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Abstract

In Sweden, as well as in Europe, buildings are estimated to consume 40 % of the total energy
use. Moreover, one third of the European building stock consists of buildings with some sort of
distinguable cultural or historic significance, and it follows logically that a considerable
percentage of Sweden’s and Europe’s total energy is consumed by this category of buildings —
historic buildings. Especially when considering that historic buildings typically have inferior
energy performance than other buildings. The challenge to improve the energy performance in
historic buildings while also taking heritage values into consideration is undertaken within the
scope of this master’s thesis. The European standard “Conservation of cultural heritage —
Guidelines for improving the energy performance of historic buildings” (SS-EN 16883:2017) is
partially applied to a case-building in order to approach the challenge methodically.

The energy performance of a building and proposed refurbishment measures is evaluated
through the use of computer-generated building energy models. Three different scenarios with
sets of refurbishment measures have been simulated; (1) light impact, (2) moderate impact and
(3) heavy impact on heritage values. Categorization of the refurbishment measures have been
accomplished by using an objectivistic approach based on contemporary conservation theories
and definitions. The theoretical framework is primarily based on conservation practices laid out
by the Burra Charter.

The light refurbishment package would reduce the heating energy use by almost 11 % while
having little to no impact on the building’s heritage values. The moderate package would reduce
the heating energy use by 34,5 % without having a major impact on the building’s heritage
values. The most invasive refurbishment package would, the heavy refurbishment package,
would reduce the heating energy use by almost 40 %. This significant energy use reduction
would not come without its drawbacks. This package of measures would infact alter some of the
expressed character defining elements of the building.

Improving the energy efficiency of built heritage is a challenge, especially when trying to
assess the impact it might have on its heritage values. This master’s thesis can provide some
insight into the act of balancing energy improvement measures and cultural heritage values
against one another, especially for buildings that lack formal protection in the form of legislative
directives or policies.

Keywords: Cultural heritage, cultural value assessment, energy improvement, energy
performance, refurbishment measures
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Sammanfattning

[ Sverige, sasom 1 Ovriga Europa, uppskattas byggnader sta for 40 % av den totala
energianviandningen. En tredjedel av europeiska byggnader har nigon form av kulturell eller
historisk betydelse. Detta tyder pa att en betydelsefull andel av Sveriges och Europas totala energi
torbrukas av denna kategori byggnader — historiska byggnader. I synnerhet nir hinsyn tas till att
historiska byggnader 1 allminhet pavisar simre energiprestanda 4n andra byggnader. Utmaningen
att forbittra energiprestandan 1 historiska byggnader samtidigt som man respekterar och beaktar
kulturvirden behandlas inom ramen for detta examensarbete. Den europeiska standarden
"Bevarande av kulturarv - Riktlinjer for forbittring av energiprestandan 1 historiska byggnader”
(SS-EN 16883: 2017) tillimpas delvis pa en byggnad for att pa ett metodiskt tillvigagingssitt
angripa utmaningen.

Byggnadens energiprestanda och foreslagna renoveringsitgiarder utvirderas genom
anvindning och analys av datorgenererade energimodeller. Tre scenarier, bestiende av olika
renoveringsatgirder med varierande paverkan av kulturvirdena har simulerats; (1) litt paverkan,
(2) mittlig paverkan och (3) stor paverkan av kulturvirden. Kategoriseringen av
renoveringsatgarderna har uppnatts genom att anvinda ett objektivistiskt tillvigagangssitt baserat
pa ridande definitioner och kunskap frin byggnadsmiljoviarden. Den teoretiska referensramen ar
huvudsakligen baserad pa bevarandepraxis som faststillts 1 Burra-stadgan.

Renoveringspaketet med “litt paverkan” skulle minska anvindningen av virmeenergi med
nistintill 11 % samtidigt som atgarden har liten eller ingen betydande inverkan pa byggnadens
kulturvirden. Det “mattliga paketet” skulle kunna minska anvindningen av virmeenergi med
34,5 % utan att ha en alltfor stor inverkan pd byggnadens kulturvirden. Det mest omfattande
renoveringspaketet som innebir “stor paverkan” skulle kunna minska anvindningen av
virmeenergi med nistan 40 %. Denna betydande forbittring kommer inte utan tillhorande
nackdelar. Detta paket av dtgirder kan potentiellt skada eller forandra karaktiren hos byggnaden.
Karaktirsdrag som uttryckligen bedomts vara virda att bevara.

Att torbittra energieftektiviteten hos kulturhistorisk bebyggelse dr en utmaning, sirskilt nar
man forsoker bedoma vilken paverkan eventuella dtgirder kan ha pd ovirderliga kulturvirden.
Detta examensarbete kan ge viss insikt 1 hur man kan balansera energibesparingsitgirder och
kulturvirden mot varandra, sarskilt for byggnader som saknar sirskilt uttryckta skyddsatgirder i
form av byggnadsminnesforklaring, lagstiftning eller politiska stallningstaganden.

Nyckelord: ~ Energibesparing, energiprestanda, kulturarv, kulturvirdesbedomning,
renoveringsatgirder
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Abbreviations

ASHRAE
BBR
CEN

EU

EU-28

EFFESUS

FEC

GHG

IDA ICE

LKAB
PBL

PEC

RAA

SVEBY

SCB

American Society of Heating, Refrigeration, and Air-Conditioning Engineers
Boverket’s building regulations (Boverkets byggregler)

The European Committee for Standardization

European Union

The European Union is a political and economic union of 28 member states that are located
primarily in Europe.

Energy Efficiency for EU Historic Urban Districts’ Sustanability

Final energy consumption covers the energy supplied to the final consumer for all energy uses. It
is calculated as the sum of the final energy consumption of all sectors. Final energy consumption
is typically measured in million tonnes of oil equivalent (Mtoe).

A greenhouse gas contributes to the greenhouse effect by absorbing and emitting infrared
radiation. Carbon dioxide, methane and water vapour are all examples of common greenhouse
gases.

IDA Indoor Climate and Energy is a building performance simulation software. The software
models the building and its associated subsystems in order to evaluate energy consumption and
overall performance.

Luossavaara-Kiirunavaara Aktiebolag

The Swedish Planning and Building Act, Plan- och bygglagen (2010:900)

Primary energy consumption measures the accumulated energy consumption of a region, usually a
county. The measurement takes the consumption of the energy sector itself into account.
Transformation and distribution losses are also included, as is the direct energy use at the source.

The Swedish National Heritage Board (Riksantikvariedmbetet)

Standardize and verify energy performance of buildings (Standardisera och verifiera energiprestanda
for byggnader)

Statistics Sweden (Statistiska Centralbyran)

UNFCCC United Nations Framework Convention on Climate Change
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Definitions

Place

The building’s energy use

The building’s property energy

Domestic energy (E,)

Domestic hot water (E.)

Energy for comfort cooling
(Ekyl)

Indoor temperature

Ay
A om

Atcmp

Primary energy value (EP,.,)

The term, as defined by the Burra Charter, has a broad scope. It includes natural
and cultural features as well as individual buildings and groups of buildings.

The term is defined according to BBR as the energy which, in normal use during
a reference year, needs to be supplied (Epe,) to a building for heating (Eyppv),
comfort cooling (Eiy), domestic hot water (Eqv) and the building’s property energy
and/or electricity E¢(also referred to as “facility emergy”). The building’s energy
use is calculated using the following equation:

Ebea = Euppv + Ekyl + Etvv + Ef

The term is defined according to BBR as the share of the building electricity
consumption that is related to the building's operational needs, where the
electricity consuming appliance is located in, under or affixed to the exterior of
the building. This includes permanently installed light fixtures in common spaces
and utility rooms. It also includes energy used in heating cables, pumps, fans,
motors, control and monitoring equipment etc. Externally locally placed devices
that supply the building, such as pumps and fans for free cooling, are also
included. Appliances intended for use other than for the building, such as engine
and compartment heaters for vehicles, battery chargers for external users, lighting
in gardens and walkways, are not included.

The term is defined according to BBR as electricity or other form of energy
consumed for domestic purposes. Examples of this are electricity consumption for
dishwashers, washing machines, dryers (also in shared laundry rooms), stoves,
fridges, freezers, and other household appliances and lighting, computers, TVs and
other consumer electronics and the like.

Water consumed by occupants of any building, for domestic purposes. The energy
for heating of water is part of the building’s energy use and is included in the
requirement for the building’s primary energy value.

The term is defined according to BBR as the cooling or the amount of energy
supplied to the building used to reduce the indoor temperature for human

comfort. Cooling energy that is extracted directly from the environment without
coolers from sea water, fresh air or the like (known as free cooling) is not included.

Temperature set-point intended to be maintained indoors (in temperature-
controlled spaces) by heating, ventilation and air conditioning systems when the
building is performing its required function.

Total area for windows, gates, doors and comparable elements. Expressed in square
meters (m?).

Sum of the enclosing surface area of all individual elements of the building
envelope in direct contact with heated indoor air (m?).

The term is defined by BBR as the area enclosed by the inside of the building
envelope of all storeys including cellars and attics for temperature-controlled
spaces are intended to be heated to more than 10 °C. The area occupied by interior
walls, openings for stairs, shafts, etc., are included. The area for garages, within
residential buildings or other  building premises other than garages, are not
included.

A value which designates a building’s energy performance (kWh/Aemp and year).
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Thermal transmittance
(U-value)

Un

Pa

Roman lowercase letters

Greek lowercase letters

Thermal transmittance (W/m?K), is the rate of transfer of heat (W = J/s) through
one square meter of a structure, divided by the difference in temperature across
the structure. The thermal transmittance can be derived from the equation below:

Q:A'U'(Tl—Tz)

where Q is the heat transfer in Watts or Joules per second, A is the area, and
Ty — T, is the difference between the indoor and outdoor temperature.

The average thermal transmittance for structural elements and thermal bridges
(W/m?K) as determined by SS-EN ISO 13789:2017 and SS 24230 (2). The
average thermal transmittance is calculated using the equation below:

(R v e 3 X)
Uy, =

Aom

Pascal is used to quantify internal pressure. It is defined as one newton per square
meter.

Thermal resistance is a measurement of a temperature difference by which material
resists a heat flow. It is defined as the thermal resistance of unit area of a material.

Water vapour resistance is a measurement of how resistive a material is to vapour
infiltration (s/m)

Specific heat capacity is defined as the quantity of heat per unit mass required to
raise the temperature by one degree Celsius (J/kgK)

Volumetric density is defined as the mass divided by the volume (kg/m?)
Heat flow rate between two systems is measured in joules per second (W)

Linear thermal transmittance is the measure of heat loss related to linear thermal

bridges per (W/mK)

Heat flow rate divided by the temperature difference for one dimensional thermal
bridges is also known as the point thermal transmittance (W/K)

Thermal conductivity is a measurement of a material’s property to conduct heat

(W/mK)

Water vapour permeability/diffusivity is defined as the property of materials that

determine the rate at which vapour passes through it due to diftferences in pressure
2

(m?/s).


https://en.wikipedia.org/wiki/Internal_pressure
https://en.wikipedia.org/wiki/Newton_(unit)

1 Background and introduction
1.1 International climate and energy framework

The ultimate goal of the 1992 United Nations Framework Convention on Climate Change
(UNECCQ) is to counteract global warming by reducing greenhouse gas (GHG) concentrations
in the atmosphere to “a level that would prevent dangerous anthropogenic interference with the
climate system”, as stated in Article 2 of the protocol. Revisions to the protocol have defined
two commitment periods. The first period ended 2012 and the second period ends in 2020 and
serves as a bridge for the post-2020 global climate change agreement (European Commision,
2016). During the second commitment period, the protocol presents binding targets for most
European countries (members of EU-28). Targets include the reduction of GHG emissions by
20 % by the end of 2020 from the 1990 levels.

More recent climate and energy frameworks propose even more ambitious targets. The Paris
agreement, for example, states that the GHG emission reduction target ought to be at least 40 %
by 2030 from the 1990 levels. As of July 2018, 194 states and the EU have ratified the Agreement.
EU, however, has encouraged its member states to develop national climate and energy
legislation. The 2030 climate and energy framework were approved by the leaders of the union
during 2014 and is the continuation and advancement of the Europe 2020 strategy. The climate
and energy framework primarily emphasize on sustainable growth. Sustainable growth is defined
as the promotion of resource-efficient, eco-friendly and viable markets. To achieve the
envisioned outcome of the strategy, three key climate and energy targets have been formulated
by the EU for the year 2030 (European Union, 2017):

% At least a 40 % reduction in GHG emissions (from 1990 levels);

% At least a 27 % share of renewable energy in gross final energy consumption (FEC);

% At least 27 or 30 % improvement in energy efficiency (depending on the

Commission’s proposal for an altered energy efficiency directive).

1.1.1 Milestones and current progression towards the 2020 climate and energy targets
The EU, and its member states, are well on their way to achieve the goal of a 20 % reduction of
GHG emissions by 2020 from the 1990 levels. In 2015, GHG emissions were cut by 22.1 %.
Eftectively, already accomplishing that objective (European Union, 2017).

Non-fossil and renewable fuels need to have a bigger impact on our energy consumption. In
2015, non-fossil fuels accounted for 16.7 % of gross final energy consumption, 3.3 percentage
points short of the goal of at least a 20 % share of gross final energy consumption from non-fossil
fuels. Non-fossil fuels are projected to increase during the remained of the decade, and the goal
will most likely be reached.

The target regarding final energy efticiency for 2020 has already been achieved, but with
respect to primary energy consumption (PEC), the EU must reduce it an additional 3.1 %
between 2015 and 2020 (European Union, 2017).



1.1.2 The residential sector and its contribution to the final energy consumption

33,2
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Figure 1. Percentage of FEC by sector, percent of FEC (Data source: European Union, 2017, p. 102).

Approximately one fourth of the final energy consumption (FEC) in the EU is associated with
the residential sector alone (figure 1). Comparable statistics are available from 2015 for Swedish
energy consumption. These statistics also indicate that the residential sector accounts for roughly
1/4 of the FEC (Swedish Energy Agency, 2018). To achieve the increasingly demanding long-
term climate ambitions, considerable energy performance improvements in the residential sector
1s essential. Consequently, this includes heritage and culturally significant buildings. A substantial
part of European buildings is considered to be a part of the cultural heritage. In Sweden,
approximately one third of buildings built before 1945 constitutes an important part of the
country’s built heritage (European Commission, 2010), These types of historic buildings
generally have worse energy performance than other buildings and thus account for a
considerable part of the FEC.

1.1.3 Legislation surrounding energy improvements of cultural heritage

Energy strategies and programs in Europe encompasses all types of buildings, including heritage
and culturally significant buildings (Directive 2010/31/EU; Directive 2012/27/EU). However,
exemptions have been made for buildings which have been deemed worthy of conservation.
Exemptions that exclude certain buildings with architectural, historical and/or cultural values
from energy reduction requirements. These exemptions are in place as a measure for the
protection of the built heritage (EU 2002/91/EC, EPBD).

The Swedish Planning and Building Act (PBL) (SES 2010:900) specifically states that a
building experiencing alteration or relocation can be exempted from the energy management
and thermal insulation requirements (SES 2010:900, chapter 8, section 7). Furthermore, a
limitation against distortion is prescribed by law. The limitation states that a building which is
particularly valuable from a historic, cultural-historical heritage, environmental or artistic point
of view may not be distorted (SES 2010:900, chapter 8, section 13). Alterations to buildings and
moving of buildings must be carried out with care, so that the building’s characteristics are taken
into consideration and its technical, historical, cultural-historical heritage, environmental and
artistic values are protected (SFS 2010: 900, chapter 8, section 17). These sections of PBL directly
mirrors the previously mentioned EU directive and legislative framework.

1.1.4 Initiatives and projects

The Swedish Energy Agency (Miljo- och energidepartementet) has initiated the research project
Save and Preserve (Spara och bevara) to improve the energy efficiency of historic buildings
without distorting cultural values. Energy Efficiency for EU Historic Urban Districts’
Sustanability” (EFFESUS) is a similar research project directed by the EU. Efficient Energy for
EU Cultural Heritage (BENCULT) was a project co-funded by the European Union Seventh
Framework Programme and carried out between 2010 and 2014. The project had as its intended



goal to “bridge the gap between conservation of historic buildings and climate protection”. All
of these mentioned projects state, in some manner, the importance of energy efficiency
improvements of historic buildings or districts if national and international climate and energy
targets are going to be achieved. Although the topic has been and is being researched it is obvious
that continued research is essential in order to formulate new energy policies in regard to built
heritage and its preservation.

1.2 Aim, objective, scope and boundaries of the project

The general topic of this master’s thesis is to answer the following research question: to what
extent can the energy efficiency of culturally significant buildings be improved without damaging
or affecting their intrinsic cultural and aesthetical values?

The research question can be more precisely stated as: how extensively do energy-saving
measures affect cultural heritage values of one specific building in the northern parts of Sweden?
Another question which will be answered is: what type of refurbishment measures are suitable
for a historic building of this type? Another part of the master’s thesis is thus to purpose viable
refurbishment measures which are applicable, at least theoretically, to the building described in
section 3.2 in an effort to improve its energy performance while simultaneously preserve its
heritage values.

The case study is limited to one building in the community of Malmberget, Gillivare. The
building has been labeled “Arbetarbostider 158 (directly translated as: Workers Quarters’ 158)
by LKAB Fastigheter (regional property manager and a subdivision of LKAB).

The standard SS:EN 16883:2017 1s used as the basis for how to approach the complex issue
of improving energy efficiency of our built environment. Only specific parts of the standard have
been applied (further limitations are presented in section 3.3). This standard does not specify
how to perform the assessment of cultural heritage. The cultural value assessment is based on
contemporary conservation theory and a statement of significance (concerning notable
characteristics of the case-building) presented in section 2.1 and 3.2, respectively.

In order to evaluate the proposed refurbishment measures, there is a need to determine the
baseline condition (i.e. reference performance or current condition) of the building. The energy
efficiency of the proposed refurbishment measures is analysed in relation to the baseline
condition. The chosen method for evaluating the efticiency (of the reference performance and
the proposed energy-saving measures) is through the use of building energy performance
simulations.

1.2.1 Problem statement and objective

Energy-saving measures can, if implemented improperly, damage or alter heritage values of a
building. It subsequently follows that there is a necessity for both international and national
legislation in order to ensure the continual preservation of our cultural heritage. The legislative
stance allows for exemptions to be made from energy reduction requirements (as expressed by
legislative bodies), as previously mentioned. It has furthermore been observed that exemptions
have been used in order to circumvent problems (Pracchi, 2014). The over-utilization of
exemptions is in direct conflict with the energy reduction requirements identified by the Swedish
Energy Agency, ‘EFFESUS’ and ‘3ENCULT’.

The objective of this master’s thesis is to provide a basis for the discussion regarding the energy
improvement of heritage buildings with designated exemption status (exemption from energy
improvement requirements). The research question (as stated in section 1.2 above) is put into
the context of the case-building and its specific conditions. Thus, providing input into the
discussion regarding the case-building’s eventual refurbishment. The drawn conclusions
regarding the case-building can, at least to a certain extent, also be considered to be valid for
similar building types.



2 Theoretical framework and definitions

Terms, definitions and theory related to the conservation field are primarily provided by the
Australia ICOMOS Charter for Places of Cultural Significance 2013. The document is more
commonly referred to by its short title — 7he Burra Charter. It builds upon concepts previously
defined by the International Council on Monuments and Sites ICOMOS) and has been widely
adopted as the standard guidelines for heritage conservation practice (Heritage Perth, 2011).
Terms not defined by the Burra Charter are given by ICOMOS, Historic England, the Swedish
National Heritage Board (RAA) and independent authors.

