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ENERGY RENOVATION CONCEPT FOR NET-ZERO CARBON EMISSION BUILDINGS IN SWEDEN 

Förord 

E2B2s vision är en resurs- och energieffektiv byggd miljö.  

Bebyggelsesektorn svarar för cirka en tredjedel av Sveriges totala energianvändning och en effektivare 
energianvändning är en viktig del av utvecklingen av energisystemet. I E2B2 arbetar forskare och 
andra aktörer tillsammans för att utveckla samhällets byggande och boende och effektivisera energi-
användningen.  

E2B2 är ett forsknings- och innovationsprogram från Energimyndigheten där IQ Samhällsbyggnad är 
koordinator. Programmets andra programperiod pågår mellan 2018 och 2021. 

Syftet med E2B2 är att ta fram ny kunskap, teknik, tjänster och metoder som bidrar till en hållbar 
energi- och resursanvändning i bebyggelsen. Det läggs därför stor vikt vid samverkan mellan närings-
liv, samhälle och akademi och programmet ska bidra till och vara ett verktyg för att länka samman 
behovsägare med projektutförare. 

Energirenoveringskoncept för koldioxidneutrala byggnader är ett av projekten som har genomförts i 
programmet med hjälp av statligt stöd från Energimyndigheten. Det har letts av Lunds universitet.  

Projektet är ett fortsättningsprojekt från ett tidigare E2B2-projekt som undersökte renovering av fa-
sader med prefabricerade multiaktiva fasadelement med integrerade system för ventilation, värmeå-
tervinning och förnybar energi. I detta projekt har konceptet vidareutvecklats för kommande demon-
strationsprojekt i full skala. Potentialen och förutsättningarna för att kunna bidra till koldioxidneutrala 
byggnader på årsbasis har undersökts. 

 

Stockholm, 26 oktober 2021  

Rapporten redovisar projektets resultat och slutsatser. Publicering innebär inte att 
E2B2 har tagit ställning till innehållet. 
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ENERGY RENOVATION CONCEPT FOR NET-ZERO CARBON EMISSION BUILDINGS IN SWEDEN 

Sammanfattning 

Europeiska unionen (EU) siktar på att vara den första klimatneutrala kontinenten år 2050. Sverige vill 
uppnå det målet året 2045. Tio svenska pionjärstäder är ännu mer ambitiösa och vill nå dit under 
2030. Globalt sett står byggnader och byggsektorn för nästan 40 procent av de globala utsläppen av 
växthusgaser. För närvarande är ungefär tre fjärdedelar av byggnaderna i EU inte energieffektiva, men 
85–95 procent av dagens byggnader kommer fortfarande att användas 2050. Därför måste det befint-
liga byggnadsbeståndet uppgraderas avsevärt för att nå dessa mål. Trots detta saknas demonstrerade 
kostnadseffektiva energirenoveringslösningar i Sverige som leder till årliga netto-nollutsläppsbygg-
nader. 

Denna förstudie undersökte potentialen och förutsättningarna för en framgångsrik fullskalig demon-
stration av ett innovativt renoveringskoncept för att uppnå koldioxidneutrala byggnader. Renove-
ringskonceptet är baserat på prefabricerade multi-funktionella fasadelement med extra isolering och 
integrerade system för ventilation, värmeåtervinning och förnybar energi vilket tidigare har under-
sökts teoretiskt. Inom denna studie undersöktes livscykelanalys, fuktsäkerhet, ventilationssystem, in-
dustriella partners och pilotfall för demonstration. 

Huvudresultatet är att renoveringskonceptet har hög potential och att det inte verkar finnas något 
praktiskt hinder för att initiera en fullskalig demonstration. Beroende på antaganden kan renove-
ringskonceptet leda till koldioxidneutrala byggnader. Dessutom verkar det integrerade ventilations-
systemet vara korrekt utformat och fuktrisken verkar låg generellt, men något högre i södra Sverige 
(Lund). Under projektets tidsram var det inte möjligt att engagera en industriell partner som arbetar 
med prefabricering i byggindustrin och som är villig att utveckla den erforderliga tekniken. Detta ver-
kar utmanande eftersom den nuvarande marknaden för nybyggnadsproduktion är stor och lönsam. 
Att hitta ett lämpligt pilotfall och konsortium av tekniska experter verkar inte vara en flaskhals för en 
framtida demonstration. 

