SEK/MONTH
FOR 100 YEARS

77 000 SEK/YEAR

96 000 SEK/YEAR
8000 SEK/MONTH
FOR 50 YEARS

6400 SEK/MONTH
FOR 75 YEARS

Total cost 7 MSEK

Total cost 4 MSEK
96 000 SEK/YEAR

Total cost 5,7 MSEK
77 000 SEK/YEAR

70 000 SEK/YEAR

Maintenance & Replacement Repair fﬂ"l’ 25 yWS FOR 75 YEA@ FOR 100 YEARS
At +ATTE/ P + 2226€/m?
’ +0377 MSEK + 2,22 MSEK
GLOBAL WARMING -12 kg CO, -1 kg CO, -3 kg CO,
POTENTIAL (GWP) -1200 kg/yeor -100 kg/yeor -300 kg/year
-60 ton/50Yrs -5 ton/504rs -15ton/50Yrs
B4 Replacement
== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production
SAVE 36%
CO, JUST BY
PROLONGING
THE LIFETIME!
700
awe 1eo B4 Window
CO,/m> replacement
50 46 B4 Technical B4 Window B4 W
~ . Vindow
45 replacement replacement
39 37 replacement
35 36 34 33
32 32
@
Yeor (@] 5 25 30 31 50 51 60 61 75 a0 1 100 _I 8



ENERGY
DEMAND

GLOBAL WARMING
POTENTIAL (GWP)

B4 Replacement

== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production

LIFE CYCLE COSTS

Investment costs
== Energy costs

Maintenance & Replacement

Repair

- Volume Experiments

ORIENTATION COMPARISON

ST

-1 kWh
-100 kWh/yeor
-5 MWh/50yrs

-1 kg CO,
100 kg/yeor
5 ton/50yrs

- 7€/ m?

-7 OOOSEK/50yrs
- Unnotieable
change

19



- Volume Experiments

ORIENTATION COMPARISON

orgunal
drowing by brovmmnberg & forsred

Solar gains

@ neffective 7

Semi-effective 1
Effective 5

Mrowing by ovtor

-Original road
‘Rotated
‘Back entrance

-Original road
-Rotated

-Original road

-Rotated ‘Re-design road
-Mirrored -Rotated
-South-west

compromize

-Original road
‘Rotated
*Mirrored

-Original road
-Rotated

-Original road
-Rotated

*Re-design road
‘Rotated

SOUTHERN
TERRACES &
LESS BORING
REPETITIONS!

20



GLOBAL WARMING
POTENTIAL (GWP)

B4 Replacement

== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production

LIFE CYCLE COSTS

Investment costs
== Energy costs

Maintenance & Replacement

Repair

ENERGY
DEMAND

- Volume Experiments

ROOF COMPARISON

-5 kg CO,
500 kg/yeor
25 ton/50Yrs

- 486€/m?

-486 OOOSEK/50yYrs
- 9720 SEK/year

- 810 SEK/montin

Soares

500 OO0
SEK!

-9 kWi
-900 kWlh/year
-45 MWh/50yrs

21



- Volume Experiments

VOLUME COMPARISONS

origunal

dromring by briwvwberg & forshed

'..'.

ENTRANCE”%._,...,, TERRACE

GLOBAL WARMING
POTENTIAL (GWP)

B4 Replacement

== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production

LIFE CYCLE COSTS

Investment costs
== Energy costs

Maintenance & Replacement

Repair

ENERGY
DEMAND

Mromring by autior

ENTRANCE TERRACE

-4 kg CO,

400 kg/yeor

20 ton/50yrs

- B06E€/m?

- 200 000 SEK IN BUILDING COST
— - 40 000 SEK IN ENERGY
306 OOOSE;QfOWS - 15 000 SEK IN MAINTAINANCE
- 6120 S yeor - 50 000 IN REPAIR

- 510 SEK/montin

OVER 50 YEARS TIME.

-4 kwWh
-400 kWh/yeor
-20 MWh/50yrs
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- Volume Experiments

PLAN COMPARISONS

dromring by briwvwberg & forshed

*************************************
,,,,,,,,,,,,,,,,,,,,,,,,

oo
SR |
- oS T Y e
— : P — = -

i} |-HE - D
| o M
- _ I
N e U

=

@ EY < |
' H

L/

MI - ifﬁﬁ- -
e ] [ <
L1 [ A

9JeJdo |

1:100 (A3)




- Volume Experiments

SECTION COMPARISON

origunal new

dromring by brovmberg & forsheo Mroming by oauvtor

=
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SECTION B-B
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- Volume Experiments

FACADE COMPARISON

origunal new

dromring by brovmberg & forsheo Mroming by oauvtor

T
V1
:THTJ/@@/\%

[TTLTTVS T T D ———————1— i LTI
W LLLE LI LT LT TEIT T LT
O U U | 5%ﬂ%ﬂ
AR Iﬁfﬁ
W LLLE LI LT LT LEIT T LT
I
JiliiLlLLLﬂUJiJLJiliiLlLLLMUJiJLJilLiLiLLLﬁﬁS%ﬁ
W LT T LT T LT T LT T I

NORTH FACADE
FASAD MED ENTRE

T

| V2

\
igg [TTTTIVE T
[TITTTT] " [] ;l‘HlHHJ%F§$ﬁ§$A

(111
e T T e TS
LTI LVeL T TILIL I TTLII T I T T IYS T ——————d [[III[]] ML
[ [T 1]
1 T (LT === UL LTI I TR

Lgﬁm %%WWWWWW? TH? He U O H

H2 4T I RINERnEE NN
A B
(LTI TTTTITITIILL] Lt T Il . UppsTOLP,

LLLT LI T LII LI IIIT I LI T va LTI ThvA
g“ [T I I T I \\ql{q ENL. RITNI U T IO U O T IO OO T U0 T 0O UU T O T I

— WEST FACADE

MARKHOJD VARIERAR, SE L-RITNING

GAVELFASAD

1:100 (A3)



- Volume Experiments

FACADE COMPARISON

origunal

dromring by briwvwberg & forshed

p

e e

udfRRR \\\\\\\\\\\\\‘\\\\\\\\\\\\\
DL IVBEL L L L IVA L L
[TTTT] \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

By AL D T T T ST ST PR =
Gud] [ SRuRaHhashadhaukaakd I Rt

I HTH1 [TTTTTIITIITIIIIIITT] [ 111

CLLTTTTIITITTTITITTT]
J ALTAN — —— ﬁ —

A [1] [TTTT] ‘HHHHHH\HHHHHHHHHHHHHH\\ T%w
oAz | 111 yé% (111 \\yﬁ\\\\\ [T LT \\\\\\\\

MARKHOJD VARIERAR, SE L-RITNING

GAVELFASAD
i
V1 B V1
:?zf ] V5 Wﬁmﬂﬁi
o D‘mﬂo LTI %ﬁﬁ = H%ﬂ
T il & |
s — I %5
T i1 i TW%
aakat e o A [ )

1:100 (A3)

iéj

e —
e ———————

=

drawing by avtior
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» Material Experiments

FOUNDATION COMPARISON

origunal e new

Concerete slap Koljern-elements ® by FOAMGLAS ® Punctinal wooden foundation
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» Material Experiments

FOUNDATION COMPARISON

Concrete

150 CONCRETE/ 2% ARMORY
300 INSULATION (A 0,04)

300 FOAMGLAS T3+ (A 0,04)
=koljern element

AT1-A3= 59 kg co?/m?

A1-A3 (PRODUCTION)= 125 kg co?/m? ‘
C3+C4= 2 kg co’/m?

C3+C4 (END OF LIFE)= 40 kg co?/m?

( ) -2,1 -105
kWit | MW
N A
7\
[ -32
i i -
\ kWi 16 ton
N A
= )
/ \ °
( \ T+ 2280
\ ) « SEK

3,2 kg co’/m?a 1,2 kg co¥/mea

vawe/ta

300 CONCRETE/ 4% ARMORY

ey » 400 INSULATION (A 0,06)

A1-A3 (PRODUCTION) = 210 kg co?/m?
C3+C4 (END OF LIFE) = 50 kg co?/m?

300 FOAMGLAS T3+ (A 0,04)
=koljern element

A1-A3= 59 kg co?/m?
C3+C4= 2 kg co?/m?

-2,3 -11,5
kWi MW
-52
Wi -26 ton
_'. + 2280
.« SEK

1,2 kg co?/m?%a




GLOBAL WARMING
POTENTIAL (GWP)

B4 Replacement

== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production

LIFE CYCLE COSTS

Investment costs == Energy costs

Maintenance & Replacement Repair

PRIMARY
ENERGY
DEMAND

FOUNDATION COMPARISON

DATA
20mm stone clinker
15mm OSB

440 beams 600cc/370 cellulose insulation

10mm fibercementboard

Total 460mm thick

U-value 0,077
1000 SEK/m2

-2 kg CO,
200 kg/yeor
10 ton/504rs

- 51€/m?
- 1020 SEK/year

(-51 00O SEK
U 50 years)

+2 kWh
+200 kWi yeor
+10 MWlh/504rs

» Material Experiments

DATA

20mm stone clinker

20mm wooden floor

440 beams 600cc/370 cellulose insulation
T40mm CLT

Total 600mm thick

U-value 0,065
1820 SEK/m2

-2 kg CO,
200 kg/yeox
10 ton/50yrs

+ 47€/m?
+ 940 SEK/year

(+ 47 00O SEK
n 50 years)

+1 kWi
+100 kWh/year
+5 MW/ 50years

CAREFULLY
PLACED IN THE
TERRAIN & LESS
GROUND WORK.
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» Material Experiments

WINDOW COMPARISON
origunal

dromring by briwvwberg & forshed

770

1570 2310 1580
| |
i i

F.G.

Fé01 F701 F801 F1101 F1601 F2301 FD1601
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Original

values

Savings
m2/year

< Savings™
« SEK/year>

ORIGINAL

WINDOW COMPARISON

-2,15 -2,2
ki | 2O MW kWi
-1 -1,8
kgCO* -5 fons kgCcO>
-840/ -42 ooo -880
sek sek sek

-10 MW

-9 tons

- 32
kwiv

kgco*

-1200
sek

-16 MWh

11 tons

-64 000
sek

» Material Experiments

- 3,2

_'. -1340
g sek

-16 MWh

-67 OO0
se

_k\i/)lf -10 MWh
-1
kgCO? -5 fonys

¢ -1340| -67 000
o sek sek
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» Material Experiments

Z
Q
V)
%
D
3
L
O
Q
%
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LCA

B4 Replacement

== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production

LcC

Investment costs
== Energy costs

Maintenance & Replacement

Repair

ENERGY
DEMAND

» Material Experiments

ROOF COMPARISON

St

K ®-prePATINA

orgunal 2

RT 821 Hojsley 1 -kupig Lille Dansk

-1 kg CO,
100 kg/yeor
5 ton/50yrs

-1 kW
-100 kWh/year
-5 MWh/50yrs
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» Material Experiments

TECHNICAL SYSTEM COMPARISON

GLOBAL WARMING -13 kg CO,
POTENTIAL (GWP) 1300 kg/yeor
65 ton/504rs

B4 Replacement

== B6 Energy demand in use
C3+C4 End-of-life
A1-A3 Production

CORRECT

DATA?

- 264€/m?A

LIFE CYCLE COSTS

Investment costs

-264 OOOSEK/50Yrs
Maintenance & Replacement - 5280 SEK/gW
- 440 SEK/montiv

Repair

== Energy costs

ENERGY 12 kWi

DEMAND -1200 kWh/year
-60 MWh/50yrs

34




» Material Experiments

L -INTENSITY/kwh

g CO2/kWh

Country comporison

Electricity generation — CO2 emission intensity

700
600

500

/\
400 2016
Austria Electricity generation: 85.1
m Denmark Electricity generation: 166.1
300 m European Union (current composition) Electricity generation: 295.8
= Germany Electricity generation: 440.8
Sweden Electricity generation: 13.3
® United Kingdom Electricity generation: 281.1

200
100
o 4
g & & & & & & & & § & & §F 5
~ ~ ~ ~ ~ v v v v v v v v v

> GERMANY (CAALA CONTEXT)

. DENMARK
SWEDEN 440g9
loeg co /kww
Co,/kWii

Kg CO, emissions per kWh heat

0,30

0,20

0,15

0,10

0,0

Eguipment comporuson

+4559
CO,/ kWi <
in CAALA -
+309
co /kww
n CAALA
+309
CO,/ kWi
n CAALA
-
209
CO,/ kWi
in CAALA

Direct electricity Gas o]] Heat pump

Source: EEA (European Environment Agency)

PELLETS
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Method « Concept » Motivation « Case study « Cost « Tool « Volume Experiments « Material Experiments « New proposa

+ Summary

Pellets boiler

o—zﬁm proposal 1 propsol 2

SAME AFFECT
AS ALL THE

OTHER
EXPERIMENTS
COMBINED!

