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Despite the low energy performances of the European building stock, the yearly 
renovation rate and the choice to perform a building deep renovation is strongly affected 
by uncertainties in terms of costs and benefits in the life cycle. 

The project 4RinEU faces these challenges, offering technology solutions and strategies 
to encourage the existing building stock transformation, fostering the use of renewable 
energies, and providing reliable business models to support a deep renovation. 

4RinEU project minimizes failures in design and implementation, manages different 
stages of the deep renovation process - from the preliminary audit up to the end-of-life - 
ŀƴŘ ǇǊƻǾƛŘŜǎ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ŜƴŜǊƎȅΣ ŎƻƳŦƻǊǘΣ ǳǎŜǊǎΩ ƛƳǇŀŎǘΣ ŀƴŘ ƛƴǾŜǎǘƳŜƴǘ 
performance. 

The 4RinEU deep renovation strategy is based on 3 pillars:  

¶ technologies - driven by robustness - to decrease net primary energy use (60 to 
70% compared to pre-renovation), allowing a reduction of life cycle costs over 30 
years (15% compared to a typical renovation);  

¶ methodologies - driven by usability - to support the design and implementation 
of the technologies, encouraging all ǎǘŀƪŜƘƻƭŘŜǊǎΩ involvement and ensuring the 
reduction of the renovation time;  

¶ business models - driven by reliability - to enhance the level of confidence of deep 
renovation investors, increasing the EU building stock transformation rate. 

4RinEU technologies, tools and procedures are expected to generate significant impacts: 
energy savings, reduction of renovation time, improvement of occupants IEQ conditions, 
optimization of RES use, acceleration of EU residential building renovation rate.  This will 
bring a revitalization of the EU construction sectors, making renovation easier, quicker 
and more sustainable. 

4RinEU is a project funded by the European Commission under the Horizon 2020 
Programme and runs for four years from 2016 to 2021. 

The 4RinEU consortium is pleased to present this report which is one of the public 
deliverables from the project work. 

 

Foreword 
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Executive Summary 
This document aims at describing the execution plans for the deep renovation for the four 

demo-cases. Starting from the concepts and preliminary design defined in the D5.2, here 

the implementation of the renovation packages is reported, considering both the detailed 

design and technical specifications developed during the renovation process. 

 

 

Figure 1 Norwegian Demo renovated building 

Haugerudsenteret 17-19 consists of eight apartments, each with an area of approximately 
40 m2, with an architecture giving the appearance of small, detached houses. Four 
apartments are connected to each of the two indoor staircases.  

The renovation package with added insulation aims at reducing the heat loss through the 
floor by reducing the wall-floor thermal bridge and through the façade and roof by 
increased thermal resistance when using prefabricated elements.  

A total of 26 façade elements and 10 roof elements were produced off-site and mounted 
directly outside the existing building. 

New energy efficient windows were integrated in the façade, even if the existing windows 
were not the original ones. 

Ventilation supply ducts from the technical room to the bedrooms were installed off site 
in the north façade elements. The supply air for the living room and the exhaust ducts 
from the bathroom and kitchen were installed in the stairways using a traditional 
approach. 

The technical rooms with air handling units (AHU) were constructed as a prefabricated 
module on north façade. Two AHUs and shaft ductwork were installed on site in each 
room. Each AHU is serving two apartments on the same floor. Access to the technical 
rooms is from the outside to minimize tenant disturbance and ensure good maintenance. 
Both the air intake and exhaust are placed in the exterior wall of the prefabricated shaft 
on the north façade  
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PV panels were integrated above the windows in the prefabricated elements on the south 
façade as part of the off-site production of elements. There are in total 16 panels 
corresponding to an installed peak power of 4.56 kW. 

The on-site construction was finished in 8 weeks (40 days). The installation of the 
elements had a duration of only two weeks, including removal of old windows. Then some 
on site work was necessary, like for the new entrance areas, ductwork in the stairways as 
well as supporting electrical work. 

Although standard renovation time is hard to estimate since each project is unique, it has 
been claimed that this renovation provides a really time-efficient project with short 
preparation time and short time at site. 

The project of this demo case has successfully demonstrated how a low-rise timber-based 
apartment building can be renovated to reduce the energy demand for space heating 
using prefabricated elements with integrated photovoltaic panel, ventilation ductwork 
and balanced ventilation with recovery ventilation. The solution is considered as market-
acceptable and replicable for deep renovation of existing buildings.  

The main success factors are identified as early inclusion of manufacturer, close 
collaboration on design, transfer of knowledge to construction site, early information and 
gently handling of tenants, as well as inclusion of participants from different stages of the 
renovation process in identifying risks and opportunities. 

 

 

Figure 2 Dutch Demo renovated building 

In the Dutch demo building, the 4RinEU renovation approach have been applied on 15 of 
the 72 dwellings, mainly consisting of mounting prefabricated façades on the exterior side 
of the existing façades. 

The 15 apartments in the South-East wing of Marienheuvel have new prefabricated 
facades with three additionally integrated technologies: shadings, ventilation with heat 
recovery (mainly ducts) and summer night ventilation. Mechanical ventilation is provided 
by the Climarad technology. It allows for air supply and exhaust with heat recovery, by-
pass ventilation for summer night ventilation, pre-heating ventilation air in the 
combination of the radiator and the ventilation device. The Climarad ventilation unit has 
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a specific summer night ventilation mode which activates when needed. This can also be 
manually done. In addition, a new tilted window has been introduced to have more 
window operation modes. The ventilation units have been integrated behind existing 
radiators, while the duct for inlet and exhaust air have been prefabricated through the 
new envelope. 

In this ǊŜƴƻǾŀǘƛƻƴ ǇǊƻŎŜǎǎ ǘƘŜ ǘŜƴŀƴǘǎΩ ƛƳǇŀŎǘ Ƙŀǎ ōŜŜƴ ǉǳƛǘŜ ƘƛƎƘ ōǳǘ ŘǳǊƛƴg a short 
period. Probably, this is mainly since standard and deep renovation processes were 
coexisting at the same time (e.g., scaffolding, kept on the building for 9 months, was used 
for standard renovation but not strictly necessary for 4RinEU approach)  

Furthermore, some issues have been arisen due to the coexisting of both main 
constructor and prefabricated façade supplier. 

In general, this demo renovation provided an increase level of indoor comfort through an 
improved ventilation system with heat recovery, together with a consistent improvement 
of the envelope thermal characteristics. 

Production of façade elements started in December 2019. The renovation works were 
supposed to start by March 2020 with a view to be completed by May of the same year. 
Due to the global emergency caused by COVID-19, the building site had to stop its 
activities for a few months. Despite this, the production of prefabricated façade modules 
could go ahead as planned. Overall, the works on the construction site lasted 24 days and 
ended in July 2020. 

 

 

Figure 3 Spanish Demo renovated building 

In the Spanish demo all the dwellings have been included in the renovation action, 
ŀƭǘƘƻǳƎƘ ƛƴ ŘƛŦŦŜǊŜƴǘ ŘŜƎǊŜŜΦ 5ǳŜ ǘƻ ŦƛƴŀƴŎƛŀƭ ǊŜǎǘǊƛŎǘƛƻƴǎΣ ǘƘŜ ŜƴǾŜƭƻǇŜΩǎ ƛƴŎǊŜŀǎŜ ƻŦ 
insulation is exclusively implemented on the roof and on the East-façade. In the West 
façade, just some improvements have been carried out ςto control 
ventilation/infiltrations and sun radiation-.  

In particular, the 4RinEU solution for renovating the building is the timber prefabricated 
multifunctional façade, that was applied in the East façade. The solution was 
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implemented just in 1st and 2nd floor due to urban regulations and cost limitations. 10 PMF 
Panels of 3x6/7m allowed to deep renovate 209m2 of façade surface.  

To complement this action and achieve 60% reduction of primary non-renewable energy 
demand other conventional retrofitting solutions have been applied in the whole 
envelope of the building. The actions selected are mainly external solutions, so the 
tenants could continue using the building while the renovation was taken place. 

Other 4RinEU technologies used for this demo case have been the Early-Reno tool ς to 
optimize the PV panels placement also integrated within the timber façade- and the Data 
Handler -to interact with the tenants after the renovation. 

To accomplish regulations, it was necessary to design the ventilation system. For that 
reason, mechanical ventilation units were installed in all dry rooms - east and west façade 
- and extractor-fans in the bathrooms. Hence, the PMF openings include in the top part 
of the balcony, mechanical ventilation units with air filter and heat recovering. Air ducts 
have been prefabricated in the new envelope as well. 

In conclusion, the prefabricated multifunctional façade installation ς covering a façade 
surface of 209m2- and all the finishing works related to integrated components took 
around 15 days to be built off-site and were implemented on-site in 35-38 days. 

Finally, the PMF panels allowed to strongly reduce the construction time on-site and 
offered higher standards of energy efficiency and comfort for the tenants. 

 

 

Figure 4 Italian Demo renovated building 

The main technologies developed within 4RinEU and used in Pinerolo concern the 
installation of equipment developed by the partner company Thermics, which supplied 
the two main components of the new heating and cooling system: the modulating heat 
pump and the bwDŀǘŜ .ƻȄϰ hydronic modules. 

In particular, bwDŀǘŜ .ƻȄϰ <are able to manage the technical water arriving from the 
heat pump, which is used during the winter for heating and the production of domestic 
hot water, while for cooling during the summer season. 

In addition to the management of the circuits, obtained through pumps, heat exchangers, 
ŘƛǾŜǊǘŜǊ ŀƴŘ ƳƛȄƛƴƎ ǾŀƭǾŜǎΣ bwDŀǘŜ .ƻȄϰ ǇǊƻǾƛŘŜǎ ŦƻǊ ǘƘŜ ƳŜǘŜǊƛƴƎ ƻŦ ǘƘŜ ǘƘŜǊƳŀƭ ŜƴŜǊƎȅ 
sent to each user, to have a direct share of the thermal energy consumed. 
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¢ƘŜ bwDŀǘŜ .ƻȄϰ ǎƻƭǳǘƛƻƴΣ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ƳƻŘǳƭŀǘƛƴƎ ƘŜŀǘ ǇǳƳǇΣ ƛǎ ŀƴ ŀǇǇƭƛŎŀǘƛƻƴ 
that lends itself very well to building renovation works, especially to switch from 
autonomous heating systems to centralized systems for condominiums. This is because 
the heat pump and the hydraulic modules were easy to install and the latter were 
compact in size, requiring no large space for installation.  

Significant results will be visible at least one year after installation, when a heating and a 
cooling season will have passed, but a considerable decrease in the natural gas used by 
the building's lodgings and recorded in the bill is expected. 
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Introduction 
In this deliverable, for each of the four demo cases, the whole renovation process is 

described in detail. For each demo a section is dedicated describing the different aspects 

which led from the design concepts to the tailored solutions. 

At the beginning of each of the four sections, the procurement procedure and a brief 

description of the actors involved in the renovation process are described. 

Then, after recalling the design targets, the chosen renovation packages to be applied are 

described in detail, as well as their integration in the demo building and, if possible, the 

expected simulation results considering the chosen renovation packages are reported. 

Once the main renovation approach is described, a sub-section explaining in detail the 

execution of the project is reported, also focusing on times and costs of the intervention. 

In each section conclusion, lesson learned along the renovation process and possible 

recommendations are mentioned for each of the four demo cases. 
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Norwegian Demo Case 
 

 

 

 

 

Figure 5 Norwegian renovated demo 

1.1 Project Management  

1.1.1 Project context 

Haugerudsenteret 17ς19 is part of a housing co-operative project built in the early 1970s. 
It is situated nearby Haugerud metro station and Haugerud shopping center in the suburb 
of Alna, located east of the Oslo city center. The project consists of 6 wooden buildings 
with a total of 130 apartments. The buildings are owned by Oslo kommune Boligbygg KF, 
Oslo municipality's housing company.  
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Haugerudsenteret 17-19 consists of eight apartments, each with an area of approximately 
40 m2, with an architecture giving the appearance of small, detached houses. Four 
apartments are connected to each of the two indoor staircases.  

The tenants may belong to a vulnerable group with special needs and the renovation 
works should result in as little disturbance as possible. Boligbygg oversees the general 
maintenance, operation as well as the renovation of the buildings. Technical solutions 
need to be robust. 

