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Abstract

This thesis examines the energy efficiency effects of refurbishing historic masonry buildings
in a Norwegian climate with the use of an aerogel-based plaster (FIXIT222) for cold side
insulation. Additionally, it aims to find how well the manufacturer’s performance graph of

FIXIT222 applies to brick buildings in a Norwegian climate.

The Norwegian government has proclaimed that it aims to make way for energy efficiency in
the existing building mass as a means toward a “greener” future. In the capitol of Oslo, the
existing building mass consists largely of late 1800°s masonry buildings. Because of the old
age, these buildings are poorly insulated, which leads to significant heat loss, inadequate

energy efficiency and often, unhealthy indoor climate. They need refurbishing.

Refurbishing of existing building regulates by the national Regulations on technical
requirements for building works (TEK17). The net energy demand requirement for TEK 17 is
very difficult to achieve in such buildings without extensive insulation on the warm side of
the envelope. This is bad for the building bricks, as the temperature outside the insulation
drops and may lead to storage of moisture, which in turn will freeze and the bricks crackle. It

also reduces the living area indoors (BRA).

The alternative is cold side insulation. However, most of these buildings have historic value
and are listed in the Cultural heritage management office’s “yellow list”, meaning that any

substantial changes to the fagade or original structure is prohibited.

Fixit222 is a super insulating Aerogel-based plaster that can be sprayed on the building
facades without substantially altering the architectural expression and thus, the historical
value. The Cultural heritage management office has given Boligbygg Oslo KF permission to

refurbish an 1890’s brick building in this way.

Analyses of the effect is found by field study data collection and model studies with the
building energy simulation software SIMIEN.

The model studies show a total decrease in net energy demand by 65%. When pinpointing the
effect of FIXIT222, it represents 34% of the total decrease in net energy demand.
Temperature and relative humidity measured inside the wall remain well balanced throughout

varying indoor and outdoor conditions.



In comparison with the measured energy consumption, the model estimates overshoot reality

by 30%. This difference may be explained by the need to extrapolate the consumption data.

Based on the results found, it can be concluded that the effect of FIXIT222 in Norwegian
climate is of the same magnitude as the result of the pilot project “Miihle Sissach”. It can also
be concluded that the manufacturer performance graph is directly applicable to 1980’s

masonry buildings in Norwegian climate.
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1. Introduction

In 2010, the Ministry of Local Government and Modernisation stated that approximately 40%
of all energy consumption in Norway and Europe originates from building energy demand.
Since the newbuild to demolition rate is at 1-2% yearly, it will be necessary to focus
extensively on rehabilitation of existing building mass if energy efficiency is to be considered
effective (Arnstad, 2010). Moreover the Norwegian government want to facilitate energy
efficiency, and to collaborate with the EU to reduce energy consumption pr. Gross National

Product by 30 % within year 2030 (Meld. St. 25 (2015-2016)).

The institute of Energy Technology reported in 2012 on behalf of SSB that the technical
potential of rehabilitating existing domestic building mass to comply with TEK-10 demands
is estimated at 13,4 TWh nationwide (IFE / SSB). In Oslo alone, the city council plans to
reduce energy consumption in buildings through the “Climate and Energy Strategy for Oslo”
by 1,5 TWh. However in SSB’s preliminary energy balance for 2016, domestic and tertiary
buildings have increased energy consumption by 3,5 % since 2015 (Fedoryshyn 2017).

A significant barrier to improve energy efficiency in old buildings such as Bergsliens Gate
12B-C is the conservation of historical value. As an 1800’s German style masonry building,
BG12B-C is listed in Oslo City Antiquarian’s “yellow list”. This list is made with the
purpose of preserving the cultural and antique values of the buildings. This often means that

no significant alteration to the facade or structure is allowed.

In a review of a masonry building in Oslo, Gasbak (2012) found that due to the considerable
amount of brick wall area compared to other parts of the construction, 40% of total heat was

lost through the outer walls. Windows and doors accounted for 17%.