2.1 Conservation theory and principles

The Burra Charter defines conservation as “a// the processes of looking after a place so as to
retain 1ts cultural significance”. Other definitions are more extensive, ICOMOS (1994) for
example defines conservation as “all efforts designed to understand cultural heritage, know its
history and meaning, ensure its material safeguard and, as required, its presentation, restoration
and enhancement”. Cultural significance i1s defined by the Charter asaesthetic, historic,
scientific, social or spiritual value for past, present or future generations”. It is further stated that
“cultural significance is embodied in the place itself, its fabric, setting, use, associations, meanings,
records, related places and related objects”. The term cultural significance is synonymous with
cultural heritage values and will be used interchangeably within the scope of this master’s thesis.
A place includes elements, objects, spaces and views (ICOMOS Austrailia, 2013, p. 2). This
definition is rather comprehensive and naturally includes individual buildings as well.

Assesing the heritage values of a place or building immediately encounters conceptual and
practical difficulties (The Getty Conservation Institute, 2002). These difticulties arise from the
fact that these assessments are subjective and can be based on, for example, historical association,
economics and artistic merit (The Getty Conservation Institute, 2002).

The rest of this section of the master’s thesis will define terms and basic principles of which
parts of the heritage value assessment is based on.

2.1.1 Reversibility

The term reversibility within the field of building conservation, in particular, means that a

measure can be undone. In practice, this suggests that a building which has been altered can be

returned to its previous condition. Changes and additions to buildings with heritage values

should be as non-invasive as possible to original materials and constructions (Robertsson, 2002,

p- 150). An encompassing interpretation of reversibility as a conservation measures is given by

Historic England (2008): “Our ability to judge the long-term impact of changes on the

significance of a place is imited. Interventions may not perform as expected. As perceptions of
significance evolve, future generations may not consider their effect on heritage values positive.

1t is therefore desirable that changes, for example those to improve energy efficiency in historic
buildings, are capable of being reversed, in order not unduly to prejudice options for the future”.

This interpretation of reversibility is to a certain extent supported by article 15 clause 2 of the

Burra Charter: “Changes which reduce cultural significance should be reversible, and be reversed
when circumstances permit”. It is further stated by the charter that reversible changes should be

considered temporary. Aspects of the longevity of changes are where the different interpretations

of reversibility diverge from one another. Robertsson (2002) emphasizes the possibility of a

change to be undone, whereas the Burra Charter more heavily emphasizes reversibility as the

temporariness of a change.



2.1.2 Authenticity

The term authenticity is not defined once in the Burra Charter nor in its precursor the Venice
Charter. However, contemporary conservation disciplines often refer to authentic values or
character. Authenticity, in the context of this master’s thesis, is interpreted as in the /Nara
Document on Authenticity as “characteristics that most truthfully reflect and embody the cultural
heritage values of a place”. Authenticity is, in a more general sense, an object’s ability to convey
a sense of its own legitimacy.

Authenticity is primarily conveyed by materials and their condition; therefore, additional
emphasis is given to original materials and their surfaces (Robertsson, 2002, p. 98). Traces of
wear and tear on surfaces, contribute to the sense of historical proximity. This attribute is referred
to as patina — a gloss or sheen on surfaces produced by the passage of time, use, etc. Later
additions, maintenance and material layers can also foster a sense of credibility by providing
evidence, in the form of historical layers, of its old age (Robertsson, 2002, p. 98).

Furthermore, authenticity is not limited to material substance only. It also includes intangible
values as article 13 of the Nara Document on Authenticity state: “Depending on the nature of
the cultural heritage, its cultural context, and its evolution through time, authenticity judgements
may be linked to the worth of a great variety of sources of information. Aspects of the sources
may include form and design, materials and substance, use and function, traditions and
techniques, location and setting, and spirit and feeling, and other internal and external factors™.

2.1.3 Restoration and reconstruction

Restoration means to re-establish hidden, disfigured or lost values to a previous or original state
(Robertsson, 2002, p. 90). A similar definition of restoriation is expressed by the Burra Charter,
it is stated as follows: “returning a place to a known earlier state by removing accretions or by
reassembling existing elements without the introduction of new material”. Whereas conservation
of existing fabric only attempts to eliminate sources of danger that directly threaten the fabric,
restoration, on the other hand, is concerned with the overall appearance as historical and artistic
evidence (Petzet, 2004, p. 10). Article 18 & 19 of the charter requires that: “Restoration and
reconstruction should reveal culturally significant aspects of the place” and that “restoration is
appropriate only if there is sufficient evidence of an earlier state of the tabric”’. These definitions
and requirements significantly restrict the use of restoration as a conservation measure.
Reconstruction is even more restricted according to article 20 clause 1 of the Burra Charter:
“Reconstruction is appropriate only where a place is incomplete through damage or alteration,
and only where there is sufficient evidence to reproduce an earlier state of the fabric”.

2.1.4 Assessing heritage significance and managing change

A building, place or site of cultural significance require a systematic assessment approach, which
is appropriate and proportionate to the scale, importance and purpose of the decision to be made.
The following steps should be considered when change to cultural significance needs to be
assessed (Historic England, 2008):

R/
L X4

Understand the fabric and evolution of the place

Identify who values the place, and why

Relate identified heritage values to the fabric of the place
Consider the relative importance the heritage values
Consider the contribution made by setting and context
Compare the place with other places sharing similar values
Articulate the significance of the place

X/
X4

K/ 7/ K/
L X X R X )

7/
X4

L)

7/
o



the need for studies to understand the place. Studies which should include analysis of physical,
documentary, and other evidence.

Steps to consider when making alterations to significant places
A part of conservation is to manage change to significant places by sustaining, revealing and
reinforcing its cultural heritage values. When managing change the following steps (among
others) should be considered (Historic England, 2008):

Establish whether there is sufficient information
Consider the eftects on authenticity and integrity
Take account of sustainability

Consider the potential reversibility of changes
Compare options and make the decision

7 X/ 7 7 X/
L X QIR X IR X QIR X I X4

2.2 The intersection between building conservation and energy efficiency

The following section of the master’s thesis describes a recently developed standard approved by
the European Committee for Standardization (CEN). The standard is namned “ Conservation of
cultural heritage — Guidelines for improving the energy performance of historic buildings” The
standard suggests a procedural approach that can be applied to a wide variety of buildings
regardless of value, age, formal protection, etc.

2.2.1 Guidelines for improving the energy efficiency of our built heritage

The Swedish and European standard Comnservation of cultural heritage — Guidelines for
1mproving the energy performance of historic buildings (hereby referred to simply as SS-EN
16883:2017) does not exclusively apply to historic buildings with statutorily designated cultural
heritage. Generally, the standard will apply to a multitude and variety of situations where the
priority is to find the balance between the energy performance and the conservation of its
heritage values (SS-EN 16883:2017).

Understanding the building’s authenticity, integrity, and heritage significance facilitates the
process of defining the cultural and historic values (SS-EN 16883:2017). Any type of character
altering interventions should be avoided. In fact, a generally healthy approach is to be cautious.
An outcome can be considered successful if, as few and as uninvasive alterations as possible have
been made to achieve the goal of the intervention (SS-EN 16883:2017). To achieve this, a
multidisciplinary approach is needed. The team shall have general architectural and technical
qualifications required for refurbishment projects. Team members should also have documented
knowledge in work with historic buildings (SS-EN 16883:2017). However, The European
committee for standardization (CEN) explicitly states in their “ Guidelines for improving the
energy performance of historic buildings” that the project team shall be scaled to suit the
complexity of the project. For less complex projects and for minor interventions the project
team may be reduced in size.



2.2.2 The process for improving the energy efficiency

SS-EN 16883:2017 presents a procedure to facilitate the decision-making process for improving
the energy performance of culturally significant buildings. The process (figure 2) provides
proficient guidance for making a well-informed and substantiated decision with emphasis on the
specified objectives.

Process Outcome

Initiating the planning process (6)

Y

Building survey and assessment (7) Building documentation

Specifying the objectives (8)

»
| -
»
v /
»
»
~

List of targets

Deciding if improvement of energy performance is needed If no need - end of process

\
[ Assessment and selection of measures for energy refurbishment (10) \

|
Compile a long list of measuvres (10.3) e Long list of measures
i
| Exclude inappropriate measures (10.4) | — | Short list of measures
!
| Assessment of remaining measures (10.5) | I
|
i
| Selection of packages of measures (10.6) | e | Packages of measures
i
\ | Assessment of packages in velation to targets (10.7) | 7
N, 7

| Decision | > | Proposed measures

Figure 2. Flow chart describing the process step by step presented in SS-EN 16883:2017.




2.3 Building physics and the building as a system

2.3.1 Systems boundary and energy input/output

A building’s energy use can be evaluated by considering the building itself as an open system,
whose boundary is permeable to both energy and mass. By considering how the open system
interacts with its surroundings an energy balance can be expressed as energy input and outputs
(see figure 3 below). According to Energy performance of buildings — Overall energy use and
definition of energy ratings (SS-EN 15603:2008) the system boundary corresponds to the meters
for electricity, gas, district heating and water.

SYSTEM BOUNDARY OF DELIVERED ENERGY

Solar gains through windows -i
Heat load from people I
ENERGY ENERGY TECHNICAL I ENERGY

NEED IN SPACES DEMAND BUILDING I CARRIER

Heating Heating energy SYSTEMS District heating
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Tenant lighting A !
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through the energy conversions

|

building |
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Figure 3. System boundary of delivered energy. Based on a figure produced by Kurnitski et al., (2011).

The energy balance (as illustrated in figure 3 above) is determined by both internal and external
variables, many of which are stochastic. These variables include, but are not limited to, outdoor
temperature, indoor temperature setpoints, domestic hot water usage, electricity demand, energy
gains from solar radiation and heat load from people. When determining these types of variables
studies, guidelines, approximations and average values are often used in an effort to as accurately
as possible model realistic conditions. Also notice some of the similarities between figure 3 and
equation 1.



2.3.2 Boverket’s building regulations — energy consumption and performance
The National Board of Housing, Building and Planning (Boverket) is the central administrative
authority for the built environment in Sweden. One of its most significant mandate is to manage
the construction and administration of the building stock. Stipulations include among others
access, design, dimentions, health and energy consumption.

BBR’s mandatory provisions and general recommendations stipulates that buildings shall be
designed to limit heat losses, cooling demands, electric loads, and the efficient management of
these parameters.

Building’s energy use
The building’s energy use (E,..) is defined by the following equation as:

Epeqa = Euppv + Ekyl + Eppy + Ef (Eq. 1)

The energy which, in normal use during a reference year, needs to be supplied to a building
(often referred to as “purchased energy” or “delivered energy”) for heating (E,,,) (kWh/year),
comfort cooling (Ey,) (kWh/year), hot tap water (E,,) (kWh/year) and the building's property
energy (Eg. If underfloor heating, towel dryers or other devices for heating are installed, their
energy use is also included (Boverkets byggregler.2017). This equation corresponds to the
assessment of the annual energy used by a building according to standard Energy performance
of buildings — Overall energy use and definition of energy ratings (SS-EN 15603:2008) (page
15).

Average thermal transmittance
Average thermal transmittance, according to BBR (Boverkets Byggregler, 2017), 1s calculated
using the international standard 7hermal performance of buildings — Transmission and
ventilation heat transter coefticients — Calculation method (SS-EN 1SO 13789:2007) and the
Swedish standard 24230:

(2?:1 UiAi+Yjeq kPt Z?ﬂxj)

Aom

Up = (Eq. 2)

The expression describes the average thermal transmittance (U,) (W/m’K) as the sum of the
thermal transmittance for the all structural element times its respective area (U;A;), and the sum
of all linear thermal bridges times their length (W.l,), and the sum of all point shaped thermal
bridges ();). All of these different sums are added and divided by the total surface area of the
building facing the heated indoor air (A,,,).

Climate adjustment factors
Climate zones have been replaced in the most recent version of BBR by a geographical
adjustment factor (F,.,) to better represent local climate conditions and more fairly represent
comparable energy requirements of buildings, depending on their physical location. The
geographical adjustment factor ranges between 0,9 for southern regions to 1,9 for the
northernmost regions. This factor is used in equation 3 when determining a building’s energy
performance.



Energy carriers

There are a variety of forms energy can be stored in, these forms include: electric, solid, liquid
and gaseous fuels. Furthermore, energy carriers can also describe an energy system that transfers
energy. This would include district cooling and heating systems. Energy carriers are attributed
an adjustment factor which effect the primary energy value with a factor of 1 or 1,6 depening
on how energy is delivered to the building. The primary energy factor (PE;) is a measurement
of how efficient a natural resource is handled and produced before arriving at the end consumer.
Electricity has a PE; of 1,6 while other common energy carriers (biofuel, oil, gas, district heating
and cooling) have a PE; of 1,0 (Boverkets Byggregler, 2017). PE; is one of the factors which
affect the primary energy value, see equation 3.

Primary energy value
This value describes a buildings energy performance as a primary energy value (EP,.,):

E .
6 (Euppvi
Zi=1( Fgeo + Exyli + Etpw,it Ef,i) " PE;

EPper = (Eq. 3)

Atemp

The primary energy value (EP,.) is a measurement of a building’s energy performance. It was
introduced in BBR 1% of July 2017 (BFS 2017:5, BBR 25) as a result of an EU energy directive.
EP,. is mainly affected by the delivered energy (E.ypvi, Eiyiir Ewvi, and Eg;). Every energy carrier
is weighted by a primary energy factor (PE;). This factor tries to correct for the energy loss which
occurs when delivering energy to the building. The sum of the delivered energy is divided by
Aemp- EP 15 usually expressed as kWh/ m” and year.

Energy performance and average thermal transmittance
Newly constructed residential dwellings and non-residential premises shall be designed so that
the parameters in table 1 do not exceed the given values (Boverkets Byggregler, 2017).

Table 1. Maximal allowed values for energy performance and average thermal transmittance for newly built
dwellings.

Building classification and Energy performance EP,, Average thermal transmittance (U,,)
requirements (kWh/m? and year) (W/m’K)

Duwellings

Single-family houses 90 0,40

Single-family houses where Awmp is  No requirement 0,33

less than 50 m?

Multi-dwelling blocks 85 0,40
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2.4 Framework and input data for energy performance simulations

SVEBY has collected and compiled standardized data for calculating and verifying energy
performance of buildings in accordance to Boverkets byggregler (BBR). The input data should
be used as a guidance for energy performance forecasting when developing contemporary multi-
dwelling residential housing. However, the input data can be used for other types of buildings
when appropriate (SVEBY, 2012).

Definition of property and household electricity
A building’s facility electricity (Ep is defined by BBR and SVEBY as the electricity needed for
the building’s installations and communal functions. The electricity needed to operate the central
and technical systems of the building (for keeping the building functioning as intended). This
includes, for example: fans, pumps, elevators and surface mounted lighting in communal spaces
(SVEBY, 2012). Tenant energy is defined by BBR as electricity (or energy) for use by tenants
in a household. The electric consumption of dishwashers, washing machines, drying equipment,
freezers, refrigerators, stoves and other household appliances are all examples of tenant electricity
(E). Included are also lighting, computers, televisions and other consumer electronics, see table
2 below. Tentant electricity is not included when calculating the energy performance of a
building, facility electricity, on the other hand, is.

Table 2. Definitions and boundaries of what constitutes property and tenant (household) electricity for multi-
dwelling (SVEBY, 2012, p. 9).
Definition Multi-dwelling blocks

Facility electricity (E)) Tenant electricity (E,)
Electricity for appliances in vesidential buildings v
(dishwasher, washing machine)
Floor heating or equipment in sanitary room v
Equipment in sanitary room (not including floor
heating)
Infra heat
Engine warmer
Laundry room (communal)
Kitchen fan
Outdoor lighting for fascade and entrance (even if the v
lightsource is place at a distance from the building)
Outdoor lighting for areas under larger canopies v
Outdoor lighting for the surrounding area (within
property limits)
Outdoor lighting mounted on the fascade at entrances v
for separate apartments and their balconies
Indoor lighting for residential apartments v
Indoor lighting for communal spaces (stairwells and
basements)
Indoor lighting for communal spaces
(laundry room and storage)
Electricity for elevator and elevator lighting
Electric heat for gutters, drain-pipes, surface  water
wells on roofs and terraces
Heatcables in the ground
Electricity for pool or basin (private)
Electricity for pool or basin (communal)
Electricity for sauna heating unit
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<
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2.4.1 User affected input data and internal gains

User affected input data consists of dynamic, stochastic and probabilistic factors. Some of these
factors are: indoor temperature, internal gains from occupants, additional ventilation losses,
heating energy for spaces and water, solar radiation etc. All these factors can, if not properly
evaluated or approximated, lead to errors in the the energy model (Royapoor & Roskilly, 2015).
Standard values for most of these factors are presented below.

Indoor temperature
When detailed or explicit temperature data are unavailable, it is common practice to use
standardized values instead. The standard value for indoor temperature, when calculating the
energy use of a building, is conventionally set to constrain the lower bound of the temperature.
Recommended indoor temperature for both single family houses and multi-family dwelling
blocks is 21 °C (SVEBY, 2012, p. 10).

The recommended temperature has been derived from several different studies. Two of
which are Statens Institut for Byggnadstorskning (ELIB, 1992) and Higerheds study of indoor
environmental factors (Higerhed-Engman, 2006). Both studies reveal similar results regarding
the average indoor temperature of multi-family dwellings.

Internal gains from occupants
SCB and Hiller both conducted studies of how much time occupants spend at home during an
average day. The SCB study states that the typical occupants spent 15,5 hours/day at their
residence. However, Hillers results differed. 15,8 hours/day. After analyzing the average time
spent at home during a whole week, the result was adjusted to 14 hours/day and person. As a
result, SVEBY recommends a standardized value of 14,0 hours/day and person. The effect per
occupant is recommended at a value of 80 W (SVEBY, 2012, p. 27).

Correction for additional ventilation losses

For multi-dwelling blocks the additional ventilation correction factor is 4 kWh/m® and year
(SVEBY, 2012). This value is added to the results of the simulation. Many different variables are
considered when determining the correction factor. Consequently, this value is a source for
uncertainty in the results of a buildings energy performance (Eriksson & Wahlstrom, 2001).
When the value 4 kWh/m?® is converted to infiltration per building envelope area it equals 0,5
I/m s’ at a pressure difference of 50 Pa. Correction for additional ventilation losses can be
modeled as additional infiltration through the building envelope (SVEBY, 2012, p. 12).

Domestic hot water
A standard value for the domestic hot water consumption is 25 kWh/m® (A.p,). This is an
average value for the energy required to increase water temperature during a normal year in an
average multi-dwelling residence. Cold water temperature, outgoing hot water, armature,
circulation and heat-losses all effect the energy requirement (SVEBY, 2012, p. 20). 20 % of the
energy in the domestic hot water can be assumed to be distributed throughout the building as
internal gains (Petersson, 2009).