 

1.1.2 Design team 

Filter arkitekter has been the responsible applicant (SØK) and designer for Architecture 
(ARK). Sweco has been a responsible designer for Constructional safety (RIB) and Energy 
efficiency (RIEn).  

As seen in Figure 7, Norconsult, and Firesafe were also a part of the Design team through 
the framework agreement with Sweco/Filter Arkitekter. Norconsult has been a 
responsible designer for Ventilation (RIV) and Electricity (RIE) and first entered the design 
team at the detailed design phase.  

Lindal, the element manufacturer, plays a particular role in this project. They were 
involved already in the design team in the detailed design stage, as well being a contractor 
for the manufacturing of the elements, transport and installation onsite. The owner and 

Figure 6: Pictures of Haugerudsenteret 17-19 before renovation (left) and after renovation (right) 
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general manager of Lindal have been directly engaged in the project. The fact that the 
same company was able to both produce and install the elements was a large benefit for 
production-optimized design, minimizing the risks and transfer the knowledge all the way 
to the final upgraded building. In practice, many of the key persons were part of the whole 
process. The design of the BIPV system was done by FUSen, who was a subcontractor for 
Lindal. 

For the site management, HR Prosjekt holds a framework agreement with Boligbygg. Use 
of site manager is standard procedure at Boligbygg. 

 

 

 

Figure 7 Design team overview. Replicated from D5.2 Concept design and performance targets for the 
demos. 

 

1.1.3 Main decisions  

Major decision points are summarized in the table below. Dates are not set precisely, but 
the decisions are listed chronologically.  

 

4RinEU project

Owner: Boligbygg Oslo KF

Design team   
Leader(PGL):Filterarkitekter

ARK 
Filterarkitekter

RIB          Sweco

RIV  Norconsult RIEn         Sweco

RIE  Norconsult RIBr      Firesafe

Contractor                             
Lindaltreindustri

Sun               FUSen Ventilation NN

Third party control                 
of design

Site management  
HRProsjekt

SINTEF
Gumpp & 

Maier
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Table 1: Major decision points summarized.  

Date Milestone/decision 
point 

Participants Conclusions 

Pre 2016 
Project participation and 
selection of demo case 
building.   

BBY 

SINTEF 

Participation in 4RinEU 
project.  

Selection of demo case 
building based on building 
stock, need for renovation and 
with suitable size.  

Decision on concept design 
with prefabricated façade 
elements with integrated 
ventilation.  

Decision on overall energy 
target of passive house 
standard for renovated 
building. 

2017-Q1 Type of procurement 
process  

BBY Decision on competence 
requirements for design team 
leader and design team.  

Decision on using a mini-
contest for the selection of 
design team leader and design 
team.  

2017-Q1 Selection of design team 
leader and design team 

BBY Selection of team with Sweco 
and Filter arkitekter. Filter 
arkitekter gets architect and 
design team leader, Sweco 
majority of the Technical 
design.  

2017-Q1 Search for local 
manufacturer 

SINTEF, BBY, 

Design team 

Use external consultants such 
as 3Con and 
Byggevareindustrien to find 
competence requirements and 
possible names for local 
manufacturer.  

Competence requirements for 
the local manufacturer 
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2017-Q3 Adjust concept design 
based on building state 
analysis 

SINTEF 

BBY 

Design team 

 

Change in initial concept 
design due to new knowledge 
on the state of the building. 
The prefabricated elements 
could not be mounted at the 
existing building because of 
load bearing problems. 

Extension of the scope to also 
include foundations for the 
façade and roof elements.  

Adjust overall energy target 
for passive house standard 
based on initial energy 
simulations and constraints 
regarding the floor of the 
building.  

2017-Q4 Selection of local 
manufacturer 

BBY, SINTEF 

 

Design team 

 

Selection of local 
manufacturer Lindal Smith 
elements. 

Start of Technical design 
stage.  

2018-Q1 Design of façade and 
roof elements 

Design team 

Lindal 

BBY 

G&M 

SINTEF 

Decision on element layout.  

Element technical design. 
Preparation of BIM for 
production of elements.  

2018-Q2 Production of elements Lindal  

2018-Q2 Installation Lindal 

HR 
 

1.1.4 Procurement 

Design group 

Boligbygg as a building owner does not have an in-house department for design or 
construction site management. However, the organization has a legal department for 
procurement and useful technical competence for procurement of renovation and 
construction projects. Boligbygg follows the public procurement process regulated by the 
«Public Procurement Act» and «Public Procurement Regulations». These laws define the 
budget threshold values and how the procurement announcement should be made.  
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Framework agreements, offered as regular public procurements, with different teams of 
professionals are entered by Boligbygg. When signed, Boligbygg cannot freely contract 
other companies or teams without providing an exclusive offer to the teams with the 
framework agreement. If an offer is rejected from all companies/teams within the 
framework agreement, Boligbygg can freely choose or invite someone else to bid for the 
contract.  

The design team was contracted through Boligbygg's framework agreements. The process 
was conducted as a mini-competition where the four companies with a framework 
agreement were invited to bid. Two of these chose to bid for the contract, and both were 
subject to interviews and evaluations to ensure the right competence. The Architect had 
the design team leader role. 

 

Local manufacturer 

Gumpp & Maier is the timber element manufacturer company in the 4RinEU project team 
willing to share its competence, however a local forward-leaning element manufacturer 
had to be found.  Moreover, to ensure producibility and avoid technical problems with 
transportation or installation, SINTEF and Boligbygg wanted to include the manufacturer 
in the design team.  

Before the tender procedure started, a third-party consultant and Gumpp & Maier were 
used to specify critical requirements in the tender and ensure that the invited 
manufacturers had the right competence.  

Choosing the right tender procedure and contract was not straightforward. Legal 
expertise at Boligbygg as well as at the national level for procurement rules were 
consulted. The choice of a local manufacturer was conducted nearly as an innovative 
tender process. In an innovative tender process, Boligbygg can invite different 
manufacturers into the tender process and discuss with them during this process.  

The contract form was adjusted to suit the project by legal department of Boligbygg, close 
to an open-book participatory contract model, with a PV specialist producer as a 
subcontractor.  

In Norway, there are many manufacturers of prefabricated elements, however few with 
a suitable and advanced production line. The search to find an appropriate manufacturer 
willing and able to take part in the project started early together with the building industry 
branch organizations, SINTEF's contacts within the element producer industry as well as 
through the building industry media. In the end, two bidders answered the tender, and 
Lindal was contracted.  Lindal was also offering to use their organization for the 
installation of the elements and necessary at site work.  

 

1.1.5 Digital design process 

The use of Building information modelling (BIM) was decided at a very early stage. Norway 
is a frontrunner in this field and most large consultants are skilled in the use of this 
technology. However, this was not a standard requirement by Boligbygg as most of their 
projects are renovation of smaller buildings. 
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The BIM process forms a 3D graphical model of the building. This model is often called 
the BIM model, or as ISO 19650 suggests, the Project information model (PIM). The 
international standard ISO 19650 seek to distinguish between a project model used in the 
design and construction stages and an asset information model (AIM) tailored for the 
operations stage of the building lifecycle.  

 

Figure 8: Architect mode of the existing building before renovation, by Filter Arkitekter. 

An architect BIM model of the existing building was established by using a combination 
of laser scans of the building and manual control. The point cloud was transformed to a 
line model accurate enough to work as digital model for further design. Old paper 
drawings were not available. In this architect model, the overall design and aesthetics of 
the new building was formed, as shown in Figure 8.  

When the local manufacturer was contracted, the detailed design started in form of 
workshops especially between architect, RIB and manufacturer. SINTEF was part of design 
group meetings for important discussions and advice, especially in issues related to 
connection of old and new construction and the resulting building physics. Skype 
meetings were held with Gumpp & Maier for knowledge transfer and discussions like 
fitting details at site or details of importance to ease production of the elements with 
integrated technology. This process denotes technical design like production and fitting 
details to avoid extra time-consuming production operations. This includes design of 
fitting details for integrated ventilation ducts for smooth connection of elements. 

 

 

Figure 9: Architect model by Filter. South façade left, north façade right 

The design BIM was then transferred to Lindal and transformed to a digital production 
BIM. As seen in Figure 10, the façade and roof were then divided into separate elements 
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suitable for production, transportation and installation. When this design was finished, 
the BIM objects for the façade and roof elements could be used directly into Lindal's 
production line where CNC machines automated parts of the production (pre-cut, laser 
layout of element on a production table etc.). This process also optimizes use of beams 
and minimize waist. The final assembly of each element, and installation of ventilation 
ducts, windows and PV panel were done manually.  

  

Figure 10: Layout of elements mounted on the building. Each colored element represents one façade 
element and the corresponding BIM object 

1.2 Design  

1.2.1 Design targets 

1.2.1.1 Energy efficiency 

The 4RinEU energy performance target is to reduce the primary energy use with at least 
60% compared to pre-renovation levels.  

The starting point for the Norwegian case study was a poorly insulated wooden building 
from 1970'es with slab on ground floor, a small cold attic, natural ventilation and electrical 
heating and boiler. Façade renovation as well as improved thermal comfort and 
ventilation were important. 

Table 2 Selected design goals for the renovation.  

 

Before 
renovation 

EN ISO 6946/ 

113370 

NS 
3700 

Expected 
value 
demo 

TEK 17 

14-3 
minimum 

requirement 

TEK 17 

14-2 model 
of measures 

U-values (W/m²K)      

-Roof 0.30 0.13A) 0.11 0.18 0.13 

-Façades (mean 
value) 

0.36 0.15B) 0.13 0.22 0.18 

-Window 1.8 0.8 0.8 1.2 0.8 

-Door 2 0,8 1.0C) 1.2 0.8 

-floor 1.2 C) 0.15 1.2 0.18 0.1 
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Equivalent u-value 0,51 0.03 D) 0.43  0.07 

Ventilation rate Unknown NA 
1.2 m³/h 

m² (E)   

Ventilation heat 
recovery 

- Ô80% Ô80% Ô80% Ô80% 

Specific Fan Power 
(SFP) kW/(m3/s) 

Not relevant 1.5 1.5 1.5 1.5 

Air tightness (N50) F) 2.8 hς1 0.6 hς1 1.0 hς1 1.5 0.6 

A) 3700 :2010: normative minimum 0,13. 2013: Informative typical values 0,08-0,09 

B) 3700 :2010: normative minimum 0,15. 2013: Informative typical values 0,10-0,12 

C) Slab on ground floor  

D) Can be deviated in deep renovation projects where impossible to fulfil 

E) Ventilation requirements cannot be expressed by a single number but given as the general rate for occupied rooms. 
Designed according to current building codes.   

F)  Measured before renovation. Expected value after is according to low energy buildings class 1 in NS 3700, as 0,6 is 
regarded optimistic for the deep renovation concept. 

 

Total net energy demand for new apartment buildings is 95 kWh/m2 heated area per year 
according to Norwegian building code requirements (TEK 17). Table 2 gives an overview 
of minimum requirements and model of measures that can be used to fulfil the energy 
efficiency demand in dwellings.  

For the deep renovation, the primary target was passive house standard in compliance 
with Norwegian Standard NS 3700. Early in the process, preliminary simulations showed 
that full passive house standard was impossible to reach. It was then decided to follow 
the criteria in passive house standard as far as possible. This was within reach for the 
ventilation system and building elements except the slab-on-ground floor.  

The ground floor was uninsulated, and no further insulation could be introduced without 
large indoor interventions and/or reduction of ceiling height. An intervention like this 
would not comply with the requirements of Boligbygg to minimize impact on tenants. The 
expected wall mean value is suffering from the Siporex in first floor.   

Also, the compactness of the building was a problem.  Adding an extra floor was discussed 
but not possible because of height limitations. The building was made more compact and 
the slab on the ground floor perimeter was decreased by adding the technical room and 
expanding the entrance area and including it in the heated area.  

The expected values after renovation are given in Table 2. For more details, see 
Deliverable 5.2. Concept design and performance targets for the demos. 

 

1.2.1.2 Indoor climate 

Increased airtightness, improved insulation, and balanced ventilation with high heat 
recovery are all measures that will improve thermal comfort and indoor climate. A 
common problem in old buildings with natural or exhaust ventilation is a cold draft from 
inlet ventilation openings and air leakages, especially in winter. Air inlets are often closed 
as a countermeasure, resulting in new problems with bad air quality and condense.  