A possible solution to the balance between energy efficiency and preservation of historical
value can be seen in a project in Austria, where a 700 year old mill was rehabilitated by the
use of an Aerogel-based plaster (Wakili et al. 2015). Aerogel is a denominator for nonporous
materials of which the fluid in the compound is exchanged for gas. By removing the liquid,
the thermal conductivity of the material is reduced, hence making it a super insulating
material (Schmidt & Schwertfeger 1998). By adding aerogel to lime plaster, it is possible to
spray it on the cold side of building envelopes, creating an outside insulating layer that

reduces heat loss and simultaneously minimizes altering of facades. Alongside changing of
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windows and roof, the insulation of the envelope resulted in a 60% reduction in net energy

demand of the mill.

To see if similar results may be achieved in Norwegian climate conditions, the City of Oslo
collaborated in the program FutureBuilt and received economic support through Enova to
rehabilitate Bergsliens Gate 12B-C using aerogel-based plaster. That leads to the following

problem:

What is the insulating capability of aerogel-based plasters in general, and specifically

FIXIT222, in Norwegian climate?
Furthermore, secondary objectives include:

e Isthe FIXIT222 datasheet u-value graph applicable in Norway?

e How well does the model (SIMIEN), compare to measured consumption?
Limitations:

- Cost of rehabilitation with Aerogel-based plaster is outside the scope of this thesis. It
is acknowledged that since this is a relatively new technique and product, the
production process is slow and therefore costly. It can be assumed that production

cost will be reduced in time.

To answer the problem, a combination of literature studies, field studies (process

observation), and model studies will be used.
The thesis is organised as follows:

e Chapter 1 introduces the problem(s) of the thesis.

e Chapter 2 presents a background to the problem followed by the theory behind
aerogel as an insulator, and, ultimately comes a presentation of Fixit222 and previous
findings on the subject.

e Chapter 3 covers the methods and equipment applied to reach and present the results.

o Chapter 4 presents the case. The subject building is presented and described by
location, building history and technical specifications. Then comes a description of
the refurbishing process and the current state of the building. Ultimately, the methods

presented in chapter 3 is applied to the case.
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e Chapter 5 presents the results of the studies.
e Chapter 6 discusses the results of the research.

e Chapter 7 makes conclusions to the problems based on the discussion.

1.1 Central terms

BG12B-C: Abbreviation for Bergsliens Gate 12B-C

BRA: Usable area. Defined in NS3031:2014 as the area within the building climate screen

(envelope). Typically, calculated as total area subtracted the area of the envelope.
CHMO: Abbreviation for the Cultural Heritage Management Office.
Heat Flux: Flow of energy per unit of area per unit of time.

Net energy demand: Net energy demand is the total amount of energy needed without

considering energy efficiency coefficients or losses in the supply chain (NS3031).

Tek 87 /10 / 17: The “Regulations on technical requirements for building works” (hereafter
TEK10), was published by the Ministry of local Law and Modernisation on the 26.04.10.
Based on Norwegian Standards and recommendation from Sintef Byggforsk, its goal is to
heighten the minimum requirements for legally erecting a building in Norway. It states that
all building work shall be done in such a way that it ensures reasonable energy consumption,
based upon environmentally friendly energy sources. The regulations apply to both new

builds and modifications to an existing building (Dibk).

Thermal bridge: an area of elevated thermal conductivity than its surroundings.
Thermal conductivity: The ability of a material to transfer heat

Thermal resistance: a materials resistance to heat flow.

Thermal transmittance (U-Value): The total thermal conductivity of a structure or material

(Zagorskas et al. 2014)
Often cited: (Walker & Pavia 2015)
Determination of theoretical U-value according to ISO 6946:2007

(Gaspar et al. 2016)
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2. Background and theory

Forty percent of heat in late 1800’s masonry buildings is lost through the envelope (Gésbak,
2012). Although windows generally have the lowest thermal resistance in a building, the
relationship between window areas versus total wall area becomes determining. With heating
being the main driver of net energy demand in domestic buildings in Norway (Sintef), this
should make insulation retrofitting of the exposed walls one of the obvious first choices when

planning to refurbish.