Slutsatsen blir därför att det föreslagna renoveringskonceptet har potential att bidra till minskning av 
klimatpåverkan av det befintliga byggnadsbeståndet på ett kostnadseffektivt sätt. Utländska industri-
partners som har utvecklat liknande koncept kan vara lämpligare partners för en framtida demon-
stration. 

Energirenovering; Koldioxidneutrala byggnader; Livscykelanalys. 
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Summary 

The European Union (EU) has set the goal to be the first climate neutral continent by 2050. Sweden 
aims at reaching that goal by 2045. Ten Swedish pioneer cities are even more ambitious and aim for 
that goal by 2030. Globally, buildings and the construction sector account for almost 40% of global 
greenhouse gas emissions. Currently, roughly three quarters of buildings in the EU are not energy ef-
ficient, yet 85-95% of today’s buildings will still be in use in 2050. Therefore, to reach these goals, the 
existing building stock needs to be significantly upgraded. Despite this, there is a lack of demonstrated 
cost-effective energy renovation solutions in Sweden that leads to yearly net-zero emission buildings. 

This feasibility study investigated the potential and requirements for a successful full-scale demon-
stration of an innovative renovation concept to achieve carbon neutral emission buildings. The reno-
vation concept is based on prefabricated multi-functional façade elements with added insulation and 
integrated systems for ventilation, heat recovery and renewable energy which was previously theo-
retically investigated. Within this study, life-cycle analysis, moisture safety, ventilation system, indus-
trial collaboration, and pilot case for demonstration were investigated.  

The main result is that the renovation concept seems to have potential and there seems to be no prac-
tical impediment to proceed with a full-scale demonstration. Depending on the assumptions, the ren-
ovation concept can lead to carbon-neutral buildings. Moreover, the integrated ventilation system 
seems to be properly designed and moisture risk seems generally low but slightly higher in the south 
of Sweden (Lund). During the project timeframe it was not possible to engage an industrial partner 
who works with prefabrication in the construction industry and is willing to develop the required 
technology. This seems challenging as the current market for new building production is large and 
profitable. To find a suitable pilot case and consortium of technical experts does not seem to be a bot-
tleneck for a future demonstration.   

It is therefore concluded that the proposed renovation concept has potential to contribute to the goals 
of decarbonisation of the existing building stock in a cost-effective manner. Foreign industrial partners 
that have developed similar concepts could be more suitable partners for a future demonstration. 

 

Energy renovation; Carbon dioxide neutral buildings; Life-cycle analysis. 
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1 Introduction and background 
To wisely use the greenhouse gas emissions that we have left to emit is probably the biggest challenge 
of our generation. The ambition taken by several cities in Sweden, within the Viable Cities programme, 
to become climate neutral in 2030 is very ambitious. Although it is well known that to decarbonize our 
cities the existing building stock needs deep intervention, there is a lack of demonstrated cost-effective 
energy renovation solutions in Sweden that leads to yearly net-zero emission buildings.  

There are several completed projects in Sweden that have dealt with energy-efficient renovations us-
ing prefabrication. Within the IEA research project Annex 50 "Prefabricated Systems for Low Energy 
Building Renewal", demonstration projects were carried out, which showed potential to meet econ-
omy and energy efficiency goals with multifunctional façade solutions [1]. Integrated heating system 
and a newly developed active solar energy system were applied to an apartment building [2]. Some 
projects also considered economy and environmental impacts. For example, the EU-funded project 
“RetroKit” developed and demonstrated in three pilots projects (Spain, Germany and Sweden), multi-
functional, modular and low cost prefabricated modules [3], [4]. Another example is the project “In-
dustrial Energy Efficient Retrofitting of Resident Buildings in Cold Climates”, also known as “E2Re-
build”, that carried out seven demonstrations in Germany (2), Finland, France, Sweden, the Nether-
lands and England [5]. This project showed great energy savings in all demonstrations. All but two 
used a prefabricated wooden stud facade, which was mounted on the outside or replaced the existing 
facade. Several aspects were analysed in the project such as social sustainability, life cycle analysis, 
energy saving, and economics. The conclusion from the project was that it is possible to reduce carbon 
dioxide emissions from a building through an energy and cost-effective renovation without risking the 
indoor environment or social aspects during the construction process [6].  