Thermal bridges and transmission loss in façade can also cause temperature gradients 
within the room as well as asymmetric temperatures. 
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Installing façade elements for improved insulation and balanced ventilation will solve 
these problems if done correctly. The solution improves both energy efficiency and indoor 
climate through increased supply air flow rate and high heat recovery. Successful use of 
balanced ventilation involves correct balancing of the system to avoid draft and noise 
problems and finetuning the correct setpoints for stable and preferred temperature.  

The Norwegian requirements for ventilation rates can be challenging for small 
apartments. Rates for extract ventilation from bathrooms and kitchen are independent 
of apartment size, resulting in high air change rates for small volumes. This is a known 
problem without a proper solution, and precautions must be taken in the commissioning 
phase.  

1.2.2 Relevant innovative technology packages  

The renovation of the Norwegian demo case was implemented using 4RinEu renovation 
package with Insulation, ventilation and RES production (photovoltaic), as shown in table 
3.  

Table 3: Use of technologies in Haugerudsenteret 17-19  

Package Description 

Insulation 

 

The main contribution to increased energy efficiency and the 
fulfilment of design targets was use of prefabricated walls and 
roof elements, including new windows. This measure will 
improve airtightness and reduce heat loss. The only indoor 
work associated with implementing this technology package 
was the removal of the old windows and fulfilling the lining 
around the new windows and existing window openings.  

Ventilation 

 

The installation of balanced ventilation system was the main 
contribution to the design targets for improved indoor 
climate and an essential contribution to energy savings. Draft 
risk significantly reduced and proper ventilation rates 
secured.  

When upgrading to a balanced system, the space for supply 
air ducts and air handling unit was missing. The use of new 
elements allows for space for supply ducts, even pre-
installed.  

A prefabricated technical room or shaft formed as a building 
module was planned on the backside of the building and 
connected to façade and roof elements. The technical room 
allowed space for air handling units, ducts as well as RES 
technical equipment (inverter etc.) 

RES production (PV) 

 

Installation of photovoltaic (PV) panels for RES production 
was in accordance with the environmental profile of the 
owner. Photovoltaic panels were preferred to solar thermal 
panels since the existing heating system was purely electric. 
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PV panels were integrated in south façade elements, not 
optimized for maximum production or maximum export to 
grid etc. Boligbygg is not allowed to sell electric power to the 
tenants, and therefore the produced electricity can only 
supply heating and technical equipment in common areas.  

1.2.3 Early-stage investigations 

Early-stage investigations are important to reveal problems for the design and 
implementation stage, and could lower the risk for build in problems, damages and extra 
costs in the operation phase.  

Limitations and serious barriers for the renovations can be revealed. At an early design 
stage, measures can be taken or change of concept can be done with limited extra costs. 
This is an important key to successful risk management. 

 

1.2.3.1 Building condition assessment  

During the concept design stage, a building condition assessment was carried out in 
August 2017. A thorough assessment of the renovation object is necessary to obtain 
knowledge of the building's condition and the possibilities for renovation. The photos 
below show the construction and insulation when the façade was opened to analyse 
existing condition and load bearing capacity.  
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Figure 11: The façade was opened, and the state of the load-bearing constructions was analysed. The 
aerated concrete bricks are clearly visible. The outer wall does not seem to have major damages or faults. 

The state analysis shows that the construction is in good shape, with no sign of moisture damages.  

The main conclusion from the inspection was that the state of the building was overall 
good. There was no sign of moisture damages, and the outer wall did not have any major 
damages or flaws. The state of the cladding was such that the cladding did not have to be 
removed. Minor faults were locally repaired or removed. The existing cladding was kept 
and built into the renovated outer wall.  

 

1.2.3.2 Load bearing capacity 

The initial plan was to use anchored prefabricated elements. When opening the 
construction, the assumed timber construction was only applied in the upper part of the 
construction, while ground floor construction was made by Siporex. This expanded 
concrete has low load-bearing capacity. 

As with most brickwork, loads are led vertically down through the wall, and the tensile 
properties are far inferior to the compressional. Expanded concrete bricks are very brittle 
and require special measures to withstand even small loads hung onto the façade. Thus, 
it was decided that there was a need to construct a new foundation around the building, 
similar to the existing foundation. The new foundation would carry the loads of the façade 
and roof elements.  

 

1.2.3.3 Hazardus materials 

Mapping of hazardous materials at an early stage is important to reduce process risk. 
Finding of such materials often lead to stop in renovation work and extra costs. No 
hazardous materials were obtained in the early investigation, but some asbestos was 
determined in one apartment during the renovation. 
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1.2.4 Description of the chosen solutions  

The revival the low load bearing capacity was a setback. The design changed from use of 
anchored elements to elements mounted on foundations. This decision also influenced 
the original planned at site renovation of the roof to use of roof elements. The new 
constructions fulfil requirements to snow loads as for new buildings. 

 

 

 

 

Figure 12: New elements around the existing building as. Illustrated by Filter Arkitekter  

1.2.4.1 Foundation for façade and roof elements 
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The new foundation was constructed from prefabricated Styrofoam casting moulds 
produced by Vartdal Plast AS, as shown in Figure 13 below. The casting moulds are put 
together on-site before steel reinforcement is added and concrete is poured into the 
mould. The moulds are not removed but act as insulation for the foundation, thereby 
reducing the thermal bridge of the wall-floor junction.  

The expected result after renovation is better-insulated edges of the floor, reduced 
thermal bridge and lowered the equivalent U-value of the floor.  

  

 

 

Figure 13. Vartdal Plast's prefabricated foundation element. Above: The images show the casting molds 
alone, and below an example of the foundation as used in a single-family house. 

 

1.2.4.2 Added insulation in façade and roof  

The renovation package for added insulation would influence the heat loss through the 
floor by reducing the wall-floor thermal bridge and through the façade and roof by 
increased thermal resistance when using prefabricated elements.  

Figure 14 shows cross-section of the building with the elements are mounted directly 
outside the existing building. A total of 26 façade elements and 10 roof elements were 
produced off-site.  

The materials used for the roof and façade elements are shown in Table 4. For the roof 
elements, the added insulation is 450 mm, a factor of four increase from the original 
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insulation thickness of 150 mm. It is expected that the average U-value is reduced from 
0.30 W/m2K before renovation to 0.11 W/m2K after renovation.   

For the façade elements, the added insulation is 198 mm. This more than doubled the 
original wall thickness of 70ς100 mm and the average U-value is expected to be reduced 
from 0.36 W/m2K before renovation to 0.13 W/m2K after renovation (0,12 for standard 
wall, 0,14 for siporex wall).   

Table 4 Overview of the materials and corresponding properties used in the roof and façade elements 

Layer Material Properties 

Roof Protan 
 

 
OSB board (wood) 18 mm  
Tyvek Windbarrier 

 

 
Asphalt sheet 19 mm  
Insulation rockwool 450 mm  
OSB board + wind barrier 9 mm 

 Masonite HB500 I-beams   
Etafoam 

 

Wall/façade Insulation Rockwool 198 mm  
OSB board (wood) 9 mm  
Gypsum board 9 mm  
Tyvek Windbarrier 

 

 Bedroom windows: NorDan NTech Triple-glazed, U= 0.78 

 Livingroom windows Triple-glazed, U= 0.81 

Nothing was done to the existing construction regarding airtightness, as the new element 
include the airtight layer. Joints of elements, and at ground level against fundaments and 
existing construction was also in focus. 

The new façade elements are made of a solid wood exterior cladding based on slow-
grown thermo-treated pine (heat treatment to improve timber stability). In the elements, 
both the OSB board on the inner surface and the outside wind barrier provide airtight 
layers within the building envelope. All joints between boards in each element were 
taped. Joints between elements had a strip of wind barrier membrane for completion on 
site. The requirement for airtightness is imposed on the building as a whole and not each 
apartment.  

New energy efficient windows were integrated in the façade, even if the existing windows 
were not the original ones. Replacement of windows is considered a cost-effective 
measure to improve energy efficiency. U value windows are given as a total of glass and 
frame. Windows in bedrooms and living room are energy efficient standard produced 
windows integrated in new façade elements, while the windows in new entrance area are 
built in a façade system. 
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Figure 14 Upper: Vertical cross-section of the renovated building showing the façade and roof elements 
(black) mounted on the outside of the existing building (red). Lower: section enlarged.   

1.2.4.3 Balanced ventilation 

The demo building had natural ventilation through vents and windows, which often gave 
draft problems in the winter. The new building envelope would improve airtightness and 
reduce the infiltration. Thereby an already low ventilation rate is decreased if no 
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measures are taken. A deep renovation in the Nordic climate will typically require an 
upgrade to balanced ventilation, both concerning energy use and indoor air quality.  

Ventilation supply ducts from the technical room to the bedrooms were installed off site 
in the north façade elements as seen in Figure 15 and Figure 16. The supply air for the 
living room and the exhaust ducts from the bathroom and kitchen were installed in the 
stairways using a traditional approach. 

The technical rooms with air handling units (AHU) were constructed as a prefabricated 
module on north façade. Two AHUs and shaft ductwork were installed on site in each 
room. Each AHU is serving two apartments on the same floor. Access to the technical 
rooms is from the outside to minimize tenant disturbance and ensure good maintenance. 
Both the air intake and exhaust are placed in the exterior wall of the prefabricated shaft 
on the north façade  

Special focus was given to designing of the joints from the integrated ducts and the 
technical room, see section 1.3 for at site pictures.  

 

Figure 15: The new integrated ventilation system. Blue lines indicate supply air ducts, red exhaust ducts. 
The yellow circle shows the technical room/shaft. 
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Figure 16: Layout of ventilation ducts in one stairway area. Blue lines indicate supply air ducts, red 
exhaust ducts. The prefabricated technical room/shaft is marked by the yellow rectangle. Two air 

handling units are placed here, each serving two apartments on the same floor. In the drawing marked as 
one, at site placed one at each side. 
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Figure 17 Air Handling Unit (AHU) Flexit Uni 3 

The air handling unit includes standard filters, supply- and exhaust air fans, see Figure 17. 
Rotary heat wheel and electrical heating element ensure stable inlet temperature (19 °C). 
No cooling installed, which is the common solution for new apartments in Norway.  

The ventilation rate is controlled by a frequency transformer. The Flexit unit 2 have a 
highly efficient heat recovery (up to 85%) and SFP 1.5 kW/(m3/s), which meets the 
requirements for passive house dwellings, according to Norwegian Standard NS 
3700/2013.  
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1.2.4.4 PV panels and RES production 

PV panels were integrated above the windows in the prefabricated elements on the south 
façade as part of the off-site production of elements. There are in total 16 panels, each 
1.7x1.0 m2, and total 27.2 m2. The installed power is 4.56 kWp, and the panels are said 
to have a nominal efficiency of 19.5 % Integration in wall elements require safety glass in 
the PV panels to prevent accident in public places.  

As shown in Figure 18, the PV panels are attached to the battens on the façade elements, 
with a fully weather-safe cladding behind the panel. Both the panel and the cladding are 
ventilated. From the start, it was recognized that the expected lifespan of the PV panels 
is longer than the expected lifespan of the façade. Considering integrating circular 
economy in this project, the panels are installed in a way that make them easy to 
dismantle and re-use in another building. This solution also allows for postponing the 
installation of PV if the renovation budget had been limited. 

The prefabricated technical rooms allow space for inverters. The inverters are from 
Fronius, model Galvo 2.0-1. Two inverters were installed. The electricity and 
infrastructure needed for the panels to perform were installed on site.  

 

 

Figure 18: Mounting of PV panel in the elements. The drawing shows the panel between the first and 
second-floor windows. The panel is mounted on brackets with a fully weather-safe cladding behind the 

panel. Both the panel and the cladding are ventilated, as the two blue arrows indicate 

1.2.5 Energy efficiency assessment of retrofitted building before 
implementation 

 

1.2.5.1 General assumptions of the energy model  

PV panel 
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Energy simulations to assess building performance before and after renovation was 
performed and explained in detail in D5.2 subsection 2.6. A short summary is provided in 
this chapter.  

Due to the constraints of the building performance calculation (BPC) tool, the building 
was divided into two zones, the first-floor and second-floor. Two different modelling 
approaches were used; 1) standard model: values from NS 3031:2014 - Calculation of 
buildings' energy performance - Method and data, and 2) calibrated model approach with 
realistic indoor temperatures according to expected use.  

