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4.3.2 Best case scenario 
Looking at a best case scenario where all buildings that undergo a renovation undergo a 
passive house envelope upgrade, install a balanced ventilation system with 80 % heat 
recovery, and install solar collectors with electric boilers to cover the peak load, the future 
development in energy use for apartments built before 1980 will be as shown in Figure 28. 
 

 
Figure 28: Best case scenario development towards 2050 for apartment blocks built before 1980 

This development is though not very likely since this renovation package is very expensive, 
and gives a negative net present value over a period of 36 years (see chapter 4.2). To be 
profitable the investment cost of solar collector has to decrease down to 8.5 NOK/kWh (see 
chapter 4.2.2.4). In buildings that already have a water-based heating system installed this 
renovation package can become profitable at a higher cost (see chapter 4.2.2.4). 
Implementing this renovation package as the only refurbishment measure gives an increase in 
energy savings in 2050 of approximately 1.2 TWh/year compared to the worst case scenario. 
This amount corresponds to Drammen’s annual electricity consumption (Energilink, 2006).  
 
The development of greenhouse gas emissions for this future scenario will follow the same 
slope as the energy development (see Figure 28). The total emitted CO2-emissions in 2012 
and 2050 for different emission factors for electricity is given in Table 43. 
 
Table 43: Yearly CO2-emissions in 2012 and 2050 for different emission factors for electricity (best case 
scenario) 

Emission factor20  GHG emissions – 2012 
(ktonnes CO2-eq./year) 

GHG emissions – 2050 
(ktonnes CO2-eq./year) 

Norwegian mix (0.05 kg CO2-eq./kWh) 253 52 
Nordic mix (0.2 kg CO2-eq./kWh) 608 140 
European mix (0.542 kg CO2-eq./kWh) 1 418 399 
 
Compared to the worst case scenario the CO2-emissions in 2050 are estimated to be reduced 
with 56.7%, which is a major improvement and fulfills the goal set by UN Climate Change 
Convention (Randers, 2006).   
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  Source: (CICERO, 2012) 
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4.3.3 “Realistic” future scenario 
The future prospective that is seen most realistic includes different renovation packages. 
Some of the buildings that undergo renovation are upgraded to TEK10 level, some to passive 
house level and some also include extra measures like balanced ventilation system and 
installation of heat pump or solar collectors. The composition of different renovation 
packages are chosen based on the results from the NPV calculations given in chapter 4.2. 
Table 44 shows the composition that is seen most realistic. 
 
Table 44: Composition of different renovations for the realistic future energy development 

 Before 1956 1956-1970 1971-1980 
TEK10 envelope upgrade (2) 20% 20% 20% 
Passive house envelope upgrade (3) 5% 5% 5% 
TEK10 envelope upgrade + air-to-air 
heat pump (6) 

20% 20% 20% 

TEK10 envelope upgrade + connect to 
district heating (8)21 

10% 10% 10% 

Passive house envelope upgrade + air-
to-air heat pump (9) 

10% 10% 10% 

Passive house envelope upgrade + 
balanced ventilation system with 80 % 
heat recovery (10) 

25% 25% 30% 

Passive house envelope upgrade + 
installing a solar collector system + 
balanced ventilation system (14)22 

10% 10% 5% 

 
Renovation package 14 is only seen realistic if there is installed a water-based heating system 
in the building originally. But since approximately 40 %, 29 % and 19 % of the apartments 
built before 1956, between 1956-1970, and between 1971-1980 respectively are assumed 
built with a water-based heating system, it is realistic to anticipate that 5-10% of the buildings 
renovated use renovation package 14 (Pettersen , Lars, Wigenstad, & Dokka, 2005). As 
shown in Table 44 it is anticipated that 25-30 % are upgraded to passive house standard with 
a balanced ventilation system installed even though this renovation package don’t give 
positive NPV values for all the building types (see Figure 17 in chapter 4.2). This is because 
it is necessary to install a balanced ventilation system in passive houses to ensure a good 
indoor quality (Holøs, Maltha, & Berge, 2013). It is also anticipated that there is a high 
willingness to pay for comfort. Some buildings (15 %) are though assumed upgraded to 
passive house level without installing a balanced ventilation system due to the high 
investment cost connected to installation of a balanced ventilation system. This is assumed to 
be somewhat realistic, as it is difficult to achieve a complete passive house level when 
upgrading old buildings. It is therefore anticipated that the air quality when using a natural 
ventilation system will be satisfying for some buildings after a passive house upgrade. 
 