This project builds on the results of a previous research project, co-financed by E2B2 and the industry, 
that theoretically investigated a cost-effective and large-scale applicable concept for façade renovation 
of Swedish multi-family buildings based on prefabricated multi-functional facade elements including 
added insulation with integrated systems for ventilation, heat recovery and renewable energy (project 
number 40797–1). The proposed façade elements are illustrated in Figure 1. These are to be installed 
on the outside of the building envelope. The suggested construction for the façade elements is based 
on wood studs with insulation. Results from this project showed that, under certain conditions, the 
energy renovation concept could lead to a net-zero energy building in a cost-effective manner. The 
greatest advantages with the prefabricated façade solutions include reduced renovation time and 
fewer disturbances to the tenants. Often the tenants do not need to be evacuated during the renovation 
as the work is mostly carried out on the outside. Such results are in line with previous related projects. 

However, the investigation focused on the energy use accounted for during operation time; carbon 
emission from materials used during renovation was not investigated. While energy use has been re-
duced in new buildings, the same cannot be stated regarding climate impact from building production 
phase. Recent studies show that building production accounts for 20-85% of the total climate impact 
in new construction, depending on the choice of the analysis time period and the choice of scenario for 
energy use [7]. Although energy efficiency is important, reducing emission from building material and 
processes are very relevant and have impact in CO2 in the atmosphere when we needed it the most – 
right now. 
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The overall expected result from this feasibility study is to get insights regarding general and practical 
aspects for a successful full-scale demonstration of the proposed renovation concept in real buildings. 
The general aspects focus on the potential impact of such demonstration including major opportuni-
ties and risks. The practical aspects consist of further evaluating the renovation concept towards im-
plementation in real buildings: environmental life cycle analysis, moisture safety, engaging potential 
pilot cases and industrial partners for the demonstration. More specifically, this feasibility study aims 
at investigating whether the proposed renovation concept can lead to net-zero carbon emission build-
ings. 

 

   

Figure 1. Concept visualization of the prefabricated façade modules including  added insulation, ventilation, and 
heat recovery. 
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ENERGY RENOVATION CONCEPT FOR NET-ZERO CARBON EMISSION BUILDINGS IN SWEDEN 

2 Implementation 
The proposed renovation concept was analysed in terms of its life-cycle analysis, ventilation, and 
moisture safety. For that purpose, the following research groups at LTH were involved.  

Energy and Building Design 
Ricardo Bernardo 
Rafael Campamà Pizarro 

 
Ricardo.bernardo@ebd.lth.se  
rafael.campama_pizarro@ebd.lth.se  

 
Project coordination 
Life-cycle analysis 
Ventilation 
Pilots and consortium 

Division of Building Services 
Dennis Johansson 
Åsa Wahlström 
Karin Farsäter 

 
dennis.johansson@hvac.lth.se 
asa.wahlstrom@hvac.lth.se   
karin.farsater@hvac.lth.se  

 
Ventilation 
Life-cycle analysis 

Building Physics 
Petter Wallentén 

 
petter.wallenten@byggtek.lth.se  

 
Moisture safety 

2.1 Analysis of renovation concept 

2.1.1 Case-study building 
The case-study building is a multi-family building representative of the Million Programme. It consists 
of 105 apartments distributed by nine floors and a total of 9235 m2 heated floor area. This building 
typology (skivhus) was chosen for this analysis as the fraction of roof to heated floor area is lower 
compared with smaller buildings (lamellhus). This decreases the availability of installing photovoltaics 
per floor area which in turn may limit the possibility to reach carbon neutrality. Moreover, since supply 
air ducts are placed within the façade modules and led to each apartment, heat losses from supply air 
are larger due to longer duct paths to the apartments at the ground floor. This case-study is, in other 
words, a “worst-case scenario” for the present analysis. The energy use of the building was modelled 
using the software IDA-ICE. 