The airtightness was thus simulated with 2.80 h-1 and 0.60 h-1 (passive house NS 
3700:2013 standard value) for before and after renovation, respectively. The expected 
after value changed to a more realistic value of 1 h-1 during the process, but was not 
implemented in the simulations.   

As the calibrated model in the simulation more fitted to the actual use of the building, the 
internal losses in the building were set to 45 % for the DHW. The standard value in NS 
3031:2014 is 29.8 kWh/m2 and corresponds to the net energy demand, while the 54.2 
kWh/m2 corresponds to the delivered energy for the DHW. It is to be noted that the value 
for delivered energy takes into consideration circulation losses, while the apartments 
have electric boiler installed under the sink without circulation.  

The minimum requirement for ventilation according to NS 3031:2014 is in general 1.2 
m3/h m2, while ventilation rate for small apartments has be calculated according to a 
formula that corresponds to the exhaust demand that will be the dominant requirement 
for this size of dwellings. The ventilation rate used in the simulations was calculated based 
on the dimensioned exhaust rate of 2.38 m3/h m2. 

Furthermore, the heating setpoint (electrical radiators) according to NS 3031:2014 is set 

to 21/19°C, 16/8 h while for the calibrated model is set to 23°C, 24 h according to 

expected use. This is up to 4 °C higher than in the standard model.  

 

1.2.5.2 Results of the simulations 

Figure 19 summarizes the achievements for delivered energy for the standard and 
calibrated model. More detailed can be found in D5.2 section 2.6.  
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Figure 19: Total net energy demand before- and after renovation 

Table 5 gives an overview of the results of the energy simulations before and after the 
foreseen deep renovation for the standard model and the calibrated model. 
 

Table 5 Overview of energy simulations before and after deep renovation 

 Before renovation  
[kWh/m 2 y] 

After renovation 
[kWh/m 2 y] 

Difference 
before vs 
after [%] 

Standard model 1)    

Tot. net energy demand 184.4 107.2 -42 

Tot. delivered energy  185 107.8  

    

Calibrated model 2)    

Tot. net energy demand 212.4 119.2 -44 

Tot. delivered energy 3) 236.8 136.3 / 143.8 -42/39 

Baseline total delivered 
energy used 

247   

Expected PV production  - 7.5  

Tot. net energy demand 
standard model,  
PV self consumption 

- 99.7 46 

1) 21/19 °C, 16/8 h, ƪtot, DHW =0.98 
2) 23 °C, 24 h, ƪtot, DHW =0.55 
3) With and without PV production 

The renovation effects achieved 42 % lower energy demand with the standard model and 
44 % with the calibrated model.  
The deep renovations' practical delivered energy target of 60 % energy use was calculated 
to 60.3 kWh/m2 without PV production and 53.2 kWh/m2 with PV production with the use 
of the calibrated model. This target is calculated based on the reduction in space heating, 
and was determined at the beginning of the project period. More information about the 
practical delivered energy target can be found in D5.2, Section 2.6.8. 
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According to the energy target of the deep renovation of 60 %, the simulation showed an 
achieved 60.6 % reduction in energy use (calibrated model) with a margin of 0.6 % without 
PV production. With the PV production, the margin is 7.1 %. More information about the 
results can be found in D5.2, Section 2.6.8. 
 
However, a few uncertainties need to be addressed from the simulations, which may have 
affected the results. The standard simulation model has used input data from NS 
3031:2014 for technical equipment, lights, and DHW. However, the losses in the DHW 
system can be discussed. The net energy demand calculations are calculated with a 2 % 
loss (standard model), while the delivered energy calculations are calculated with 45 % 
loss (calibrated model). An ongoing research project, VarmtVann2030 
(https://www.sintef.no/projectweb/varmtvann/), investigates the actual use of DHW in 
different type of buildings and accurate internal loss in the DHW systems. From the results 
so far, it is indicated that the existing values are high. 

Likewise ventilation rates for apartment buildings, especially for smaller apartments are 
up for discussions in another ongoing research project, Urban Ventilation 
(https://www.sintef.no/projectweb/healthy-energy-efficient-urban-home-ventilation/). 
Small apartments like those at Haugerudsenteret will have a higher air change rate than 
usual, which could result in low RH during wintertime as well as increased energy use per 
m2. For the calibrated model, we have the uncertainty that many people in Norway sleep 
with the bedroom window open even in wintertime, but this is very individual dependent. 

The heating setpoint (electrical radiators) is also up for discussion since this is a 
generalization based on conversations with the occupants and inspections in the 
apartments before renovation, not based on a predefined and unchangeable setpoint.  

1.2.5.3 Energy labeling according to simulations 

According to NS 3031, dynamic energy calculations are required. In addition, energy 
labeling of Haugerudsenteret 17-19 has been performed. The Norwegian system at the 
time differed from the standard European approach. The building energy state is based 
on one energy grade and one heating grade. The energy grade A ς G is based on the 
delivered energy. Table 6 gives an overview of delivered energy demands to achieve 
different energy grades for apartment buildings in Norwegian context. 

 

Table 6 Energy grades for apartment buildings according to Norwegian Energy Label system 

Label A B C D E F G 

kWh/m2 85 95 110 135 160 200 >F 

Energy labelling is according to calculated delivered energy based on normalized use 
according to NS 3031:2014 and should reflect the energy standard of the building, not the 
use.  For Haugerudsenteret 17-19 this corresponds to the calculated values for standard 
model in Table 5. The 185 kWh/m2 before deep renovation classifies for energy label F, 
and the 99.5 kWh/m2 after for an energy label C. Early simulations were performed with 
the ventilation rate of 1.2 m3/h m2 which led to 94 kWh/m2, resulting in energy label B 
which was previously reported in other presentations of the demo. 

https://www.sintef.no/projectweb/varmtvann/
https://www.sintef.no/projectweb/healthy-energy-efficient-urban-home-ventilation/
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The heating grade is based on a five-coloured grade system from red to green and 
indicates the amount of fossil fuel and directly electricity used by the heating system, se 
Table 7. The colour of the label is thus depending on the heating grade. For the Norwegian 
demo, the label is red both before and after renovation, as the PV production is relatively 
low and there is no heat pump installed. 

Table 7 Heating grade according to Norwegian Energy Label system 

 

1.3 Implementation of the renovation  

1.3.1 Off-site production of façade and roof elements 

Lindal Smith Elementer produced the façade and roof elements in their modern 
production line at Akland in southern Norway. The elements were produced during a 
period of eight weeks in March and April 2018.  

Most of the production went according to plan. The objects from the BIM model of the 
building were fed directly into Lindal's production control system.  

Lindal's factory has automated computer-controlled cutter machines (CNC machines) for 
pre-cut of studs, beams etc. The assembly of studs, sills, and beams in the elements are 
done manually using a laser-guided system on a production table, se Figure 21. The 
elements are insulated, and other layers and exterior cladding added. A wrong delivery of 
parts of the cladding and too long re-ordering time led to on-site mounting of cladding on 
some north façade elements as seen in Figure 34. 

 

Figure 20: Lindal's CNC saw for precutting of studs and beams 
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In this project, the PV panels needed extra attention. The PV panels were installed on 
mounting brackets without breaking the wind barrier layer and ventilation behind the 
panels. The PV-panels thus function as an exterior cladding that can also be replaced 
without significant interventions. The PV panels had to be covered during transportation 
to prohibit the generated power from being of any potential risk to workers.  

Standard ductwork was integrated in the north façade elements without problems.  

   

   

Figure 21: Laser guided production table. Battens and mounting brackets for PV panels are mounted 
outside the wind barrier (Tyvek). Handles for craning are implemented during production. 

1.3.2 Transportation 

The transportation from element producer was aligned with current roads and narrow 
site. Norway has high quality Europeans standard roads, but some roads are narrower 
and curvier, and there are a lot of tunnels. The total distance from the of site production 
at Akland to the construction site in Oslo is approximately 230 km, with a transportation 
time just below 3 hours. Lindal uses standard solution pallets for trucks as shown in Figure 
22. An often use size is 2.5m x 10 m, and the truck normally allows a height of 2.5 m. 
Elements are in general produced to fit to this size and are placed on these pallets when 
finalized. Special precautions were made for the PV panels since these were already 
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mounted at the elements. Handles for craning are as standard implemented in the 
elements during production.  

    
Figure 22: Elements placed on pallets, ready to be loaded on trucks. 

 

Trucks can drive through the production area and loaded. Elements were transported to 
the site just in time. The construction site is narrow, with a challenging last curve before 
entering the very site, and short distance to neighbouring buildings. Trucks and crane 
were carefully chosen for the task and no problems occurred. 

 

     

Figure 23: Narrow access from back side. Challenging curves to enter front side 
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Figure 24: Narrow site and short distance to neighboring buildings 

1.3.3 On-site construction and assembly 

1.3.3.1 Site preparations ς dismantling of obstacles 

 

 

Figure 25: Haugerudsenteret 17-19 during renovation June 2018. Half of the building was renovated at a 
time. The upper picture right side show existing building with dismantled protruding parts of roof and 

windows. 

The construction site was rigged during week 23 of 2018. Existing entrances were 
dismantled. Groundwork for foundations was prepared around the building. At the same 
time, any object penetrating or mounted on the building envelope, such as electric cables, 
water pipes for outdoor faucets, ventilation opening and grilles etc., had to be removed 
to prepare for the mounting of new façade elements.  

The same applied to protruding parts of the roof. To avoid water leakages, only one part 
of the building was prepared at the time. 
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1.3.3.2 Construction of foundation 

The Styrofoam moulds for the foundation were set up around the building (see figure 
below) and then filled with concrete. Depending on where to build in Norway, it is 
common to use horizontal ground insulation outside the foundation to prevent the 
ground from freezing and causing damages due to expansion of the ground.  

 

  

Figure 26: Foundation molds before casting (left) and after filling of concrete (right) 

 

1.3.3.3 Mounting of elements 

Cranes were used to install the façade and roof elements during two weeks' time. One-
half of the building (with four apartments connected to the same staircase) was renovated 
at a time. Old fittings between wall and roof were removed, and new elements mounted. 
When the façade elements were in place, they were rigidly attached to the building with 
steel brackets When installing an element, old windows were removed from the inside 
before nightfall. This to maintain fire escape routes for the tenants. When the façade 
elements on both sides of the building were in place, the roof elements were mounted 
on top. The technical room was constructed as a separate module and attached to the 
adjacent elements. Then elements for the other half of the building were installed in the 
same manner. The pictures below show the progress.  

The existing roof was covered with tarp to prevent water leakages through the existing 
perforated roofing during the operations. However, one such leakage occurred in one 
apartment during a night as heavy wind and rain resulted in a torn tarp.  
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Figure 27: installation of south façade elements with PV 

    
Figure 28: Safe craning and careful securement of element, right on spot without tolerance problems 
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Figure 29: Important details: Airtight connection to other elements and foundation 

   
Figure 30: Details ς securing of wall element and wall element mounting on new foundation 

  

Figure 31: Mounting of the roof construction. Photo: Boligbygg 
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1.3.3.4 Dismantling of existing windows and indoor completion 

When the facade element with new windows had been installed, the old windows needed 
to be dismounted and removed from the inside. The window bay was then covered with 
window casement boards and casing. The amount of work inside each apartment related 
to the replacement of windows was finished within one day. The tenants could stay in the 
apartments during the whole process since the fire escape routes were never blocked due 
to renovation activities.  

  

Figure 32: Installation of the windows in the prefabricated elements 

 

1.3.3.5 Ventilation and prefabricated technical room  

The prefabricated technical room/shaft was place in front of the building before mounting 
on the north facade. The installation of the ventilation system with air handing units and 
ductwork was this time done at site.  

  

Figure 33: Prefabricated technical room/shaft in front of the building before installation left). Technical 
shaft (center) with air handling units seen from above before installation of ductwork, and seen from 

below after installation 
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Figure 34: Ventilation duct to bedroom included in-wall element (left) and Entrance to technical 
room/shaft. Exhaust and inlets can be seen above the door (right). 

 

Figure 35: Ventilation ducts in the technical room / shaft. Left: Top of air handling unit is visible, right: 
magnified while connection to supply air duct in wall elements. 
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1.3.3.6 Entrance and stairways area ς traditional methods 

 

Figure 36 Left: old entrance. Right: new entrance. 