The cheapest and easiest way to increase the insulating capacity of a wall is to apply
insulation on the warm side. With an added moisture membrane, it will significantly improve
the indoor climate and reduce the net energy demand. However, adding insulation on the
inside reduces the temperature influence of the part of the wall that is now exposed to
weather. In this case, this means that the overall temperature in the masonry bricks drops
dramatically. The temperature drop may cause any stored moisture in the bricks never to dry
out. In a Norwegian climate where temperatures below zero °C is likely from October to
March, there is a possibility of frost with resulting crackling of the bricks
(Miljeverndepartementet 2011). Because of the gap between the original wall and the
ambient indoor temperature created by the new insulation, it is also likely that the thermal
bridge number increases due to cold zones. Despite the before mentioned, the main reason
inside retrofitting is not a popular choice is because it reduces the living space area. As an
example, to comply to TEK17’s minimum requirement for a walls energy efficiency at U =

0,22 [W/(m2k)], one would have to add approximately 150mm of mineral wool (Figure 44).

The obvious option to warm side retrofitting is cold side retrofitting. When adding insulation
on the cold side, the temperature inside the masonry bricks is increased, and remains stable
like shown in Figure 41. In addition to the insulating layer, a weather resistant layer is needed
to prevent water ingress and moisture build-up. It is also necessary to review how far out the
insulation extrudes from the original wall in relation to the roof construction, also because of
the risk of water ingress. To prevent an increase in the thermal bridge coefficients around the

windows, the windows must be moved outward along the insulation (Gasbak 2012).

The latter method of refurbishing is the more practical of the two, but it is not always

desirable (or possible) due to the radical changes of the visual appearance. 1800°s masonry
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buildings like the case in this study are often subject to preservation because of their visual
appearance and cultural heritage. Instances such as CHMO and The Norwegian National
Conservatory can list these buildings as preserved or yellow listed. If a building is listed as
preserved, the “cultural heritage law” legally protects it, and the government must approve all
changes. If a building is yellow listed (worthy of preservation), CHMO is entitled to their
opinion before an appeal of refurbishing is passed by the Department of planning and

building.

TEK 17 states as a general note that all new builds and significant refurbishments must meet
the minimum requirements for net energy demands (lovdata). If a building is preserved or is
identified as worthy of preservation, measures must be taken to comply to TEK as far as
possible without damaging historical value. The combination of meeting the TEK 17 energy
requirements and preserving historical value is a challenging undertaking (Moen, 2012), but

it is not impossible.

To cold-side-insulate a 1800’s masonry wall to meet the U=0,22 requirement in TEK17,
more than 150mm of mineral wool is needed. To make that work, the historical face and

details of the fagade would vanish.

A serious alternative to these methods of envelope insulation for energy efficiency is

Aerogel-based render / plaster for cold side application (Buratti et al. 2016).

2.1 Fixit222 Aerogel Plaster

Fixit222 is an insulating lime plaster manufactured by the Swiss company Fixit. Fixit222 is a

mineral compound with the addition of Aerogel granulates.

Aerogels is a group of ultra-light, solid materials with low very density. They are among the

lightest materials in existence. The base materials are in most cases a type of silica where the
liquid content has been extracted and replaced by gas (air). Because of the near zero percent

water content and the low density, Aerogels have extreme thermal resistance and very little

mass.

Adding aerogel granulates to the Fixit222 gives the plaster a thermal conductivity of 0.028
W/mK. In comparison, general mineral wool has a thermal conductivity of 0,045 W/mK

(Buratti et al. 2014).
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Figure 1 depicts the correlation between applied material thickness and the total U-value of

the application from the Swiss refurbishing project “Miihle Sissach”.

Fixit 222 -
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Figure 1- Diagram from the manufacturer, showing the correlation between applied thickness and U-value.

Recent studies of the thermal capacities of aerogel-based plaster found that applying Smm
aerogel to a solid stonewall of 600mm thickness reduced the thermal transmittance by 20%
(Buratti et al. 2016). Wakili et al. performed a similar study on hygrothermal capabilities
of aerogel-based plaster in 2015. They found that applying 40mm plaster and a thin layer
of silicate paint on a 600mm stone wall, reduced the thermal transmittance of the structure

by 40 %, and greatly reduced the relative humidity inside the structure.

In Switzerland in 2009, Fixit222 was applied to the 700-year-old “Miihle Sissach” as a
part of a total rehabilitation and energy efficiency plan. Prior to refurbishing, 48 % of the
heat loss happened through the envelope. In addition to coating all external walls, the
refurbishing comprised of window replacement, retrofitting insulation in roof and floor

and adding balanced ventilation. Because of restrictions to conserve historical value, no



15

more than the original thickness of plaster was added (50mm). The refurbishment reduced

energy consumption in the “Miihle” by 60%.