 
Figure 2. Illustration of the building model in IDA-ICE. 

mailto:Ricardo.bernardo@ebd.lth.se
mailto:rafael.campama_pizarro@ebd.lth.se
mailto:dennis.johansson@hvac.lth.se
mailto:asa.wahlstrom@hvac.lth.se
mailto:karin.farsater@hvac.lth.se
mailto:petter.wallenten@byggtek.lth.se
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ENERGY RENOVATION CONCEPT FOR NET-ZERO CARBON EMISSION BUILDINGS IN SWEDEN 

2.1.2 Life-cycle analysis 
The renovation concept reduces the building energy use and therefore its climate impact during oper-
ation, but increases the climate impact during the product and construction stages due to added ma-
terials and installation [8]. Therefore, it is important to investigate the climate impact of the proposed 
renovation concept and what the requirements are to achieve a net-zero carbon building after reno-
vation. The Swedish construction sector's Environmental Calculation Tool (Byggsektorns 
Miljöberäkningsverktyg - BM) was used for the calculations [9], together with IDA-ICE for the energy 
use, and System Advisor Model for solar electricity production [10]. The following life-cycle analysis 
(LCA) were performed. 

• Without climate compensation measures/offsets accounted for beyond the building’s life-cy-
cle system boundary. 

• With climate compensation measures/offsets accounted for beyond the building’s life-cycle 
system boundary (according to NollCO2 method from the Swedish Green Building Council 
[11]). 

The LCA followed a commonly used approach: definition of goal and scope; inventory; calculation of 
climate impact; interpretation of results [12]. Calculations were based on global warming potential 
accounting only for CO2 emissions. The standard SS EN 15978 describes the life cycle stages for a build-
ing. In the context of this feasibility study module C “end of life” and module D “impacts outside the 
system boundary” were excluded from the analysis. 

The most relevant element that stands out from this LCA is the assumption by the NollCO2 method that 
solar electricity delivered to the electric grid climate compensates (offsets) the climate impact of the 
building’s life cycle. The climate impact of delivering renewable electricity to the Nordpools electricity 
market is considered equivalent to the avoided greenhouse gas emissions (GHG) of avoided fossil elec-
tricity production that are part of the market´s electricity mix. As part of the NollCO2 method, it is 
considered that renewable electricity can be purchased at a lower price than the most expensive elec-
tricity in the market which is coal power. Statistics show this was the case during 2019. Therefore, 
renewable electricity is therefore sold instead of coal power in Nordpool. Coal power was produced 
during all hours of 2019 and could therefore always be replaced by solar power produced along the 
year. According to NollCO2, this also means that the climate compensation value of renewable electric-
ity in Nordpool can be considered always the same during the whole year since coal power is always 
being replaced, and an average value during the year can be used. The estimated life-cycle based CO2 
intensity from electricity supply technologies of coal power from IPCC (2014) was 820 gCO2/kWh (Ta-
ble A.III.2 [13]). The estimated life cycle based CO2 intensity of solar power production was 41 
gCO2/kWh (Table A.III.2 [13]). This means the climate compensation effect of delivering solar electric-
ity to the grid is the difference between those two values: -779 gCO2/kWh (Table 1). This is a key-
aspect for this analysis. 

Another important assumption is the period of validity. According to EU's Green Deal, Europe should 
be climate neutral by 2050. Therefore, NollCO2 assumes all climate impact of energy use to be reduced 
linearly until then. NollCO2 methodology was created to be implemented in new buildings. Within this 
project it was investigated the impact of such methodology in a renovation case study.  
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Solar electricity production and property electricity energy use were estimated hourly using System 
Advisor model and IDA-ICE, respectively. This made it possible to investigate the percentage of solar 
electricity production that is consumed on-site (avoids climate impact of electricity use) and delivered 
to the grid (climate compensation). The specific energy use (bought energy) before and after renova-
tion was previously calculated to be 142 kWh/m2/y and 62 kWh/m2/y, respectively [14]. 

Table 1. Climate impact of energy use during operation and installation of photovoltaics. 