Internal gains from light fixtures
Approximately 70 % of household electricity is converted to heat (SVEBY, 2012, p. 25). This
recommendation is based on studies by Lovehed (1995), Sandberg (2005) alongside Boverkets
handbok Termiska Berikningar (2003).
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2.4.2 Sun-shading
The sun-shading factor is partially dependent on behavioral patterns of occupants. The behavior
in question is personal preference towards the use of sunshades and blinds. The factor is also, to
an extent, dependent on direct shielding — the degree to which direct sunlight is blocked from
going through the window. This occurs when objects, deliberately or not, are placed between a
window and the directly incoming sunlight. Sun-shading is apart from direct shielding also
dependent on the physical properties of the window. These properties determine how much of
the radiation is reflected, absorbed and transmitted.

An average value for sun-shading has been determined to be 0,5 which means half of the
incoming solar radiation is blocked, by some means, from going through the window. This value

is adjusted and weighted by simultaneously considering both constant and stochastic variables
(SVEBY, 2012, p. 18).

2.4.3 General framework for calculation of energy performance of buildings

EU Directive 2010/31/EU with associated annexes states that the energy performance of a
building shall be determined on the basis of calculated or actual energy use and shall reflect typical
energy use for space heating, space cooling, domestic hot water, ventilation, built-in lighting
and other technical building systems. The directive further states that the energy performance of
a building shall be expressed by a primary energy value (kWh/m” and year) for the purpose of
both energy performance certification and compliance with minimum energy performance
requirements.

The primary energy value shall be based on primary energy factors or weighting factors per
energy carrier, which may be based on national, regional or local annual, and possibly also
seasonal or monthly, weighted averages or on more specific information made available for
individual district system. Primary energy factors or weighting factors shall be defined by
Member States. In the application of those factors to the calculation of energy performance,
Member States shall ensure that the optimal energy performance of the building envelope is
pursued. When calculating the energy performance of buildings, the following aspects shall be
taken into consideration: thermal characteristics, heating installation, hot water supply, air
conditioning installations, natural and mechanical ventilation, lighting installations, design,
positioning, orientation and location, solar systems and protection, indoor climate conditions
and internal loads including cogeneration (Directive 2010/31/EU).

2.5 Insulation materials and recommendations for heritage buildings

Refurbishment measures with high impact on energy efficiency
Energy improvement measures in multi-family dwellings that reduces heat losses through the
building envelope are often the most efficient ones (Abel & Elmroth, 2016). These results are
achieved by improving the thermal resistance and the air leakage of the building envelope.
Thermal resistance can be improved by additional insulating materials or by modifying the
construction of building elements.

Exterior walls with low thermal resistance should, if otherwise acceptable, be especially
considered for refurbishment as changes to thermally inefficient walls tend to yield the most
substantial benefits in terms of energy-savings. Refurbishment measures along these lines can,
under most circumstances, improve the energy performance of a building quite considerably
(Liu, et.al, 2014). Additional insulation of the attic floor and/or roof is one of the single most
efficient measures when improving a buildings energy performance (Abel & Elmroth, 2016). Air
leakage can be improved by reducing the air flow through structural connections, windows and
doors.
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Performance of common insulation materials
Materials which are being considered for the proposed refurbishment measures are listed in table
3 below. The materials are ordered from lowest to highest performance. Thermal conductivity
and vapour permeable ability as presented by Clarke et. al. (1990).

Table 3. Thermal conductivity of insulation materials according to Clarke et. al., (1990) and Petersson (2009).
Properties of silica aerogel according to Baetens et. al., (2011).

Material Density | Water vapour | Thermal Specific heat Relative performance
(kg/m’) | permeability, conductivity, | capacity, (scale: low, medium,
A (W/mK) ¢, (J/kgK) high, very high)
Wood wool 400 10 0.085 1810 Very low
board
Wood fibre 140 Breathable 0,043 2100 Low

insulation board
(external use)

Cellolose fiber 21 11,4 - 14,2 0.042 2110 Low
(CFI), loose-fill

Cellolose fiber 48 11,4 -14,2 0,039 2110 Low
(CFI1, walls)

Mineral wool 200 8—12 0,040 800 Low
Mineral wool 20 8—12 0,036 800 Low
(floors)

Mineral wool 125 8§—-12 0,033 800 Medium
(walls)

Wood fibre 50 Breathable 0,038 2100 Low

insulation board
(internal use)

Mineral wool, 15 15 -24 0,036 800 Medium/low
loose-fill 27 0,042
Extruded 25 0,17 -0,23 0,035 1500 Medium
polystyrene
(XPS)
Expanded 20 0,9-1,4 0,036 1200 Medium
polystyrene
(EPS) board
Polyurethane 35-45 | 0,28 -1,1 0.025 1400 - 1500 High
(PUR) board
Polyisocyanurate | 32 ~0 0,023 — 1400 - 1500 High
(PIR) board 0,027
Silica aerogel 70 — >1 0,014 1900 - 2300 Very high
150
2.5.1 Properties of insulation materials

The two most used forms of insulation used for improving the energy efficiency of heritage
buildings are fiber and foam. Fiber insulation can be applied in a variety of forms; as batts (pads
between studs), boards and loose-fill which can be blown in. Foam type insulation is also referred
to as spray polyurethane foam (SPF), these foams vary in in material property. However, most
foams display no water vapour permeable properties. The water vapour permeability (WVP) is
the rate of which water vapour is transported through materials. This physical property
determines the “breathability” of a material.

Wood wool boards
Wood wool boards display decent thermal insulating properties. The thermal conductivity highly

correlates to compactness and density. Thermal conductivity usually ranges between 0.070 and
0.100 W/mK. At a density of 400 kg/m’ the thermal conductivity is roughly 0.085 W/mK
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(Johansson-Erik, 1994). Wood wool boards have the ability to absorb large amounts of water
vapour. The water vapour permeability of wood wool boards are 10 - 10 m*/s (Johansson-Erik,
1994) The material also displays unusual properties for thermal insulation materials, wood wool
boards attenuate the variations in air humidity by absorbing water vapour rapidly when the
relative humidity rises and releasing water vapour when the relative humidity decreases
(Johansson-Erik, 1994).

Cellolose fiber

Cellulose fibre insulation (CFI) is composed of paper fibres treated with inorganic additives, such
as zinc borate, which acts as fire retardants. The additives also inhibit mould growth within the
material. CFI can be blown into the construction by use of pneumatic equipment. The insulation
is applied to construction cavities (space between studs or rafters). CFI can be used for both
vertical and horizontal applications (Lopez, et.al, 2016). Lopez et. al states that the typical value
for the thermal conductivity is 0.040 W/mK. The water vapour permeable property (table 3) of
CFI would classify it as an excellent material in the category of breathable materials (Historic
England, 2016b). As for the case with heritage buildings, where interior finishes are to be
preserved, blown-in CFI is a suitable retrofit measure, Blown-in cellulose is also considered a
reasonable preservation approach, since limited invasive action is required (Practical
Conservation Guide for Heritage Properties, 2017, p. 8).

Wood fibre insulation boards
The thermal conductivity of wood fibre insulation boards range between 0.038 — 0.043 W/mK
depending on format. Formats include boards for internal and external applications (Greenspec,
2018). Another feature of these boards is their ‘breathability’, which makes them a practical
alternative for insulation in heritage buildings.

Expanded polystyrene boards
A rigid foamboard can be made from expanded polystyrene (EPS). As a result of the material’s
compactness, it is most commonly used in attics or on walls where there are space restrictions.
EPS foam has pore structure, which restricts the air movement and heavily impacts the thermal
conductivity of the material (0.030 W/mK, table 3). EPS boards can be used both externally and
internally as insulation for walls, roofs and floors. EPS also exhibit slight water vapour permeable
properties. With a water vapour permeability rate of 0,9 — 1,4 - 10°m?/s.

State-of-the art materials such as silica aerogels

Silica aerogels, hereby referred to as aerogels, have quite recently been produced for the
consumer market. They have very high thermal performance in relation to traditional insulation
materials. Aerogels are most commonly available as flexible blankets in thicknesses of 10 mm,
they perform up to 2.5 times better than most traditional insulation materials (Baetens, et.al,
2011). Due to the relatively high cost, aerogels are mainly considered when there are space
limitations. The water vapour permeability of aerogels (table 3) might allow them to be applied
in older buildings, however the thermal performance will alter the hygrothermal conditions
inside the wall, which warrants careful analysis of temperature and moisture distribution
throughout the wall.

2.5.2 Internal, external or cavity insulation

Additional insulation of walls, roofs and floors can be done by three different methods, either by
external insulation, internal insulation or by inserting insulation within the cavities (table 4). By
applying one or more of these methods, the performance of the building element is altered.
Problems with water vapour condensation can arise as a consequcence. Vapour barriers are
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normally not appropriate during the refurbishment of heritage buildings as they will not allow
proper evaporation of moisture (Historic England, 2016a).

Table 4. The table is a summary of the three reports concerning insulation of heritage buildings (Historic England,
2016a; Historic England, 2016b; Historic England, 2016c¢).
Method Conunon Recommended

Advantages Disadvantages

application methods materials
External = Insulation layer = Hemp-lime ®  No alteration =  Affects the
insulation fixed to the composites of the heritage values
existing wall = Glass fibre interior of the exterior
covered by a (mineral wool) = Increased = Require
protective render = Wood-fibre weather adaptation of
or cladding boards resistance roof and wall
=  Provides junctions
additional = May require
thermal mass repositioning of
®=  Does not windows
reduce the =  Hygrothermal
floor area of conditions are
rooms altered
Internal =  Insulation is fixed = Almost any No alteration =  Affects the

insulation directly to the material of the heritage values
internal wall and =  Wood-fibre exterior of the interior
coated with a finish boards =  Hygrothermal
layer = Sheep’s wool conditions are
= Installed with a batts altered
ventilated cavity =  Hemp-fibre =  Reduces the
between the batts floor area of
insulation and the = Cellulose fibre rooms
wall. = Affects interior
= Rigid or non-rigid character and
insulation between heritage values
timber studs
Insulating = Inserting glass fibre, = Blown-in fibre = Non-invasive ®*  Hygrothermal
the cavity cellulose fibre or glass or cellolose =  Does not conditions are
foam insulation fibre aftect the altered
into cavities appearance or
character
2.5.3 Replacing windows

Windows are significantly important from an energy performance perspective. Windows both
provide energy to the building and are a source of large transmission losses depending on
orientation and the intensity of the solar radiation. In colder climate regions, especially when
considering a longer time interval, windows are mostly a cause for heat transmission losses. The
main cause of this is the thermal bridges which the window and its connection to the structure
give rise to (Hilliaho, et.al, 2015). A window shielding factor (g-value) is also an important
property. This parameter has a value between 0 — 1. 0 indicates that no solar radiation passes
through the window, whereas, a value of 1 indicate that all radiation is let through. Windows
from the past often has a g-value of 0,9, whereas, newer ones often has a value less than 0,7
(Skarning, et.al, 2016) Studies has previously shown that replacing windows to an alternative
with 3-pane glazing, in Nordic climate, can reduce a buildings energy use with up to 14 %
(Hilliahoa & Lahdensivu, 2015). An alternative for replacing the windows is the addition of
secondary glazing. Addition of secondary glazing has been shown to reduce the total thermal
transmittance with 6 % (Luciani, et.al, 2018) . Another alternative is the addition of a low
emissivity layer to the original windows (Adalberth & Wahlstrom, 2008). A low emissivity layer
reduces the energy losses by radiaiton through the window and effectively reflects it back into
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the building. Typical thermal transmittance of different window types is presented in table 5
(Petersson, 2009).

Table 5. U-values (W/m?K) for the glas parts of windows. LE = low emissvity layer with € < 0,15, A = air, AR
= argon (Petersson, 2009). p.493.

Thermal transmittance, U, (W/m’K)

Distance between glas 1 + 2 sealed windows 1+1
panes (mm) Without LE With 1 LE Without LE
1+2 1+2 1+1 1+1+1
A AR A AR A A
4 2,25 2,15 2,10 1,90 2,80 1,85
6 2,15 2,05 1,90 1,70 2,80 1,85
9 2,05 1,95 1,70 1,55 2,80 1,85
12 2,00 1,90 1,60 1,45 2,80 1,85
15, 20 1,95 1,85 1,50 1,35 2,80 1,85
2.5.4 Thermal bridges

The climate/building envelope separates the interior from the exterior environment. Thermal
bridges arise when a conductive element passes through or bypasses the thermal barrier of the
building envelope. These bridges provide a path of lesser resistance, allowing more heat to bypass
the thermal resistive layers of the construction. By doing so, it affects the indoor climate by
increasing of decreasing the temperatures. Examples of thermal bridges are; openings and
penetrations of the construction with a low thermal resistance material, varying thickness of
component parts, structural connections or when surfaces against the cold environment are
maximized, such as corners (Petersson, 2009).

Thermal bridges often cause multi-dimensional thermal flux. These types of heat flow are
complex to evaluate, because they depend on a wide variaties of boundary conditions. For the
case-building, these have not been independently verified, and no measurement of their
performance has been done. For the further analysis of the thermal bridges, and the building,
standard or lower than standard values of their heat conductivity has been assumed (appendix 1).
This could infact give rise to some additional uncertainty in the energy model. However, the
eftects can be considered to be of lesser magnitude.
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3 Research methods and data collection
3.1 Data collection

Archive sources and methodology
Historical and contemporary sources have led to insights regarding the historical, social and
asthethic context of the case-building. Sources include but are not limited to: bulding
documentation from the LKAB Archives, statements from the Swedish National Heritage Board
(Riksantikvarieambetet), condition state of the building made by the museum of Norrbotten
and a cultural envirnonment analysis conducted by Tyréns AB, the sources are listed and referred
to in the body of this master’s thesis. Building illustrations such as drawings, plans and sections
have been gathered, information regarding permit applications, technical description and
specifications of Arbetarbostider 158 (Workers quarters 158) have also been acquired from the
LKAB archive and have been used to study the original design and construction. Some
construction details have been assumed to be similar to documented solutions from same period
of construction (Bjork, et.al, 2009), see appendix 2.

Section 2, which primarily describes the theory and theoretical framework of the conservation
field, is relevant to understand and evaluate the impact of energy retrofits in heritage buildings.
Furthermore, it also contextualizes the intersection between energy performance and building
conservation. The method presented by the Swedish and European standard SS-EN 16883:2017
is applied to the case-building to find the balance between its conservation and its energy
performance.

Input data and energy performance calculations
Energy declaration protocols (appendix 3) have been a source of some input data for the building
energy simulation model. As these documents contain information of energy performance and
consumption, although to a limited degree, they have been found useful for calibration and
evaluation of the energy models’ validity and reliability (further discussed in section 5.2). After
defining a baseline performance of the case-buildings current state, proposed energy
refurbishments are evaluated according to their efficiency.

SVEBY (Standardisera och verifier energiprestanda I byggnader) is a cross sectoral
organization that gathers information and develops tools for the construction industry. Their
publications include reports which present standardized data for calculating and veritying the
energy performance of buildings. The data mostly include statistical data of stochastic variables
which are of importance for the accurate energy simulation of buildings.

The software used for evaluating the energy performance of the case-building and proposed
refurbishment measures is IDA ICE. This computer software provides settings and customization
for a wide variety of parameters (further explanation in section 3.4).

Types of data and information
As previously alluded to, this report utilizes both quantitative and qualitative data for its
finalization. Quantitave data would include; gathered statistical data, building specifics and the
energy performance calculations performed in IDA ICE and by hand. Qualitative data would,
in contrast, comprise of heritage value assessments in accordance to contemporary conservation
principles and the standard SS-EN 16883:2017.
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3.2 Case study — ‘Workers quarters 158’

Figure 4. Street view of Puoitakvigen at the end of the 19th century. Source: Gillivare Bildarkiv.

The methodologies concerning energy improvement of heritage buildings that are presented in
this master’s thesis will be applied to a building located in the sub-arctic climate zone of northern
Sweden. The specific location of this building is the mining town of Malmberget. The building
itself, and as a part of a larger context, represents parts of the community’s past and development.
It specifically represents buildings constructed during a time-period defined as the pioneering-
stage (Kulturmiljéanalys malmberget, 2017).

Original aesthetic, materials and aspects of its design can be assessed by reviewing historical
photographic documentation. The case-building is the middlemost one seen in the figure 4. It
was built between 1897 and 1898. Since then, the case building, also referred to as Puoitakvigen
5and Workers quarters 158, has been refurbished a number of times. The most recent and most
extensive refurbishment was carried out during the 1960’s.

The case building is a timber house in one and a half stories with a facade compricing of
standing wood paneling. It is currently painted with a green colour. The windows mainly consist
of 2-pane-glazing without mullions. There are 3 entrences from the outside and the doors are
simple and incorporate windows. A frontispiece is the main feature of the backside of the
building. Dormers above the entrences are part of the building’s decoration. The gable roof has
a finish made of black corrugated steel and its foundation is made of cut stone (Engstrom, 1995,
p. 30).

Historical context
The abundance of iron-ore deposits in the area has been known since the early 17" century.
Malmberget as a settlement was founded in 1888 as a result of the expanding rail transport
network reaching the mineral deposits located in the area. Naturally, this led to increasing
production. Thus, increasing demand for labour which in turn attracted people looking for work
to the area. As a result, the settlement experienced significant growth and development during
this era. The need for residences, working quarters, services and public utilities grew, and
consequently, development of Bolagsomridet was initiated during the 1890’s (Engstrom, 1995),

p- 3).
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Neighbourhood description and building tradition
The studied case-building “Workers quarters 158’ resides in the neighbourhood Hermelinen,
which constitutes the westernmost part of Bolagsomridet. This neighbourhood is one of several
neighbourhoods located near the iron-ore deposits. As the mining operation has expanded, larger
and larger areas are susceptible to ground subsidence. Consequently, a growing number of
residences have been abandoned, moved and demolished to make room for the continual
expansion of the mine and its associated activities (Engstrom, 1995).

It 1s obvious that the neighbourhood was built according to a specific social hierarchy. The
workers living quarters are clearly separated from the upper managerial living quarters. Most
residential buildings intended for the working class are larger and have several entrences. The
architectural identity of the area is defined by jugend, nationalromanticism, 20" century classism
and functionalism. The neighbourhood Hermelinen is architecturally typical for settlements from
the same era. It was during the time between 1890-1900 that most of the worker quarters were
built in Hermelinen. These accommodations were simple and sparsely decorated. Common for
nearly all buildings from this era is the gable roof construction with brake-formed steel finish
(Engstrom, 1995, p. 5-8).

Figure 5. “Workers quarters 158’ (encircled building) and surrounding ngbbourbood.
Image provided by Google Maps (2018).

Refurbishment of the 1960’s

During the 1960’s the building was refurbished. Alterations were made to existing walls. The
original outside paneling was replaced by a thermal insulation layer, an air gap with vertical studs
and new paneling (appendix 4). The external finish is at the present state remarkably difterent
from what we can observe from pictures and other historical documentation (pictures from
Gillivare Bildarkiv). The interior of the exterior walls has also been tampered with, wood fibre
boards and additional paneling and/or finishes were added during the refurbishment measures of
the 1960’s. Interior surfaces have also been altered, for example, most of the floors have had their
finish changed to one made of linoleum. The livingroom floor finishes have been replaced with
parquet floors. The small roof windows clearly visible on earlier drawings (appendix 5) have
been removed, most likely due to their limited function, since those spaces were primarily used
for storage.
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Heritage significance and character defining elements

Figure 6. Parts of Malmberget and adjacent environment at the end of the 19" century. Source: Gillivare Bildarkiv.