GLOBAL WARMING 11 kg CO, ~20 kg CO,
POTENTIAL (GWP) -1100 kg/yeor -2000 kg/yeor
-55 ton/504rs -100 ton/50yrs
B4 Replacement
== B6 Energy demand in use
C3+C4 End-of-life
== A1-A3 Production
LIFE CYCLE COSTS - 225€/m? - 458€/m?

== Investment costs
== Energy costs

== Maintenance & Replacement

-225 OOOSEK/50yrs
- 4500 SEK/year

-458 OOOSEK/50Yrs
- 38 OO0 SEK/year

fenai - 375 SEK/monthv - 3200 SEK/montiv
== Repair

-1000 kWh/year -1900 kWh/year

-50 MWh/50yrs -45 MWh/50yrs
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Method « Concept » Motivation « Case study « Cost « Tool « Volume Experiments « Material Experiments « New proposal « Summary

LCA (kgCO,) LCC (SEK) Energy (kWh)

with heat pump

ORIGINAL TOT. 185000 4797000 310 000

o0 year savings:

Orientation -5000 -/000 -5000

Window type -17 000 -64 000 -16 000

Foundanon 16000 +174 000 -17 000 31% 5.4% 18%
Roof material -5000 ~+0 -5000 Co, COST ENERGY
~lat roof -25 000 -486 000 -45 000

New plan/volume +5000  +180000 +25 000

SAVING -57 000 -263 000 -57 000

0/0 S’I O/O 5,4% ’|8O/O 55% 10% 33%
CO,  COST  ENERGY
Pellets heating -45000 -228 000 -45 000

% 24% 4 7% 15%

TOTAL SAVING 55% 10% 33%
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» Summary

SUMMARY & LEARNINGS

THINK BEYOND 50 YEARS! 6 ENCOURAGE WOOD
PRODUCTS
REDUCE UNNESSECARY
MATERIALS
7 ADAPT TO SUN AND SITE
PRIORITIZE

UNREPLACABLE MATERIALS
8) BALANCE ENERGY

INVEST IN ARCHITETURAL AND MATERIALS
QUALITIES

CHOOSE MATERIALS WITH 9 DARE TO CHALLENGE
LOW MAINTENANCE BUILDING ROUTINES

10 DO NOT FORGET THE
TECHNICAL SYSTEM!
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CHEAPER
BUlIoc | I

An investigation of the interrelation between building
Costs, life cycle costs, energy use, climate footprint and
architectural qualities, of a small rental villa in Sweden”

(_/

Carbon . .
Emissions KT o
55%

Architectural
Qualities

v

[T T O

P T O e P e T

E=mc==m=i|

» Summary

DESIGN EXPERIMENTS
ON CASE STUDY
[Volume & materials]

Life Cycle Costs (LCC)
Cost, £/m2 GFA

Life Cycle Analysis (LCA)
[Carbon Emissions,
kg CO,-eq/m?2a]

Architectural Qualities
[Space]

[Proportion]
[Functionality]
[Materiality]

NEW DESIGN PROPOSAL
[Combine best experiments]
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1. Object data

1.1. Object

Model 210225 Kallsprang modell CAALA Original (Full price)
Scope of analysis Full Life Cycle

Level of detail Blueprint planning

Building type Apartment building

Energy standard EnEV 2016

Reference study period 50 Jahre

Climate region - reference location Region 10 - Hof

1.2. Geometry

Average floor height 3.00m

\Y 315.00 m3
GFA th. 105.00 m?
NFA 84.00 m?

Reference area 100.80 m?




2. Overview

2.1. Primary energy demand

61
kWh/(mzANa)
0 50 100 150 200 250
I Current variant I Performance treshold KfW 55 [ KfW 40
2.2, Life Cycle Assessment
Primary energy non renewable (PENRT) Global warming potential (GWP)
I v I
40 76 112 9.4 17.0
0.05
0.16
| 1.47 —\—|
- 1377

58.17 =~

145

kWh/(m?yaa)

37

~~ 80.68 a

21.61 /

5.72 /

A1-A3 Production A1-A3 Production
B4 Replacement B4 Replacement
== B6 Energy demand in use phase == B6 Energy demand in use phase

C3+C4 End-of-life C3+C4 End-of-life

kg CO,-eq/ m?yra
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Life cycle costs

/' 3,431.36

818.16 /

261.15 / ‘_ 273.05

== |nvestment costs == Energy costs = Maintenance & Replacement == Repair == COL! Cost
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3. Operational energy demand

3.1. Overview

61
kWh/(mzANa)
0 50 100 150 200
I Current variant I Performance treshold Kfw 55 || KfW 40

Annual energy requirement operation

Primary energy demand 61 kWh/m2a
25 kWh/m?a
End energy demand .
Auxnla.ry energy 9 KWh/m2a
(electricity)
: 2
Useful energy Space heating 97 kWh/m<a
requirement Hot water 15 kWh/m?a
Energetic parameters
Energy reference area 100.80 m?
Specific area-based transmission heat loss H'y 0.21 W/(m2K)

Max. specific area-based transmission heat loss H'y

0.33 W/(m?K)

250




3.2. Result per year

Legend
kWh/a
[l Solar losses opaque 44 kWh 20000 -
g Ventilation heat losses 5,513 kWh v 19000 4
9 o 10000 -
[l Transmission heat losses 9,428 kWh §
5000 -
Internal gains 1,376 kWh 0 -
f= Solar gains transparent 6,020 kWh -5000 -
S IS
Solar gains opaque 201 kWh 8 -10000 -
-15000 -
[l Heating demand 9,730 kWh 20000 4

Annual balance of energy generation on site (photovoltaics)

Electricity harvested 0 kwWh

Electricity demand 5,328 kWh
| y




Caala Bericht erstellt am 11.5.2021 um 9:55:31

3.3. Result monthly per year sheet

Monthly energy balance

2500
2000

1500

Losses

1000

kWh

500

0

-500

Gain
I

-1000 S R

-1 500 r T T T T T T T T T T T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

== Solar losses opaque == Transmission heat losses Ventilation heat losses == Internal gains
Solar gains transparent Solar gains opaque == Heating demand

Monthly energy harvesting on site (photovoltaics)

700
600

500

40
30
20
10
0 T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

== Electricity harvested == Electricity demand

kWh
S S S

o

Caala GmbH « info@caala.de * www.caala.de Seite 8 von 41



Monthly values

Natural ventilation Hy yin mth (W /
K)

Ref: Natural ventilation Hy yin mth
(W /K)

Internal temperature balance(°C)

Ref: Internal temperature
balance(°C)

Transmission heat sinks QT
(kwh)

Ref: Transmission heat sinks QT
sink (kwh)

Ventilation heat sinks QV;
(kWh)

Ref: Ventilation heat sinks QV;
(kWh)

Solar gains transparent QS ¢oyrce
(kWh)

Ref: Solar gains transparent QS
tr,source (kWh)

Solar gains opaque QS
(kwh)

opag,source

Ref: Solar gains opaque QS

opag,source (kwh)

Solar losses opaque QS sink
(kwh)

Ref: Solar losses opaque QS
opag,sink (kwh)

Internal heat sources Qlgy e
(kwh)

Ref: Internal heat sources Qlgyce
(kwh)

Jan

25.5

28.0

18.1

18.0

1,358.

2,128.

692.7

562.8

120.5

120.5

0.0

0.0

14.0

14.0

117.2

117.2

Feb

26.5

29.2

18.1

18.0

1,177.

1,846.

614.2

502.8

232.0

232.0

0.0

0.0

4.2

4.2

105.8

105.8

Mar

30.9

34.0

18.2

18.2

1,087.

1,703.
7

616.6

518.5

538.6

538.6

14.8

29.6

0.0

0.0

117.2

117.2

Apr

36.0

39.7

18.6

18.5

819.5

1,282.
0

509.5

438.9

642.3

642.3

23.2

48.5

0.0

0.0

113.4

113.4

May

42.9

47.3

19.2

19.1

524.5

820.5

364.4

322.7

812.5

812.5

34.5

73.6

0.0

0.0

117.2

117.2

Jun

46.7

51.4

19.4

19.4

336.4

526.2

247.1

221.7

884.5

884.5

40.6

87.1

0.0

0.0

113.4

113.4

Jul

49.2

54.1

19.6

19.6

233.8

365.8

177.8

160.7

919.4

919.4

88.6

0.0

0.0

117.2

117.2

Aug

49.6

54.6

19.7

19.6

214.9

336.1

164.3

148.7

833.6

833.6

35.8

76.0

0.0

0.0

117.2

117.2

Sep

43.3

47.7

19.2

19.1

489.3

765.4

342.0

303.3

461.0

461.0

10.1

20.5

0.0

0.0

113.4

113.4

Oct

37.4

41.2

18.7

18.6

783.6

1,225.

498.4

431.9

256.3

256.3

0.0

0.0

4.5

4.5

117.2

117.2

Nov Dec
30.2 26.1
33.3 28.8
18.2 18.1
18.1 18.0

1,084. 1,324.
8 3
1,700. 2,075.
2 6

607.6 684.9

508.9 559.1

190.1 1344

190.1 134.4

0.0 0.0
0.0 0.0
8.4 13.0
8.4 13.0
113.4 117.2
113.4 117.2




Utilization factor r]M

Ref: Utilization factor nM

Heat demand Qy, |,

Ref: Heat demand Qy, ,,

Electricity demand (kWh)

1.0 1.0 1.0 0.9

1.0 1.0 1.0 0.9

1,827.| 1,461.
8 1

1,065.
636.6

2,486. 2,024. 1,568.
995.9

3 8 2
572.9 494.7

481.3 418.3

0.7

0.7

212.2

397.2

378.7

0.5

0.6

59.8

137.7

349.0

0.4

0.4

18.8

52.0

355.4

0.4

0.4

17.6

48.6

355.3

0.8

0.9

337.2

552.5

382.3

1.0

1.0

922.1

1,304.
B

464.0

1.0

1.0

1,399.

1,928.
1

510.0

1.0

1.0

1,771.
4

2,414.
0

566.1




4. Life cycle assessment

4.1. Boundary conditions

Assessment period 50 Jahre

Net floor area (NFA) 84.00 m?