Inputs  With climate compensa-
tion measures 

(NollCO2 method) 

Without climate 
compensation 

measures 

Climate impact of district heating use 
(gCO2eq/kWh) 60 [15] 65 [16] 

Climate impact of electricity use 
(gCO2eq/kWh) 22 [15] 93.2 [17] 

Climate impact of installation of photo-
voltaics 
(gCO2eq/kWh) 

41 [13] 41 [13] 

Climate compensation effect of solar 
electricity delivered to the grid 
(gCO2eq/kWh) 

-779 [15] 0 

 

2.1.3 Ventilation 
The previously developed renovation concept was evaluated regarding the functionality of the venti-
lation ducts placed in the facade modules. The analysis was performed in a qualitative manner based 
on previous projects and industrial experience. The procedure used on sizing the ventilation system 
was the following. 

General design strategy 

Hypothesis: the use of ducts in the façade avoids ductwork inside the apartments [18], thus reducing 
the installation work and disturbance of the tenants and potentially its cost. Individual ducts are led to 
each apartment to limit noise distribution between apartments [18]. Supply air is provided to living 
rooms and bedrooms to enable fresh air in rooms where the predominant time is spent, complying 
with the Swedish building code [19]. Fire-dampers were used in each duct. Otherwise, no other fire-
safety measure or evaluation was carried out. The supply air was carried out adjacent to the windows 
for improved thermal comfort. One central air handling unit was located in the technical room in the 
attic, with all duct routing from the roof to the façade and from the façade to each apartment.  
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Sizing  

The sizing of the ventilation system followed the following steps and is shortly described below. For 
detailed design and calculations see [20]. 

 

The required air-flow was 0.35 l/(s·m2) x Atemp for each apartment [19]. Constant air volume (CAV) was 
assumed for the sake of simplicity. A maximum pressure loss of 1 Pa/m is commonly applied and was 
therefore used in this study [21]. VariTrane Duct Designer [22], was used to determine suitable duct 
sizes according to the required air flow, pressure drop and space limits. Pressure drops were estimated 
in the supply and exhaust ducts. Calculation of the SFP for the entire ventilation system was carried 
out using the air handling unit dimensioning software Systemair - Air Handling Unit Design based on 
products in the market [23]. Finally, energy losses and supply-air temperature from ventilation was 
calculated using the software HEAT2 to estimate the heat loss coefficient of the wall section with the 
ducts [24]. 

2.1.4 Moisture safety 
The proposed renovation concept must meet moisture safety requirements in chapter 6 in the Swedish 
Building Code, must not cause damage and odour that may adversely affect the indoor environment 
and people's health, nor be subject to deterioration in the function of the material [19]. This means 
that the materials in the renovation concept must also not exceed critical levels of relative humidity. 
The most critical parts are the wood studs in the construction which could potentially get mould and 
in worst case rot damage. The moisture safety of the concept was partly carried out through a litera-
ture search on similar solutions, and partly through moisture safety design. Moisture safety design 
consists of both a qualitative assessment through analysis of the details and a quantitative assessment 
through moisture calculations according to EN 15026 with WUFI 2D [25], [26]. 

2.2 Pilot project and consortium 
The possibility of establishing a pilot project for the implementation of the proposed renovation con-
cept was investigated. For that purpose, several contractors/industrial partners who work with pre-
fabrication in the construction industry and who could be interested in further developing and testing 
their products in real buildings were contacted. Similarly, several property owners were contacted 
regarding a potential full demonstration of the proposed renovation concept. In total, six industrial 
partners and seven property owners were contacted within the scope of this project.  



 

 

 

13 

ENERGY RENOVATION CONCEPT FOR NET-ZERO CARBON EMISSION BUILDINGS IN SWEDEN 

3 Results 
3.1 Analysis of the renovation concept 

3.1.1 Life-cycle analysis 
The LCA results show that when climate compensation measures are considered, using the NollCO2 
method from the Swedish Green Building Council [11], it is possible to achieve a climate-neutral build-
ing by implementing the proposed renovation concept with photovoltaics on the considered case-
study building. When climate compensation measures are not considered, the goal of net-zero carbon 
emissions was not reached. Even without photovoltaics, the accumulated climate impact of the reno-
vated building was significantly reduced compared to not carrying out any energy renovation at all: 
59% considering input data used by the NollCO2 method and 48% using input data from other studies. 
Without accounting climate compensation measures, the climate impact after renovation together 
with photovoltaics was reduced by 79%. The renovation and installation of photovoltaics increase the 
climate impact of the building during the product and construction stages with approximately 19 
kgCO2e/m2 but contributes to decrease the environmental impact during operation by 151 kgCO2e/m2. 
These results are illustrated in Table 2 and Figure 3. 