Figure 36 shows the entrance before and after renovation. The new façade of the 
stairways was traditionally constructed on-site and not with prefabricated elements. As 
seen in the pictures below, the new wall consisted mainly of glass, with the glass entrance 
door on the ground floor and a large window on the second floor. The interior of the 
stairway was kept as is.  
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Figure 37: Above: Entrance area. Old red entrance door and wall/window above can be seen between 
new elements. The new entrance door is moved to align with the new façade. Below: New entrance area 

seen from the open space at the position of the originally window 

 

Though the exterior walls were built into the new parts of the stairway and got new indoor 
cladding.  

See below for duct pathways between the stairway area and the apartments.  



Report on deep renovation packages as tailored and implemented in the demo cases  |  D5.3 

 

4RinEU project | PAGE 50 

    

 

Figure 38: Indication of necessary work done from stairway to inside the apartments. A new inlet valve 
was installed in the external wall in the bedroom. The ceiling at the entrance of the apartment was 

lowered to provide space for supply air ducts to the living room and exhaust ducts from the bathroom 
and kitchen 

 

Lowered ceiling at the 
apartment entrance. This 
enables space for ducts 
connected to living room, 
bathroom and kitchen 

New inlet valve in bedroom 
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Figure 39:Ductwork from entrance in apartment to main entrance, to be connected to ducts underneath 
the stairway  

The supply air ducts for the living room and the exhaust ducts from the bathroom and 
kitchen were integrated under the stairways as shown in Figure 40. This installation was 
chosen to minimize the impact on the tenants. Integrating supply air ducts in elements to 
living room was not chosen since this would have implicated ducts around half of the 
building. 

The only need for interventions inside the apartment were short ducts between the 
entrance area of each apartment and the stairs as seen in the figure above.  

      

Figure 40: Ventilation ducts in staircase to/from technical room 
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1.4 Evaluation 

1.4.1 Time 

The progress of the project went according to plan. Some last details for the advanced 
elements were solved also during the off-site production period of the more standard 
elements.  

The on-site construction was finished in 8 weeks (40 days). The installation of the 
elements had a duration of only two weeks, including removal of old windows. Then some 
on site work was necessary, like for the new entrance areas, ductwork in the stairways as 
well as supporting electrical work. 

A night of really bad rain and windy weather caused some water leakage at the end of the 
installation, which caused some related repairs. This is included in the reported hours for 
on-site construction works.  

In one of the apartments, asbestos was discovered inside the apartment. Person-hours 
related to removing asbestos are not included as this was not a part of the original project 
nor the execution plan.  

A Gantt diagram of the actual progress of the project and on-site construction is shown in 
Table 8.  

Table 8: Detailed Gantt of the process 

Activity 2017 Jan Feb Mar Apr May June July Aug 

Building matter                            

Concept/developed design                            

Technical Design                            

Production (off site)                            

Construction (on-site)                            

Site preparations                            
Demolition/dismounting                            
Ground work, foundation                            
Façade and roof elements                            
Ventilation/stairways                            
Completion PV system                            
Completion indoor                            

Exterior finish                            

Handover and Close out                            

 

Comparable time of traditional deep renovation is not available from Boligbygg. Standard 
renovation time is hard to estimate since each project is unique. Comparable buildings 
are normally given a façade renovation.  Nevertheless, it is regarded as a really time-
efficient project compare with short preparation time and short time at site. 

 

Despite the challenge of tolerances when fitting new elements to the existing building, 
the producer Lindal reports in interviews in the reporting period that the installation time 
was comparable to use of elements in new buildings. Joints between foundations, 
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elements, and roof were up for discussions in the design phase, and especially joints 
between elements with integrated ducts and technical room. This went without problems 
or delays at site.  

The total time for the detailed design was quite short for this project. Prefabrication needs 
early ordering of materials and installations. This was a challenge for the PV panels and 
some of the cladding materials. PV panels arrived in time, but a wrong delivery of cladding 
materials resulted in imperfect cladding at a few elements from off-site production. This 
was smoothly handled at site with no delays. 

 

1.4.2 Cost analysis 

1.4.2.1 General considerations 

Boligbygg's main purpose is to provide affordable housing to residents with specific needs 
for help and support. As a public building owner, Boligbygg gets funding according to 
political priorities in the municipality. The allocated yearly budget is prioritized by 
Boligbygg according to relevant urgent tasks and planned renovation projects. Originally, 
Haugerudsenteret was planned with a limited budget for façade renovation. By 
participating in the 4RinEU project, a significant higher budget was allocated to allow for 
a deep renovation and renovation process fit for the future. 

1.4.2.2 Rent 

A possible regulation of rent is not expected to help the investment. As for a private 
owned building, the rent is likely to increase when renovating the building to a higher 
standard. In the public area, the rent is strictly regulated through the Rent Act. The rent 
is regulated according to the so-called current level of rent, which is a kind of average of 
similar type of dwellings offered at same conditions in similar area. This kind of rent has 
a delayed regulation and is usually below market rent. Accordingly, the deep renovation 
cannot directly count on an increased rent. However, improved ventilation and indoor 
climate is highly valuated among the tenants. 

 

1.4.2.3 Saved and produced energy 

The improved energy efficiency and energy production will influence the building owner 
marginally. Energy bills are paid by the tenants, and PV production is expected to be a 
marginal income when selling to the grid. However, public owners are expected to be 
frontrunners for development towards energy efficient and low carbon solutions for 
buildings and areas. Oslo municipality will in future projects demand both investment- 
and CO2 budgets. Energy efficient buildings with the use of PV gives a good reputation 
and is attractive for building owners. 

 

1.4.2.4 Aids and subsidies 

Relevant Norwegian financial instruments were investigated, but no relevant aids and 
subsidies were found to fit the deep renovation of the demo.  
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1.4.2.5 Costs related to tenants in a standard renovation project 

In a renovation project, costs are not only connected to the very construction work. When 
approaching an apartment building with vulnerable tenants, a large team is effectuated. 
Entering every apartment is a time-consuming and challenging process, as a visit must be 
announced 14 days up front, and the visit must be planned according to the tenants' 
needs and form of the day. Therefore, the tenants are often relocated during the 
renovation process. Even this can be challenging due to health conditions. A low tenant 
disturbance is thus highly appreciated.  

Costs saved for alternative accommodation is ŎŀƭŎǳƭŀǘŜŘ ǘƻ ōŜ фмлϵκǿŜŜƪ ǇŜǊ ǘŜƴŀƴǘΦ 
With tenants in this building and compared with a traditional renovation duration of 16 
ǿŜŜƪǎΣ ǘƘƛǎ Ŝǉǳŀƭǎ ммсΣпул ϵ ǎŀǾŜŘΦ  

 

1.4.2.6 Priorities for costs 

Regarding cost aspects within the project, the following priories have been made:  

¶ Deep renovation from outside, the tenant could stay. Saved costs. 

¶ A close to marked solution, not a one-of-a-kind lighthouse, with marked 
acceptable production methods and related cost 

¶ Integration of standard ventilation and PV solutions, the innovation is with the 
integration, not the product. 

¶ Reinforced design group to develop innovative and safe solutions and methods. 
This was necessary also since it was hard to identify suitable producers and their 
relevant skills. 

¶ Innovative procurement for close collaboration and trust.  

¶ Separate site management for safe installation process 

¶ The same partner is responsible for production and installation of elements, 
which ensures correct handling and saves cost for transfer of knowledge. 

¶ Early investigations of existing conditions to avoid costly surprises in the 
installation phase. 

¶ Use of scan and BIM. Close control of tolerances, correct installation, and safety 
to avoid extra costs.  

¶ Light rig low waist at site. Installation by crane as far as possible.  

 

1.4.2.7 Design related costs 

In this demo project, Boligbygg hired a traditional design group to follow the project, even 
though the element producer was expected to have some of the same skills inhouse. The 
producer was included in the design stage, and the procurement and execution were 
conducted in a new, innovative manner. All these factors increased the cost in the design 
stages.  Then of course in a research project, extra time is spent to explore the methods 
and develop the new solution sets. 

As seen from the figure below, there is a considerable cost also for the building owner 
(11.1%), mainly related to the procurement and design phase. In this case, these extra 
costs are covered by the 4RinEU project. There were also some marginal extra site 
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management costs (2.5%) since Boligbygg uses a separate site manager in their projects. 
The total cost includes costs related to both the planned works and unforeseen events 
such as discovering asbestos. 

 

 

Figure 41: Distribution of invoiced cost per role/activity 

 

For a new project, most of the competence needed at design stage will be covered 
inhouse by the manufacturer. A good architect and well qualified third-party supervisor 
are recommended. In the Norwegian market, about 3 companies are able to do a project 
like this. Based on the lessons learned from this case, costs for the design stage are 
expected to be reduced by 40% for the next project.   

 

1.4.2.8 Off site production and on-site installation invoiced costs 

Costs 

Total costs ŦƻǊ ǇǊŜŦŀōǊƛŎŀǘŜŘ ŜƭŜƳŜƴǘǎ ŜȄŎƭǳŘŜŘ ±!¢ ŀǊŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ рмсΣллл ϵΦ  ¢Ƙƛǎ 
includes production, transportation and mounding of the elements, as well as technical 
equipment, on site work and materials, rig, waste handling and exterior work. With a total 
floor area of approximately 400 m2Σ ǘƘŜ ǘƻǘŀƭ Ŏƻǎǘ ǿŀǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мΣнфл ϵκƳ2. The very 
element costs form approximately half of the costs.  

Identified cost drivers: 

¶ Few apartments and low total volume of the building results in a high number of 
square meters external surface per apartment. This implicates a high number of 
square meters prefabricated elements for each apartment. A larger building or 
adding an extra floor of apartments to the existing building would have improved 
the renovation cost per square meter floor area significantly. 

¶ For each element, the prize is very dependent on the type of cladding. 

Building owner, 11.1 

%
Other expenses, ê

Other professionals, 1.5 

%

Design team, 15.8 

%

Site management, 

2.5 %Local manufacturer, 67.6 

%
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¶ The cost for increased insulation thickness is neglectable but including it in a 
construction that need a standard size beam and an extra 5 cm beam adds an 
operation and related labour cost per element. Higher quality insulation is 
preferred.  

¶ Prize of PV elements integrated in wall elements can be double of standard PV 
panels mounted on roof, if safety glass is needed (public spaces) 

¶ Elements with integrated technologies are more costly to produce, but according 
to Lindal, integration off-site normally saves 12-15 % compared to doing the 
installations at site. 

¶ Elements with foundation was necessary due to Siporex with low load bearing 
capacity. Use of foundations and related roof elements are more costly than 
elements mounted on anchors. Joints between wall and roof elements could then 
have been solved differently. 

Improved costs next project? 
The production line at Lindal is already modern and flexible enough to handle the 
production of the prototype elements. The cost of the element production is not expected 
to be much lower. However, a different shape/size and loadbearing capacity would have 
changed the cost picture per square meter. 

 

1.4.2.9 Saved costs 

¶ As previously mentioned, integrated technologies save costs in the total cost 
picture. According to Lindal, integration off-site normally saves 12-15 % 
compared to installations at site. 

¶ Element costs include rig costs. This is normally 15-18 % of the total costs at site. 

¶ Early investigations of existing construction condition revealed that existing 
cladding and insulation could stay. Extra demolition costs and waist costs were 
avoided. Demolition costs are not estimated. 

¶ The tenants could stay throughout the process. Extra accommodation costs were 
ǎŀǾŜŘΦΣ ŜǎǘƛƳŀǘŜŘ ǘƻ ммсΣпул ϵΦ  

1.4.2.10 Budget cost for façade renovation 

Lindal offered the total contract for the production and construction part of the 
renovation, including transport and mounting of the elements.  

Along with the offered price for the works, an estimate provided by the Norwegian 
carpenter's association of the cost for the same job executed as a traditional contract is 
included. They clearly state that the numbers are not based on on-site visit, but on 
architect drawings and pictures from early investigations of existing conditions.  
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Figure 42 ς Budget costs for a traditional renovation and the 4RinEU renovation. A traditional approach is 
typical values and estimates not based on on-site visits and/or architect drawings.  