Database Okobau.dat 2016
Assessed life cycle modules Al-A3, B4, B6, C3+C4

4.2. Overview of the results

MODULE =~ GWP ~ ODP  POCP AP EP  PENRT PERT

Embodied AL-A3, B4, 15.28 1,187e-6 9,002e-3 5,837e-2 1,007e-2 64.05 25.9
B6, C3+C4

Operational B6 21.61 1,475e-9 2,471e-3 3,302e-2 5,349e-3 80.68 43.68

Total 36.9 1,189e-6 1,147e-2 9,13%e-2 1,542e-2 144.73 69.58




4.3. Results for integrated environmental impacts




Global warming potential (GWP)

CAALA_A01
Exterior wall load-bearing

CAALA_A03
Roof

CAALA_A04
Ceiling to unheated roof

CAALA_A11
Floor to ground

CAALA_A12
Window (exterior wall)

CAALA_Bo04
Exterior wall (unheated rooms)

CAALA_BO4c
innerwalls non load bearing

CAALA_B04d
innerwalls load bearing

CAALA_BO04e
inner doors

CAALA_BO04f
mesh terrace

CAALA_B04g
Landprice

CAALA_BO04h
Kitchen complete

CAALA_BO04i
Bathroom

CAALA_BO04j
Other

CAALA_BO7
Roof (unheated room)

CAALA_B10
Balcony

CAALA_B10a
Balcony (patio)

CAALA_B11
Floor (unheated rooms)

CAALA_B12
Sun protection

TGA

o
N
N
w
N
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Primary energy non renewable (PENRT)

CAALA_A01
Exterior wall load-bearing

CAALA_A03
Roof

CAALA_A04
Ceiling to unheated roof

CAALA_A11
Floor to ground

CAALA_A12
Window (exterior wall)

CAALA_B04
Exterior wall (unheated rooms)

CAALA_BO4c
innerwalls non load bearing

CAALA_B04d
innerwalls load bearing

CAALA_BO04e
inner doors

CAALA_Bo04f
mesh terrace

CAALA_BO4g
Landprice

CAALA_BO04h
Kitchen complete

CAALA_BO04i
Bathroom

CAALA_BO04;j
Other

CAALA_BO07
Roof (unheated room)

CAALA_B10
Balcony

CAALA_B10a
Balcony (patio)

CAALA_B11
Floor (unheated rooms)

CAALA_B12
Sun protection

TGA

o

-
o

-
N

N
N

RN
(e}
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kWh/(mzNFAa)
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4.4. Results for integrated environmental impacts per layer

m? GWP ODP POCP AP EP = PENRT PERT
CAALA_AOL Exterior wall 131.48 1 86738 7,540e-4 7,374e-3  1,816e-3 7.19 5.91
load-bearing
CAALA_A03 Roof 115.02 4 240le7 1758e-3 2220e2  4,458¢-3 17.56 11.15
CAALA_AD4 Ceiling to 92.35 8 6592e8 51594 4237e-3  1,015e-3 425 2.79
unheated roof
LA AL R T 98.94 3 5210e9 3,162e-3  4,980e-3  6,361e-4 10.03 0.81
ground
CAALA_AL2 Window 30.17 1 2208 o364 8446e3 873led 7.52 1.59
(exterior wall) 10
ol Bl By vl 21.66 1 1741e9 2,608e-4 5752e-4 1,226e-4 0.38 0.81
(unheated rooms)
CAALA_BO4c innerwalls 28.8 1 1,184e-8 7,535e-5 3,917e-4  8,604e-5 0.51 0.97
non load bearing
el JA0k ) Tl 42.46 1 2729e-8 1374e-4 6,813¢-4 1,375e-4 0.92 0.46
load bearing
CAALA BO04e inner doors 14.38 1 2,267e9 6,505e-5 7,190e-4  5,238e-5 0.4 0.07
Sl Be U S 20.63 4 10305 c67e8 31617 1,704e-8 0 0
terrace 15
CAALA_BO4g Landprice 0 0 0,000e+0 0,000e+0 0,000e+0  0,000e+0 0 0
Sl S0 LG 0 0 0000e+0 0,000e40 0,000e+0  0,000e+0 0 0
complete
CAALA_BO4i Bathroom 0 0 0000e+0 0,000e4+0 0,000e+0  0,000e+0 0 0
CAALA_BO4j Other 0 0 0000e+0 0,000e+0 0,000e+0  0,000e+0 0 0
CAALA_BO7 Roof 21.36 1 5560e-9 6590e5 4716e-4  6,238e-5 0.62 0.15
(unheated room)
CAALA_B10 Balcony 32.18 2 3366e9 2,327e5 1,034e-4  2,05le-5 0.1 0.11
CAALA_B10a Balcony 12.4 o A0l ceed 33254 3.804e-5 0.81 0.04
(patio) 10
Sl L Bl 6 1 3% 806ea 2750e4  3,519e5 0.55 0.05
(unheated rooms) 10
CAALA_BL2 Sun 2.28 1 398 336e5  6383e4 6,598e5 0.57 0.12
protection 11

TGA 0 2  7,360e-7 1,011e-3  6,953e-3  6,528e-4 12.63 0.88




5. Life cycle cost analysis

5.1. Boundary conditions

Assessment period
Gross Floor Area (GFA)

Price increase rate for energy,
maintenance, replacment and

repair

Price discount rate
Initial Price for electricity

Price for [Electricity]

5.2. Overview of results

Investment costs

KG 300 Building
construction

KG 400 Technical
building equipment

Operational costs
Energy costs
Inspection &
maintenance costs
for KG 300
Inspection &
maintenance costs
for KG 400

Repair Cost

Repair Cost for KG
300

Repair Cost for KG
400

50 Jahre

105 m?

2 %/Jahr

1 %/Jahr
0,13 €/kWh

0,13

3,240.89  €/mZgea

190.48 €/m2GFA

273.05 €/mZ%a

210.44  €/m’gep

50.71 €/mZ%gra

736.53 €/szFA

81.63 €/m%ga

64.82

3.81

5.46

4.21

1.01

14.73

1.63

€/m2@FAa

€/mM2Graa

€/m2@FAa

€/mM2Graa

€/m2@FAa

€/mM2Graa

€/m2@FAa




5.3. Results by cost group 2nd level

Construction Maintenance & Replace Repair
KG 300 - Building
, 340,292.99€ 22,095.97€ 77,335.88€
construction
KG 320 Foundation 19,653.42€ 1,276.14€ 4,466.49€
KG 330 Exterior walls 258,889.90€ 16,810.29€ 58,836.00€
KG 350 Ceilings 22,564.15€ 1,465.14€ 5,127.99€
KG 360 Roofs 39,185.52€ 2,544.40€ 8,905.40€
KG 400 - Technical
o , 20,000.00€ 5,324.44€ 8,571.05€
building equipment
KG 420 + 430 Heat
20,000.00€ 5,324.44€ 8,571.05€

generation equipment




5.4. Results by cost group 3rd level

300 - Building
construction

322 Flat foundation

324 Base plate

325 Base flooring

326 Sealing

331 Load-bearing
exterior wall

334 Exterior doors and
windows

335 Exterior wall
cladding outside

336 Exterior wall
finishing inside

351 Ceiling strucutre
352 Ceiling flooring
353 Ceiling finishing
361 Roof structure
363 Roof covering

364 Roof finishing inside

400 - Technical building
equipment

420 + 430 Heat
generation equipment

Construction

Costs
340,292.99€

558.00€
9,201.42¢€
9,894.00€

0.00€

210,151.36€

9,051.00€

29,456.44€

10,231.10€

16,561.40€
4,617.50€
1,385.25€
18,942.00€
20,243.52€

0.00€

20000€

20000€

Maintenance & Replacement

Expenses per year Costs

0.1%
0.1%
0.1%

0.1%

0.1%

0.1%

0.1%

0.1%

0.1%
0.1%
0.1%
0.1%
0.1%

0.1%

0.41%

22,095.98€

36.23€
597.47€
642.44€

0.00€

13,645.59€

587.70€

1,912.67€

664.33€

1,075.37€
299.82€
89.95€
1,229.95€
1,314.46€

0.00€

5,324.44€

5,324.44€

Repair

Expenses per year Costs

0.35%
0.35%
0.35%

0.35%

0.35%

0.35%

0.35%

0.35%

0.35%
0.35%
0.35%
0.35%
0.35%

0.35%

0.66%

77,335.90€

126.81€
2,091.14€
2,248.54€

0.00€

47,759.55€

2,056.95€

6,694.35€

2,325.15€

3,763.79€
1,049.39€
314.82€

4,304.81€
4,600.60€

0.00€

8,571.05€

8,571.05€




6. Building envelope and building technology

6.1. Surfaces
Overview

ID Layer Orientation | Net area Gross area Length Angle (Azimut
» CAALA_AO01 Exterior wall load-bearing (Count: 26 , Net area: 131.48 m?, Gross area: 160.15 m?, Length: 0.00 m)
» CAALA_A03 Roof (Count: 2 , Net area: 115.02 m?, Gross area: 115.02 m?, Length: 0.00 m)
» CAALA_A04 Ceiling to unheated roof (Count: 13, Net area: 92.35 m?, Gross area: 92.35 m?, Length: 0.00 m)
» CAALA_A1ll Floor to ground (Count: 10, Net area: 98.94 m?, Gross area: 99.23 m?, Length: 0.00 m)
» CAALA_A12 Window (exterior wall) (Count: 27 , Net area: 30.17 m?, Gross area: 30.17 m?, Length: 0.00 m)
» CAALA BO04 Exterior wall (unheated rooms) (Count: 6 , Net area: 21.66 m? , Gross area: 23.94 m?, Length: 0.00 m)
» CAALA_BO4c innerwalls non load bearing (Count: 11, Net area: 28.80 m?, Gross area: 28.80 m? , Length: 0.00 m)
» CAALA _B04d innerwalls load bearing (Count: 20, Net area: 42.46 m?, Gross area: 43.67 m?, Length: 0.00 m)
» CAALA_BO4e inner doors (Count: 8 , Net area: 14.38 m?, Gross area: 14.38 m?, Length: 0.00 m)
» CAALA_BO4f mesh terrace (Count: 3 , Net area: 20.63 m?, Gross area: 20.63 m?, Length: 0.00 m)
» CAALA B04g Landprice (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m?, Length: 0.00 m)
» CAALA B04h Kitchen complete (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m?, Length: 0.00 m)
» CAALA _BO04i Bathroom (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m?, Length: 0.00 m)
» CAALA _BO04j Other (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m?, Length: 0.00 m)
» CAALA_BO7 Roof (unheated room) (Count: 2, Net area: 21.36 m? , Gross area: 21.36 m?, Length: 0.00 m)
» CAALA_B10 Balcony (Count: 83, Net area: 32.18 m? , Gross area: 32.18 m?, Length: 0.00 m)
» CAALA_B10a Balcony (patio) (Count: 1, Net area: 12.40 m?, Gross area: 12,40 m?, Length: 0.00 m)
» CAALA_B11 Floor (unheated rooms) (Count: 1, Net area: 6.00 m? , Gross area: 6.00 m? , Length: 0.00 m)

» CAALA B12 Sun protection (Count: 2 , Net area: 2.28 m?, Gross area: 2.28 m? , Length: 0.00 m)

Detailed areas

ID Layer Orientation = Net area Gross area | Length Angle (Azimu
4 CAALA_A01 Exterior wall load-bearing (Count: 26 , Net area: 131.48 m?, Gross area: 160.15 m? , Length: 0.00 m)