The fraction of annual solar electricity production estimated to be consumed on-site was 26% and its 
climate impact was accounted for by avoided emissions from the Swedish electricity mix. The climate 
impact of the remaining 76% were either disregarded (case without climate compensation measures) 
or accounted for by avoided coal electricity production (case with climate compensation measures). 
The photovoltaic installation was optimized with regards to its tilt from horizontal, azimuth, and 
ground coverage ratio. Its size was determined in order to offset the accumulated climate impact of 
the building resulting in net-zero carbon during the study period. The total occupied roof area was 
roughly 59%, with a ground coverage ration of the solar cells of 50%. 
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Table 2. LCA results for the several investigated scenarios. 

Results  With climate compensa-
tion measures 

(NollCO2 method) 

Without climate 
compensation 

measures 

Cumulative climate impact by year 2050 – 
with energy renovation measures and PV 
(kgCO2e/m2) 

0 41 

Cumulative climate impact by year 2050 – 
with energy renovation measures without PV 
(kgCO2e/m2) 

58 101 

Cumulative climate impact by year 2050 – 
without energy renovation measures 
(kgCO2e/m2) 

140 193 

Photovoltaic installation 
(kWp) 71 71 

Fraction of occupied roof area 
(%) 59 59 

 

 
Figure 3. Cumulative emissions accounting for climate compensation measures to the left and without to the 

right. 

3.1.2 Ventilation 
A qualitative assessment was carried out regarding the design of the ventilation system and po-
tential risks associated with its integration within the façade elements. 
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Design of the ventilation system  

If there are no mechanical exhaust air ventilation ducts, these can often be implemented in place 
of the natural ventilation air ducts, when available. The solution with supply air ducts in the facade 
seems promising. It is however crucial that the supply air diffusers are well design according to 
the following aspects: 

• Noise from the air diffusers, and air handling unit. The exhaust air system also needs to be 
checked in each building. 
• Adjustment options, alternatively dampers must be included in the ducts. 
• Scattering and outreach of inlet air to provide good mixing without causing drafts, considering 
that the inlet air temperature will decrease along the façade element. 
• Placement of air diffuser in the rooms. 
• Fire safety solution may be carried out through a damper or similar, which must be examined 
during an actual installation. 
Supply air ducts routed to each room could motivate the use of demand-controlled ventilation 
(DCV), especially if the exhaust air can be handled easily. Pressure drop per meter may be an op-
timization parameter that could be studied in more detail, but the assumed 1 Pa/m in a straight 
channel is a reasonable assumption considering both sound, energy and adjustment possibilities. 

Other than that, the ventilation can be optimized in different ways, but should be able to fulfil its 
purpose without problems. Various aspects such as unbalance, temperature compensation, freez-
ing, etc, must be set appropriately. 

Risks 

Ventilation ducts within an insulated façade entail increased complexity regarding sizes, cables, 
etc. that can be optimized but which may often have to be solved in the way that is practically 
feasible in each building. If the ducts would be used for cooling, any condensation requirements 
must be examined. 

3.1.3 Moisture safety  
Previous studies on prefabricated wooden and steel exterior walls developed for energy efficiency 
renovation of older buildings show that the risk of moisture damage is usually low [4], [6]. The concept 
in this study is similar to the TES Energy façade, insofar as it is a wooden stud construction with insu-
lation. An evaluation of the same wall elements was carried out by Capener et al [29] within the E2Re-
build project where temperature and relative humidity (RH) sensors were mounted in the walls. In 
addition, WUFI 2D calculations were made that were compared with measurements. In the study, tem-
perature and RH were logged in two of the projects with TES Energy façade. One project was in Oulu, 
Finland and one in Munich, Germany. The conclusion of these two projects was that the risk of mois-
ture damage was low according to measurements and estimates. In addition, there was good con-
sistency between calculated and measured values [29]. 