According to a cultural environment analysis of the community (Kulturmiljéanalys Malmberget,
2017) the heritage significance of the building mainly resides within the social and historical
context of the building. This assessment is partly based the declaration of national interest made
by the Swedish National Heritage Board (Riksantikvarieimbetet, 1997): “Motivation: Two
mining communities (Malmberget and Koskullskulle) with associated characteristic and time-
period defining structures that reflect economical conditions and social stratification from
different stages of development. Expression of national interest: Communities with
characteristically divided housing; the corporate area (Bolagsomridet) and individual built-up
areas. The corporate areas are at present time relatively intact, with labour, service and managerial
housing...”. Figure 6 captures the ambience of the neighbourhood’s past.

Particual for this specific neighbourhood is the size of the lots. Here, they are smaller and
more densly built than in other similar neighbourhoods (Engstrom, 1995, p. 5). The buildings
also reflect the interest of LKAB in the production and management of the workers quarters at
the era refered to as the pioneering-stage which extends to the year 1900. The building itself
have some character defining elements worthy of preservation. These have been defined
according to the report Kulturmiljoanalys Malmberget (2017) as: the volume of the building, the
shape of the roof (including details), fascades and their paneling, window shape and placement,
entrencés and balconies, smokestacks and their materials and the granite foundation.

Assessment of the use of the building

Currently the building is situated at Puoitakvigen 5 in Malmberget, Sweden (figure 7). It’s
occupied by multiple households, since it’s a multi-dwelling block consisting of 4 separate
apartments, two on each floor of the building. A decision has been made by the municipality
and LKAB to move the building to a new location. It will be relocated to a newly developed
part of Koskullskulle, a few kilometers from the current location. The building will be moved
together with a few other houses that have been deemed worthyof preservation, especially as a
coherent group of buildings.
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Figure 7. Current state of “Worker’s quarter’s 158°. Photo: Norrbottens Museum (Report 2009:22).

Conditions after relocation and current maintenance

The placement of the buildings after relocation should try to emulate the conditions of the
original site according to the value assessment. The density and building lot should be of identical
size and shape. The building’s orientation should also be considered important. The exterior and
associated details should be preserved (Kulturmiljéanalys Malmberget, 2017). External parts
which are demolished or detatched during the relocation should be recreated (Kulturmiljéanalys
Malmberget, 2017, p. 41). The basement, however, will not be recreated at the new site. A
crawl-space will be constructed instead. No definitive structural plans or drawings have been
found. The crawl-space will possibly be constructed as a bricktype wall with external XPS
insulation with a concrete floor also insulated with XPS boards. This was the solution used for
another building when it was moved to the new site.

Construction elements of the building envelope
Table 6 below lists essential and basic information regarding the case study building. Structural
elements, subcomponents and thickness are listed in accordance to the information provided in
the technical description of the building (appendix 4). The U-values (W/m’K) have been
calculated directly from the computer-generated building energy model.
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Table 6. Construction and thermal performance of building elements constituting the building envelope.
Construction ~ Number of layers/subcomponents U-value Approximate
Description (W/m’K) thickness and comments

element

Attic roof 1. Steel finish 3.12 200 mm, not including the steel
2. Air infiltration barrier finish. Modeled as ventilated steel
3. 25 mm wood paneling roof.
4. 175x75 mm beams ¢/c 600 mm
Roof 1. Steel finish 0.31 225 mm, not including the steel
(stairwell 2. Air infiltration barrier finish.
and heated 3. 25 mm wood paneling The cavity in-between the beams
spaces) 4. 175x75 mm beams ¢/c 600 mm has been assumed to be filled with
filled with sawdust insulation sawdust insulation.
5. 70 mm mineral wool and studs Information presented in appendix
6. 25 mm wood paneling 1 and appendix 6 support this
7. 6 mm wood fiber board assumption.
Attic floor 1. 225x75 mm beams c¢/c 600 mm 0.30 325 mm.
filled with sawdust insulation
2. Air infiltration barrier
3. 25 mm paneling (sub-floor)
4. 50 mm studs and 25 mm mineral
wool
5. 25 mm paneling/wood fibre
board
Exterior wall 1. 30 mm paneling 0.37 255 mm.
2. 25 mm air gap and vertical studs
3. 50 mm mineral wool and studs
4. 75 mm plank (timber)
5. Air infiltration barrier
6. 50 mm air gap and studs
7. 19 mm wood paneling fibre board
8. 6 mm wood fiber board
Bottom floor 1. 25 mm paneling 0.37 275 mm not considering the floor
2. Air infiltration barrier finish.
3. 225x75 mm beams ¢/c 600 mm Also see appendix 7
filled with sawdust insulation
4. 25 mm paneling
Basement 1. 180 mm concrete (estimation) 3.63 180 mm (not verified).
floor
Basement 1. 500 mm granite (approximation) 1.08 550 mm, estimation based on
walls 2. 50 mm internal wood wool board basement floor plan.
Entrence Non-insulating entrence door 2.20 Number of doors and their area
door are listed in appendix 8.
Windows 2-pane-glazing 2.70 -
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3.3 Limitations

This section of the master’s thesis will discuss the application of the methodology described by
the standard SS-EN 16883:2017 to the case-building. Some limitations have been implemented
in an effort to reduce the scope of the project, others are imposed in order to reduce the
complexity of the project and the need for multi-disciplinary expertise.

The guidelines propose several assessment categories to consider. Nevertheless, a number of
assessment categories and assessment criterias have been excluded. These are the categories and
criterias which are not directly related to the heritage significance of the building and its settings
and energy. Some categories are partially considered, one of which would be technical
compatibility. For example, the hygrothermal properties has only been partially addressed by
excluding non-breathable materials from consideration. No hygrothermal analysis for the
proposed refurbishment measures has been conducted, as this would extend beyond the scope
of this master’s thesis. The reversibility of the refurbishment measures has been considered, which
also falls under the category of technical compatibility. Economic viability, indoor envorinmental
quality and impact on the outdoor environment have been excluded entirely.

Table 7 below lists all categories and criteria considered within the scope of this master’s
thesis. The proposed refurbishment measures will be assessed using a five-level scale (SS-EN
16883:2017, p. 22). The overall assessment however is modified to reflect the limitations
previously discussed.

Table 7. Assessment categories and criteras in accordance with SS-EN 16883:2017.

|_Assessment category  Assessmentcritera |

Technical compatibility Hygrothermal risks (slightly considered)
Reversibility

Heritage significance of the =~ Risk of material, constructional, structural impact

building and its settings Risk of architectural, aesthetic, visual impact
Risk of spatial impact

Energy Energy performance and operational energy demand in terms of primary energy
rating (total)

Building survey

The building survey and assessment provides the necessary information about the building in
order to make an informed decision on any energy performance improvement measures. The
building survey includes, but are not limited to; general information, describing heritage
significance and conservation opportunities, assessment of the current use, documenting the
structural type and elements, energy performance assessment. The building survey has in fact
been performed in section 3.1 and 3.2. The energy performance assessment is, however,
presented in section 4.2.1.

Construction and estimation of compositions

Bjork et. al. (2009) have observed and documented common building techniques used in
Sweden during the last few centuries. By comparing the case building to what has been
documented by Bjork et. al. (2009) made it possible to obtain necessary input for establishing a
reliable representation of the construction elements. This method of approximating the
composition of the building elements was necessary in two different cases; (1) when drawings
and other documentation were lacking essential information in combination with the absence of
invasive and destructive analysis, (2) during the assessment of some building elements (and their
compositions) as they would have been before the 1960’s refurbishment. Furthermore, the
building has since its construction experienced what can only be assumed to be several
refurbishments, which means that the building has been altered numerous times.
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Dimensions of the basement walls have been approximated by studying rudimentary basement
floor plans where no actual measurements were given (appendix 9), this of course, leads to the
deviation from actual conditions and introduces uncertainties into the evaluation of the energy
performance. The basement wall has been verified to be made granite (appendix 4), which is
one of the most common natural stones utilized for foundational structures from the same time
period (Bjork et al., 2009). As Bjork et al. (2009) further explains, the foundational wall was
often driven down approximately two meters below the ground level, as to form a basement,
which is the case for ‘Worker’s Quarters 158’

Another prominent source of information is an energy declaration protocol from 2008
(appendix 3). This protocol directly refers to Puoitakvigen 5, but also to one of its neighbouring
buildings, Puoitakvigen 3. It is stated in the protocol that both buildings have similar
construction characteristics and composition. Since these two buildings essentially are the same,
aspects of the construction and composition of one of them has been assumed to be identical for
the other. Therefore, some limited documentation regarding Puoitakvigen 3 has also been taken
into consideration when determining the construction, characteristic and features and
composition of Puoitakvigen 5.

During a site visit, the external wall was confirmed, by simple measurements, to be
approximately 250 mm. A more extensive inspection was not performed due to the building
being occupied by residents at the time of visitation. A more extensive visual inspection could
have provided some additional information, which could make a few of the assessments less
based on inadequate documentation and the uncertain nature of historical sources.

The roof has been modeled by assuming specific characteristics of the air in direct contact
with the roof itself. These types of air layers can be simplified by using standard values. Since the
roof is self-ventilated and the finish is made from steel, the air layer and the external finish can
be assumed to have a combined thermal resistance of 0,15 m’K/W ((Petersson, 2009). The
external surface thermal resistance is not included in this value.

The U-value of the external wall has been independently corroborated by the energy
declaration protocol (appendix 3). The protocol estimates the U-value of the external wall to be
0,4 W/m’K. Which can be considered close to the calculated value of 0,37 W/m?’K. There are
however additional data regarding the U-value of the external wall which do not corroborate a
value of approximately 0.4 W/m’K. This single measurement suggests that the external wall has
a U-value of 0,32 W/m’K. These results further weaken the reliability of the model. However,
two independent sources have approximated the U-value of the external wall to be roughly 0,4
W/m’K. The newly measured value could in fact be misleading and be a result of, for example,
variations within the external wall.

25



3.4 IDA Indoor Climate and Energy (IDA ICE) — Building energy model
IDA Indoor Climate and Energy (IDA ICE) is a dynamic multi-zone simulation application for
the accurate study of the thermal indoor climate of individual zones as well as the energy
consumption of an entire building. IDA ICE has been validated with respect to CEN Standards
EN 15255-2007 and EN 15265. Furthermore, it has received several other certifications from
institutions and industry experts (International Energy Agency SHC Task 34, Techincal
Memorandum 33, LEED and BREEAM, DGNB). The software provides settings and
customization for the following parameters: shading, building elements, location, weather,
mechanical ventilation, infiltration, thermal bridges, ground properties, and system distribution
losses. After an energy load simulation ICA ICE produces a variety of data including, but not
limited to heat supplied, window heat losses, building-envelope heat losses and ventilation heat
losses,

IDA ICE Workflow and progression chart
The workflow and process of modelling the building in IDA ICE is described in table 8 below.
Its’s a general workflow chart for completing an accurate and representative energy model of the
building.

Table 8. Stages of modelling and producing simulation reports in IDA ICE.

Modelling stage/progression Description/comment

1. Building geometry and CAD Imported to IDA ICE from SketchUp Pro 2017

2. Define default constructions Common construction elements and their material
layers are defined. Other elements are defined
separately.

3. Inserting zones Zones (rooms) are defined within the external
building body.

4. Windows, doors and internal openings In two adjacent zones, there is a possibility to modify
openings, position and size.

5. Site shading and orientation Orientation of the building.

6. Location and weather Weather files are imported from the database.

7. Ventilation system Adjustment of the ventilation system and
components.

8. Infiltration The air leakage is defined.

9. Thermal bridges The quality of thermal bridges is defined by heat
conductivity per meter joint. See appendix 1.

10. Ground properties Ground model is chosen.

11. System distribution losses Energy distribution method. See appendix 4.

12. Heating load calculation and results All defined input data are considered when calculating
the heating load. Results of the simulation can be
interpreted.

IDA ICE Base model

No original drawings of the building from 1898 have been discovered during the research phase
of the project. The energy model is primarily based on drawings and documentation from the
1960’s (appendix 4, 5, 9 and 10). However, these drawings and accompanying documentation
were somewhat limited in their comprehensiveness. For instance, no precise dimensions were
visible on the physical drawings. The models’ size and geometry are based on scanned drawings
from the 1960’s. This introduces some uncertainty in the accuracy of the model, however, the
difference between the actual area and the model area will be considered negligible.
Furthermore, IDA ICE presents additional area options for inclusion in energy performance
reports. All energy performance reports (presented in section 4.2) are based on an area of 432
m?, which is the same as the buildings’ actual area (A.yp), see appendix 6.
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The building was modelled in IDA ICE by importing external building geometry from the 3D
modelling software SketchUp Pro 2017, see figure 8. The building body represents, in this case,
the inside of the building envelope and its building elements. The figure can also be thought of
as to represent the volume of the building restricted by its internal surfaces.

Figure 8. Imported external building body and geometry as displayed by IDA ICE. The building has been modelled
with a crawl-space instead of a basement in this figure. This figure does not represent all considered scenarios.

Zone/room boundaries are presented in appendix 11. The model consists of 46 difterent zones.
Most of them have the same settings, which means they have similar heating equipment,
temperature set-points, ventilation flow, etc. Settings difter for the attic and the basement, since
these spaces are not heated to more than 10 °C (appendix 12), and therefore, do not account for
additional temperature-controlled spaces (A emy)-

IDA ICE - Base model, settings, climate data and other considerations
Input data, sources, settings and considerations are listed in table 9. The input data represent the
current, or in other words, the “base case” of the building. The building energy model of the
base case represents next to all present state internal and external factors, ranging from existing
design and construction to a wide variety of environmental factors. User affected parameters
have previously been presented in section 2.6.1. Input data has been gathered from a variety of
sources, including the energy declaration protocol, SVEBY, BBR, Statistics Sweden (SCB) and
the technical description of the building.

In the municipality of Gillivare, in residences with similar apartments sizes and form of
housing, the average number of occupts is 6.2 (SCB, 2018). This has been taken into account,
in the energy model by distributing 6.2 occupants among all bedrooms and kitchens throughout
the building. The occupants have been assigned a presence schedule which dictates during which
hours of the day that they are inside the building. The occupants are present from 5 am to 8 pm
during weekdays and around the clock during weekends.

The building is located in a suburban neighborhood, for the energy model this is of relevance
when wind exposure and wind profile are to be chosen. A standard IDA ICE wind profile has
been chosen for suburban neighbourhoods.
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Climate data is an essential input for any building energy simulation. ASHRAE provides what
they describe as “typical year” weather files. One such weather file has been imported into the
IDA ICE model. Although, no climate data for Malmberget was available. This led to a climate
file for Kiruna to be chosen instead. Both Kiruna and Gillivare (including Malmberget) have
been assigned a similar geographical adjustment factor, see section 2.3.2. This factor indicates,
since both Gillivare and Kiruna share the same value, that both locations have comparable
climate conditions. Some variations from actual conditions, especially local weather conditions,
will be introduced into the energy model as a result of choosing a climate file which represents
another location. However, regional climate differences can, for the sake of further analysis, be
considered negligible.

Energy consumption data for property and household electricity have been gathered from an
energy declaration protocol for the district in which the case-building is located. According to
the protocol residential dwellings constitute 93 % of the total building stock of the district. The
other 7 % includes other types of buildings (appendix 3). The energy declaration protocol also
contains information regarding construction elements, U-values, energy distribution system and
heatead indoor floor area.

Some U-values for composite material layers have been calculated manually (appendix 13).
These simplifications have been made in an effort to reduce the complexity of defining material
dimensions and parameters within the building energy model.

The values of the thermal bridges have been set to the preset value “typical” as defined by
IDA ICE. The specific values depending on the structural connection of the thermal bridge is
presented in appendix 1.
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Table 9. Input data and setting
PARAMETER

SUB-

s for the building

EXPLANATI (-)N

VALUE/

SOURCE/

CATEGORY CATEGORY SETTING COMMENT
Geographic Location Coordinates 67.817 N, Approximation
information 20.333 E
Climate data file  Temperature, SWE_KIRUNA _ ASHRAE IWEC2
atmospheric pressure, 020440_IW2.PRN  Weather File for
wind speed etc. KIRUNA
Orientation Rotation of locally 189.1° Approximation
defined coordinates
Wind profile Suburban Semi-exposed ASHRAE 1993
Indoor Zone Controller set-points Min 21 °C SVEBY (2012)
temperature temperature for individual zones Max 25 °C
Windows Properties Factors g=0.76 IDA ICE standard
T=0.7 setting
Tvis = 081
Domestic hot Heating energy  Yearly consumption 37 kWh/Awmp(m?),  Energiprotokoll for
water (Ey) 15 984 kWh Fastighet: Malmberget
8:17#Puoitakv-Krokv
Internal gains Internal gains from 20 % SVEBY (2012)
domestic hot water
Tenant Energy Yearly consumption 29,4 30 kWh/Aemp(m?)
electricity (E,) consumption kWh/ Aemp(m?) according to the

energy declaration
protocol (appendix 3)

Internal gains Internal gains from 70 % SVEBY (2012) &
electric devices Petersson (2009)
Facility Energy Yearly consumption 14,6 14,0 kWh/ Atcmp(mz)
electricity (Ep consumption kWh/Acemp(m?) according to the
energy declaration
protocol (appendix 3)
Occupants Number of Number of people for 6,2 Statistics from
people similar dwellings SCB (appendix 14)
Attendence Presence schedule Weekdays: 17-08 SVEBY (2012)
Weekends: 24-00
Effect Energy in joules per 80 W (J/s) SVEBY (2012) &
second (MET 0.8) Petersson (2009)
Internal gains Internal gains from 100 % SVEBY (2012)
people
Heat losses Thermal bridges  Quality Typical Appendix 1 (Standard
IDA ICE Settings)
Infiltration Property of older 0,51/s Aom (m?) Slighly adjusted

buildings standard value
Ground model Standard ISO-13370 Global standard
Building Construction and According to Appendix 4 and
envelope U-values table 6. appendix 6
Ventilation On-demand Kitchen fan No forcing of the SVEBY (2012)
(losses and airflow fan
equipment) Additional Additional energy 4 kWh/ Atcmp(mz) SVEBY (2012)
ventilation losses  consumption
Return air only  Natural ventilation. Min 0,35 1/s m? Minimal air-flow
(no supply side)  Air flow in rooms Max 0,35 1/s m? according to BBR
Energy system District heating ~ Energy supplied to for ~ No distribution No technical

and cooling

heating

losses

information on the
district heating system

Internal energy Number of water 38 Technical description
distribution radiators
system
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IDA ICE Energy balance
In section 2.3, the energy balance of buildings in general is presented. Figure 9 below is a
modified version of figure 3. The energy carriers are district heating and electricity, no fuels are
used for heating needs. The quantity of delivered electricity to the building can be divided into
tenant electricity (E,) and facility electricity (E;). Energy meters for equipment and light fixtures
within the energy model are chose to reflect this. What constitutes tenant and facility electricity
has already been presented, see section 2.4. SVEBYs definitions corresponds to BBRs definitions.
This will allow the building performance to be properly evaluated, in accordance to the building
regulations. The heating of domestic hot water is according to the energy declaration (appendix
3), 37 kWh/ Ay and year. This value has been used instead of the standard value (25 kWh/ A emp
and year) for multi-family dwellings which SVEBY recommends when no other data is available.