CAALA_A01 Exterior wall load-

10355 ) W90 6.85 10.53 0 270
bearing

6349 CAAITA_A01 Exterior wall load- W90 146 5 87 0 270
bearing

6310 CAALA_A0Q1 Exterior wall load- N9O 774 8.1 0 360

bearing




5981

6849

7604

4986

4947

4905

4835

4970

5584

10335

4842

5594

6340

6908

7603

6270

5202

6264

6268

5433

4967

6261

CAALA_AOQ1 Exterior wall load-
bearing

CAALA_A01 Exterior wall load-
bearing

CAALA A01 Exterior wall load-
bearing

CAALA_A0Q1 Exterior wall load-
bearing

CAALA_AOQ1 Exterior wall load-
bearing

CAALA_A01 Exterior wall load-
bearing

CAALA A01 Exterior wall load-
bearing

CAALA_A0Q1 Exterior wall load-
bearing

CAALA_AOQ1 Exterior wall load-
bearing

CAALA_A01 Exterior wall load-
bearing

CAALA A01 Exterior wall load-
bearing

CAALA_AQ1 Exterior wall load-
bearing

CAALA_AOQ1 Exterior wall load-
bearing

CAALA_A01 Exterior wall load-
bearing

CAALA A01 Exterior wall load-
bearing

CAALA_A0Q1 Exterior wall load-
bearing

CAALA_AOQ1 Exterior wall load-
bearing

CAALA_A01 Exterior wall load-
bearing

CAALA A01 Exterior wall load-
bearing

CAALA_AQ1 Exterior wall load-
bearing

CAALA_AOQ1 Exterior wall load-
bearing

CAALA_A01 Exterior wall load-
bearing

E90

S90

E90

S90

N90

E90

S90

N90

S90

Woo

E90

N90

W90

E90

E90

N90

E90

S90

W90

W90

S90

E90

1.68

7.74

9.98

10.62

10.62

7.97

6.96

1.17

1.17

6.85

2.61

1.05

3.74

4.15

6.62

6.82

3.41

6.82

3.74

3.07

1.05

1.55

1.68

8.1

9.98

11.9

11.9

10.53

7.32

1.17

10.53

2.61

1.43

3.74

4.15

9.43

6.82

3.77

6.82

3.74

8.71

3.45

1.55

90

180

90

180

360

90

180

360

180

270

90

360

270

90

90

360

90

180

270

270

180

90




4904

4 CAALA_AO03 Roof (Count: 2, Net area: 115.02 m? , Gross area: 115.02 m? , Length: 0.00 m)

6280

6309

CAALA_AOQ1 Exterior wall load-
bearing

CAALA_A03 Roof

CAALA_A03 Roof

N90

W30

E30

6.04

61.34

53.68

7.32

61.34

53.68

0
0

360

270

90

4 CAALA_A04 Ceiling to unheated roof (Count: 13 , Net area: 92.35 m?, Gross area: 92.35 m? , Length: 0.00 m)

6060
6070
6232
6066
6062
6061
6073
6230
6065
6069
6064
6063

6074

4 CAALA A1l Floor to ground (Count: 10, Net area: 98.94 m?, Gross area: 99.23 m?, Length: 0.00 m)

4996
5802
5653
5825
5024
5000
5690
5486
4997

5082

4 CAALA_A12 Window (exterior wall) (Count: 27 , Net area: 30.17 m?, Gross area: 30.17 m?, Length: 0.00 m)

5928
10331
10353
10339
5950

4875

CAALA _A04 Ceiling to unheated roof
CAALA_A04 Ceiling to unheated roof
CAALA_A04 Ceiling to unheated roof
CAALA_A04 Ceiling to unheated roof
CAALA_A04 Ceiling to unheated roof
CAALA_A04 Ceiling to unheated roof
CAALA_A04 Ceiling to unheated roof
CAALA _A04 Ceiling to unheated roof
CAALA _A04 Ceiling to unheated roof
CAALA_A04 Ceiling to unheated roof
CAALA_A04 Ceiling to unheated roof
CAALA_A04 Ceiling to unheated roof

CAALA_A04 Ceiling to unheated roof

CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA A11 Floor to ground
CAALA_A11 Floor to ground

CAALA_A11 Floor to ground

CAALA_A12 Window (exterior wall)
CAALA A12 Window (exterior wall)
CAALA Al12 Window (exterior wall)
CAALA A12 Window (exterior wall)
CAALA Al12 Window (exterior wall)

CAALA _A12 Window (exterior wall)

HOR
HOR
HOR
HOR
HOR
HOR
HOR
HOR
HOR
HOR
HOR
HOR

HOR

HOR
HOR
HOR
HOR
HOR
HOR
HOR
HOR
HOR

HOR

S90

W90
W90
W90
N90

E90

11.4
0.59
134
1.11
4.08
7.32
1.81
9.95
3.79
1.23
18.54
18.54
0.59

18.54
1.81
0.59
0.59
7.32
3.79
1.81
1.23
51.86
11.4

0.36
141
1.84
1.84
1.28

2.23

11.4
0.59
134
1.11
4.08
7.32
1.81
9.95
3.79
1.23
18.54
18.54
0.59

18.54
1.81
0.59
0.59
7.32
3.79
1.81
1.23
52.15
11.4

0.36
141
1.84
1.84
1.28

2.23

o O O O O o o o o o o o o

o O O o o o o o o o

o O o o o o

90

90
57.24
90

90

90

90
69.92
90

90

90
237.05
90

90
90
90
90
90
90
90
90
90
90

180
270
270
270
360
90




6017
5535
6866
5564
10337
5939
5988
5604
10351
10417
5959
10419
10421
5598
5576
5570
5970
5997
6003
6104

5580

CAALA_A12 Window (exterior wall) E90 2.56 2.56 0 90
CAALA_A12 Window (exterior wall) W90 1.41 1.41 0 270
CAALA_A12 Window (exterior wall) N90 0.36 0.36 0 360
CAALA A12 Window (exterior wall) W90 1.41 1.41 0 270
CAALA _A12 Window (exterior wall) W90 1.84 1.84 0 270
CAALA_A12 Window (exterior wall) S90 1.28 1.28 0 180
CAALA_A12 Window (exterior wall) E90 0.29 0.29 0 90
CAALA_A12 Window (exterior wall) N90 0.83 0.83 0 360
CAALA_A12 Window (exterior wall) W90 1.84 1.84 0 270
CAALA_A12 Window (exterior wall) N90 0.38 0.38 0 360
CAALA_A12 Window (exterior wall) N90 1.28 1.28 0 0
CAALA A12 Window (exterior wall) S90 1.2 1.2 0 180
CAALA _Al12 Window (exterior wall) N90 0.38 0.38 0 0
CAALA_A12 Window (exterior wall) N90 0.83 0.83 0 0
CAALA_A12 Window (exterior wall) W90 141 141 0 270
CAALA_A12 Window (exterior wall) W90 1.41 1.41 0 270
CAALA_A12 Window (exterior wall) E90 0.36 0.36 0 90
CAALA_A12 Window (exterior wall) E90 0.29 0.29 0 90
CAALA_A12 Window (exterior wall) E90 0.29 0.29 0 90
CAALA_A12 Window (exterior wall) S90 0.36 0.36 0 180
CAALA A12 Window (exterior wall) S90 1.2 1.2 0 180

4 CAALA B04 Exterior wall (unheated rooms) (Count: 6 , Net area: 21.66 m?, Gross area: 23.94 m?, Length: 0.00 m)

10496

10514

10483

10497

10531

10530

CAALA _BO04 Exterior wall (unheated

N90 3.75 3.75 0 0
rooms)
CAALA BO04 Exterior wall (unheated £90 5 86 478 0 90
rooms)
CAALA BO04 Exterior wall (unheated W90 4.4 478 0 270
rooms)
CAALA BO04 Exterior wall (unheated N9O 3.75 3.75 0 0
rooms)
CAALA _BO04 Exterior wall (unheated 590 3.44 3.44 0 180
rooms)
CAALA BO04 Exterior wall (unheated 90 3.44 3.44 0 180

rooms)

4 CAALA B04c innerwalls non load bearing (Count: 11 , Net area: 28.80 m? , Gross area: 28.80 m? , Length: 0.00 m)

5452

5878

CAALA_BO4c innerwalls non load

) N90 2.47 2.47 0 360
bearing

CAALA BO04c innerwalls non load
bearing

W90 0.74 0.74 0 270




5658

5909

5151

5205

5826

5490

5429

5484

5451

CAALA_BO4c innerwalls non load
bearing

CAALA _BO04c innerwalls non load
bearing

CAALA BO04c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA _BO04c innerwalls non load
bearing

CAALA BO04c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

W90

N90

Woo

S90

W90

E90

N90

E90

W90

1.61

1.91

0.31

5.4

0.56

3.38

5.66

3.38

3.38

1.61

1.91

0.31

5.4

0.56

3.38

5.66

3.38

3.38

270

270

180

270

90

90

270

4 CAALA B04d innerwalls load bearing (Count: 20 , Net area: 42.46 m?, Gross area: 43.67 m? , Length: 0.00 m)

5439

5165

5441

5437

5169

5168

5447

5751

4998

5881

5883

5443

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

N90

N90

S90

S90

S90

N90

S90

S90

N90

S90

S90

S90

0.45

2.93

1.7

1.44

1.14

0.45

2.47

3.5

2.93

0.86

1.46

0.32

0.45

2.93

1.7

1.44

1.14

0.45

2.47

3.5

2.93

0.86

1.46

0.32

360

180

180

180

360

180

180

180

180

180




5880

5483

5170

5193

5025

5183

5851

5060

4 CAALA BO4e inner doors (Count: 8 , Net area: 14.38 m? , Gross area: 14.38 m? , Length: 0.00 m)

5083
5139
5243
6035
5037
5226
5166

5237

4 CAALA_B04f mesh terrace (Count: 3, Net area: 20.63 m?, Gross area: 20.63 m?, Length: 0.00 m)

10347
10343

10345

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA _BO4e inner doors
CAALA_BO4e inner doors
CAALA_BO4e inner doors
CAALA_BO4e inner doors
CAALA_BO4e inner doors
CAALA_BO4e inner doors
CAALA_BO4e inner doors

CAALA _BO4e inner doors

CAALA_B04f mesh terrace
CAALA_BO04f mesh terrace

CAALA_BO04f mesh terrace

S90

S90

E90

W90

E90

S90

S90

S90

N90
E90
S90
N90
W90
S90
S90
S90

S90
N90

Woo

2.62

0.52

8.61

1.85

6.76

0.32

0.48

1.65

1.92
1.92
1.38
2.02
1.92
1.92
1.92

1.38

3.6
3.6

13.43

2.62 0
0.52 0
8.61 0
1.85 0
6.76 0
0.32 0
0.48 0
2.86 0

1.92
1.92
1.38
2.02
1.92
1.92

1.92

o O O o o o o o

1.38

3.6 0
3.6 0
13.43 0

4 CAALA B04g Landprice (Count: 1, Net area: 1.00 m? , Gross area: 1.00 m?, Length: 0.00 m)

73902

4 CAALA B04h Kitchen complete (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m?, Length: 0.00 m)

73911

CAALA_B04g Landprice

CAALA BO04h Kitchen complete

HOR

HOR

1

1

1 0

1 0

4 CAALA B04i Bathroom (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m?, Length: 0.00 m)

73920

CAALA_B04i Bathroom

HOR

1

1 0

4 CAALA B04j Other (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m?, Length: 0.00 m)

73929

4 CAALA_BO7 Roof (unheated room) (Count: 2, Net area: 21.36 m? , Gross area: 21.36 m?, Length: 0.00 m)

10478

CAALA_BO04j Other

CAALA B07 Roof (unheated room)

HOR

SO

1

6

1 0

6 0

180

180

90

270

90

180

180

180

90

180

270
180
180

180

180
360

270

90

90

90

90

180




6914 CAALA_BO07 Roof (unheated room) EO 15.36 15.36 0 90

AALA B10 Balcony (Count: 83 , Net area: 32.18 m?, Gross area: 32.18 m?, Length: 0.00 m)

7694 CAALA_B10 Balcony N90 0.07 0.07 0 360
7697 CAALA B10 Balcony N90 0.07 0.07 0 0
6946 CAALA B10 Balcony N90 0.32 0.32 0 0
6926 CAALA B10 Balcony E90 0.32 0.32 0 90
7693 CAALA_B10 Balcony N90 0.07 0.07 0 0
7699 CAALA_B10 Balcony N90 0.07 0.07 0 360
7696 CAALA_B10 Balcony N90 0.07 0.07 0 0
7845 CAALA B10 Balcony S90 0.07 0.07 0 180
7984 CAALA_B10 Balcony E90 0.09 0.09 0 90
7703 CAALA B10 Balcony N90 0.07 0.07 0 360
7850 CAALA B10 Balcony S90 0.07 0.07 0 180
8370 CAALA B10 Balcony E90 0.02 0.02 0 90
7698 CAALA_B10 Balcony N90 0.07 0.07 0 360
7705 CAALA B10 Balcony N90 0.07 0.07 0 0
7844 CAALA_B10 Balcony S90 0.07 0.07 0 180
7695 CAALA B10 Balcony N90 0.07 0.07 0 0
7853 CAALA B10 Balcony S90 0.07 0.07 0 180
7995 CAALA B10 Balcony E90 0.09 0.09 0 90
7855 CAALA B10 Balcony S90 0.07 0.07 0 180
7706 CAALA B10 Balcony N90 0.07 0.07 0 360
7704 CAALA_B10 Balcony N90 0.07 0.07 0 360
6918 CAALA_B10 Balcony S90 0.32 0.32 0 180
9414 CAALA_B10 Balcony E90 0.02 0.02 0 90
9549 CAALA B10 Balcony E90 0.02 0.02 0 90
9489 CAALA B10 Balcony E90 0.02 0.02 0 90
9534 CAALA B10 Balcony E90 0.02 0.02 0 90
8047 CAALA B10 Balcony E90 0.23 0.23 0 90
8028 CAALA B10 Balcony E90 0.32 0.32 0 90
7847 CAALA_B10 Balcony S90 0.07 0.07 0 180
9444 CAALA_B10 Balcony E90 0.02 0.02 0 90
9691 CAALA_B10 Balcony E90 0.02 0.02 0 90
9609 CAALA B10 Balcony E90 0.02 0.02 0 90
9579 CAALA_B10 Balcony E90 0.02 0.02 0 90
9459 CAALA B10 Balcony E90 0.02 0.02 0 90
9504 CAALA B10 Balcony E90 0.02 0.02 0 90