In a Master thesis from Hinas and Schlegel [27], a moisture analysis with WUFI 4 (one dimensional) 
showed that there could be a risk that the timber frame in the construction exceed their critical RH 
during certain parts of the year and in some climates. According to Hinas and Schelgel, the calculated 
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moisture safety of these façade harnesses works best in northern Sweden and worst in southern Swe-
den. This is a typical result since the climate in the north of Sweden generally is too cold for mould to 
grow. Their results showed that the design had to be adapted to meet BBR, i.e. to use a ventilated air-
space behind the façade cladding. To evaluate the moisture safety of the renovation concept in this 
project, the wall elements have been simulated with WIFI 6.2 Pro (1-dimensional) and WUFI 2D 4.3 
(2-dimensional). 

WUFI 6.2 (1D) Results 

The results showed that the critical location is the part closest to the air gap, behind the gypsum board 
(Figure 5). This is the position with the highest risk of mould growth. The air space must be ventilated 
with at least 40 air changes per hour to reduce the relative humidity which is possible if the battens in 
the air gap are placed so that they don’t block the air movement. Mineral wool reduces the risk com-
pared to cellulose fiber insulation, probably due to its lower moisture capacity and slightly higher 
moisture transport coefficients. A gypsum board that is more open for moisture transport is better 
than a board with a higher moisture resistance. Two designs were investigated: one with the wood 
frame stud is almost in direct contact with the air gap (construction A), and one when a 45mm extra 
insulation protected the frame (construction B). The simulation included 1% rain leakage according 
to the ASHRAE standard. The orientation was the worst for the driving rain which is southwest in Lund.   

Figure 4 shows the mould growth risk for same the same position: insulation close to the gypsum 
board and wood frame stud close to the air gap,  calclulated with the VTT mould growth model during 
one year [28] for construction A (left) and construction B (right). If the index value exceeds 1, it is an 
indication of mould growth, which is the case for construction A. The results for Växjö and Stockholm 
and further north indicated no risk for mould growth. It was clearly a problem only in the south of 
Sweden. 

 
Figure 4. Mould risk index calculated with the VTT model for construction A (left) and construction B (right). 

WUFI 4.3 (2D) Results 

Two components were however not considered in the 1D model: the ventilation pipe and the wood 
frame stud. The wood frame studs has a much higher heat transfer coefficient that mineral wool, so 
they will have a different temperature profile as was mentioned by Hinas and Schlegel [27]. The part 
in the wood frame stud close to the air gap will be slightly warmer or colder than the same position in 
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the insulation close to the air gap depending on the time of the day. Figure 5 shows the 2D model that 
was simulated. 

  

 
Figure 5. Model of the simulated construction including ventilation pipe and wood frame stud. The model shows 

only half of the construction since the problem is symmetrical.  

Figure 6 shows the relative humidity and temperature in October for the Lund climate. The actual 
numbers are merely illustrative for one hour, but the impact of the ventilation pipe and the wood stud 
is clearly visible. 

 
Figure 6. Temperature (left) and relative humidity (right) for construction A during one hour in October. 

Another Lund Climate file was used for the 2D investigation to increase the variation in the analysis. 
Figure 7 shows the VTT Mould Index plot for the insulation close to the air gap and for the wood stud 
close to the airgap. Also in this calculation 1% rain leakage was considered according to the ASHARE 
standard. This climate file gave lower values of the Mould Index, but the trends were the same. It is 
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clear that the wood stud has a much lower Mould Index than the insulation. The conclusion is that 
construction A probably will work in Lund even with a slight rain leakage, but construction B with 
extra insulation has an even lower risk of mould growth. 

 

 
Figure 7. VTT Mould index for the insulation (left) and for the wood stud (right). Note that the scales are differ-

ent. 