In general, the estimate for traditional renovation method seems a bit lower than 
expected. However, the comparison cannot be made straightforward. For example, the 
cost for groundwork and landscaping can be assumed to be approximately the same for 
both execution models, given the same starting point for the offer.  

Where the budget numbers are less dependent on the specific site's knowledge, the 
number tends to be much more similar. Examples are the cost for concrete works 
(foundation and new floors in the entrances) and electric works.  

The main differences are found for the façade and roof elements, including material cost 
and man-hours related to the job. The number of invoiced person-hours for the project 
was 1,250. This includes approximately 175 man-hours for repair after the water leakage 
and removal of asbestos. For the traditional approach, the estimate is approximately 
1,280 man-hours. This corresponds to a 17 % reduction in needed man-hours.  

For the materials, there are large differences between the stipulate costs from the 
Norwegian carpenter's association and the prefabricated elements. The materials from 
the Norwegian carpenter's association would provide similar energy efficiency as the 
prefabricated elements, including thickness, amount of insulation, and window type. The 
specified cladding is the same as the cladding before the renovation, which is more 
straightforward than the one specified for the prefabricated elements. In the cost 
estimated, the cost for ventilation ducts within the elements and transportation costs are 
included. The cost for PV panels is excluded in the cost estimates.  
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Figure 43  Early-stage planning at Lindal. Foto: SINTEF  

 

1.4.3 KPIs linked to the construction stage 

The full list of construction stage key performance indicators (KPIs) is found in D3.6. A 
summary of KPIs with a measured quantity for the construction stage are reported below. 
These are related to the off-site production of elements and on-site construction works 
are separated into two tables.  

Many of the KPIs are reported as "per square meter", and the area used for normalization 
is the total heated area 396.8 m2 BRA (abbreviation: bruksareal, usable area according to 
NS 3940) of the renovated building.  



Table 9: KPIs linked to on-site construction. KPIs with no information is not reported. 
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  Name Description Formula Unit Result Comment 

WSS - 
EC 

Electricity 
consumption 

Total electricity 
consumption during 
works  compared to the 
total amount of built-
surface 

electricity 
(KWh) / 

Built-surface 
(m2) 

[KWh / m2] 5.4 
Based on the common meter in each stairway. 
Number for average month 

WSS - 
OC 

Oil consumption 

Total oil consumption 
during works  
compared to the total 
amount of built-surface 

Oil (liters) / 
Built-surface 

(m2) 
[liters / m2] 0.42 

Crane hired for ca. 3 weeks, and used 42 hours 
for hoisting. Estimated consumption 4 liters 
diesel/hour. 

WSS - 
WC 

Water 
consumption 

Total water 
consumption during 
works  compared to the 
total amount of built-
surface 

Water (m3) 
/ built-

surface (m2) 
[m3 / m2] 0 

No water was used on site except for water to 
clean tools after concrete work. The water used 
to mix the concrete is excluded in this KPI 
because the delivered concrete is premixed and 
ready to use to the site.  

WSS - 
RUR 

Re-using rate 

Total weight of material 
reused in the works 
compared to the total 
amount of built-surface 

Reused 
material  

(Tn) / Built-
surface (m2) 

[Tn / m2] 0 
Although the existing building is still a part of the 
construction, it is not included in this KPI, 
therefore 0. 
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WSS - 
LR 

Landfill rate 

Total weight of material 
sent to landfill 
compared to the total 
amount of built-surface 

Landfill 
waste (Tn) / 
Built-surface 

(m2) 

[kg / m2] 20.05 Landfill mass from the new foundation 

PTM-
TWD 

Total works 
duration 

Duration of all the 
works of the 
retrofitting 

Duration in 
working 

days 

[Days] 
[hours] 

40 d / 
10 h 

  

The grand total was 47 days and 10 hours for the 
entire renovation (1250 manhours in total).  
 
This includes an estimate of 100 manhours for 
extra work and re-work related to the water 
leakage, but does not include an estimate of 7 
days (75 manhours) related to removal of 
asbestos.  

PTM-TD Task duration 
Duration of a specific 
task of the renovation 

Duration in 
working 

days, 
Duration in 

working 
hours 

[Days] 
[hours] 

17 d / 
10 h 

Foundation work (concrete): 10 working days 
Mounting of façade elements: 7 days and 10 
hours 
Mounting of roof elements: 2 days and 8 hours 
Total amount 17 working days and 10 hours. 
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PTM - 
IR 

Time impact of 
repairs 

Number of hours of 
repairs compared to 
the total amount of 
hours 

Time in 
repairs 

(h)*100 / 
Total hours 

(h) 

[%] 9 
Estimate of 100 manhours related to repair for 
water leakage divided by the total of 1175 
manhours. 

 

Table 10: KPIs linked to off-site production of elements 

  Name Description Formula Unit Result Comment 

WSS - 
RCR 

Recycling rate 

Total weight of 
material sent to 
recycling plant 
compared to the total 
amount of built-surface 

Recycled 
waste (Tn) / 
Built-
surface (m2) 

[kg / m2] 19.92  

WSS - 
RUR 

Re-using rate 

Total weight of 
material reused in the 
works compared to the 
total amount of built-
surface 

Reused 
material  
(Tn) / Built-
surface (m2) 

[Tn / m2] 0   

 



1.5 Commissioning  

The project's most relevant commissioning tasks have been testing and checking the 
airtightness, control of airflow rates, and setpoints for the ventilation system. These 
properties of the building are crucial to finding if the energy design has been designed 
properly. Further, commissioning tasks such as noise measurements can be relevant but 
are kept outside this report.  

 

1.5.1 Airtightness 

Blower door measurements were performed in 2020 by Oslo Termografi and Byggteknikk 
AS according to NS-EN ISO 9972:2015 using Energy Conservatory Model 4 fans and Energy 
Conservatory SG 700 micromanometers. Air leakages were visualized using indoor 
thermography at - 50 Pa (Outdoor ς indoor air pressure) according to EN 13187 and smoke 
generators at 50 Pa.   

A blower door measurement was performed in January 2018 before the renovation 
started and showed a resulting air leakage of 2.55 h-1. The first blower door measurement 
after the renovation was performed in January 2020 and air leakages was found in 
different places in the building envelope. The resulting air leakage from the first blower 
door measurement was 3.58 h-1. Measures to find and stop the air leakage was scheduled 
together with a new blower door test later in 2020.  

 

 

Figure 44: Smoke in the passage for downpipes, before sealing 

The second blower door measurement was performed in September 2020 with all the 
Norwegian partners and involved actors present. The initial smoke detection tests 
showed air leakage in the downpipes. Smoke was emerging from the ground around new 
fundaments, through holes in the façade in the newly established technical room, at vent 
pipe guards on new roof elements, and between wall and roof elements. Metal sheet 
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coverings made the exact observation of leakages difficult. Minor leakages were also 
observed around a few windows and doors.  Where accessible, the detected leaks were 
remediated by expanding polyurethane foam, or with the aid of airtight spun bond 
polyethylene fabric (housewrap) and tape.  

 

Figure 45: Blower door measurement performing while Lindal personnel is checking the sealing of the 
roof 

After remediation of the accessible leakages, the resulting air leakage from the blower 
door measurement was 2.82 h-1 for Haugerudsenteret 17-19.  

The target of air leakage of 1.0 h-1 was not reached after deep renovation for the 
Norwegian demo case Haugerudsenteret 17-19. Generally, there are no usable method 
for quantifying individual leakages in an existing building, and any estimates of 
airtightness post-refurbishments are uncertain. It was assumed that many of the leakages 
would be addressed as newer and more airtight windows and doors would be more tightly 
sealed against a continuous external housewrap. Even if the achievable improvements 
were only roughly estimated, it came as a surprise that airtightness deteriorated through 
the refurbishment process, especially as there was a close focus on joint details between 
elements and elements and foundations. Some of the leakages were due to insufficient 
attention to known penetration of sewage pipes and cables. These can be prevented by 
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improving penetration details in production and mounting, and ensuring compliance, e.g. 
via checklists.  The leakages from the ground occurred due to unexpected/unknown 
properties of the existing construction and could only have been prevented by a more 
thorough assessment and analysis before refurbishment. In general, more focus is needed 
towards airtightness details below ground and existing condition when doing a deep 
renovation. 

Some leakages occurred post refurbishment. Examples are ventilation ducts penetrating 
walls that later were moved without sealing the original opening, and internal drainpipes 
that were lead through the façade elements. The latter can serve as examples of actions 
that are typically out of control by the building entrepreneur.  

 

1.5.2 Balancing of the ventilation system 

A technical room is installed behind the staircase in Haugerudsenteret 17 and 19. Each 
technical room allows space for two air handling units. Each unit supports two 
apartments.  

The results from the balancing of the ventilation system show a slight under pressure in 
all apartments. A balance or slightly under pressure is recommended to avoid moisture 
problems.  

The Norwegian building code for ventilation of dwellings are given by several criteria. For 
small apartments, the minimum requirement for exhaust air is the dominant.  Ventilation 
rates for kitchen are 36/108 m3/h and bathrooms 54/108 m3/h for basic/forced 
ventilation. The total basic rate will then be 90 m3/h.  

The Norwegian building code requirement of 1.2 m³/h m² is based on the older 
requirement of an air change rate of 0,5 h-1 and a standard ceiling height of 2,4m. It is a 
known challenge that the minimum requirement for exhaust air leads to higher air change 
rate in small apartments, which is up for discussions.  A base rate of 90 m3/h implicate an 
air change rate of 0,94 h-1.  

 

As seen in table 8, the design value for the ventilation is set to 160/175 m3/h. This is 
approximately equal to base rate in one room and forced ventilation in another room. 
Reasonable airflow deviation was found during the control measurements after the 
balancing of the ventilation system. The air handling units can normally be regulated to a 
low, normal, and high airflow rate. The balancing report show a ventilation rate at "high" 
in compliance with forced ventilation of both bathroom and kitchen at the same time, 
while the "normal" fulfil the requirements of one room at base ventilation and one room 
at forced ventilation. This is according to SINTEF a strict and unfortunate interpretation 
of the requirements in a small apartment, and result in an air change rate of 1,7 h-1.   

The setpoint temperature for the supply air is registered to be 20°C. 

 

Table 11 Designed and measured airflow rates.  

 
Location Supply air (h³/h) Extract air (h³/h) 
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  Designed Measured Designed Measured 

Haugerud 17 1st floor left 160 150 175 (220) 173 (221)  
1st floor right 160 160 175 (220) 174 (224)  
2nd. floor left 160 155 175 (220) 172 (229)  
2nd floor right 160 167 175 (220) 181 (233) 

Haugerud 19 1st floor left 160 165 175 (220) 173 (231)  
1st floor right 160 158 175 (220) 178 (231)  
2nd. floor left 160 159 175 (220) 184 (229)  
2nd floor right 160 163 175 (220) 171 (220) 

Total  1280 1277 1400 (1760) 1406 (1818) 

 

 

Figure 46: Kari Thunshelle from SINTEF (left) and Vera Lukina (right) outside the technical room inspecting 
the installation of the ventilation system. 

 

Extract and inlet air were initially placed in a combo unit. Due to contamination problems, 
extract outlets were moved to a higher position on the technical room external wall.  

1.5.3 RES production 

The PV panels, BIPV are fully operating, and live production (5-minute intervals) can be 
found at www.solarweb.com. There are in total 16 panels, each 1.7 m2, and total 27.2 m2. 
The installed power is 4.56 kWp, and the panels are said to have a nominal efficiency of 
19.5 %. More information can be found in Deliverable report 5.2 Concept design and 
performance targets for the demos. Indications on production so far for 2018-2020 is 
presented in the figures below, with a maximum of 400 kWh in April 2019. The systems 
are working well and performing as expected. Due to restrictions on distributing produced 
energy to tenants, the generated energy is so far mainly transferred as feed into the grid.  

 

http://www.solarweb.com/
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Figure 47: PV production during 2018. The PV panels were fully operational from July 

       

Figure 48: PV production during 2019 (left) and 2020 (right). Maximum production of 400kWh April 2019 

 

Figure 49: Haugerudsenteret south façade after renovated. Photo: Filter Architects 

1.6 Conclusions 

1.6.1 Lesson learned 

The project has successfully demonstrated how a low-rise timber-based apartment 
building can be renovated to reduce the energy demand for space heating using 
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prefabricated elements with integrated photovoltaic panel, ventilation ductwork and 
balanced ventilation with recovery ventilation. The solution is regarded market-
acceptable and replicable for deep renovation of existing buildings.  