9564
9751
9681
9624
9631
9731
9661
9761
9671
9594
9741
9972
9768
9641
9877
9701
9721
9968
9926
7849
7702
7846
8017
7854
7848
7856
9870
9961
9933
9905
9912
9651
9711
9891
9940
9884
9954

9947

CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony

CAALA_B10 Balcony

E90
E90
E90
E90
E90
E90
E90
E90
E90
E90
E90
E90
E90
E90
E90
E90
E90
E90
E90
S90
N90
S90
E90
S90
S90
S90
E90
E90
E90
E90
E90
E90
E90
E90
E90
E90
E90

E90

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.07
0.07
0.07
0.32
0.07
0.07
0.07
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.07
0.07
0.07
0.32
0.07
0.07
0.07
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

o O O O O O O O O O O O O O O O O O O O O O O o o o O o o o o o o o o o o o

90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90

180

180
90
180
180
180
90
90
90
90
90
90
90
90
90
90
90
90




9919
9898
10426
9474
9429
9519
8006
7857
8048

9399

4 CAALA B10a Balcony (patio) (Count: 1, Net area: 12.40 m?, Gross area: 12.40 m? , Length: 0.00 m)

6901

4 CAALA B11 Floor (unheated rooms) (Count: 1, Net area: 6.00 m? , Gross area: 6.00 m? , Length: 0.00 m)

10444

4 CAALA B12 Sun protection (Count: 2 , Net area: 2.28 m?, Gross area: 2.28 m?, Length: 0.00 m)

10486

10528

CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony
CAALA B10 Balcony

CAALA B10 Balcony

CAALA B10a Balcony (patio)

CAALA B11 Floor (unheated rooms)

CAALA_B12 Sun protection

CAALA _B12 Sun protection

E90
E90
HOR
E90
E90
E90
E90
S90
E90

E90

HOR

HOR

E90

W90

0.02
0.02
26.98
0.02
0.02
0.02
0.32
0.07
0.23

0.02

12.4

6

1.92

0.36

0.02
0.02
26.98
0.02
0.02
0.02
0.32
0.07
0.23

0.02

12.4

6

1.92

0.36

o O O O o o o o o o

0

0

0
0

90
90
90
90
90
90
90
180
90
90

90

90

90
270




6.2. Building Construction

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness

Cost group

CAALA_AO01 Exterior wall load-bearing
131.48 m?

35.11cm

0.158

0.280

331 Load-bearing exterior wall

CLT 10
5d882bd6-02b1-42f8-99€8-2631802f199f
10 cm

335 Exterior wall cladding outside
cedar+batten+cellulose
6789f521-203f-4363-2337-7c9f95562748
20 cm

336 Exterior wall finishing inside
Painting
73c687d9-ffe0-4131-9c90-6€23597f656b

0cm

CAALA AO03 Roof

115.02 m?

60.20 cm

0.073

0.200

361 Roof structure

CLT 14
83dclc20-a8e8-4164-831a-aea5603c22cf
10 cm

363 Roof covering




Name

Id

Thickness
Cost group

Name

Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cellulose, plywood, tar paper, rheinzink
fa85c221-al4a-4561-a7b2-a9%9ace0304a63
28.000000000000004 cm

364 Roof finishing inside

- empty -

0cm

CAALA_A04 Ceiling to unheated roof
92.35 m?

40.31 cm

0.175

0.200

351 Ceiling strucutre

CLT 14
€6083f01-2d90-496e-b8f4-124b783edf28
10 cm

352 Ceiling flooring

Cellulose + wooden deck
c7e5efdd-7¢77-412d-balc-273190b1168b
30 cm

353 Ceiling finishing

Painting
536d608f-1600-44d7-80ac-a744750d9970

0cm

CAALA A1l Floor to ground
98.94 m?

72.60 cm

0.125

0.350




Cost group 322 Flat foundation

Name - empty -
Id
Thickness 0cm

Cost group 324 Base plate
Name Concrete, eps, xps
Id 454d5640-5eb5-459e-9979-197bad4a9f79d
Thickness 70 cm

Cost group 325 Base flooring
Name Stone clinker
Id d4b8c30f-52e3-4ca0-b245-896b367f4789
Thickness 2cm

Cost group 326 Sealing
Name - empty -
Id
Thickness 0cm

Layer Name CAALA_A12 Window (exterior wall)

Area 30.17 m?

Thickness 0.00 cm

U-value 0.900

Reference U-Value 1.300

Cost group 334 Exterior doors and windows
Name Fenster, Dreifach-Isolierverglasung, Alu-Rahmen, U=0,9, g=0,6
Id 0fe99fc1-a831-440a-al8a-b29e3735c752
Thickness 0cm

Layer Name CAALA BO04 Exterior wall (unheated rooms)
Area 21.66 m?
Thickness 24,70 cm

U-value NaN




Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name

Id

0.000

331 Load-bearing exterior wall

Ceder, batten, windshield, beam, fiberb
fc8507e8-247d-42f6-bb16-cfc391ff41c5
24 cm

335 Exterior wall cladding outside
fibercement
dbdb5984-17a4-4329-9392-3f83b494efd4
lcm

336 Exterior wall finishing inside

- empty -

0cm

CAALA BO0O4c innerwalls non load bearing
28.80 m?

12.01 cm

NaN

0.000

331 Load-bearing exterior wall

- empty -

0cm

335 Exterior wall cladding outside
Gypsum-plywood-batten-pw-gyp
d582e3b6-7625-47e3-8930-19aa5041aa31
12 cm

336 Exterior wall finishing inside

Painting

73c687d9-ffe0-4131-9c90-6e23597f656b




Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group

Name

0cm

CAALA B04d innerwalls load bearing
42.46 m?

10.01 cm

NaN

0.000

331 Load-bearing exterior wall

CLT 10
95889ac1-509a-4e45-a187-28b7eeeaba74
10 cm

335 Exterior wall cladding outside

- empty -

0cm

336 Exterior wall finishing inside
Painting
73c687d9-ffe0-4131-9c90-6e23597f656b

0cm

CAALA BO4e inner doors
14.38 m?

5.00 cm

NaN

0.000

331 Load-bearing exterior wall

- empty -

0cm
335 Exterior wall cladding outside

- empty -




Id

Thickness
Cost group

Name

Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group

0cm

336 Exterior wall finishing inside

Inside door
a3916428-dbac-4f68-8622-902748f33e4a

5cm

CAALA _BO04f mesh terrace

20.63 m?

0.50 cm

NaN

0.000

331 Load-bearing exterior wall

metal mesh
541d603f-7f57-4633-919f-3767955e0c08
lcm

335 Exterior wall cladding outside

- empty -

0cm
336 Exterior wall finishing inside

- empty -

0cm

CAALA B04g Landprice
1.00 m?

0.00 cm

NaN

0.000

331 Load-bearing exterior wall




Name

Id

Thickness
Cost group

Name

Id

Thickness
Cost group

Name

Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name

- empty -

0cm
335 Exterior wall cladding outside

- empty -

0cm
336 Exterior wall finishing inside

- empty -

0cm

CAALA BO04h Kitchen complete
1.00 m?

0.00 cm

NaN

0.000

331 Load-bearing exterior wall

- empty -

0cm
335 Exterior wall cladding outside

- empty -

0cm
336 Exterior wall finishing inside

- empty -

0cm

CAALA BO04i Bathroom




Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

1.00 m?

0.00 cm

NaN

0.000

331 Load-bearing exterior wall

- empty -

0cm
335 Exterior wall cladding outside

- empty -

0cm
336 Exterior wall finishing inside

- empty -

0cm

CAALA _BO04j Other

1.00 m?

0.00 cm

NaN

0.000

331 Load-bearing exterior wall

- empty -
0cm
335 Exterior wall cladding outside

- empty -

0cm




Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name

Id

336 Exterior wall finishing inside

- empty -

0cm

CAALA BO7 Roof (unheated room)

21.36 m?

19.20 cm

NaN

0.000

361 Roof structure

Beam, raspont, papp, zink
bdOeab35-deca-4d8e-9173-dc3351966133
19 cm

363 Roof covering

- empty -

0cm
364 Roof finishing inside

- empty -

0cm

CAALA B10 Balcony
32.18 m?

2.80 cm

NaN

0.000

351 Ceiling strucutre
Wooden deck

169ad472-bb33-42b3-a9a8-7510cad309el




Thickness
Cost group

Name

Id

Thickness
Cost group

Name

Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area

Thickness

3cm
352 Ceiling flooring

- empty -

0cm
353 Ceiling finishing

- empty -

0cm

CAALA B10a Balcony (patio)

12.40 m?

40.00 cm

NaN

0.000

351 Ceiling strucutre

Concrete+eps+xps
a86b47f0-4210-4e12-8ael-6702dc231cc8
10 cm

352 Ceiling flooring

- empty -

0cm
353 Ceiling finishing

- empty -

0cm

CAALA B11 Floor (unheated rooms)
6.00 m2

70.20 cm




U-value

Reference U-Value

NaN

0.000

Cost group 322 Flat foundation
Name Concrete, eps, xps
Id 454d5640-5eb5-459e-9979-197bad4a9f79d
Thickness 70 cm
Cost group 324 Base plate
Name - empty -
Id
Thickness 0cm
Cost group 325 Base flooring
Name - empty -
Id
Thickness 0cm
Cost group 326 Sealing
Name - empty -
Id
Thickness 0cm
Layer Name CAALA B12 Sun protection
Area 2.28 m?
Thickness 0.00 cm
U-value NaN
Reference U-Value 0.000
Cost group 334 Exterior doors and windows
Name Fenster, Dreifach-Isolierverglasung, Alu-Rahmen, U=0,9, g=0,6
Id 0fe99fc1-a831-440a-al8a-b29e3735c752

Thickness 0cm




6.3. Building Technology

. , Heat pump ground/water, mechanical ventilation with heat
4204430 Heat generation equipment

recovery
Primary energy factor
R AL 20000.00
electricity
Production costs KG 20000.00 €
Performance coefficiente, 0.56

440 Photovoltaik 1 Orientierung
Inclination
Area

440 Photovoltaik 2 Orientierung
Inclination
Area

Production costs KG

South (default)
30°

0m2

South (default)
30°

0m2

20000.00 €

6.4. Other input values and boundary conditions

Thermal bridge surcharge

Air tightness

Enhanced 0,05 W/m2K

New construction - general: n50 = 4 h—
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1. Object data

1.1. Object

Model 210308 Kallsprang modell CAALA Original (proposal)
Scope of analysis Full Life Cycle

Level of detail Blueprint planning

Building type Apartment building

Energy standard EnEV 2016

Reference study period 50 Jahre

Climate region - reference location Region 10 - Hof

1.2. Geometry

Average floor height 3.20m

\Y 336.00 m?
GFA th. 105.00 m?
NFA 84.00 m?

Reference area 91.56 m?