BOUNDARY OF DELIVERED ENERGY,
ADAPTED TO THE CASE-BUILDING

Solar gains through windows -i

Heat load from people I
ENERGY ENERGY TECHNICAL I ENERGY
NEED IN SPACES DEMAND BUILDING I CARRIER
Heating (Eupp) Heating energy | SYSTEMS District heating
Dom. hot water (E,,)
Facility lighting (Ey) Electricity (B + E)) | Electricity (E; + E)

Tenant lighting (E,)
Tenant equipment (E,)

Heat losses System losses and
through the energy conversions
building (0 %)

envelope

|
|
|
|
|
|
|
I Facility equipment (E;) < ]
|
|
|
|
|
|
|
|

Figure 9. Boundary of delivered energy. Modified to reflect the energy carriers and heating systems of Puoitakvigen
5. The electricity is also divided into tenant and facility electricity for evaluation in accordance to BBR.

3.5 Energy performance reports

IDA ICE energy performance reports are the basis for the evaluation. The reports include
information on delivered energy, which is divided into categories. The categories include district
heating (space heating and heating of domestic hot water), tenant and facility lighting, tenant
and facility equipment etc. Some of these posts are dependent on probabilistic, stochastic and
dynamic factors. Some of them are directly correlated to the climate.
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4 Results

4.1 Assessment and selection of measures for improving energy performance
The suitability of materials and their properties are presented in section 2.5. In table 10 below,
an assessment of the refurbishment measures is made by taking their impact on heritage values
into account.

The assessment of the impact on heritage significance impact in this master’s thesis will be
based on the criteria mentioned in table 7. The acceptability of the refurbishment measures is
measured the following scale: completely acceptable, very acceptable, moderately acceptable,
slightly acceptable and not acceptable. This assessment scale is different from the one proposed
in the standard SS-EN 16883:2017. The applied scale evaluates impact on the heritage values
only and is thus different from the scale suggested by the standard.

Assessment and categorization of proposed refurbishiment measures
Section 3.2 of this master’s thesis mentions the statement of significance, heritage significance
and character defining elements of the case-building as defined by the Swedish Heritage Board
and the cultural environment analysis (Kulturmiljéanalys Malmberget, 2017). The proposed
refurbishment measures will be categorized in accordance to their impact and intrusiveness on
the character defining elements. The assessment also takes the principles of conservation into
consideration, which were introduced in the theoretical framework (section 2).

Completely acceptable refurbishment measures
Measures which concern the replacement of cavity-fill insulation (replacement of the sawdust-
fill insulation) have all been categorized as measures with no significant impact on design, visual
and/or spatial values. Primarily since they do not make changes to the listed characted defining
elements. Thus, do not aftect the authenticity of the building in any considerable manner. These
measures can also be considered, at least to a certain degree, reversible.

Measures concerning the refurbishment and changes to the basement have also been
categorized into ones which are completely acceptable due to similar reasoning (as the case
concerning cavity-fill insulation). Due to the fact that the building will get, as previously
mentioned, a new structural foundation. Further changes to the structural foundation have been
categorized as completely acceptable.

Very acceptable refurbishment measures
Refurbishment measures which aftect the attic has been categorized as having little or no impact
on the heritage values. Mostly, due to the fact that no character defining element is being aftected
by additional insulation of the attic floor. Moreover, these measures do not affect the external
appearance of the building.

Measure L proposes making changes to the windows. The windows have, as mentioned in
section 3.2, been listed as of the building’s character defining element. This particular measure
proposes the addition of an additional pane of glazing. This pane of glazing would be added to
the internal side of the window and would as a result not affect the building’s external
appearance. This measure can also be argued to be somewhat reversible since it has minimal
impact on the appearance of the original windows. It is also relevant to point out that the
characteristics which should be preserved (mentioned in section 3.2) are tied to the placement
and the shape of the windows rather than their historical or material authenticity.

Refurbishment measures which affect the internal side of the exterior wall is also categorized
as very acceptable due to them only affecting room proportions and not any of the expressed
character defning elements. Affecting room proportions would be classified as having a spatial
impact according to SS:EN 16883:2017. However, refurbishment measures with spatial impact
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that do not affect any expressed character defining element will not be considered to impact the
heritage values of the building.

Moderately acceptable measures
Measure M proposes the replacement of the external windows with high performance ones. This
measure can be considered as moderately affecting the expressed characted defining elements
because the characteristics that should be preserved are mostly tied to the placement and the
shape of the windows, as previously stated. This might allow the windows to be changed into
high performance ones if both original placement and shape are preserved.

Slightly acceptable measures

This category is assigned to measures affecting the external appearance of the building. Since
some of the combined heritage value of the case-building is tied to the external appearance,
changes to it may only be slightly acceptable. The refurbishment measures concerning additional
insulation of the facade affect visual and material aspects and thus aftects the authenticity of the
building. The only reason why these measures are not considered completely unacceptable stems
from the fact that the building already experienced major refurbishment during the 1960’s.
During this refurbishment, the construction of the external wall was heavily altered.

Table 10. Impact assessment of refurbishment measures on heritage values.

Building Reference  Description of proposed Impact of Comment Acceptability
element refurbishment measure refurbishment of
measure on heritage refurbishment
value measure
Attic floor A Replace the sawdust-fill Material, structural Low material | completely
insulation between the values, acceptable
rafters with cellulose fiber minimal
(loose-fill) impact,
reversible
B Replace the sawdust-fill Material, structural, Minimal completely
insulation between the impact, acceptable
rafters with blow-in fibre Reversible
glass
C Additional attic floor Material, structural, Only affects very
insulation (glass-fibre), visual the the attic acceptable
300 mm
D Additional attic floor Material, Only affects very
insulation (glass-fibre), constructional, the the attic acceptable
500 mm visual
Exterior E) Addition of wood fibre Material, structural Affects a
wall board Visual (architectural character
(externally) 50 mm and aesthetic) defining
element
E(2) Addition of wood fibre Material, structural Affects a
board Visual (architectural character
80 mm and aesthetic) defining
element
F Additional mineral wool Material, structural Affects a
insulation Visual (architectural character
50 mm and aesthetic) defining
element
G Addition of aerogel Material, structural Affects a
insulation panels Visual (architectural character
25 mm and aesthetic) defining
element
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Exterior Replace 6 mm wood Material, visual Affects very
wall fibre board with a (aesthetic), spatial internal acceptable
(internally) 50 mm wood fibre board aesthetics
Addition of EPS board Material, visual Affects very
50 mm (architectural and internal acceptable
aesthetic), spatial aesthetics
Addition of PUR board Material, visual Aftects very
50 mm (architectural and internal acceptable
aesthetic), spatial aesthetics
Addition of cellulose Material, visual Aftects very
insulation panels (architectural and internal acceptable
50 mm aesthetic), spatial aesthetics
Windows Additional glazing Visual, material Slight visual | very
(3-pane glazing, from 2) change, acceptable
U = 1,3 W/m’K reversible
High performance Visual, material, Moderate moderately
windows constructional, visual change | acceptable
U = 0,6 W/m?*K architectural, (The change
aesthetic does not
affect form or
placement)
Bottom Replace the sawdust-fill Material, structural Low material | completely
floor insulation between the values, acceptable
rafters with cellulose fiber minimal
impact,
reversible
Replace the sawdust-fill Material, structural Low material | completely
insulation between the values, acceptable
rafters with blow-in fibre minimal
glass impact,
reversible
Structural The old basement will Visual, material, Necessary completely
foundation not be reconstructed. A structural change acceptable
crawl-space will be built (therefore,
instead, with the addition assessed as
of XPS boards. completely
acceptable)
Roof Additional mineral wool ~ Visual, material Limited very
(in contact insulation board visual impact | acceptable
with heated 50 mm
spaces)
Doors Replacement of exterior ~ Material, visual Not assessed | moderately
doors (aesthetics) as character acceptable
(U =1,2 W/m’K from defining
2,5 W/m?*K)

Only materials which display water vapour permeable properties have been selected for the
proposed refurbishment measures, these include most common insulation materials, such as glass
fibre, cellulose and wood fibre. EPS boards are considered for some measures, since they also are
considered a rather breathable material. Advanced insulation materials such as PIR, PUR and
XPS which display insignificant water vapour permability (table 3) have been deemed not
worthy of consideration, since they would significantly increase the risk for moisture, frost and
mould damage inside the construction. There is one exception, which is the use of XPS boards
as insulation in the new structural foundation (corresponds to the scenario were the building has
been moved to its new location and a new foundation has been built).

Changes to the foundation/basement will be considered to not further affect the heritage
value in any significant way since the changes to the foundation will occur as a result of the
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building being moved to the new location. The building will get a crawl-space instead of a
basement. Since this part of the building will undergo major structural, functional and aesthetic
changes, further intervention can be argued to have little or no effect on the remaining heritage
value this part of the structure holds.

4.2 Results of energy performance simulations

The buildings energy performance (Ei.,) is evaluated by applying equation 1 (section 2.3.2) to
the outcome of all individual refurbishment measures and all scenarios (table 11 and table 12).
Evaluation of the eftectiveness of each individual measure and the proposed packages of measures
is made by comparing the simulation outcome to the base line of the building.

4.2.1 Case study building — Base line

The base model represents the current state of the building. This state is modeled on drawings
and associated documentation from the 1960’s refurbishment. Table 6 and table 9 define all
relevant input data for the baseline condition of the building’s energy performance. When other
refurbishment measures or alterations are evaluated, their efficiency will be compared to the base
line value. The base line performance is presented in figure 10 as well as in figure 11. Additional
information can be found in appendix 15.
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Figure 10. The energy balance of the building when no refurbishment measures have been implemented.
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Figure 11. Energy performance of the building with no implemented refurbishment measures expressed as its
energy use divided by the area in contact with heated indoor air (kWh/Acemp and year).

The energy declaration protocol claims that the heat requirement reaches 137 kWh/ mZ(Atemp)
and year (appendix 3). According to the simulation, the energy required is 145,1 kWh/ mZ(Ammp)
and year, see figure 11. The primary energy value (EP,.,) is calculated according to equation 3.
The heating energy for spaces (E,,.) is adjusted by a geographical adjustment factor of 1,9 (see
section 2.3.2). After adjustments for location and energy carrier the primary energy value is
calculated to 113,4 kWh/m®. Which is 33,4 % higher than the current requirement expressed
by Boverkets Building Regulations (BBR), see table 1.

The difterence between the heating energy according to the energy declaration and the
simulated result is 5,6 %. The difference can probably be attributed to temperature variations,
uncertainty of the composition of some construction elements and the assumption regarding the
air-tightness of the construction. However, the fact that the difterence is only 5,6 % indicates
that the assumptions regarding the air-infiltration rate is, at the very least, close to the actual rate.

The simulated energy performance of the building only deviates 0,9 % from the heating
energy use according to the energy declaration, this is well within acceptable margins of error
(Elmroth, 2015). This provides a firm basis for the evaluation and comparison of the proposed
refurbishment measures.

4.2.2 Energy performance evaluation of the refurbishment of the 1960’s
During the refurbishment of the 1960’s some energy improvement measures and renovations
were implemented. These measures affected both internal and external characteristics and
consequently the thermal properties of the building. These refurbishment measures included; (1)
a 50 mm batt of mineral wool insulation to the external wall, (2) a 70 mm mineral wool batt
and stud construction to the inside of the roof (specifically to the roof above the stairwell and
other heated spaces), (3) a 50 mm wood wool board to the interior of the basement wall, (4) a
25 mm mineral wool board to the attic floor, (5) a 50 mm wood wool board to the basement
wall, (6) wood fibre boards attached to some wall and floor surfaces. Wood wool- and wood
fibre boards can be assumed to have been later additions, and not part of the original structure.
The effectiveness and the contribution of these refurbishment measures are evaluated by
modifying the base model, see figure 12. In the model, the material layers mentioned above are
removed. No other variables are being changed in order to establish a rough estimation of how
the energy performance of the building was changed after the refurbishment.
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Figure 12. The building’s energy use as it would have been without the 1960’s refurbishment, assuming no
other factors or variables are changed. This assumes equivalent air infiltration rates and energy consumption.

The building’s energy use (Ey.) 1s 37,2 % less effective in comparison to the base line
performance (table 11). This result assumes no changes to the energy consumption and air
infiltration rate etc. These factors have not been changed for purposes of making relevant
comparisons and evaluations. Although, the refurbishment measures of the 1960’s probably
resulted in a construction with a lower air infiltration rate.

The total number, placement and window sizes were also changed during the actual
refurbishment. However, proper documentation regarding the details of what has been modified
1s unavailable. The energy performance of the windows has been lowered in this simulation, no
changes have been made to neither the geometry of the basemodel or window placement and
area. And therefore, does this simulation only approximate the contributions of the windows.

4.2.3 Foundational structure changed from a basement to a crawl-space

Within the foreseeable future the building is going to be moved from its current location, after
the relocation the building will be placed on a different foundational structure. This change will
affect the volume of the space beneath the liveable area, and therefore, affect the energy
performance of the building. However, since neither foundational structure is part of any
temperature-controlled spaces, which are intended to be heated to more than 10 °C (A..p), the
effect on the energy performance of the building 1s of lower magnitude. One factor which aftect
the energy performance more significantly is the removal of the electric equipment (laundry
machies etc) in the basement. After the relocation, none of these electric appliances will
contribute to the building’s property electricity (Eg). Figure 13 shows the eftects of these changes.
No information on how this specific building’s foundation will be changed was available.
However, similar buildings have already been moved and their basements have been replaced by
crawl-spaces. According to the information gathered, these crawl-slaces were designed with an
enclosing brick wall (~300 mm) with an external 100 mm XPS insulation board. The ground is
covered by a 180 mm concrete slab with two layers of external XPS insulation, which have a
combined thickness of 150 mm. The case-building will, for the sake of further analysis, be
assumed to receive a comparable foundational structure.
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Figure 13. The building’s energy use after it has been relocated.

The heating energy use (E,,) is reduced by 5,4 % (table 11) after changing the structural
foundation to a crawl-space. Limited change is expected since the basement of the current
version of the building is not heated and consequently, the heated area (A.,) of the building is
not reduced. Moreover, the insulation of the bottom floor already forms the barrier between the
heated indoor air and the non-heated basement. However, some the change in energy use of
this measure is attributed to to the removal of light fixtures and electric equipment located in
the basement. The domestic hot water consumption is assumed to be kept constant even after
relocation to the new site. The reason being that the domestic hot water consumption is already
determined as the average of a number of households in relation to A, (appendix 3).

4.2.4 Energy performance evaluation of refurbishment measures

Table 11. Potential improvement of proposed refurbishment measures.

Building Reference Description of refurbishment Energy use, Change in  Change in
element measure Eyea/ Atemps energy use heating
(kWh/m? year) energy use,
Euppr
0 Effects of the 1960’s 269,8 +37.2% + 50,4 %
refurbishment
BASE LINE  The building without any 196,7 - -
implemented vefurbishment
measures
Attic floor A Replace the sawdust-fill 191,4 2,8% 3,7 %

insulation between the rafters
with cellulose fiber (loose-fill)

B Replace the sawdust-fill 190,7 31 % 41 %
insulation with mineral wool
C Additional attic floor mineral 186,3 5,3 % 7.2 %
wool insulation (300 mm)
D Additional attic floor mineral 184,9 6,0 % 8,1 %
wool insulation (500 mm)
Exterior wall E@1) Addition of wood fibre board 185,4 5,7 % 7,8 %
(externally) (50 mm)
E(2) Addition of wood fibre board 181,6 7,7 % 10,4 %
(80 mm)
F Additional fiberglass insulation ~ 186,5 5,2 % 7,0 %
(50 mm)
G Addition of aerogel insulation 183,0 7,0 % 9,4 %

panels (25 mm)
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Exterior wall H Addition of wood fibre board 186,5 5,2 % 7,0 %

(internally) (50 mm)
I Addition of EPS board 185,2 5,8 % 7,9 %
(50 mm)
J Addition of EPS board 182,2 7,4 % 10,0 %
(100 mm)
K Addition of cellulose insulation  185,8 5,5% 7,5 %
panels (50 mm)
Windows L Additional glazing 183,3 6,8 % 9,2 %
U =1,3 W/m’K
High performance windows 181,2 7,9 % 10,7 %
U = 0,8 W/m’K
Bottom floor N Replace the sawdust-fill 190,3 3,3% 4,4 %

insulation between the rafters
with cellulose fiber

(0] Replace the sawdust-fill 190,3 33% 4,4 %
insulation between the rafters
with blow-in fibre glass

Structural p The basement is replaced by a ~ 182,9 7,0 % 5,4 %

foundation crawl-space with XPS board

(after insulation

relocation)

Roof (in Q Additional mineral wool 193,8 1,5% 2,0 %

contact with insulation board (50 mm)

heated spaces)

Doors R Replacement of all exterior 194,3 1,2 % 1,7 %
doors

U =12 W/m’K

The energy performance in table 11 has been calculated by dividing equation 1 with Ayp. Euppy
1s acquired from the simulation reports. The term represents the heating energy required for
maintaining operational temperature within all temperature-controlled spaces/zones. The term
also takes internal gains into account. The factors E,,,, E;and E; however, maintain their values
for almost every simulation scenario (values listed in table 9).

Reduction of thermal transmittance has been derived by evaluating the difference between

E, v after implementing proposed refurbishment measures and E v, pase tine-

uppv
4.2.5 Proposed packages of refurbishment measures

As previously mentioned, the refurbishment measures listed in table 11 have been analysed on
an individual — case to case — basis. Standard practice endorses refurbishment measures to be
considered in packages or sets of compatible measures. Since synergetic effects will surely arise
and futher improve their effectiveness. Some interventions are also recommended to be
performed simultaneously, for obvious reasons.

Three difterent packages of refurbishment measures are thus proposed: a light, a moderate
and a heavy set of measures. The light package consists of a set of individual measures which
have slight to no impact on the heritage values. The moderate package includes individual
measures which impact the heritage value moderately or by a lesser degree. The heavy package
includes, but is not limited to, individual measures which are slightly acceptable with regard to
their impact on heritage values. In other words, the packages have been categorized by their
impact on heritage values and their impact on the structure in general. All packages will be
evaluated as if the building has been relocated i.e. received a new structural foundation (measure
P).
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Light refurbishment package (LRP)
The light refurbishment package consists of following measures:

% Measure A Replace the sawdust-fill insulation between the rafters of the attic
floor with cellulose fiber (loose-fill)

% Measure N Replace the sawdust-fill insulation between the rafters of the bottom
floor with cellulose fiber

% Measure P The basement is replaced by a crawl-space with XPS board
insulation.

After implementing aforementioned measures, the building’s energy use is calculated to be 175,2
kWh/m” which is a reduction of the the heating energy use by approximately 10,7 %, see table
12. This energy improvement has the added benefit of having little to no impact on the heritage
values of the building, in the context of how they are defined within this master’s thesis.

Measure A would be implemented by removing small portions of the paneling on top of the
attic floor and getting access to the cavity between the rafters. After replacing the sawdust-fill
insulation with cellulose fiber the original paneling can be reused to close the gaps. A similar
technique could be used for the implementation of measure N. However, by removing the
bottom paneling of the floor, instead of the top one, the internal floor finishes could be preserved.
If these measures are implemented properly, they would impact the heritage values
insignificantly.