3.2 Pilot project and consortium 
One of the project goals was to engage a pilot project for the implementation of the renovation concept 
in a multi-family building from the Million Programme. Before that, it was necessary to first involve 
industrial partners who work with prefabrication in the construction industry and who are interested 
in further developing and testing their products in real buildings according to the proposed renovation 
concept. This was not achieved during the project timeframe. Although entrepreneurs recognize the 
high potential for the concept and the renovation market, the current market for new building produc-
tion is large and profitable considering the shortage of housing availability. This means that interest in 
testing something new seems relatively low. We are now contacting foreign companies that have tried 
similar concepts. To find a suitable consortium of technical experts regarding energy use, fire safety, 
moisture safety, etc does not seem to be a bottleneck for a future demonstration.  

Since an industrial partner who offers the required technology according to the proposed renovation 
concept was not found, it was not possible to accurately estimate the required time for the renovation 
process. The goal is that the use of prefabrication significantly shortens the total time of renovation 
and that inhabitants do not need to move from their homes.   
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3.3 Fulfilment of project goals 
 Description Fulfilment Comments 

#1 Requirements for a demonstration pro-
ject: opportunities and risks, moisture 
safety, life cycle analysis, time to carry out 
such renovations, availability of technol-
ogy and manpower in Sweden, gather ex-
perience from similar case studies in Eu-
rope. 

Mostly achieved The time to carry out such 
renovations was not esti-
mated since the industrial 
partner providing the tech-
nology is still missing. 

#2 Identify pilot projects for implementation 
of the renovation concept. 

Achieved There are several homeown-
ers and building entrepre-
neurs that showed interest in 
the concept. This does not 
seem to be a bottleneck.  

#3 Form a suitable consortium and reference 
group within the academy, builders, in-
stallers, designers, technology suppliers, 
authorities, architects, etc . 

Mostly achieved Technology suppliers miss-
ing. It seems to be easier to 
find such partner abroad. 
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4 Conclusions 
Results from this feasibility study indicate that the proposed renovation concept has no major practi-
cal obstacles that cannot be solved ahead of a full-scale demonstration. The major bottleneck for a 
demonstration seems to be finding a suitable industrial partner within prefabrication in the con-
struction industry that can deliver the proposed technology. There is a need for innovative renova-
tion concepts to renovate the existing building stock towards climate neutrality in a cost-effective 
manner and this concept has the potential to contribute towards that goal. A full-scale demonstration 
is therefore recommended as next step.  

The LCA showed that it is not obvious which assumptions should be used to guide renovations to-
wards climate neutrality of the building stock. According to this analysis, to reach a net-zero carbon 
buildings, climate compensation measures need to be accounted for. Such climate compensation 
measures benefit the design of PV installation for overproduction and consequent electricity delivery 
to the grid, which has the most environmental positive effect in the LCA. This is contrary to cost-ef-
fective design of PV systems where increasing self-consumption improves profitability. Even for this 
case-study consisting of a tall multi-family building (skivhus), there was enough roof space for the re-
quired PV. Integrating PV in the façade modules with lower annual performance was therefore not 
required. The decrease of the environmental impact during operation due to the renovation far ex-
ceeds the added climate impact during the product and construction stages, even without accounting 
for compensation measures. This points out to the climate benefits of energy renovations which is in 
line with previous studies. 

The ventilation system seems well though and properly designed. The introduction of appropriate in-
let air diffusers seems a key-aspect for thermal comfort and energy performance of the ventilation.  
Regarding moisture safety, it was concluded that the proposed façade element will work in Sweden, 
even with a slight rain leakage, but with a slightly higher risk of mould growth in the south of Sweden 
(Lund). Placing the wood frame away from the airgap towards the interior with extra insulation in 
between lowers the risk of mould growth even further. 
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En tredjedel av all energi som används i Sverige 
används i bebyggelsen och en effektivare energi-
användning är en viktig del av utvecklingen av 

energisystemet.  
 
I E2B2 arbetar forskare och andra aktörer tillsammans för 
att utveckla samhällets byggande och boende och effektivi-
sera energianvändningen. I den här rapporten kan du läsa 
om ett av projekten som ingår i E2B2.  
 
E2B2 är ett forsknings- och innovationsprogram från 
Energimyndigheten där IQ Samhällsbyggnad är koordi-
nator. Läs mer på www.E2B2.se. 
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