2. Overview

2.1. Primary energy demand

42
kWh/(mzANa)
0 50 100 150 200 250
I Current variant I Performance treshold KfW 55 | Kfw 40
2.2, Life Cycle Assessment
Primary energy non renewable (PENRT) Global warming potential (GWP)
\4 v
I I
40 76 112 9.4 17.0 24.6

0.12
| 2.39 —\

-2.37
_— 2825
5546 — 71 18
kWh/(mzNFAa) kg COz-QQ/ mZNFA - 9.84
a
7.70 "
\— 9.62
A1-A3 Production B4 Replacement
B4 Replacement == B6 Energy demand in use phase
== B6 Energy demand in use phase C3+C4 End-of-life

C3+C4 End-of-life A1-A3 Production
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Life cycle costs

/' 3,207.84

748.19 '/

227.46 \_ 479.81

== |nvestment costs == Energy costs = Maintenance & Replacement == Repair == COL! Cost
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3. Operational energy demand

3.1. Overview

42
kWh/(mzANa)
0 50 100 150 200
I Current variant I Performance treshold Kfw 55 || KfW 40

Annual energy requirement operation

Primary energy demand

End energy demand Auxiliary energy

(electricity)

Useful energy Space heating

requirement

Hot water
Energetic parameters
Energy reference area
Specific area-based transmission heat loss H'y 0.20 W/(m?2K)

Max. specific area-based transmission heat loss H'y

42 kWh/mZ2a

153 kWh/mZ2a

6 kWh/mZ2a

68 kWh/mZ2a

15 kWh/mZa

0.36 W/(m2K)

250




3.2. Result per year

Legend
kWh/a
[l Solar losses opaque 34 kWh 15000 -
2]
)
2 Ventilation heat losses 5,049 kWh @ 10000 -
8 9
[l Transmission heat losses 6,880 kWh 5000
O -
Internal gains 1,376 kWh
-5000 -
f= Solar gains transparent 7,881 kWh -
G _ '© -10000 -
Solar gains opaque 168 kWh O
-15000 -
[l Heating demand 6,206 kWh 20000 4

Annual balance of energy generation on site (photovoltaics)

Electricity harvested 0 kwWh

Electricity demand 2,506 kWh
| y
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3.3. Result monthly per year sheet

Monthly energy balance

2000
1500

1000

Losses

500

kWh

-500

Gain

-1000 =

-1 500 r T T T T T T T T T T T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

== Solar losses opaque == Transmission heat losses Ventilation heat losses == Internal gains
Solar gains transparent Solar gains opaque == Heating demand

Monthly energy harvesting on site (photovoltaics)

250

20
15
10
5
0 T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

== Electricity harvested == Electricity demand

kWh
o o

o

o
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Monthly values

Natural ventilation Hy yin mth (W /
K)

Ref: Natural ventilation Hy yin mth
(W /K)

Internal temperature balance(°C)

Ref: Internal temperature
balance(°C)

Transmission heat sinks QT
(kwh)

Ref: Transmission heat sinks QT
sink (kwh)

Ventilation heat sinks QV;
(kWh)

Ref: Ventilation heat sinks QV;
(kWh)

Solar gains transparent QS ¢oyrce
(kWh)

Ref: Solar gains transparent QS
tr,source (kWh)

Solar gains opaque QS
(kwh)

opag,source

Ref: Solar gains opaque QS

opag,source (kwh)

Solar losses opaque QS sink
(kwh)

Ref: Solar losses opaque QS
opag,sink (kwh)

Internal heat sources Qlgy e
(kwh)

Ref: Internal heat sources Qlgyce
(kwh)

Jan

29.9

29.9

18.2

18.0

990.6

1,779.

606.7

601.6

176.8

176.8

0.0

0.0

11.3

1,3

117.2

117.2

Feb

31.2

31.2

18.2

18.1

859.0

1,543.

542.0

537.5

333.8

333.8

0.0

0.0

3.3

3.3

105.8

105.8

Mar Apr

36.3 423
36.3 423
18.3 18.7
18.2 18.6
794.4 598.9
1,424. 1,072.
5 7
560.1 1 475.0
554.3 469.5
769.3 865.3
769.3 865.3
124 19.6
253 417
0.0 0.0
0.0 0.0
117.2 1134

117.2 1134

May

50.4

50.4

19.2

19.1

383.3

686.6

349.3

345.3

1,039.

1,039.

29.4

63.4

0.0

0.0

117.2

117.2

Jun

54.9

54.9

19.5

19.4

245.8

440.3

240.0

237.2

1,113.

1,113.

34.5

75.0

0.0

0.0

113.4

113.4

Jul

19.6

19.6

170.9

306.1

173.9

171.9

1,148.

1,148.

35.1

76.0

0.0

0.0

117.2

117.2

Aug

58.2

58.2

19.7

19.6

157.0

281.2

160.9

159.1

1,101.

1,101.

30.3

65.0

0.0

0.0

117.2

117.2

Sep

50.9

50.9

19.2

19.1

357.5

640.4

328.3

324.5

469.3

469.3

7.3

15.7

0.0

0.0

113.4

113.4

Oct

43.9

43.9

18.8

18.7

572.7

1,025.

467.5

462.1

343.7

343.7

0.0

0.0

3.2

3.2

117.2

117.2

Nov

355

35.5

18.3

18.2

791.1

1,421.

548.7

544.1

302.4

302.4

0.0

0.0

6.8

6.8

113.4

113.4

Dec

30.7

30.7

18.2

18.0

965.8

1,783,

602.8

597.7

223.6

223.6

0.0

0.0

10.5

10.5

117.2

117.2




Utilization factor r]M

Ref: Utilization factor nM

Heat demand Qy, |,

Ref: Heat demand Qy, ,,

Electricity demand (kWh)

972.3 555.9

192.2 212.8

0.8 1.0 1.0 1.0

0.9 1.0 1.0 1.0

1,240.
205.4 602.4 937.7

1,052. 1,572. 2,018.
1 6 7

451.9

2059 212.8 2059 212.8




4. Life cycle assessment

4.1. Boundary conditions

Assessment period 50 Jahre

Net floor area (NFA) 84.00 m?

Database Okobau.dat 2016
Assessed life cycle modules Al-A3, B4, B6, C3+C4

4.2. Overview of the results

MODULE =~ GWP ~ ODP  POCP AP EP  PENRT PERT

Embodied AL-A3, B4, 9.86 2,596e-7 5,652e-3 4,307e-2 7,628e-3 43.2 28.4
B6, C3+C4

Operational B6 7.7 2,493e-10 5,532e-3 5,795e-2 1,304e-2 28.25 251.66

Total 17.56 2,598e-7 1,118e-2 1,010e-1 2,067e-2 71.45 280.06




4.3. Results for integrated environmental impacts

Global warming potential (GWP)

CAALA_A01
Exterior wall load-bearing

CAALA_A03
Roof

CAALA_A05
Wall to unheated roof

CAALA_A11
Floor to ground

CAALA_A12
Window (exterior wall)
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Exterior wall (unheated rooms)

CAALA_BO4c
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CAALA_B04d
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inner doors
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Kitchen complete
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Other

CAALA_BO7
Roof (unheated room)

CAALA_B10
Balcony

CAALA_B11
Floor (unheated rooms)

CAALA_B12
Sun protection
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4.4. Results for integrated environmental impacts per layer

m?2 GWP ODP POCP AP EP = PENRT PERT
CAALA_AOL Exterior wall 96.6 1 6372e-8 5540e-4 5418e-3  1,334e-3 5.28 434
load-bearing
CAALA_A03 Roof 98.88 2 10537 1240e-3 13092  3,099-3 12.92 8.96
CAALA_ADS Wall to 26.39 3 32338 1642e4 1557e-3  3,713e-4 1.54 0.91
unheated roof
LA AL R T 99.63 1 3878 6sed 2760e-3  3,520e-4 5.16 1.84
ground 11
CAALA_AL2 Window 33.05 1 L2 oM0e3 5.40le3 85424 5.69 6.88
(exterior wall) 10
ol Bl By vl 36.49 1 2932e-9 43%e-4 9,69le-4  2,065e-4 0.65 1.37
(unheated rooms)
CAALA_BO4c innerwalls 23.43 8 96329 6130e5 3,187e-4  7,000e-5 0.42 0.79
non load bearing
el JA0k ) Tl 38.1 1 2448e-8 1233e-4 6,113¢-4 1234e-4 0.82 0.42
load bearing
CAALA BO04e inner doors 10.54 1 1,66le-9 4,768e-5 5,270e-4  3,840e-5 0.29 0.05
CAALA_BO04g Landprice 0 0 0,000e+0 0,000e+0 0,000e+0  0,000e+0 0 0
CAALA_BO4h Kitchen 0 0 0,000e+0 0,000e40 0,000e+0  0,000e+0 0 0
complete
CAALA_B04i Bathroom 0 0 0,000e+0 0,000e+0 0,000e+0  0,000e+0 0 0
CAALA_BO4j Other 0 0 0,000e+0 0,000e+0 0,000e+0  0,000e+0 0 0
S B0 [oey 49.07 3 1277e-8  1514e-4  1,083e-3  1,433e-4 1.42 0.34
(unheated room)
CAALA_B10 Balcony 61.86 4 647169 4473e-5 1,988e-4  3,942e-5 0.19 0.22
CesclAL SR A7 18.99 g 007& ) isees  1884ed  2278e-5 035 0.15
(unheated rooms) 12
CAALA_B12 Sun 8.54 o 30308 004ed  1153e3 174604 1.26 1.77
protection 11
TGA 0 2 1202805403 97873 7.994e-4 7.21 0.37

11




5. Life cycle cost analysis

5.1. Boundary conditions

Assessment period 50 Jahre
Gross Floor Area (GFA) 105 m?
Energy price evolution rates 2 %/Jahr
Price discount rate 1 %/)ahr
Energy carrier's initial prices 0,13 €/kWh
Price for [Wood Pellet] 240

5.2. Overview of results

Investment costs

KG 300 Building

construction 3,112.60 €/m’gpa 62.25 €/m?graa
KG 400 Technical

95.24 €/m? 1.90 €/m?
building equipment /m*era /m*Graa
Operational costs
Energy costs 479.81 €/mZgea 9.60 €/mZgraa
Inspection &
maintenance costs 202.11  €/m’gea 4.04 €/m%graa
for KG 300
Inspection &
maintenance costs 25.35  €/mZ%gea 0.51 €/mZ%graa
for KG 400
Repair Cost
zgé’a'r Cost for KG 707.38  €/m%gea 14.15  €/m2graa
Repair Cost for KG 40.81 €/meea 0.82 €/mleraa

400




5.3. Results by cost group 2nd level

Construction Maintenance & Replace Repair
KG 300 - Building
, 326,823.20€ 21,221.34€ 74,274.70€
construction
KG 320 Foundation 32,737.50€ 2,125.72¢€ 7,440.01€
KG 330 Exterior walls 242,654.11€ 15,756.06€ 55,146.21€
KG 340 Interior walls 4,671.03€ 303.30€ 1,061.55€
KG 350 Ceilings 6,186.00€ 401.67€ 1,405.85€
KG 360 Roofs 40,574.56€ 2,634.59€ 9,221.08€
KG 400 - Technical
o , 10,000.00€ 2,662.22€ 4,285.52€
building equipment
KG 420 + 430 Heat
10,000.00€ 2,662.22€ 4,285.52€

generation equipment




5.4. Results by cost group 3rd level

Construction Maintenance & Replacement
Costs Expenses per year Costs
200 Buring 326,823.20€ 21,221.35€
322 Flat foundation 2,848.50€ 0.1% 184.96€
324 Base plate 19,926.00€ 0.1% 1,293.84€
325 Base flooring 9,963.00€ 0.1% 646.92€
326 Sealing 0.00€ 0.1% 0.00€
23 oad bearing 206,093.17€ 0.1% 13,382.08€
238 Beriordoor=2nd | 6,748.00€ 0.1% 438.16€
iéfjjlxntszzrt:j! 22,170.99€ 0.1% 1,439.61€
mﬁfntge:'n";::” 7,641.95€ 0.1% 496.21€
47 road-bearing 3,483.48¢€ 0.1% 226.19€
b r']'l‘rf:r;‘;[lt“:‘;'e) 791.70€ 0.1% 51.41€
b ;T;Zr;?nrsﬂ 395.85€ 0.1% 25.70€
351 Ceiling strucutre | 6,186.00€ 0.1% 401.67€
352 Ceiling flooring 0.00€ 0.1% 0.00€
353 Ceiling finishing 0.00€ 0.1% 0.00€
361 Roof structure 21,688.48€ 0.1% 1,408.28€
363 Roof covering 17,402.88€ 0.1% 1,130.01€
364 Roof finishing inside  1,483.20€ 0.1% 96.31€
iggiﬁg::‘“' Pulding 9 0000€ 2,662.22€
420 + 430 feat 10000€ 0.41% 2,662.22€