Moderate refurbishment package (MRP)
The moderate refurbishment package consists of following measures:

% Measure A Replace the sawdust-fill insulation between the rafters of the attic
floor with cellulose fiber (loose-fill)

% Measure C Additional attic floor mineral wool insulation (300 mm)

% Measure H Addition of wood fibre board (50 mm) to the inner side of the
external wall

% Measure L Additional glazing to the inner side of the window

% Measure N Replace the sawdust-fill insulation between the rafters of the bottom
floor with cellulose fiber

% Measure P The basement is replaced by a crawl-space with XPS board
insulation.

s Measure Q Additional mineral wool insulation board (50 mm) to the roof in
contact with heated spaces

% Measure R Replacement of all exterior doors

These measures affect the building’s energy performance by 28,4 %. It is lowered from 196,7
kWh/m” to 140,8 kWh/m’. The measures have an even greater impact on the heating energy
use, reducing it by 34,5 %, see table 12.

Measure C would be implemented by assuming easy access to the attic. The addition of wood
fibre boards to the inner side of the walls, as measure H suggests, would have implications on
the appearance of internal surfaces and would reduce the floor area of the rooms. Nevertheless,
no heritage values of particular importance have been identified in reside within the interior of
the building. The additional pane of glazing would be installed by constructing a simple frame
on the inner side of the existing window. The frame would hold the glas-pane in place by itself
and would have limited impact on the aesthetics of the original window. Measure Q would be
implemented by removing the 6 mm wood fibre board, the 25 mm wood paneling and the 70
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mm mineral wool layer (table 6, roof in contact with heated spaces). The existing mineral wool
layer would be replaced by a 120 mineral wool and stud layer and by doing so adding a total of
50 mm of insulation to the roof in contact with heated spaces.

Heavy refurbishment package (HRP)
The heavy refurbishment package consists of following measures:

% Measure B Replace the sawdust-fill insulation of the attic floor with mineral
wool

% Measure D Additional mineral wool insulation to the attic floor (500 mm)

% Measure E(2) Addition of wood fibre board (80 mm) to the exterior of the
external wall

% Measure [ Addition of EPS boards to the inner side of the external wall

% Measure M Replace existing windows with high performance windows

% Measure O Replace the sawdust-fill insulation between the rafters with blow-

in fibre glass

The basement is replaced by a crawl-space with XPS board
insulation.

Additional mineral wool insulation board (50 mm) to roof in contact
with heated spaces

Replacement of exterior doors

e Measure P
s Measure Q
& Measure R

The shared eftect of above-listed measures reduces the building’s energy use by 32,2 % and the
heating energy use by 39,6 %.

Compared results of the three refurbishment packages

Table 12 shows the simulated energy-saving effects the three refurbishment packages would
provide if implemented properly. Additional information regarding the energy performance of
these refurbishment packages can be found in appendix 16, 17 and 18.

Table 12. Results from the energy simulations when proposed refurbishment packages are implemented.

Package of Building’s Heating energy Reduction of  Reduction of heating energy use,
refurbishment energy use, use, E,pp energy use, ) -
measures Ebea/A emp, (kWh/m’ year) Ebea/A emp

(kWh/m’ year)
BASE LINE 196,7 145,1 - -
Light 175,2 129,6 10,9 % 10,7 %
refurbishment
package (LRP)
Moderate 140,8 95,1 28,4 % 34,5 %
refurbishment
package (MRP)
Heavy 133,3 87,7 32,2 % 39,6 %
refurbishment
package (HRP)

The reduction of heating energy use (E,,.) can be interpreted as how significantly the proposed
refurbishment packages reduce the thermal transmission losses. By comparing the reduction of
heating energy instead of total energy use (E..,) the effects of E.., Er and E, are negated to a
certain degree (they still affect the internal gains and indirectly affect E,,,.), see figure 14.
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Figure 14. Heating encigy use of the base line and the three proposed packages of measures.

Table 13 lists the corresponding primary energy value (EP,.) for each package of measures.
Relevant for discussing the performance in relation to Boverket’s Building Regulations. The
values are derived by extracting information regarding E E.. Ef from every relevant
simulated scenario and then applying equation 3.

uppvs

Table 13. Prima value (EP,.,) for the proposed refurbishment packages.

Package of Primary energy value, EP,,, Reduction of the primary energy value, EP,,,
refurbishment (kWh/m? year)

measures

BASE LINE 128,0 -
Light 113,8 11,1 %
refurbishment

package (LRP)

Moderate 95,7 25,2 %
refurbishment

package (MRP)

Heavy 91,8 28,3 %
refurbishment

package (HRP)

Primary energy values are typically used to evaluate energy performance of newly constructed
buildings. It has, nevertheless, been calculated in order to facilitate comparisons to current energy
performance requirements.
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5 Discussion

5.1 Heritage value assessment

The standard SS:EN 16883:2017 has provided excellent guidance for most steps of the process
(figure 2). However, no basis for how the cultural values should be assessed is specified. The
assessment of heritage values is primarilty based on the statement from the Swedish Heritage
Board and on what has been defined as the character defining elements by the cultural
environmental analysis (Ku/lturmiljéanalys Malmberget, 2017). Both the mentioned analysis and
the statement emphasize on the social and historical values of the case-building (and its
neighbouring buildings). Further interpretation of the heritage value is entirely based on the
definitions and concepts presented in section 2. The impact assessment of the heritage value is
based entirely on personal interpretation of the stated cultural values, and it is therefore
subjective. Subjective interpretation and definitions provided by the Burra Charter have led to
an objectivistic assessment, where the materials themselves embody the heritage value. Another
assessment that is based on other concepts and/or principles of conservation might come to a
different conclusion regarding the acceptability of the refurbishment measures. Establishing a
theoretical framework has been a major challenge throughout this project. There are several
interpretations of conservation principles and critics of contemporary conservation theory have
differing opinons on what should be considered “best-practice”.

5.2 Reliability and validity

All assumptions, approximations and simplifications made during the modelling and calculation
of the energy performance can reduce the reliability of the results. For example, the climate file
for Malmberget was replaced by one representing the climate conditions of Kiruna. Local
conditions such as cloudiness, precipitation, wind speeds and temperatures will difter and hence
give rise to uncertainties.

The overall energy performance of 196,7 kWh/m® (section 4.2.1), as determined by the
energy simulation, differs by only 0,9 % from the energy performance of 195 kWh/m® which is
stated in the energy declaration (appendix 3). It follows that the simulated energy performance
falls well within acceptable margins of error (Elmroth, 2015). The energy declaration protocol
claims that the energy required for heating spaces (E,y) is 137 kWh/m? (appendix 3). According
to the simulation, the equivalent value is 145,1 kWh/m” (section 4.2.1), which is an increase of
5,9 %. Such a difference does not, by itself, indicate that anything is wrong with the model. In
fact, the model can be considered reliable as long as the difference does not exceed 10 %
(Elmroth, 2015). This difference could be explained, at least partially, by estimates made
regarding the air infiltration rate since it significantly impacts a building’s energy performance.

It has been necessary, in some circumstances, to make assumptions in order to complete the
building model. This has only been a required course of action when no other reliable and
relevant data has been available. For example, some construction elements and their
compositions have not been verified to be completely accurate. This problem arises as a
consequence of insufficient documentation and the fact that no invasive examinations of the
building and its components have been allowed. Unfortunately, this leads even more uncertainty
being introduced.

Energy needs tied to the hot water consumption (E,,) are determined as the average of 123
apartments from the same neighbourhood (appendix 3). The relatively large sample size should
provide enough statistical accuracy to be considered a sufficiently reliable measurement. The
same reasoning is applied to the consumption of household (E,) and property electricity (Ey). As
can be seen in table 9, there are some slight variations between the measurements found in the
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energy declaration and the ones acquired from the simulations. These differences arise from the
fact that the lighting conditions (physical properties and number of light fixtures) are not
extensively scrutinized. Approximations have been made regarding the physical properties of the
lighting fixtures and the number of light fixtures in any given room have been approximated in
relation to its area. However, the observed differences between the measured and calculated
consumption of electricity is of negligible magnitude. The accumulated consumption of
household and property electricity adds up to a totalt of 44 kWh/m?® and year for both the
simulated and the declared consumption, and should therefore, accurately reflect the actual
electricity consumption. It follows that the internal heat gain generated by these light fixures and
equipment will contribute to the building’s energy needs by an, at least in theory, appropriate
amount.

5.3 Discussion of the results

The three proposed refurbishment packages (light, moderate and heavy) all impact the energy
performance of the building, although, in varying degrees. The light refurbishment package
decreases the heating energy use by 10,7 % while essentially having no impact on the heritage
values, at least when considering theory, definitions and the expressed heritage values of the case
building. The package with moderate impact on heritage values reduces the heating energy use
by roughly one third (34,5 %). This package of measures could be applied to the building in the
tuture while only slightly affecting the heritage values of the building. Some of the individual
measures in this package could also be considered completely reversible and could therefore
justify the alterations made to the construction. The moderate package does not affect the
external appearance of the building in any considerable manner, thus not aftecting the cultural
values perceived by outside observers. In other words, original surfaces and materials of the
exterior are preserved. The heavy package on the other hand does aftect the external appearance
of the building, and while it offers a considerable reduction of the heating energy use (39,6 %),
the added benefits might not excuse the impact it has on some of its character defining elements
(primarily the facade). A reason this package might even be considered at all is the fact that the
facade has already undergone major changes in the 1960’s and, as a result, 1s already irrevocably
altered. However, the facade is explicity mentioned as a character defining element in the cultural
environment analysis (Kulturmiljoanalys Malmberget, 2017) even though it is not mentioned
nor assessed which of the facade’s features are most relevant to preserve. This raises the possibility
of several interpretations of its value. For example, how much of its value is tied to material
authenticity? It can be argued that the preservation of the materials added during the 60’s is not
of utmost importance. The important aspects to preserve might, in this case, be its aesthetics
(design and form). If that is the case, changes to the facade might even be categorized as having
less impact on the heritage value of the building. This interpretation would allow the use of
reconstruction as a conservation measure. As a consequence, more invasive measures could be
allowed in order to improve the building’s energy performance.

As the catergorization of the package implies, the heavy refurbishment package would in fact
alter the heritage values the most. An optimal solution, when considering the preservation
aspects, should therefore exist between the light package and the moderate package or as some
combination of the two, depending on which approach is being used during the assessment of’
the heritage values.

The optimal solution from an economic perspective when considering the energy
improvement in relation to investment costs would probably exclude the heavy refurbishment
package. The reason is the more invasive measures taken (i.e measures to the facade) and the
minor energy efficiency improvements in comparison to the moderate refurbishment package.
According to SS:EN 16883:2017 the economic factor should also be considered. Further inquiry
into the possibility of improving the energy efficiency should therefore contain an analysis of
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cost estimations and life-cycle analysis of the proposed refurbishment measures. Some measures
might even be excluded due to high investment cost in relation to their impact on the energy
efficiency.

Several limitations have been made to limit the scope of this master’s thesis, one of which is
that only energy-saving measures applied to the building envelope have been considered. This
means, for example, that no energy or technical systems inside the building have been altered.
State-of-the-art or tailored technical solutions can probably improve the building’s energy
performance without impacting the heritage values too negatively. If this is the case, the energy
performance improvement of the building could be further increased.

Synergestic effects have not been considered. New high-performance windows, for example,
would decrease transmission losses and probably air-tighten the construction as well. No such
effects have been considered and can, if evaluated properly, further decrease the energy needs of
the building.

The results regarding the effectiveness of the proposed refurbishment measures are in line
with previous studies. As an example, Luciani et. al, (2018) present similar results regarding the
effectiveness of some individual measures.

5.4 Further research

To ensure the viability of the proposed refurbishment measures an extensive analysis is required
to determine their impact on the hygrothermal conditions. Such an analysis would have to be
performed in order to make any definitive statement regarding the viability of the presented
measures. Additional layers of insulating materials will alter the temperature distribution inside
the wall, and as a consequence, change the conditions for moisture accumulation. This is not
only a requirement according to the standard SS-EN 16883:2017 but also standard industry
practice.

Malmberget is currently undergoing an unprecedented transformation. Buildings will be
abandoned, moved or demolished as the minig activities gradually require additional space for
its operations. Exemptions from any energy performance requirements have been made for those
building’s that are being moved and this can be considered a lost opportunity. Futher research
could try to quantify the potential energy savings the community as a whole could experience
by applying energy saving measures to all buildings that will be moved. This could be done by
generalizing the building stock and sort them into a manageable number of categories.

As the climate and energy targets heavily focus on reducing the greenhouse gas (GHG)
emissions, one interesting field of inquiry would be to evaluate and quantify energy efficiency
improvements (of a building or a group of buildings) in terms of reduced GHG emissions.
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6 Conclusions

[t can be concluded that energy efficiency can be achieved without significantly impacting the
heritage values. This conclusion is, however, rather general in its formulation and with a
predictable outcome. A more important conclusion can be drawn by analyzing the correlation
between the impact on heritage value and energy efficiency improvements (figure 15). The
overall trend demonstrates a negative correlation between energy use and the refurbishment
packages impact on heritage values, as can be anticipated.
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Figure 15. Linear correlation between heating energy use and the three proposed refurbishment packages.

The slope of the dotted lines connecting the base line and the individual refurbishment packages
(LRP, MRP and HRP) represents, in a rather simplified manner, the additionally benefits of the
measures. The rate by which the measures decrease the heating energy use may exclude the
HRP from being considered. In an actual renovation project, it is likely that the assessment of
the measures would be based on cost-effectiveness rather than on any other consideration. The
results would suggest that both the light and the moderate refurbishment packages, or a
combination of the two can be viable options as energy-saving measures, provided that a
hygrothermal analysis is carried out which validate their suitability as refurbishment measures.

The aim of this master’s thesis is to answer the question: how considerably can energy
efficiency of culturally significant buildings be improved without damaging and/or aftecting its
cultural and aesthetical values. The answer is not straightforward, as it heavily depends on
subjective assessments and arbitrary definitions, mainly depending on the possibility of differing
interpretations of heritage values. The multitude of methods in which to approach the heritage
value assessment will, depending on underlying definitions and theoretical framework, produce
different outcomes.

When analyzing the results of the energy performance simulations (section 4.2) an obvious
conclusion can be drawn: the light refurbishment package (LRP) decreases the heating energy
use by 10,7 % while essentially having no impact on the heritage value of the building. This fact
does answer the research question (in its most general connotation) in the case of the studied
building. The moderate refurbishment package (MRP) certainly impacts the heritage values,
however, this impact has been assessed, as the name suggests, to be limited. This refurbishment
package can therefore be considered a viable option. The viability would, in any case, depent
on project goals and on their formulations. This moderate refurbishment package might, when
compared to similar cases, fall well within acceptable limits regarding its impact on the heritage
values.
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Conclusions in regard to the problem statement

It has been agreed by the local authorities (Gillivare municipality) and the owners (LKAB
Fastigheter) that the case-building will be moved to a new location in the near future.
International and national legislation permits the use of exemptions from energy management
and thermal insulation requirements (EU 2002/91/EC, EPBD and SFES 2010:900, chapter 8,
section 7), as mentioned in the introduction, to protect the built heritage from unwarranted
alteration and/or destruction. These exemptions have been considered for the case-building, as
its relocation would normally have required more impactful energy efficiency measures to be
implemented. Nevertheless, the result of the implemented exemption status is to preserve the
heritage values of the building by promoting a non-intervening approach. The results presented
in this master’s thesis could support the notion that energy improvement measures can be
implemented without significantly impacting the heritage values. Similar results have been
observed in a previous study by Luciani et.al. (2018). These findings could, if carefully evaluated,
facilitate the merging (when appropriate and necessary) of building preservation and energy
management, two fields which historically have been seen as incompatible with one another. In
other words, preservation of cultural heritage might, if carefully defined and assessed, not
immediately exclude the possibility of energy performance measures to be considered.
Furthermore, future climate and energy frameworks as well as stricter national energy targets
may force energy requirements to be considered to a certain extent even for historically and
culturally important buildings and districts. This interpretation of the results is reflected by
projects such as “Spara och Bevara”and EFFESUS, which have stated the importance of energy
efficiency improvements of historic buildings.

Effectiveness of the measures
Not even the HRP, which i1s rather invasive and extensive would achieve the current energy
performance requirements stipulated by Boverket’s Building R egulations (BBR). This is not by
any means surprising, since these stipulations pertain to newly built dwellings. This result may
be interpreted as the unlikelihood of heritage buildings to reach current energy requirement
standards without affecting their heritage values while only improving the thermal properties of
the building envelope. This is a rather general statement since this thesis only has studied one
building. Furthermore, one case study is not enough to base such a generalization on. More
studies are needed in order to make such a statement reliable.

The results from the case study suggest that the European 2030 energy efficiency target of
reducing the energy consumption by 27 % would practically, if only considering the case
building, be achieved by implementing the MRP (see table 13 for values regarding the reduction
of EP,.). However, reaching national targets or more ambitious and long-term European energy
efficiency targets would require additional measures to be implemented. Measures which could
alter the heritage values significantly. This would be the case if, for example, alterations were
required to be made to the exterior of the building in order to reach energy efficiency targets.
Such a measure would most likely change the building’s aesthetics and material composition and
affect the building’s character defining elements.

It is possible to reach current and near future energy targets while only considering changes
to the building envelope. However, more ambitious and long-term targets will most likely
require optimization of consumption habits, energy systems, introduction of renewable energy
sources and on-site energy production and/or the use of high-performance insulation materials.
Some of these alternatives might be even more important to consider in the case of historic
buildings since more conventional options might be limited if they have too much of an impact
on the building’s heritage values. In other words, reaching future energy requirements in heritage
buildings may only be possible by considering all available options. Especially, as building

conservation principles impose technical limitions on certain commonly used retrofit measures.
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The standard

The standard SS-EN 16883:2017 has been used to approach the complex issue of improving the
energy efficiency of historic buildings and has facilitated the process of producing the proposed
energy efficiency measures (LRP, MRP and HRP). Although, these are only options to
consider, the impact these measures would have if applied have been quantified to a certain
degree. By using this method both qualitive (heritage value assessment) and quantitative (energy
efficiency of measures) assessments can be considered simultaneously. The partial application of
the procedure suggested by the standard has allowed the development of solutions that balance
building preservation and energy performance.

Relevance of continuous improvement of our building stock

Numerous alterations have been made to the case building over time. The 1960’s refurbishment,
however, can easily be recognized as an attempt to increase the livability and sustainability of the
building. Consequently, major changes have already been made to the original structure, some
of which are due to energy efficiency concerns. As living-standards have continuously increased
over the years so have our expectations of comfort levels. As a consequence, the case-building
has been modified to meet the increasing demands. As concerns regarding climate change has
been growing continuously over the past few decades so have our demand for energy efficient
housing. Institutions, organisations and consumers require even more from our built
environment today than was the case even during the 1960’s. Additional changes to the building
in order to improve its energy efficiency would reflect the current environmental concerns and
would be in line with both Swedish and European energy efficiency targets. As alterations were
made in the 60’s to improve comfort and energy efficiency so can we frame a potential
refurbishment of the case building when considering present-day challenges.

Summary
The conclusions presented earlier in this section are summarized as follows:

% Improved energy efficiency can be achieved without significantly affecting the heritage
values.

% Both the light and the moderate refurbishment packages (LRP and MRP) or a
combination of the two can be viable options as energy saving measures with minimal
impact on heritage values.

% The subjectivity of the cultural value assessment process means that different perspectives
produce differing retrofitting strategies.

¢ The viability of the proposed refurbishment packages would depend on project goals and
their formulations.

% Legislative policies and exemptions status may lead to non-intervention policies, which
could cause property owners and managers to overlook the possibilities of applying
energy efficiency measures to historic buildings.