2.2 FutureBuilt and Bergsliens gate

The first application of Fixit222 in Norway was performed on an old converted stable
building in Oslo, which is the case in this study. The project came together when Boligbygg
KS wanted to refurbish Bergsliens Gate 12B-C in an innovative way, thinking towards a non-
destructive alternative to retrofit insulation on old brick buildings. The project became part of
the program FutureBuilt and received economical support by Enova. During the refurbishing,
sensors for measuring temperature, humidity and energy consumption was installed, for

project follow up. This study is the follow up of results.
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3. Methods and Equipment

This chapter describes the methods, equipment and approach utilized to answer the thesis

problems.
The overall methodical approach summarizes like so:

Literature studies is used by studying existing documents and records. This method applies
to the collection of most model input data and theory behind the case and the equipment. This

is a recurring segment in the various subchapters.

The field studies mainly comprise of data collection through multiple process observations of
the building structure that are explained in detail below. The main variables of the study
identify as envelope U-value, weather conditions, indoor climate conditions and energy
consumption. Field studies also include surveying the object building to gather data that

cannot be found through studies of records and documents.

In energy simulation model studies, two models are built. Based on information from data
collection and field studies the models are built to represent the building before and after
refurbishment. The results of the model simulations are compared, both to each other and to
measured energy consumption, as a base of discussion and conclusion. Several means of data

comparison are used to discuss both the primary and secondary problems.

(Method overview map is found in appendix1 )

3.1 Literature and field studies

3.1.1 Calculating u-value
Determining the U-value of a structure requires detailed information on the layer
composition. Thermal conductivity and thickness of each layer material is determined,

thereafter an ISO standardized method of calculation is applied, see figure 1.

N

- " > 150 standard of I Specific structural U-
ey calculation walue

Figure 2- The methodical approach used to calculate U-vale, according to ISO standard 6946:2014.



The ISO standard method of calculation ( Legges I ref: ISO 6946:2014) utilizes three

mathematical formulas, as follows:

( 1 ) Thermal resistance of layer:
P d
A

Where:
R = the thermal resistance of a building element layer (m2K/W).
d = the thickness of the layer (m).

A = the thermal conductivity of the layer (W/mK).

(2) Thermal resistance of a composed structure:

Rtot = Rso + R1 + R2 + .-+ Rair + Rsi

Where:
Rtot = the total thermal resistance of the envelope composition (m2K/W).
R1... Rn = the thermal resistance of a layer (m2K/W).

Rso = the surface to air thermal resistance of the cold side of the envelope (m2K/W).

Rsi = the surface to air thermal resistance of the warm side of the envelope (m2K/W).

Rair = the thermal resistance of air gaps in the construction (m2K/W).

(3) Thermal transmittance of the composed structure:

" Rtot
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Where:

U = thermal transmittance (W/m2K)

Rtot = the total thermal resistance of the envelope composition (m2K/W)

Formatting data

Calculation of U-value, and the result need no further formatting to serve as model input data.
Validity & Reliability

Specific thermal conductivity of the building elements is gathered from Norwegian Standards
and Sintef Byggforskserien. Thickness of the layers are based on inherited data and studies of
documents and records and is assumed to be correct. The calculation by ISO standard ensures

reliable results.

3.1.2 Calculating transient u-value and moisture content with Wufi Pro

To account for the impact of relative humidity on thermal resistance, and thus U-value the
structure is simulated in WUFTI (Stahl et al. 2017),(Wakili et al. 2015). It is a tool for
simulating hygrothermal properties of a one-dimensional building cross section. In this thesis,
a plugin for Wufi called “U-value”, is added to present thermal transmittance values (u-value)
of chosen intervals during a simulation period. The data input of the simulated structure is
based on the same principle as the manual calculation, with the addition of relative humidity

and temperature.

A visual digital representation of the envelope cross section is built. This section contains all
the layers with added material properties. The material’s thermal and hygrothermal properties
comes from a built-in database in Wufi (containing data from NTNU). The exceptions from
the use of the database are the data gathered in this thesis: R-value, material thickness,

weather data and indoor climate.

N

SIS  Simulating U-value 3 Wufi U-value —-

Figure 3- Figure describing the methodical approach of calculating U-value with Wufi.
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After 