generation equipment

Repair

Expenses per year Costs

0.35%
0.35%
0.35%

0.35%

0.35%

0.35%

0.35%

0.35%

0.35%

0.35%

0.35%

0.35%
0.35%
0.35%
0.35%
0.35%

0.35%

0.66%

74,274.71€

647.36€
4,528.44€
2,264.22€

0.00€

46,837.28€

1,533.57€

5,038.64€

1,736.73€

791.66€

179.92€

89.96€

1,405.85€
0.00€
0.00€
4,928.98€
3,955.02€

337.08€

4,285.52€

4,285.52€




6. Building envelope and building technology

6.1. Surfaces
Overview

ID Layer Orientation | Net area Gross area Length Angle (Azimut
» CAALA_AO1 Exterior wall load-bearing (Count: 11 , Net area: 96.60 m? , Gross area: 126.57 m?, Length: 0.00 m)
» CAALA_A03 Roof (Count: 2 , Net area: 98.88 m? , Gross area: 99.28 m?, Length: 0.00 m)
» CAALA_AO05 Wall to unheated roof (Count: 6 , Net area: 26.39 m? , Gross area: 26.39 m?, Length: 0.00 m)
» CAALA_A1ll Floor to ground (Count: 13, Net area: 99.63 m?, Gross area: 101.31 m?, Length: 0.00 m)
» CAALA_A12 Window (exterior wall) (Count: 20 , Net area: 33.05 m?, Gross area: 33.05 m?, Length: 0.00 m)
» CAALA _BO04 Exterior wall (unheated rooms) (Count: 5, Net area: 36.49 m?, Gross area: 45.03 m?, Length: 0.00 m)
» CAALA_BO4c innerwalls non load bearing (Count: 22 , Net area: 23.43 m?, Gross area: 23.43 m?, Length: 0.00 m)
» CAALA _B04d innerwalls load bearing (Count: 49 , Net area: 38.10 m?, Gross area: 38.10 m?, Length: 0.00 m)
» CAALA_BO4e inner doors (Count: 6 , Net area: 10.54 m? , Gross area: 10.54 m? , Length: 0.00 m)
» CAALA_BO04g Landprice (Count: 1, Net area: 1.00 m? , Gross area: 1.00 m?, Length: 0.00 m)
» CAALA B04h Kitchen complete (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m?, Length: 0.00 m)
» CAALA BO04i Bathroom (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m? , Length: 0.00 m)
» CAALA_BO04j Other (Count: 1, Net area: 1.00 m? , Gross area: 1.00 m?, Length: 0.00 m)
» CAALA_BO7 Roof (unheated room) (Count: 4, Net area: 49.07 m? , Gross area: 49.07 m?, Length: 0.00 m)
» CAALA_B10 Balcony (Count: 4, Net area: 61.86 m?, Gross area: 61.86 m?, Length: 0.00 m)
» CAALA B11 Floor (unheated rooms) (Count: 3 , Net area: 18.99 m? , Gross area: 18.99 m?, Length: 0.00 m)

» CAALA B12 Sun protection (Count: 4 , Net area: 8.54 m?, Gross area: 8.54 m? , Length: 0.00 m)

Detailed areas

ID Layer Orientation = Net area Gross area | Length Angle (Azimu
4 CAALA_AO01 Exterior wall load-bearing (Count: 11 , Net area: 96.60 m? , Gross area: 126.57 m? , Length: 0.00 m)

CAALA A01 Exterior wall load-

92272 i NE90 5.41 7.89 0 45
bearing

86644 CAAITA_A01 Exterior wall load- SEQ0 9.09 17.58 0 135
bearing

88465 CAAITA_A01 Exterior wall load- SW90 0.49 0.49 0 225
bearing

86636 CAALA_A01 Exterior wall load- SW90 29.04 35.12 0 295

bearing




86795

88371

87374

87375

87321

88460

86767

4 CAALA _A03 Roof (Count: 2, Net area: 98.88 m?, Gross area: 99.28 m?, Length: 0.00 m)

88624

88484

4 CAALA_A05 Wall to unheated roof (Count: 6 , Net area: 26.39 m?, Gross area: 26.39 m?, Length: 0.00 m)

87082
87106
87108
88388
88421

87351

4 CAALA A1l Floor to ground (Count: 13 , Net area: 99.63 m?, Gross area: 101.31 m?, Length: 0.00 m)

88607
4996
5802
5825
5653
5000
5690
5024
5082
5486
87089
88621

88620

4 CAALA_A12 Window (exterior wall) (Count: 20 , Net area: 33.05 m?, Gross area: 33.05 m?, Length: 0.00 m)

CAALA_AOQ1 Exterior wall load-
bearing

CAALA_A01 Exterior wall load-
bearing

CAALA A01 Exterior wall load-
bearing

CAALA_A01 Exterior wall load-
bearing

CAALA_AOQ1 Exterior wall load-
bearing

CAALA_A01 Exterior wall load-
bearing

CAALA A01 Exterior wall load-
bearing

CAALA_A03 Roof

CAALA A03 Roof

CAALA_A05 Wall to unheated roof
CAALA_A05 Wall to unheated roof
CAALA_A05 Wall to unheated roof
CAALA_A05 Wall to unheated roof
CAALA_A05 Wall to unheated roof

CAALA_A05 Wall to unheated roof

CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground
CAALA_A11 Floor to ground

CAALA_A11 Floor to ground

SE90

NE9O

NE9O

NE9O

NE9O

NW90

SE90

SEO

NWO

NW9O0
NW90
NW90
NW90
NW90

NW90

HOR
HOR
HOR
HOR
HOR
HOR
HOR
HOR
HOR
HOR
HOR
HOR

HOR

7.88

3.72

3.43

2.27

14.72

13.63

6.92

55.22

43.66

5.54
2.1
1.58
3.54
3.1

10.53

0.73
18.54
1.81
0.59
0.59
3.79
1.81
1.1
59.88
1.23
0.35
6.71

2.5

12.56

3.72

7.59

2.27

14.72

13.63

11

55.62

43.66

5.54
2.1
1.58
3.54
3.1

10.53

0.73
18.54
1.81
0.59
0.59
3.79
1.81
1.1
59.88
1.23
0.35
8.39

2.5

o

o O o o o o

o O O O O O o o o o o o o

135

45

45

45

45

315

135

135

315

315
315
315
315
315

315

97.78
97.73
97.75
97.75
97.75
97.75
97.75
98.12
95.46
97.75
96.7

97.75

97.8




87476
88679
88572
92290
88580
92286
86882
86949
88511
88721
86919
87420
86413
86666
88646
88674
88678
88717
88676

92250

CAALA_A12 Window (exterior wall)
CAALA _A12 Window (exterior wall)
CAALA_A12 Window (exterior wall)
CAALA A12 Window (exterior wall)
CAALA _A12 Window (exterior wall)
CAALA A12 Window (exterior wall)
CAALA Al12 Window (exterior wall)
CAALA A12 Window (exterior wall)
CAALA_A12 Window (exterior wall)
CAALA _A12 Window (exterior wall)
CAALA_A12 Window (exterior wall)
CAALA A12 Window (exterior wall)
CAALA _Al12 Window (exterior wall)
CAALA A12 Window (exterior wall)
CAALA Al12 Window (exterior wall)
CAALA Al12 Window (exterior wall)
CAALA_A12 Window (exterior wall)
CAALA _A12 Window (exterior wall)
CAALA_A12 Window (exterior wall)

CAALA A12 Window (exterior wall)

SE90 1.89
NW90 0.1
SE90 2.34
NE9O 0.4
SE90 0.45
NE9O 2.08
NE9O 1.68
SW90 2.08
SE90 8.49
SE90 2.04
NE9O 0.8
NE9O 1.68
NE9O 1.68
SW90 1.44
SEO 1
SW90 0.1
NE9O 0.1
SE90 2.04
SE90 0.1
SW90 2.56

1.89
0.1

2.34
0.4

0.45
2.08
1.68
2.08
8.49
2.04
0.8

1.68
1.68

1.44

0.1
0.1
2.04
0.1

2.56

O O O O O O O O O O O o o o o o o o o o

135
315
135
45
135
45
45
225
135
135
45
45
45
225
135
225
45
135
135

225

4 CAALA_B04 Exterior wall (unheated rooms) (Count: 5 , Net area: 36.49 m?, Gross area: 45.03 m?, Length: 0.00 m)

88587

87328

88425

86597

88471

CAALA_BO04 Exterior wall (unheated
rooms)

CAALA BO04 Exterior wall (unheated
rooms)

CAALA BO04 Exterior wall (unheated
rooms)

CAALA _B04 Exterior wall (unheated
rooms)

CAALA_BO04 Exterior wall (unheated
rooms)

NE9O 6.5
NW90 14.58
NW90 8.87
SW90 5.16
SWa0 1.38

8.84

14.58

12.76

7.47

1.38

45

315

315

225

225

4 CAALA BO04c innerwalls non load bearing (Count: 22, Net area: 23.43 m?, Gross area: 23.43 m?, Length: 0.00 m)

86986

86990

87040

87018

CAALA_BO4c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA BO04c innerwalls non load
bearing

SE90 0.81
NW90 1.69
SE90 1.69
SW90 2.33

0.81

1.69

1.69

2.33

135

315

135

225




87026

87029

86989

86963

86987

86962

87041

86978

87019

86960

87030

87027

86959

87017

87016

86979

86950

86951

CAALA_BO4c innerwalls non load
bearing

CAALA _BO04c innerwalls non load
bearing

CAALA BO04c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA _BO04c innerwalls non load
bearing

CAALA BO04c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA _BO04c innerwalls non load
bearing

CAALA BO04c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA _BO04c innerwalls non load
bearing

CAALA BO04c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA_BO4c innerwalls non load
bearing

CAALA _BO04c innerwalls non load
bearing

SWa0

SW90

NW90

SE90

SE90

SE90

SE90

NW90

SWa0

SE90

SW90

SW90

SE90

SW90

SW90

NW90

SE90

SE90

1.23

0.96

1.69

0.16

0.81

0.16

1.69

1.69

1.52

0.37

0.96

1.23

0.37

0.51

1.31

1.69

0.28

0.28

1.23

0.96

1.69

0.16

0.81

0.16

1.69

1.69

1.52

0.37

0.96

1.23

0.37

0.51

1.31

1.69

0.28

0.28

225

225

315

135

135

135

135

315

225

135

225

225

135

225

225

315

135

135

4 CAALA B04d innerwalls load bearing (Count: 49 , Net area: 38.10 m?, Gross area: 38.10 m?, Length: 0.00 m)

87010

86994

87005

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

NE9O

SE90

NE9O

0.28

0.29

0.57

0.28

0.29

0.57

45

135

45




86993

86992

87051

87043

87059

87048

87057

86974

86953

86973

86956

86996

87009

87006

87049

87037

87032

86984

87047

87046

87035

87050

CAALA_B04d innerwalls load
bearing

CAALA_BO04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_BO04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

SE90

SE90

SW90

NE9O

NE9O

SWa0

NE9O

NE9O

SW90

NE9O

NE9O

SE90

NE9O

NE9O

SW90

NE9O

NW90

NE9O

SW90

SW90

NE9O

SWa0

0.36

0.38

0.04

0.16

0.05

0.03

0.26

0.72

0.22

0.58

0.73

0.26

1.47

0.57

0.09

0.23

3.38

0.43

0.09

0.1

1.24

0.1

0.36

0.38

0.04

0.16

0.05

0.03

0.26

0.72

0.22

0.58

0.73

0.26

1.47

0.57

0.09

0.23

3.38

0.43

0.09

0.1

1.24

0.1

135

135

225

45

45

225

45

45

225

45

45

135

45

45

225

45

315

45

225

225

45

225




86995

87058

87023

87013

87086

87088

86957

86997

86970

87044

86983

86969

86998

87014

86975

87008

88429

86954

86966

87033

86968

86965

CAALA_B04d innerwalls load
bearing

CAALA_BO04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA B04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