% Current and near-term energy efficiency targets can be achieved without significantly
alter the character and the heritage value of the case-building and similar buildings.

% It is possible to reach current and near future climate and energy targets by only

considering changes to the building envelope. Long-term targets will, however, probably

require optimization of consumption habits, energy systems, introduction of renewable
energy sources and on-site energy production.

The partial application of the procedure suggested by the standard has facilitated the

development of solutions that balance both building preservation and energy

performance against one another.
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8 Appendices
Appendix 1 — Quality of thermal bridges

Thermal bridge

Structural connection

Heat conductivity

(W/K/m joint)

Quality

External wall / internal slab 0.05 Typical
External wall / internal wall 0.03 Typical
External wall / external wall 0.08 Typical
External windows perimeter 0.03 Typical
External doors perimeter 0.03 Typical
Roof / external wall 0.09 Typical
External slab / external walls 0.14 Typical
Balcony floor / external walls 0.2 Typical
External slab / internal walls 0.03 Typical
Roof / internal walls 0.03 Typical

Note: Standard/typical values according to the software (IDA ICE) have been assumed for the

heat conductivity of the thermal bridges.
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Appendix 2 — Construction solutions from the early 20" century

Skala 1:20

051 slsae f
3 S

Note: Two typical timber frame constructions from 1910-1920 (Bjork et al., 2009). Especially
take note of the roof construction of the rightmost structure, the roof part which is in contact
with the heatead indoor environment is insulated with sawdust, it’s the most common insulating
material for these types of buildings built during this time period. The picture is not properly
scaled.
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Appendix 3 — Energy declaration protocol, part 1

o
=

Energideklarationsprotokell fir Fastighet: Malmberget 817 #Puoitakv-Kroky

Agare. Fastighats AB Malmifalizn Crgar; S55009-8849 Thpr Vanlig dexlaration

Tudigpare dekdarerad M|

Adress. Stallviigen 13, 98332 MALMBERGET Telefon © 0870 - TET30
KWh EWhim? | EF betyder EnergiPrestanda och ar erengianvind-
YT ningan far uppvarmning, warrvalien, aslighetsal och
Vamme 2115085|  174] komfortkyla dividerat med uppvinnd yta. Hushaliss
varav varmualten | 454 15-?| a7 och verksarnhetsel eka inle medriknas.
— Berakningen gor abl du kan jemiars dilt hus med
| Fastighetss! | 154908 13| Kontrol av energi B watmwakien B jArmiGara hug, | dekiarationen hittar Gu det
= 0]l 0| Tolar vateniiteeing, m? 12 300 daﬂnlmgpurﬂ«rp: EP wch jamidnelsetal. fvvikalsan
1 T man - . ———a. mellan EP | det hitr prefokallet och deklarationen baror
Vgisambglzal | 215550 16| vermuansmsmpereter, °C §1 bkt det senare 3¢ komigerat for periodans
Hushalsel 357 193 | aJ:l§ Max om alf varms, kidf TEE SR  ulomhusbermperatur
Bigsnd Typ Investe-  Energh  Beeparing Aterbetsk Nuviede Spar  Minskat
fing . besparing &r 1 ningstid kosinad - koldioxid
kr L kr ar kr o krikiWh {onthr
PusitakvBgen 12
T Tillaggsisolera vind Bygn 497284 E1BETS 176 TEE 3 3188 23y .11 &
*I Byte & termostabeent Hnjusteing Sty £28 000 HonT 170 185 3 1742048 019 57
% Insdttning av tredie nits Bygg 1453200 252 855 212912 71387 742 01 B4
*/ Algdroen eveer sambiga hus men registreras pd den hir adrassen
Besparing: el, vEnmE, kyla, Dol,  Bruks-
KWW KWW KWh kr . ar
Klimatskal
Tilaggsisalers wnd | wissa byggnader har vindsutrymmet e 5875 210 000 ] a 25
kunnal besikligas och | dessa byggnader har
andelen flldggsisolerbar antagits var 50% av
byggnadsytan. En vidare inventening av dessa
ar att rekomendera.
Insdttning av tradje ruta Uhvandet sinks frdn 2 7 08 1,3 Wirm2K, 0 262 855 L] a 15
Viirmesystem
Bytz av termostatvent Termostatventilemna &r gamia och behtver 0 210 117 [+l ] 15
+injustering byies och varmasysternat injusteras. En hig
sekunddr rstunemperalur och Slor skilinad
rrellan sek retur ech primar returbermparatur
Indikarar all undercentralen ach
winrmevaxlaren behdver ses dver,
Totalsumma 8BTS GB2 872 ]

Uthbildning av driftspersonalen kring byggnademnas energisystem, att s mijligheter tll besparingar
och hur anldggningens skttsel och drift pdverkar enemgianvindningan kan ge bide snabba och
bestdende besparingar,

Gkad anvandning av enargiskatistik fir boende och driftspersonal 8r ettt bra verkbyg fée ate synlicgiina
forbrukningan av vdrme och el. Detta ar fdrsta stegel mat etk fErdndrat betesnds som minskar
energianvandningen.

Vid renovering av fasader bér tillgasisclering beakias, Denna Stgérd &r sallan lansam for befintliga
Byggnacker, men kan vara det di renovering sker av andra skal,

Styrming av belysning i allmBna utrymmen (trapphus, tviittstuga, forrdd, mm) kan afta drastiskt
| Fgrkorta brinntiden och ddrav minska elanvandningen MGe belsyningen. Det finns idag manga smarta
| warlanter &y Styening som passer fée olika tliameoningar.

ID: 154079 (ver 1.4)
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Appendix 3 — Energy declaration protocol, part 2

Byggnaden - Egenskaper
Typkod yognadskaisgan
]3211 = Hyreshusenhei, huvudsakligen bostader :] Flerbostadshus
|Bwpgnadans komplaitet Byganadatyp yoygpnadsir
® Enkel [ womplex | Friliggande :J 16814
jatamp (exkl. Avarmperage| arksaminet Pragent av
Fardela anligt nedan: Alamp (exkl
& il varde 12 180 m? Avarmoarage)
o Omeandlal frdn BOALOA Bostader (inkl, biarea, bex. trapphus aoch uppudnmd kidlaee) a3
o redling Be konssrshyganad [==75%
Grvanding ° anad > ) Halell, pensionat och elevhem
" Omvandlat frén BRA
© Cneandlat fran BTA Resteurang
A0 [0 Fonior och farvalining 1]
B 865 m? |0 m?
e TA Buitikz- ach lagesiakalor IGr dvamadalahandal
mé m Bailiks- och lagenakaer 160 dvrig handal 0
Anlal kallarphan uppyvdrmda bl =107
taxkl garagaplan) Kapcenirum
II':I i Wird dygred runt
.:;ra garage . ward, daghd (sami sarvicehoance, frisersalong o, dyl)
m
Antal viningsplen cvan mark Sxolor [forshola-umivarsibat)
2 Bad-, sped-, idralisanlbggningar (& Ulombussnanor)
Arial rapphus . _
25 Taatmrs, konsarts, hiograflokaler och dvriga samlngslokaler i
Antal bostadsiagenhatar Chrig verksamnat - ange vad
123 Summa 100
Projekterat genomsnitligt ventilatiensfiode |
lokalar och specialbyggrader
Iis, m*
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Appendix 3 — Energy declaration protocol, part 3

Energianvindning

ari 0810
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Appendix 4 — Technical description, part 1
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Appendix 4 — Technical description, part 2
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Appendix 5 — Puoitakvigen 5, facades
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Appendix 6 — Energy declaration protocol: Malmberget 8:17 #Puoitakv-Krokv, part 1

Puoitakvigen 3

Energideklarationspratakoll for Fastighet Malmberget 817 #Punitakv-Kroky

BEYGGHADENS NUMMER ENLIGT LANTMATERIET #:70

BYGGMADENS ID ENLIGT LANTMATERIET 1-1248272

Byggnad Pualtakovagen 3 58332 Komeantar:
Tykad 320 - Hyreshusenhat, huvudsakiigen nostdder honsirudionsgrnop Sem nrd
Alpambprmrsd sds 1808 71067 Eygnnacisin Frill ggande
Alpmp, m* 437 midlt vlrds Ares - BOATL0AE, ot 354
Antal Mpanfshe 4 trappies 1 Avarmgarage, 1 o
Ardal g v maic 250 B i, Sz ochm® 1]
| Verieamhel, andsluh % -Glll'J’:-l‘D.l'l'lF-l. . ) Lemrraceighandsl 0 Skplor (forshoia-miversitel). a
; Bostdger 100 {wrig handel: D Bad-, sport- idroftsaniaganingar: 0
Hodell, pansional och eleviem: . 0 Kiopreminm 0 Teater, samingsiokal ma O
Resfavang 0 Véva, dygned . 0 L]
Kontor ool fovaltming. 0 Viard, daglid. 0 Summa: 100
Vdersireck  Konstnktion Yisiikt . Avea, m* Tjacklek, mm Skick
Flera vederstrack  Ar 1900- med repevenag, Liggbmmer med  Trapane!, stiends 284 5o Ok

50 e rmimull U= 4

Amal Katyp Antal Aremiol. R Tatingsist  Skick

. Alls Fasad 1950-1a1 1+1-glas | kooplade 1950 Tra 22 42 Ok
bégar L-2,7
Ommalnngstbehoy saml energitsknisy kwali undermilig B
Vaderstreck Material Stsngare  Tétningslist Antal  Area ma/st  Skick
i Mord HE] ] ‘tatar oj 3 2.5 BehGver ustera
Taktrp Kall tak {=otaning Kutterspdn
Shick gj besikiningsban svalis wid  Thockiek - wsprunglig, /e 220 Tiochlsk - nlEggs, mah
‘takcfatan
Lafning Viterbpare isolerbar anss, mt e inckiek |, mm
Arlpchenniger
Byognadan ventileras mad sifibeinag
Terminalenhet  Koppingsprincip  Reglering Antal Artal Injustering  dito, daturn Skick  Anteckningar
Wattenbuma Twarorssystem Maxbegrinzande a8 25 Dl
radiatorer
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Appendix 6 — Energy declaration protocol: Malmberget 8:17 #Puoitakv-Krokv, part 2

Puoitakvigen 5

Energideklarationsprotokol for Fastighet: Malmberget 817 #Pusilakv-Kroky

B"I'GGNAIJBIB'EL-I-I;HEF! ENLIGT LAH'I'MTE‘I"'E@.‘IET #:85 BYGEMADENS ID ENLIGT LANTMATERIET:1-1205433
¥

. Byggrad Pusitakvigen § S83a2— FOmmesar
h_‘r r,':ﬁEE- 3;:] Hyrashusenhet, huvudsaklipen bostader s0m puojtaky 3
Mypfambpggnadaas 135?::;'.1_9.1_5..? Bypanad=hn Friliggende
Alemng, m® 432 matt varde Area - BOAL0A m? G54 4
Ardad laganiafer 4 rapphrs A rmagarage. o o
Anfal pli G mank 2/0 Frof. f, {45 ogh m? ]
Werksgmied .-'m:.'.'mn % EI'..:“.-!ETIIﬁI ) Livamidaishanal 0 Shnigy {forshofa-uniersial o
Boslager 100 Chrig hanel o Bad., st iz antdgaimgar i] |
Holel, pensiomal och eivhern i Kcatnim ] Taglsr, samiiagsioks 1 ol
Restaurang a varg, dipgral runt 1} a |
Fiomior ot Koealfnimg [ _ Mand, {'-':19'1_!'-1 0 Suetma: 100 |

Byggnadan veniilerys med sjiivdrag

Important information
Awmp = 432 m” (measured value).
Puoitakvigen 5 has a similar construction as Puoitakvigen 3.
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Appendix 7 — Dimensions, thermal conductivity, thermal resistance and U-value of composite
material layers

Killarbjilklag d A R U-virde
(Bottom floor) mm  W/mK m’K/W W/m’K
R - - 0,130

Trifiberplatta 25 0,14 0,179

Reglar + Sigspansfyllning 225 0,14/0,1 2,143

Papp - - -

Trossbotten 25 0,14 0,179

R, - - 0,130

zIzhomogena skikt 0 s 617

0,362
IR 2,760
R, och R,

For praktiska berikningar bortser man fran variationer och antar rimliga medelvirden for dessa
overgangsmotstind. Ry = 0,13 m°’K/W (for konstruktioners innerytor) och R,. =0,04 m*K/W
(for konstruktioners ytterytor). (Petersson s.245).

Homogena skiktet

—R. G, 2 dn
Ri= R+ 2 (2 + 2+ +52) + R
R, = Inre 6vergingsmotstind (m°K/W)
R..= Yttre évergingsmotstind (m’K/ W)
d; = Skikttjocklek for materialskiktet (m)

A = Virmeledningsformaga for materialskiktet (mK/ W)
R, = Homogena skiktens totala virmemotstind (m°K/W)
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Appendix 8 — Enclosing/external surface area (A ciemat surface)

==
\

Fascade orientation Window area Quantity Total Area
North 1,12 6 6,72
1,71 6 10,26
East 0,98 4 3,92
1,8 2 3,6
South 1,12 2 2,24
1,71 2 3,42
West 0,98 4 3,92
1,8 2 3,6
A windows - - 37,68
Fasace orientation Door area Quantity Total area
m?
North - -
East - -
South 1,6 3 4,8
West - -
Adoors - - 4.8

Note: The rest of the building element areas have been derived
from the IDA ICE model. A, n0or has been calculated by adding
the ceiling area of all zones in contact with the attic floor. A, 1s
only the part of the roof which is in direct contact with heated
indoor air. A, has been calculated from the building body and
geometry. Apement floor 13 JUSt Ay divided by a factor of 2. The
figure above displays most, but not all, of the building parts
which together form the enclosing area (A.y) of the building in
direct contact with heated indoor air.

Buidling element Area (m?)
Aattic floor 159,1
Avindows 37,68
Adoors 4,8

Avoof 73,58
Awaits 269,78
Apasement floor 216

A external sutface 760,94
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Appendix 9 — Basement floor plan
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Bostad nr. 158 Hermelinen Omindring av grund killarplan. 9/2 1966. Ritning nr. 2-127-100

Note: Lack of measurements

LKAB Arkiv



Appendix 10 — Drawings of Puoitakvigen 5

Bostad nr. 158 Hermelinen Omindring av bottenplan. 9/2 1966. Ritning nr. 2-127-101
Bostad nr. 158 Hermelinen Omindring av van. 1 tr. 9/2 1966. Ritning nr. 2-127-102

Source: Luossavaara-Kiirunavaara AB (LKAB) Archive
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Recreation of the building using the 3D CAD software Revit Architecture 2017.
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Appendix 12 — Validation of zone/room temperature

Zone/room Max. @ Zone/room
temp
(°C)

VARDSAGSRUM 1 20,9 32,3 | SOVRUM 6 21 31,4
SOVRUM 2 21 32,4 | TOMRUM 1 0,9 26,1
BAD 1 21 45 | FORRAD 1 20,9 24,8
SOVRUM 1 21 34,6 | FORRAD 2 20,9 24,8
KOK 1 21 343 | BAD 3 21 33,7
HALL 1 21 32,3 | BAD 4 21 34
ENTRE 1 21 30,1 | TRAPPHUS 2 21 27,1
TRAPPHUS 1 21 27,1 | KLK 3 21 28,1
KLK 2 20,9 26,2 | HALL 3 21 31,3
KLK 1 21 27,1 | KLK 4 21 28
KOK 2 21 34,4 | HALL 4 21 31
SOVRUM 3 21 33,4 | GARD 4 21 26,7
VARDAGSRUM 2 20,9 32,5 | KOK 4 21 32,3
HALL 2 21 30,8 | TOMRUM 2 0,9 26,2
BAD 2 21 425 | GARD 3 20,9 26
SOVRUM 4 21 30,7 | VIND -15,1 25,6
ENTRE 2 21 30 | KALLARE FORRAD -1,6 15,4
SOVRUM 5 21 32,9 | KALLARE TV+TRK 0 18,4
GARD 1 20,9 25,8 | KALLARE VVS -0,7 16,6
VARDAGSRUM 3 21 32,6 | KALLARE KORR. -0,5 16,4
VARDAGSRUM 4 21 32,7 | KALLARE MAT -1 16,4
KOK 3 21 34,2 | KALLARE SKORS 2 2,2 16,5
GARD 2 21 26,7 | KALLARE SKORS 1 2,3 16,4

Controller setpoints have been defined for the air temperature in individual zones. The water
radiators supply heat until the air temperature has reached 21 °C. Maximal temperatures are
reached during the summer months, under the influence of warm outdoor air infiltrating the
construction and solar radiation, which naturally reaches its maximal intensity during the summer
months.
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Appendix 13 — Manual calculations of U-values

50 mm studs and 25 mm insulation, the void has negligible effect on the thermal resistance of
the construction. The layer is a component of the attic floor.

) ) i i )

C/C =600
A—50— 550 #
D ro
50 X p": !
1
NI e ~ 2 I//___\l

U T i 1 U

The heat-flux flows through the materials in the direction of the arrows. A one-dimensional
heat-flux and stationary conditions have been assumed.

Material properties
Material Thermal conductivity, Density, p j 2 Specific heat
A (W/mK) (kg/m’) part per unit capacity
length (I/kgK)
Wood 0.14 500 50/600 2 300
Mineral wool 0.036 20 550/600 750

Calculation of thermal resistance (A-method)

R B d B 0.05m R B d _ 0.025m
wood = 3 od  0.14 W /mK ' &omineralwool =3 ool 0.036 W/mK

1 1
Uwooa = E = 2.8 W/m2 K, Uninerat woot = E = 1.44 W/mZK
Utotal = Pwood * Uwood t Pminerat woot * Uminerat woor = 1.553 W/mZK

1
Riotar = T 0.644 m?K /W

total

Equivalent material properties for a uniform material (thermal conductivity, density and specific
heat)

m?K _0.05m

0.644 =
w A

= 1=0.078 W/mK

DProtar = 83 % - 500 +91.7 % - 20 = 59.84 kg /m3
Specific heat (total) = 8.3 % - 2300 + 91.7 % - 750 = 878.65 ] /kgK

These values have been used in the IDA ICE model for a composite layer of the attic floor.
The same method has been used to calculate similar construction elements.
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Appendix 14 — Statistics from SCB (Statistics Sweden)

Genomsnittligt antal personer per hushall efter region, boendeform, lagenhetstyp och dr

2523 Gillivare
flerbostadshus, bostadsrdtt och hyresritt (2017)

2 rum och kok: 1,3
3 rum och kok: 1,8

Ligenhetstyp:
Ligenhetstyp 2: Antal rum oavsett om det finns kdk/kokvra/kokskap eller inte.