Adapting new prefabricated façade and roof elements to an existing building requires 
thorough and detailed planning, focus on joints of elements, penetrations and special 
attention to tolerances. BIM as both a design and production tool is considered one of 
the key success factors for this. The digital process also allows for optimized use of 
materials and reduced waist. Advanced production line allowed for easy integration of 
technical installations, which saves time and costs on site. Prefabricated technical 
room/shaft allowed space for balanced ventilation, air handling unit with heat recovery 
and other technical equipment where initially no space was available. 

Detailed planning applies both to the design of the elements, the construction site's 
preparation, and the existing building. Mapping of existing condition, potentially 
hazardous materials, infrastructure (cables, water pipes, antennas etc.), and vital 
components in the existing building are crucial to planning of load bearing concept, need 
to remove parts of existing construction (insulation or cladding if damaged), and aligned 
design of new elements. The load bearing capacity for the existing building was a 
challenge. However, the existing cladding an insulation was in good state and could stay. 

Use of prefabricated elements is an attractive solution when short on-site construction 
time and minimum disturbance of tenants is essential. All on-site work was performed 
without the need for tenants to move out of the apartment. During on-site work, fire 
escape routes were never blocked during night-time. Interventions within each 
apartment, both in time and complexity was minimized to only a few hours per 
apartment. All in all, the project has shown that renovation of an existing building can be 
performed within a matter of weeks. 

The main success factors are identified as early inclusion of manufacturer, close 
collaboration on design, transfer of knowledge to construction site, early information and 
gently handling of tenants, as well as inclusion of participants from different stages of the 
renovation process in identifying risks and opportunities. 

 

Deep renovation to a high energy ambition level can be challenging. The initially energy 
target of passive house level was not possible to reach for this building. Existing shape 
and construction method prevented deep renovation to the initial target of passive house 
level. Existing slab on ground floor could not be upgraded without unreasonable tenant 
disturbance, height restrictions limited the possibility for adding an extra floor. However, 
criteria for different buildings parts and technical equipment could be kept, and the new 
foundation also improved the insulation for slab on ground floor. 

The blower door measurements unexpectedly showed low improvements in the air 
leakages, despite close focus on joints of elements. A large smoke test and investigation 
by involved parts revealed insufficient attention to penetration of pipes and cables, and 
possible improvements of the details between roof and wall element. Probably the largest 
contribution was from construction and airtightness details below ground. The air 
leakages are not representing cold draft and decreased comfort, but probably have a 
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semi-heated pathway between old and new construction. This is already being addressed 
as improvements for a next project.  

The integration of the of PV panels prefabricated façade elements and belonging technical 
equipment in the prefabricated technical room open for local RES power generation. This 
is mainly feed-in to grid since regulations prevent distribution to the tenants. 

 

 

Figure 50: Contented tenants watching their homes being renovated. Photo: Boligbygg 
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1.6.2 Main further recommendations  

The project has been a great success despite the challenges with the existing construction. 
Use of collaboration contract was an important factor for being able to do a project like 
this. The combination of skilled actors, and including the manufacturer in the design 
process is recommended in future projects as well. Probably the manufacturer together 
with an architect and a skilled 3 party controller will be sufficient. Of great importance is 
also the transfer of knowledge to the installation at site, and a general contractor for the 
whole process is recommended.  

The use of scan of old building, design BIM and production BIM is highly recommended in 
future projects. This eases the control of tolerances, gives precise production with low 
waste, and easy mounting of advanced elements with integrated technology at site. 
Integrated technology saves time and costs at site. 

The Norwegian team, and especially the manufacturer is already considering new deep 
renovation projects with advanced prefabricated elements. The concept and method are 
good, and some improvements in construction details will help future projects. The lesson 
learned from the air leakage test will result in more focus on construction details towards 
ground, improved details for pipes and a checklist for controlling unexpected penetration 
of new elements. 

For future projects, the early design phase 
and assessment of existing condition will be 
important to consider if the actual deep 
renovation is best off by prefabricated or 
standard methods.  

Prefabrication of technical room and 
integration of supply air ducts in the 
elements are an enabler that for sure is 
valuable for deep renovation and will be 
used in future projects. Small apartments 
like in this demo have a challenge with the 
existing building code resulting in a too high 
air change rate and discussions on 
interpretation of ventilation strategy. This is 
a challenge that is addressed in another 
ongoing national research project.  

 

 

Figure 51: Haugerudsenteret in full operation after renovation, December 2018 
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Dutch Demo Case 
 

 

 

 

Figure 52 Marienheuvel before and after renovation 

 

1.1 Design management 

1.1.1 Project context 

The residential building which is the demo case, Mariënheuvel, is one of two residential 
buildings (in total 150 apartments) to be renovated and is located on a site in Soest 
consisting of three buildings; the third is a care-centre. The latter will be demolished and 
replaced by a new building. The two residential buildings will be renovated to current 
Dutch standards. The insulation of the roof construction will be changed and improved to 
a level of new constructed buildings. The cavity walls will be filled with insulation, the 
glazing will be replaced by double glazing of the highest insulation level. The entrances 
will be enlarged and refurbished, the corridors refurbished, and bicycle storage rooms will 
be added. 

On top of this renovation, the 4RinEU project will be applied on 15 of the 72 dwellings, 
mainly consisting on mounting prefabricated façades on the exterior side of the existing 
façades. 

Until 2018 the proposed demo case was Mariënburg, the central building on the same 
plot. Mariënburg is a combination of residential rooms with in-house care services. The 
Mariënburg case has been studied in depth from multiple angles: façade renovation, 
ventilation integration, renewable energy applications, and by defining the 
demonstration solutions and energy performance. The user requirements in terms of 
spatial needs conflicted with the existing floor plans and did require too extensive 
reconstructions. Therefore, it has been decided to replace Mariënburg with a new built 
scheme at the same location. The 4RinEU demo case therefore moved to the neighboring 
apartments building, namely Mariënheuvel. 
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1.1.2 Design team 

The overall design team consists of two Woonzorg employees, a development project 
manager and a technical project manager. An architect office is represented with two 
members, the architect himself and his technical manager. A system engineer completes 
the overall design team. They are the core-team. 

For the demo case the design team is supported by the manager of sustainability of 
Woonzorg (Wim Bakker) and the consultant of sustainability of the demo case project 
(TRECODOME, Chiel Boonstra). 

To represent the residents in the design team there are two employees of Woonzorg who 
attended the meetings. 

1.1.3 Management process 

The development project manager of Woonzorg is in the lead of the overall project and 
responsible for the feasibility. The technical project manager of Woonzorg is responsible 
for the technical issues, all drawings and descriptions and the documents for the 
procurement. The architect is responsible for the aesthetic and technical engineering, the 
system engineer for the system engineering. 

The sustainability manager of Woonzorg (Wim Bakker) and the sustainability consultant 
of the demo case project (TRECODOME, Chiel Boonstra) are providing the information of 
the 4RinEU demo case. 

The Woonzorg employees responsible for the residents are taking care of the interests of 
the residents. 

The architect used 3D software to design the project. The contractor used traditional and 
partial drawings for the renovation works. For the 4RinEU façade a digital point cloud was 
made to know the exact dimensions of the existing façade. The prefabricated façade has 
been designed in 3D by the selected façade manufacturer. These drawings also functioned 
as production drawings.  

 

1.1.4 Main meetings 

In the following chapter, a description of main workshops and meetings carried out is 
described:  

1 December 2016 

LDWG Soest 

Kick-off meeting of the demo case project in site (Mariënburg SOEST, the NL) 

Attendants: Roberto Lollini, Chiel Boonstra, Wim Bakker, community of Soest, among 
others 

20 January 2017 

Visit to Gumpp & Maier in Germany 

Exchange of data of the buildings of the demo case, exchange of possible technical 
solutions for the prefab wooden façade. 
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Attendants: Alexander Gumpp, Maximilian Schlehlein, Chiel Boonstra, Judith Tillie, Wim 
Bakker 

17 March 2017 

Visit Gumpp & Maier to the Dutch demo case in Soest 

Research existing construction of the buildings, including demolishing cavity wall on 
several places. 

Attendants: Alexander Gumpp, Maximilian Schlehlein, Chiel Boonstra, Judith Tillie, Wim 
Bakker 

5 April 2017 

LDWG at Woonzorg in Amstelveen, the NL 

Discussing the advances of the technical aspects of the project, such as wooden 
prefabricated façade and HVAC systems 

Attendants: all 4RinEU members involved in the Soest demo case presided by ACCIONA, 
Diego Romero Pascual. 

12 July 2017 

Skype meeting with Eurac, Roberto Lollini 

Discussing the advances of the technical aspects of the project, such as wooden 
prefabricated façade and HVAC systems 

10 August 2017 

LDWG at architects office Amersfoort, the NL 

Discussing the advances of the technical aspects of the project, such as wooden 
prefabricated façade and HVAC systems 

15 February 2018 

LDWG Skype-meeting presides by ACCIONA, Diego Romero Pascual 

12 April 2018 

LDWG at architects office Amersfoort, the NL 

Discussing the advances of the technical aspects of the project, such as wooden 
prefabricated façade and HVAC systems 

Maximilian Schlehlein was connected with Skype, commenting the draft drawings of the 
architect. 

In between above meetings, multiple bilateral meetings between experts and architects, 
and internal meetings at Woonzorg took place addressing the progress and content of the 
4RinEU demo case in The Netherlands. 

 

The process is further described in the chapter about construction works. 
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1.1.5 Design targets 

This chapter presents the targets of the renovation (for further details on design target 
please refer to Project Deliverable 5.2). 

1.1.5.1 Energy 

1.1.5.2 The energy targets for the main renovation - Minimum requirements 
provided by law and local regulations 

This section reports the minimum requirements of the Dutch law in case of building 
renovation. 

 

Figure 53 Logo of Dutch building energy label 

In the Netherlands energy performance of the building stock is determined in Energy 
Labels(Figure 53). Each apartment has its own Label. For existing residential buildings 
there is a National Agreement (not ratified by law) that after renovation the Label should 
be at minimum B. This is the aim of the standard renovation of the 151 apartments in 
Soest; to improve the Energy labels from E and D to minimal B for all apartments. 

 

¶ Minimum envelope requirements of the National Regulations: 

Table 12 Energy characteristics of Marienheuvel: current, standard renovation, minimum requirements and 
4RinEU targets 

Building 
element 

Current 
situation 

Ordinary 
energy 
renovation* 

Minimum 
requirements for 
existing buildings 

4RinEU 
targets 

Facade 
Rc = 0.35 
[m2K/W] 

Rc = 1.3 
[m2K/W] 

Rc=1.3 [m2K/W] 
Rc = 6.5 
[m2K/W] 

Roof 
Rc = 0.35 
[m2K/W] 

Rc = 3.5 
[m2K/W] 

Rc=2.0 [m2K/W] 
Rc = 6 

[m2K/W] 

Ground Floor 
Rc = 0.15 
[m2K/W] 

Rc = 2.5 
[m2K/W] 

Rc=2.5 [m2K/W] 
Rc = 3.5 
[m2K/W] 
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Glazing 
U = 2.9 

[W/m2K] 
U = 1.8 

[W/m2K] 
U = 2.2 [W/m2K] 

U = 1.0 
[W/m2K] 

Average U-value     

G-value glazing 0.7 0.6 - 0.5 

Ventilation 
Mechanical 
(centralized) 

Mechanical 
(centralized) 

- Decentralized 

Air tightness - - - n50 =1.5 

Energy Label D B B A or A+ 

 

Dutch building regulations require different standards depending on the building type and 
status of the renovation. For new buildings the Energy performance building regulation 
requires a regulated energy calculation, however with minimum performance standards 
for insulation. 

For existing buildings, the energy performance is calculated with a regulated method for 
existing buildings. Also for existing buildings, minimum insulation values apply for 
different situations. 

 

Table 13 Minimum insulation values for new construction as defined in the Building Code 

Minimum insulation values for new construction 

 for International 
comparison 

 
Rc value U value U value 

[m2K/W] [W/m2K] [W/m2K] 

Roof 6.0 - 0.16 

Facade 4.5 - 0.21 

Glazing 2.2 2.2 

Window frames 2.2 2.2 

Floor 3.5 - 0.27 
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Source: Bouwbesluit, artikel 5, tabel 5.1 

 

Almost similar minimum insulation values are valid for a major renovation. However, in 
practice not many projects are entitled as major renovation. Also, the values only apply if 
the component is being renovated. 