CAALA_BO04d innerwalls load
bearing

CAALA_B04d innerwalls load
bearing

SE90

NE9O

NE9O

NE9O

SW90

SWa0

NE9O

SE90

NE9O

NE9O

NE9O

NE9O

SE90

NE9O

NE90

NE9O

SW90

SWa0

NE9O

NW90

NE9O

NE9O

0.22

0.21

1.31

0.24

2.93

6.5

0.73

0.32

0.16

0.16

0.43

0.85

0.02

0.24

0.14

1.75

2.34

0.22

0.16

3.38

0.69

0.16

0.22

0.21

1.31

0.24

2.93

6.5

0.73

0.32

0.16

0.16

0.43

0.85

0.02

0.24

0.14

1.75

2.34

0.22

0.16

3.38

0.69

0.16

135

45

45

45

225

225

45

135

45

45

45

45

135

45

45

45

225

225

45

315

45

45




CAALA_B04d innerwalls load
bearing

87024 NE9O 1.31 1.31 0 45

CAALA_BO04d innerwalls load
bearing

87036 NE9O 1 1 0 45

4 CAALA _BO4e inner doors (Count: 6 , Net area: 10.54 m?, Gross area: 10.54 m?, Length: 0.00 m)

5226 CAALA_BO4e inner doors NE9O 1.92 1.92 0 45
5237 CAALA_BO4e inner doors NE90 1.38 1.38 0 45
5166 CAALA_BO4e inner doors NE90 1.92 1.92 0 45
5243 CAALA _BO4e inner doors NE9O 1.38 1.38 0 45
6035 CAALA _BO4e inner doors SW90 2.02 2.02 0 225
5037 CAALA BO4e inner doors SE90 1.92 1.92 0 135
4 CAALA _BO04g Landprice (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m? , Length: 0.00 m)
87171 CAALA_B04g Landprice HOR 1 1 0 90
4 CAALA B04h Kitchen complete (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m?, Length: 0.00 m)
87180 CAALA_BO04h Kitchen complete HOR 1 1 0 90
4 CAALA B04i Bathroom (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m?, Length: 0.00 m)
87189 CAALA_B04i Bathroom HOR 1 1 0 90
4 CAALA _BO04j Other (Count: 1, Net area: 1.00 m?, Gross area: 1.00 m?, Length: 0.00 m)
87198 CAALA_BO04j Other HOR 1 1 0 90
4 CAALA BO07 Roof (unheated room) (Count: 4 , Net area: 49.07 m?, Gross area: 49.07 m?, Length: 0.00 m)
91147 CAALA_B07 Roof (unheated room) SEO 8.88 8.88 0 135
88375 CAALA _BO07 Roof (unheated room) SEO 19.01 19.01 0 135
88475 CAALA_B07 Roof (unheated room) NWO 11.04 11.04 0 315
91389 CAALA _BO07 Roof (unheated room) SEO 10.14 10.14 0 135
4 CAALA B10 Balcony (Count: 4 , Net area: 61.86 m?, Gross area: 61.86 m? , Length: 0.00 m)
91512 CAALA_B10 Balcony HOR 18.99 18.99 0 72.08
90723 CAALA B10 Balcony HOR 13.49 13.49 0 94.56
86553 CAALA_B10 Balcony HOR 19.49 19.49 0 89.21
88786 CAALA_B10 Balcony HOR 9.89 9.89 0 92.63

4 CAALA B11 Floor (unheated rooms) (Count: 3, Net area: 18.99 m? , Gross area: 18.99 m?, Length: 0.00 m)

87078 CAALA_B11 Floor (unheated rooms) | HOR 6.5 6.5 0 97.75
10426 CAALA _B11 Floor (unheated rooms) = HOR 3.63 3.63 0 99.92
87077 CAALA B11 Floor (unheated rooms) = HOR 8.86 8.86 0 94.96

4 CAALA B12 Sun protection (Count: 4 , Net area: 8.54 m? , Gross area: 8.54 m? , Length: 0.00 m)
4835 CAALA B12 Sun protection NE9O 1.89 1.89 0 45
86184 CAALA B12 Sun protection SW90 2.31 2.31 0 225

87435 CAALA_B12 Sun protection NW90 3.89 3.89 0 315
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88380 CAALA_B12 Sun protection NE9O 0.45 0.45 0 45
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6.2. Building Construction

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness

Cost group

CAALA_AO01 Exterior wall load-bearing
96.60 m?

35.11cm

0.158

0.280

331 Load-bearing exterior wall

CLT 10
5d882bd6-02b1-42f8-99€8-2631802f199f
10 cm

335 Exterior wall cladding outside
cedar+batten+cellulose
6789f521-203f-4363-2337-7c9f95562748
20 cm

336 Exterior wall finishing inside
Painting
73c687d9-ffe0-4131-9c90-6€23597f656b

0cm

CAALA_A03 Roof

98.88 m?

66.31 cm

0.076

0.200

361 Roof structure

CLT 14
83dc1c20-a8e8-4164-831a-aea5603c22cf
10 cm

363 Roof covering




Name

Id

Thickness
Cost group

Name

Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Brick tile construction
ad51323e-425c-4a34-al3a-576fb76a1282
36 cm

364 Roof finishing inside

Anstrich
981a2e03-cdcf-4b21-a589-788acb0d01ce

0cm

CAALA_A05 Wall to unheated roof

26.39 m?

31.81 cm

0.163

0.200

341 Load-bearing interior wall

CLT 10
95889ac1-509a-4e45-a187-28b7eeeaba74
10 cm

345 Interior wall finishing (outside)
Cellulose and OSB
77c28e53-0fbe-404f-b112-02ef075¢c2229
22 cm

345 Interior wall finishing (inside)
Anstrich
981a2e03-cdcf-4b21-a589-788acb0d01ce

0cm

CAALA A1l Floor to ground
99.63 m?

42.40 cm

0.128

0.350




Cost group 322 Flat foundation

Name - empty -
Id
Thickness 0cm

Cost group 324 Base plate
Name Foam 30
Id 393bbdef-698e-4ef9-8db5-b78b97adc738
Thickness 40 cm

Cost group 325 Base flooring
Name Stone clinker
Id d4b8c30f-52e3-4ca0-b245-896b367f4789
Thickness 2cm

Cost group 326 Sealing
Name - empty -
Id
Thickness 0cm

Layer Name CAALA_A12 Window (exterior wall)

Area 33.05 m?

Thickness 0.00 cm

U-value 0.800

Reference U-Value 1.300

Cost group 334 Exterior doors and windows
Name Fenster, Dreifach-Isolierverglasung, Holz-Rahmen, U=0,8,

g=0,6
Id af4e8253-4d74-476d-9f51-9913392f1a59
Thickness 0cm
Layer Name CAALA BO04 Exterior wall (unheated rooms)
Area 36.49 m?

Thickness 24.70 cm




U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group

Name

NaN

0.000

331 Load-bearing exterior wall

Ceder, batten, windshield, beam, fiberb
fc8507e8-247d-42f6-bb16-cfc391ff41c5
24 cm

335 Exterior wall cladding outside
fibercement
dbdb5984-17a4-4329-9392-3f83b494efd4
lcm

336 Exterior wall finishing inside

- empty -

0cm

CAALA BO0O4c innerwalls non load bearing
23.43 m?

12.01 cm

NaN

0.000

331 Load-bearing exterior wall

- empty -

0cm

335 Exterior wall cladding outside
Gypsum-plywood-batten-pw-gyp
d582e3b6-7625-47e3-8930-19aa5041aa31
12 cm

336 Exterior wall finishing inside

Painting




Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness

Cost group

73c687d9-ffe0-4131-9c90-6e23597f656b

0cm

CAALA B04d innerwalls load bearing
38.10 m?

10.01 cm

NaN

0.000

331 Load-bearing exterior wall

CLT 10
95889ac1-509a-4e45-a187-28b7eeeaba74
10 cm

335 Exterior wall cladding outside

- empty -

0cm

336 Exterior wall finishing inside
Painting
73c687d9-ffe0-4131-9c90-6e23597f656b

0cm

CAALA BO4e inner doors
10.54 m?

5.00 cm

NaN

0.000

331 Load-bearing exterior wall

- empty -

0cm

335 Exterior wall cladding outside




Name

Id

Thickness
Cost group

Name

Id

Thickness

Layer Name
Area
Thickness
U-value
Reference U-Value
Cost group

Name

Id

Thickness
Cost group

Name

Id

Thickness
Cost group

Name

Id

Thickness

Layer Name
Area
Thickness
U-value

Reference U-Value

- empty -

0cm

336 Exterior wall finishing inside

Inside door
a3916428-dbac-4f68-8622-902748f33e4a

5cm

CAALA _B04g Landprice

1.00 m?

0.00 cm

NaN

0.000

331 Load-bearing exterior wall

- empty -

0cm
335 Exterior wall cladding outside

- empty -

0cm
336 Exterior wall finishing inside

- empty -

0cm

CAALA BO04h Kitchen complete
1.00 m?

0.00 cm

NaN

0.000




Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

331 Load-bearing exterior wall

- empty -

0cm
335 Exterior wall cladding outside

- empty -

0cm
336 Exterior wall finishing inside

- empty -

0cm

CAALA BO04i Bathroom

1.00 m?

0.00 cm

NaN

0.000

331 Load-bearing exterior wall

- empty -

0cm
335 Exterior wall cladding outside

- empty -

0cm

336 Exterior wall finishing inside

- empty -

0cm




Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name
Id
Thickness
Cost group
Name
Id

Thickness

Layer Name
Area
Thickness

U-value

Reference U-Value

Cost group
Name
Id
Thickness
Cost group
Name

Id

CAALA_B04j Other

1.00 m?

0.00 cm

NaN

0.000

331 Load-bearing exterior wall

- empty -

0cm
335 Exterior wall cladding outside

- empty -

0cm
336 Exterior wall finishing inside

- empty -

0cm

CAALA BO7 Roof (unheated room)

49.07 m?

19.20 cm

NaN

0.000

361 Roof structure

Beam, raspont, papp, zink
bdOeab35-deca-4d8e-9173-dc3351966133
19 cm

363 Roof covering

- empty -




Thickness
Cost group

Name

Id

Thickness

Layer Name
Area
Thickness
U-value
Reference U-Value
Cost group

Name

Id

Thickness
Cost group

Name

Id

Thickness
Cost group

Name

Id

Thickness

Layer Name
Area
Thickness
U-value
Reference U-Value
Cost group

Name

0cm
364 Roof finishing inside

- empty -

0cm

CAALA B10 Balcony

61.86 m?

2.80 cm

NaN

0.000

351 Ceiling strucutre

Wooden deck
169ad472-bb33-42b3-a9a8-7510cad309el
3cm

352 Ceiling flooring

- empty -

0cm
353 Ceiling finishing

- empty -

0cm

CAALA B11 Floor (unheated rooms)
18.99 m?

14.00 cm

NaN

0.000

322 Flat foundation

Foam 20




Id 3¢c3c82c1-b460-49fa-878e-a3afb3c752fe

Thickness 14.000000000000002 cm
Cost group 324 Base plate
Name - empty -
Id
Thickness 0cm
Cost group 325 Base flooring
Name - empty -
Id
Thickness 0cm
Cost group 326 Sealing
Name - empty -
Id
Thickness 0cm
Layer Name CAALA B12 Sun protection
Area 8.54 m?
Thickness 0.00 cm
U-value NaN
Reference U-Value 0.000
Cost group 334 Exterior doors and windows
Name Fenster, Zweifach-lIsolierverglasung, Holz-Rahmen, U=1,3,
9=0,65
Id 7017f100-b362-46¢3-8b35-2c033115e9e5

Thickness 0cm




6.3. Building Technology

4204430 Heat generation equipment

Primary energy factor
electricity

Production costs KG
Performance coefficiente,
440 Photovoltaik 1 Orientierung
Inclination
Area
440 Photovoltaik 2 Orientierung
Inclination
Area

Production costs KG

10000.00

10000.00 €
0.52

South (default)
30°

0 m?

South (default)
30°

0 m?

10000.00 €

6.4. Other input values and boundary conditions

Thermal bridge surcharge

Air tightness

Detailed 0,035 W/m2K

With verification: n50 = 2 h?