Senaste uppdatering:
20180419 09:30

Killa:
Statistiska centralbyrian (SCB)

Kontaktperson:

Lovisa Skold, Statistiska centralbyrin (SCB)
Telefon: +46 010-479 64 74

Fax: +46

e-post: lovisa.skold@scb.se

Karin Rosén Karlsson, Statistiska centralbyrin (SCB)
Telefon: +46 010-479 69 98

Fax: +46

e-post: karin.rosen@scb.se

R eferenstid:
31 december

Officiell statistik

Databas:
Statistikdatabasen

Intern referenskod:
0000025U



Appendix 15 — Results of energy performance analysis, Base case

EQUA. Energy for whole building
SIMULATION TECHNCLOGY GROUF

Project Building

Model floor area 432.0 m*
Customer Model volume 1753.7 m’
Created by Model ground area 217.7 m*
Location Koskullskulle (Climate data: Kiruna) Model envelope area 905.7 m?
Climate file SWE_KIRUNA_020440(IW2) Window/Envelope 4.2 %
Case BASE_MODEL_180925_BAS Average U-value 0.9828 W/(m" K)
Simulated 2018-09-25 12:40:34 Envelope area per Volume | 0,5184 m*/m?
All zones

kWh (sensible only)

Envelope | Internal
Month & walls | Window Med||. l:!ﬁlir:— Occu- | Equip-|, . h:;?l L“T_BI Net
cn Thermal and & Solar | SUPPYY ear pants | ment ighting ting | cooling | 1, ceg
bridges | Ma. air Openings units units
| | | | |
1 36704 163.5 | -2313.3 | 0.0 -5847.6 | 32656 | 805.1 | B808.5 | 107240 | 0.0 0.0
2 43138 -126 | -13¢8.8 | 0.0 -4597.7 | 283.3 | 7258 | 7331 | se1ss 0.0 0.0
3 -4563.2 112 -547.8 0.0 -4718.0 | 317.5 | 733.8 | 8113 | 79140 0.0 0.0
4 -3769.4 -45.7 356.1 0.0 -3574.0 | 3111 | 7337 | 7840 | 51425 0.0 0.0
5 -3025.8 2113 | 1177.8 0.0 -2512.3 | 2833 | 733.7 | B0B.8 | 2676.4 0.0 0.0
6 -2329.5 -103.9 | 1676.8 0.0 -16247 | 239.3 | 7710 | 7821 594.8 0.0 0.0
7 -2172.3 74.8 1525.5 0.0 418022 | 233.5 | 8163 | 807.2 2124 0.0 0.0
8 -2106.8 15.5 1170.7 0.0 -1765.2 | 261.7 | 793.8 | BOB.8 818.8 0.0 0.0
5 24432 73.8 334.7 0.0 -25163 | 2881 | 7823 | 7831 | 26838 0.0 0.0
10 -3120.1 57.3 -371.0 0.0 -3296.0 | 317.7 | BOS.0 | 8122 | 49813 0.0 0.0
11 -3847.5 3.8 -1728.3 | 0.0 -44555 | 3100 | 7711 | 7803 | 81344 0.0 0.0
13 -4638.8 107.1 | -22283 | 0.0 -5227.5 | 330.5 | 816.5 | 807.5 | 100243 | 0.0 0.0
Total | -41101.0 1824 | 24939 | 0.0 -41837.3 [3532.7 [ 9468.1 | 9528.5 | 626871 | 0.0 0.0
During
(hje:;g% -25068.7 | -11594.5 | -8402.3 | 0.0 | -32052.7 |2915.0 | 5673.8 | 5805.9 | 62691.3 | 0.0 0.0
h)
During
cooling | _ . .
770 | oSl 4347.1 | 4030.6 0.0 2046.6 | 342.4 | 1735.4 | 13210 0.0 0.0 0.0
h)
P‘;ﬁ_lte”r -14982.1 | 161240 | 1877.8 0.0 -7738.0 | 275.3 | 2034.5 | 24016 -a.2 0.0 0.0
kh
1.2-10%
1010
0510t
na1o!
0410t
0.2:10%]
0010t
0.2-10M]
-0.4-10*
0610
010t
-1.0-10™]
-1.2:10%
T
>
1 2 3 4 3 ] 7 B 4 10 11 12Zonth
Envelope transmission
kWh
Month Walls | Roof | Floor |Wind Doors | Thermal bridges
. I | . ] |
1 -187e.9 | -1612.6 | -176.8 -2417.3 -304.6 -6598.8
2 -1815.4 | -1328.4 | -352.2 -2067.9 -258.1 -535.7
3 -1932.4 | -1329.1 | -463.0 | -2143.7 | -260.3 -556.3
4 -1821.1 | -975.2 | -335.8 -1733.6 -196.9 -420.2
5 -1305.2 | -602.4 | -656.5 -1369.3 -122.6 -294.1
& -987.8 -337.3 [ -737.6 -1055.0 -62.2 -184.5
7 -906.1 | -348.7 | -677.8 | -1010.4 | -57.5 -182.2
& -Be0.2 -450.8 | -505.0 -992.3 -82.1 -204.7
9 -957.4 -704.2 | -310.1 -1186.7 -132.7 -298.9
10 -1308.7 | -959.7 | -278.8 -1479.8 -181.1 -391.6
11 -1733.4 | -1290.7 | -152.0 -1918.4 -241.3 -529.9
12 -2065.9 | -1505.7 | -166.3 -2223.5 -280.8 -620.3
Total -17438.6 |-11446.6(-5058.0| -19597.9 |-2180.5 -4937.5
During heating|-15115.6 | -4105.4 | 0.0 -16653.8 |-2146.4 -3697.2
During cooling| -872.3 65.8 0.0 -1790.9 -12.0 -231.9
Rest of time | -1450.7 | -7403.0 |-5098.0| -1153.2 -22.1 -1008.4
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Appendix 16 — Results of energy performance analysis, light refurbishment package

EQ UA. Energy for whole building
SIMULATION TECHNOLOGY GROUF

Project Building

Model floor area 432.0 m*
Customer Model volume 1473.5 m’
Created by Model ground area 219.86 m’
Location Koslkullskulle (Climate data: Kiruna) Model envelope area 826.6 m*
Climate file SWE_KIRUMNA_020440(IW2) ‘Window/Envelope 4.6 %
Case BASE_MODEL_180513_P_FLYTT Average U-value 0.9934 W/(m’ K)
Simulated 2018-0%-30 15:00:45 Envelope area per Volume | 90,5609 m%/m?
All zones

kwh (sensible only)

Envelope | Internal
& Walls | Window Mech. I'!ﬁltr} Occu- |Equip-|, . ... Lm—f'l Ln(_al Net
Month and & Solar supply | tion & T ot Lighting | heating | cooling lo
Ma air Openings units units
| | |
1 -2323.3 0.0 -4587.8 | 323.8 | 715.7 | 677.8 | 9925.3 0.0 0.0
2 -1361.1 0.0 -2B78.3 | 290.3 | 643.1 | 6154 | 7808.4 0.0 0.0
3 -563.4 0.0 -4013.3 | 3141 | 705.6 | GEQT | 7029.% 0.0 0.0
4 2287 0.0 -2181.1 | 3074 | 705.6 | 657.5 | 44168 0.0 0.0
5 1146.2 0.0 -2443.6 | 286.2 | 705.5 | 67E.1 | 21659 0.0 0.0
6 16024 0.0 -1838.8 | 223.8 | 685.3 | 635.7 405.1 0.0 0.0
7 1440.1 0.0 -1775.5 | 213.2 | 725.6 | 677.0 212.4 0.0 0.0
S 11131 0.0 -1737.8 | 250.4 | 705.6 | 6781 £42.3 0.0 0.0
3 317.2 0.0 -2135.7 | 293.5 | €93.¢ | 657.3 | 2295.8 0.0 0.0
10 -382.1 0.0 -2726.5 | 3155 | 7157 | 6731 | 44433 0.0 0.0
i1 -1739.2 | 0.0 -2553.3 | 307.4 | 683.3 | 6553 | 7469.8 0.0 0.0
iz -2235.4 | 0.0 -4235.4 | 327.3 | 725.6 | 6768 | 91664 0.0 0.0
Total | -38928.8 -2846.8 | 0.0 -36125.1 |3453.2 | 8416.1 | 7589.0 | 53983.8 | 0.0 0.0
During
heating
(6857.0| 248091 | -4522.2 | 50057 | 0.0 -31412.1 |2777.2 | 5429.7 | 55226 | 559828 | 0.0 0.0
h)
During
a?;':gn -1537.8 | -4180.2 | 4569.2 | 0.0 -2872.2 | 408.2 | 2014.1 | 1607.4 0.0 0.0 0.0
h)
Rzﬁeof -10581.8 | 8729.56 | 1589.7 0.0 -1840.8 | 267.8 | 972.3 | 839.0 1.0 0.0 0.0
KW A
10-10°
05104
aa1n!
04-10%
AT
oo10f
-02-10M
a1t
0610
-na1n!
RIS
.
1 2 3 4 5 ] T B a4 10 11 1Zenth

Envelope transmission

kWh
Month Walls | Roof | Floor | Windows| Doors [ Thermal bridges
L NE_ER__| ] ]

1 -2364.4 |-1268.0( -144.2 -2426.9 -305.5 -701.3

2 -2011.9 |-1043.3( -212.9 -2078.7 -25%.1 -572.7

3 -1987.2 |-1044.5( -279.8 -2158.7 -261.4 -579.8

4 -1322.2  -764.8 | -304.9 | -175L.1 -1%8.1 -441,2

5 -1121.6 | -471.1 | -345.4 -1400.7 -124.3 -314.1

& -761.2 | -264.1 | -375.8 -1128.9 -68.2 -206.9

7 -707.8 | -2B0.5 | -349.2 -1095.7 -66.0 -203.1

8 -755.9 | -360.4 | -265.2 -1048.8 -86.1 -216.1

9 -1001.7 | -556.6 | -175.9 -1204.6 -133.5 -303.2

10 -1374.7 | -756.0 | -156.0 -1480.0 -181.9 -400.8

11 -1875.2 |-1014.7( -132.5 -1927.7 -242.4 -544.0

12 -2210.3 |-1182.7| -153.7 -2234.8 -281.8 -640.7

Total -17694.1(-9006.9 |-2895.5| -19946.7 |-2208.3 -5124.0

During heating|-14569.3|-2070.5| 0.0 | -16254.0 |-2136.7 -3632.5

During cooling| -1215.8 | 20.4 0.0 -2448.8 | -29.8 -312.7

Rest of time | -1509.0 |-4956.8 |-2895.5| -1243.9 -41.8 -1178.8




Appendix 17 — Results of energy performance analysis, moderate refurbishment package

E(. UA. Energy for whole building
SIMULATICN TECHNOLOGY GROUP
Project Building
Model floor area 432.0 m*
Customer Model volume 1473.5 m?
Created by Model ground area 219.8 m*
Location Koskullskulle (Climate data: Kiruna) Model envelope area 826.6 m*
Climate file SWE_KIRUMA_020440(IW2) window/Envelope 4.6 %
Case BASE_MODEL_180%30_MODERATE Average U-value 0.8863 W/(m" K)
Simulated 2018-09-30 16:34:23 Envelope area per Volume | 0.550% m%/m’®
All zones
kwh (sensible only)
Envelope | Internal
Month & S | s':‘;edll l:lirEIr:r;_ Qceu-| EqUIp-| ;o h:‘;‘t?l cl.;:ﬁ-l Net
Thermal and & Solar PPl o - pants | ment | 90" t's'g itsg losses
bridges | Ma air penings uni un
] ] | |
1 -3381.8 19.4 -1351.4 0.0 -4566.6 | 318.0 | 715.8 | 679.1 7563.8 0.0 0.0
2 -2948.1 -8.9 -592.3 0.0 -3877.8 | 285.3 | 8451 | 615.2 5879.4 0.0 0.0
3 -3007.3 -5.2 1389 0.0 -4019.2 | 308.7 | 705.6 | 680.2 5195.3 0.0 0.0
4 -2287.9 -18.4 817.0 0.0 -2198.5 | 201.0 | 705.5 | 656.0 3123.4 0.0 0.0
5 -1850.5 -168.3 1417.6 0.0 -2500.3 | 273.0 | 705.6 | 678.3 1442.8 0.0 0.0
& -1431.6 -67.8 1714.2 0.0 -1991.3 | 199.6 | 6853 | 655.2 236.1 0.0 0.0
7 -1387.4 106.1 1548.0 0.0 -1954.6 | 182.0 | 725.5 | 676.8 108.6 0.0 0.0
] -1378.0 47.2 1253.3 0.0 -1888.8 | 227.4 | 705.5 | 678.3 352.1 0.0 0.0
] -1602.6 49.2 6223 0.0 -2187.9 | 282.2 | 895.5 | 657.8 1479.8 0.0 0.0
10 -2058.5 15.0 -77.4 0.0 -2734.8 | 310.5 | 7154 | &77.0 3145.4 0.0 0.0
11 -2682.0 17.9 -978.0 0.0 -3594.2 | 202.6 | 685.3 | 656.5 5589.1 0.0 0.0
12 -3155.0 26.5 -1333.5 0.0 -4230.7 | 321.8 | 7358 | 679.% £961.0 0.0 0.0
Total | -27280.3 12.6 3178.8 0.0 -36754.8 | 3312.4 [ 8416.0 | 7990.3 | 41093.0 0.0 0.0
During
heating | oce7z | 17017 | 38708 | 00 | -20180.3 |2530.9 | #6895 | 4se37 | 410813 | 0.0 0.0
(6453.0
h)
During
coaling | _ . .
(1602.0 1875.7 4482.8 | 5491.2 0.0 4367.2 | 506.5 | 2611.5 | 2103.3 0.0 0.0 0.0
h)
RE::' -7857.3 51771 1558.4 0.0 -2197.3 | 275.0 | 11143 | 923.3 1.1 0.0 0.0
Kitih A
§10™
&10™
4.10™
210%
a-10*
-210*
-410*
-510*
-A10*

1 2 3 4 5 L] T B a 10 1 1Zonth

Envelope transmission

kWh
Month Walls | Roof | Floor | Windows| Doors | Thermal bridges
I - . L] ]
1 -1681.5 | -698.8 | -148.9 | -1445.0 -14%.1 -702.8
2 -1450.5 | -580.3 | -216.3 | -1236.7 -126.6 -574.4
3 -1438.9 | -575.2 | -283.3 | -12859.8 -127.7 -582.2
4 -1115.0 | -422.6 | -308.5 | -1053.2 -96.9 -£45.0
5 -851.7 | -263.1 | -351.7 -859.9 -61.9 -322.1
& -627.5 | -148.7 | -392.1 -727.4 -37.4 -226.0
7 -593.3 | -163.1 | -365.9 -718.8 -37.6 -227.6
8 -609.1 | -210.3 | -276.0 -681.6 -46.0 -236.5
9 -736.4 | -310.7 | -178.2 -740.8 -65.8 -311.5
10 -988.6 | -4159.4 | -158.1 -891.6 -88.9 -403.7
11 -1330.2 | -561.8 | -135.9 | -1147.6 -118.2 -545.8
12 -1566.8 | -650.1 | -157.9 | -1332.9 -137.7 -642.3
Total -12589.6|-5004.2[-2572.8| -12125.3 [-1093.7 -3215.8
Dunng heating|-10339.3 |-2688.1| 0.0 -9150.0 |-1021.1 -3495.6
During cooling| -1202.% | -150.8 | 0.0 | -2106.2 | -3%.0 -482.6
Rest of time | -1447.4 |-2165.3|-2972.8| -869.1 -33.6 -1237.6




Appendix 18 — Results of energy performance analysis, heavy refurbishment package

E(. UA. Energy for whole building
SIMULATICN TECHNCLOGY GROUP
Project Building
Model floor area 432.0 m*
Customer Model volume 1473.5 m
Created by Meodel ground area 219.8 m®
Location Koskullskulle (Climate data: Kiruna) Model envelope area 826.6 m*
Climate file SWE_KIRUNA_020440(IW2) ‘Window/Envelope 4.6 %
Case BASE_MODEL_180513_P_FLY Lverage U-value 0.8272 W/(m" K)
Simulated 2018-09-30 16:156:38 Envelope area per Volume | 0,5609 m%/m°
All zones
kWh (sensible only)
Envelope | Internal
Month & walls | Window Medll' l:!ﬁlh:_ Occu- | Equip-| . 1o h:‘;?l Lml:_al Net
T Thermal and & Solar sualliI: v o mnnin pants | ment | 9NN uni:'s.g tzﬁi';g losses
bridges | Masses penings
| [ | || ||
1 -3074.5 213 -885.5 0.0 -4569.0 | 315.6 | 715.7 | 679.4 | &794.4 0.0 0.0
2 -2688.2 -9.5 -338.7 0.0 -3880.2 283.5 | 645.1 615.2 53705 0.0 0.0
3 -2750.7 -2.9 207.8 0.0 -4016.3 307.6 | 705.5 679.6 4866.3 0.0 0.0
4 -2181.8 -17.1 688.2 0.0 -3187.4 301.9 | 705.5 656.8 3031.8 0.0 0.0
5 -1675.6 -128.6 11183 0.0 -2457.7 | 273.6 | 705.6 | 678.1 1479.7 0.0 0.0
5 -1249.2 -58.8 1345.2 0.0 -1869.1 | 218.7 | £85.3 | 635.2 272.2 0.0 0.0
7 -1204.5 85.1 1222.8 0.0 -1838.1 | 205.4 | 7256 | 676.8 122.8 0.0 0.0
a8 -1223.1 32.8 997.4 0.0 -1801.0 238.2 | 705.5 678.6 369.0 0.0 0.0
9 -1462.0 36.5 523.5 0.0 -2163.4 283.5 | €95.5 658.6 1424.3 0.0 0.0
10 -1885.8 13.4 13.7 0.0 -2735.2 309.3 | 715.4 678.1 2888.0 0.0 0.0
11 -2450.6 16.7 -634.1 0.0 -3596.7 | 300.6 | 685.3 | 657.0 | 3015.2 0.0 0.0
12 -2867.1 25.3 -883.9 0.0 -4231.8 | 318.5 | 725.8 | 678.5 | €229.3 0.0 0.0
Total -24713.2 14.2 3374.5 0.0 -36346.0 |3363.4 | 8415.8 7992.1 37867.9 0.0 0.0
During
heating | _ . . .
(6714.0 13879.6 4079.0 1542.6 0.0 30628.5 |2366.7 | 4614.0 5047.7 37868.1 0.0 0.0
h)
During
wooling | _jy005 | -zsess | 6132 0.0 -3495.3 | 482.3 | 2544.8 | 1934.9 0.0 0.0 0.0
(1311.0
h)
Rsi;f -3729.4 8062.7 1302.3 0.0 -2222.2 | 314.4 | 1257.0 | 1009.3 -0.2 0.0 0.0
KWh,
210"
610%
4-10™
7-10*
a-10®
210
PR
107
-&-10™

1 2 3 4 5 ] 7 8 k] 10 11 12enth

Envelope transmission

kWh

Month Walls | Roof | Floor | Windows

N | | . ]
1 -1072.2| -995.7 | -151.8 -955.9
2 -943.7 | -823.4 | -217.7 -817.5
2 -937.8 | -817.9 | -283.2 -851.6
4 -733.7 | -599.2 | -307.0 -692.6
5 -376.0 | -373.6 | -346.5 -355.7
&
7
8
kl

-414.8 | -211.1 | -376.5 -447.7
-374.9 | -228.2 | -355.1 -442.8
-390.7 | -290.4 | -271.2 -4258.2
-472.2 | -435.6 | -179.4 -484.6

10 -637.6 | -593.5 | -160.6 | -591.4
11 -845.9 | -799.4 | -138.9 | -760.7
12 -993.6 | -029.8 | -160.8 | -B83.4
Total -8393.2|-7097.9(-2948.7| -7913.2 [-1091.5 -5181.5
During heating|-6529.8|-2765.4| 0.0 -6145.7 |-1027.2 -3357.3
During cooling| -613.5 | -73.4 0.0 -1152.2 -28.8 -389.0

Rest of time |-1249.9|-4259,1|-2948.7 -615.3 -35.5 -1235.0