 

Table 14 Minimum insulation values for major renovation as defined in the Building Code 

Minimum insulation values for major renovation 

 for International 
comparison 

 
Rc value U value U value 

[m2K/W] [W/m2K] [W/m2K] 

Roof 6.0 - 0.16 

Facade 4.5 - 0.21 

Glazing 2.2 2.20 

Window frames 2.2 2.20 

Floor 3.5 - 0.27 

Source: Bouwbesluit, artikel 5, tabel 5.1 

 

If an insulation measure is applied on an existing building, the following values are the 
minimum requirements. These values date back from very early new built regulations in 
the 1980s. 

 

Table 15 Minimum insulation values for measures on existing buildings as defined in the Building Code 

Minimum insulation values for measures on existing 
buildings 

 for International 
comparison 
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Rc value U value U value 

[m2K/W] [W/m2K] [W/m2K] 

Roof 1.3 - 0.69 

Facade 1.3 - 0.68 

Glazing 2.2 2.20 

Window frames 2.2 2.20 

Floor 1.3 - 0.68 

Source: Bouwbesluit, artikel 5.6 lid 1 

 

Table 16 Minimum insulation values for measures on existing buildings when replacing insulation as 
defined in the Building Code 

Minimum insulation values for measures on existing 
buildings, when replacing insulation 

 for International 
comparison 

 
Rc value U value U value 

[m2K/W] [W/m2K] [W/m2K] 

Roof 2.0 - 0.47 

Facade 1.3 - 0.68 

Glazing 2.2 2.20 

Window frames 2.2 2.20 

floor 2.5 - 0.37 

Source: Bouwbesluit, artikel 5.6 lid 2 

 

The insulation values of the existing building Marienheuvel are rather low. There is no 
cavity wall insulation, very little roof insulation and no floor insulation. Only the original 
single glass panes have been replaced with double glazing in a previous renovation. 
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Trecodome and Woonzorg Nederland have made energy simulations to compare the 
impact of the various scenarios. Trecodome has used the software UNIEC 2.1 for the 
Energy label simulations, and PHPP9 in order to have a good insight in monthly energy 
flows. 

 

Table 17 Current insulation values and calculated net heat demand for space heating in the existing 
situation of Mariënheuvel 

Existing Marienheuvel 

 
for 

International 
comparison 

 
Rc value U value U value 

[m2K/W] [W/m2K] [W/m2K] 

Roof 0.4 - 2.04 

Racade 0.2 - 3.13 

Glazing 3 3.00 

Panels in window 
frames 

2.2 2.20 

Floor 0.2 - 3.13 

Extract ventilation 

    

Net heat demand kWh/m2 

PHPP 125 

UNIEC 132 

 

The standard renovation of Marienheuvel is very typical for an energy renovation project 
in the Dutch market in 2020. The targeted energy label is B. Usually, using the minimum 
insulation values for existing buildings, combined with mechanical exhaust ventilation and 
a new condensing gas boiler, is enough to achieve energy label B. 
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In the case of Marienheuvel, the standard roof insulation reaching new-construction 
performances is a first spin-off in the demonstration project. 

 

Standard façade insulation in The Netherlands is the use of cavity wall insulation. By filling 
the cavity with 5-6 cm of insulation the minimum requirements are being met. It is a cost-
effective measure because the costs are low, and a part of the heat losses is being 
reduced. However, the insulation level is not enough to achieve a deep renovation energy 
performance. 

Standard renovation in this case results in a net heat demand around 70 kWh/m2. Given 
that the real energy performance of the existing building is just above 100 kWh/m2, it is 
clear that a standard renovation in reality results in a space heat demand reduction 
around 30%. This is much lower that the theoretical 50% which could be concluded if one 
compares the calculated net heat demand before renovation with a standard renovation. 

Table 18 Standard insulation values and calculated net heat demand for space heating for the standard 
renovation of Mariënheuvel 

Standard renovation Marienheuvel 

 
for 

International 
comparison 

 Rc value U value U value 

 [m2K/W] [W/m2K] [W/m2K] 

Roof 6.0 - 0.16 

Facade 1.3 - 0.68 

Glazing 1.8 1.80 

Panels in window 
frames 

1.5 0.6 0.60 

Floor 3.5 - 0.27 

extract ventilation 

Net heat demand kWh/m2 

PHPP 67 

UNIEC 70 
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The 4RinEU demonstration project shows significant improvements over and above a 
standard renovation. The façade insulation improved because of the new prefabricated 
façade in front of an insulated cavity wall and a prefabricated façade with new windows 
instead of low performing window frames. The prefabricated façade also improves the 
insulation of the panel parts below the windows. The Dutch building code allows such 
panels to be insulated at the same level as glazing.  

 

Table 19 4RinEU insulation values and calculated net heat demand for space heating in for the 4RinEU demo 
renovation of Mariënheuvel 

4RinEU Demo renovation Marienheuvel 

 
for 

international 
comparison 

 
Rc value U value U value 

[m2K/W] [W/m2K] [W/m2K] 

roof 6.0 - 0.16 

facade 8.0 - 0.12 

glazing 1 1.00 

panels in window 
frames 

0.17 0.17 

floor 3.5 - 0.27 

decentralized ventilation 

Net heat demand kWh/m2 

PHPP 20 

UNIEC 19 
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Energy performance target 

- Regular renovation; energy label B 

The objective of the standard energy renovation is to achieve Energy Label B 

- 4RinEU renovation: energy label A or A+ 

The objective of the demo energy renovation is to achieve Energy Label A or better, 
but more importantly to demonstrate a very low energy demand for space heating. 

 

Table 20 Comparison of U values, ventilation system and net heat demand for the existing situation, 
minimum requirements, standard renovation and demo renovation 

Renovation Marienheuvel 

 EXISTING 
Min. 

REQUIRED 
STANDARD 

4RinEU demo 
part 

 
U value U value U value U value 

[W/m2K] [W/m2K] [W/m2K] [W/m2K] 

Roof 2.04 0.47 0.16 0.16 

Facade 3.13 0.68 0.68 0.12 

Glazing incl frames 3.00 2.20 1.80 1.00 

Panels in window frames 2.20 2.20 0.60 0.17 

Floor 3.13 0.37 0.27 0.27 

Ventilation extraction extraction extraction decentralized 

 

Net heat demand kWh/m2  kWh/m2 kWh/m2 

PHPP 125 - 67 20 

UNIEC 132 - 70 19 

Monitored 108 - - - 

 

The resulting Energy labels for the existing, standard and demo-renovation are as follows: 
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Table 21 Comparison of the Energy Labels for the existing situation, standard and demo renovation. 
Calculation refers to a reference room with 51 m2 area. 

Energy performance 
expressed in units of the 
national energy labelling 

system 

 existing standard 4RinEU 

Specific energy 
performance (calculated 

primary energy / m2) 
MJ/m2 1,161 782 508 

Characteristic energy use 
(calculated primary use) 

MJ 59,199 39,857 25,906 

Allowed characteristic 
energy use 

MJ 24,394 24,394 24,394 

Energy-Index - 2.04 1.38 0.9 

Energy label  D B A 

 

Fire safety requirements that can affect 4RinEU renovation approach 

There are no fire safety requirements that can affect the 4RinEU approach, but general 
fire safety rules have been respected in the design of the measures for Marienheuvel in 
Soest. For example, to avoid that vertical ventilation ducts could connect fire between 
apartments. 

Structural safety 

The structural safety of the building may not reduce due to the deep renovation works. 
This item was relevant when assessing the possibilities to make additional shafts for 
ventilation. Because there was no structural flexibility to do so, the 4RinEU concept has 
been developed within the constraints of the existing buildings. 

Other targets 

Marienheuvel is populated with elderly people. Since the renovation happens with people 
living in the apartments, the objective should be to minimize the impact of the renovation 
works itself and to seek for solutions for the tenants at the specific time of significant 
works happening at the facades of the apartments and the replacement of full window 
frames by prefabricated facades. 

 

¶ Net primary energy use reduced by 60% compared to pre-renovation 

The Marienheuvel demonstration project meets the requirement of a net primary energy 
use reduction for the heating related energy flows: space heating, hot water and its 
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necessary systems. In future, the net primary energy will reduce even further when PV 
panels will be mounted on the roofs. The success of the project is to achieve its objectives 
by focusing on significant energy demand reduction, and good indoor climate conditions. 

 

Table 22 Energy performance expressed in primary energy figures as defined the Dutch energy labelling 
method. Calculation is referred to a reference room with 51 m2 area 

Uniec 2 ς Energy Performance summary Marienheuvel Burg Grothestraat 

Yearly primary energy use per function  existing standard 4RinEU 

% reduction 
expected by 4RinEU 
renovation respect 

to existing condition 

Space heating MJ 29,938 15,828 4,132 -86% 

Auxiliary energy (e.g. fans and pumps) MJ 3,823 3,733 3,658 -4% 

Domestic Hot Water MJ 12,470 12,470 12,470 0% 

Auxiliary energy for DHW (e.g. pumps) MJ 2,063 2,063 2,063 0% 

Cooling MJ 0 0 0 - 

Summer Comfort (achieved by the use of 
glazing with lower g-value and shading) 

MJ 1,163 702 781 -33% 

Fans (originally there were central AC 
extraction fans. In the standard renovation 
there are DC fans. In the 4RinEU case there 
is demand controlled ventilation.) 

MJ 7,392 2,710 452 -94% 

Lighting MJ - - - - 

 TOTAL  MJ 56,849 37,506 23,556 -59% 

 

The primary energy reduction of the energy flows is 59%. The space heating reduction is 
86%. 

1.1.5.3 Comfort 

Hygro-thermal targets according to the national regulation or internal objectives or 
4RinEU objectives. In fact there is no regulation on indoor temperature levels. There are 
common assumptions in simulation software. Installers typically guarantee that certain 
temperatures can be achieved, but these are private agreements with the client. 
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Typically, buildings can be heated to 20 - 22 degrees Celsius, and the relative humidity 
should most of the time be between 30 - 70%. 

1.1.5.4 Indoor air quality 

Ventilation rate targets / CO2 concentration targets according to the national regulation 
or internal objectives or 4RinEU objectives. The building code requires minimum 
ventilation rates to be possible, and ventilation systems are specified according to these 
standards. The objective behind the building code is to achieve a maximum CO2 level of 
1200 ppm in domestic buildings. 

1.1.5.5 Noise 

Noise insulation according to the national regulation or internal objectives or 4RinEU 
objectives. For existing buildings sound insulation standards at the time of construction 
apply. The sound of new systems should not exceed 30 dB(A) inside habitable spaces. 

1.1.5.6 Expectations of the owners (wish list) 

¶ To have a more comfortable building for the special target living in Marienburg: 
elderly people  

¶ To have a more future-proof building in terms of sustainability (better insulation, 
more economic systems, reduction of energy consumption), functionality and 
aesthetics. 

1.1.5.7 Specific constraints 

Most important is that during the renovation works the residents stay in their apartments. 
The impact on daily life must be reduced to the minimum. 

The residents are elderly people. These are very fragile people. It has to be taken into 
account during preparation and realization of the renovations. 

 

1.1.6 Description of the renovation and its innovative technology packages 

How 4RinEU technologies have been adapted and will be implemented in this demo. 

1.1.6.1 Design drawings  

Some of the main details referring to the design of the intervention are reported. In 
particular, the existing configuration drawing and the retrofit condition drawings are 
compared. Here below the part of the demo building where the 4RinEU approach has 
been applied. 
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Figure 54 Northeast front view of the 4RinEU demo façade renovation in Mariënheuvel, Soest 
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Figure 55 North East floor plan of the 4RinEU demo façade renovation in Mariënheuvel, Soest 
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Figure 56 Schematic cross section of 4RinEU demo façade renovation in front of the existing cavity wall 
construction 

In the pictures below, some drawings showing stratigraphy details. Corresponding 
transmittance values have been used in simulations. 
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Living room façade 

 

Figure 57 Cross section existing (left) and 4RinEU demo (right) façade in front of the existing cavity wall 

 

 

 

Balcony façade 










































































































































































































































