Since passive house standard is difficult to achieve for buildings without installation of either 
a balanced ventilation system with heat recovery, as it requires a heating demand to space 
heating lower than 15 kWh/m2year (NS3700, 2013), it is anticipated that many of the 
buildings that undergo refurbishment are only upgraded to TEK10 level. A building with a 
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  Realistic for buildings that already have a water-based heating system installed 



	
   84	
  

TEK10 approved envelope do not require a balanced ventilation system to get satisfying air 
quality since the building envelope is not as tight as for passive house buildings (Holøs, 
Maltha, & Berge, 2013).  
 
Assuming a combination of refurbishment packages as given in Table 44 a future energy 
development like given in Figure 29 can be assumed. 

 
Figure 29: “Realistic” future energy development towards 2050 for apartment blocks built before 1980 

Compared to the worst case scenario following a reduction pattern as given in this section 
leads to an energy reduction in 2050 of 0.76 TWh. This is 37 % lower than the best possible 
reduction possibility analyzed in this study (see Figure 28 for the best case scenario), but a 
reduction like this is seen very realistic, and compared to the worst case scenario the savings 
are still good.   
 
The development of greenhouse gas emissions for this future scenario follows the same slope 
as the energy development in Figure 29. The total emitted CO2-emissions in 2012 and 2050 
for different emission factors for electricity are given in Table 45. 
 
Table 45: Yearly CO2-emissions in 2012 and 2050 for different emission factors for electricity (“realistic” 
futur scenario) 

Emission factor22  GHG emissions – 2012 
(ktonnes CO2-eq./year) 

GHG emissions – 2050 
(ktonnes CO2-eq./year) 

Norwegian mix (0.05 kg CO2-eq./kWh) 254 72 
Nordic mix (0.2 kg CO2-eq./kWh) 611 193 
European mix (0.542 kg CO2-eq./kWh) 1 425 469 
 
Compared to the worst case scenario the CO2-emissions in 2050 are estimated to be reduced 
with 39 %, which is a moderate reduction.  
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  Source: (CICERO, 2012) 
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5 Recommendations and conclusions 
 
Amount of extra isolation required to upgrade the building envelope to TEK10 or passive 
house standard varies depending on the quality of the buildings in original state. Generally the 
quality of the buildings decreases with the age of the buildings as the building regulations 
have become stricter during the years. A typical building constructed before 1956 needs 200 
mm extra mineral wool in walls, and 200 mm extra mineral wool in roof and floors that are 
connected to an unheated attic or basement to accomplish U-values that satisfy TEK10 (see 
chapter 3.2.1). This is seen as achievable and is therefore recommended as it gives a total 
energy reduction of 136 kWh/m2year if the building is in original state. If the building is in 
historical refurbished state it is necessary with 150 mm extra mineral wool in external walls 
and 100 mm extra mineral wool in roof and floors. The total annual energy reduction from 
this state to TEK10 state is 54.6 kWh/m2. Similar energy savings can be seen for apartments 
built during the period 1956-1970. For apartments built between 1970 and 1980 the quality of 
the building in original state is considerably better, which implies that upgrading these 
buildings to a TEK10-level requires less extra insulation thickness. The energy saving 
potential for upgrading an apartment block in original state from this period to TEK10 level is 
estimated to be 40.1 kWh/m2year. 
 
Based on the life cycle costing analysis performed for the different renovation packages 
included in this report it is concluded that it is efficient over a period of 36 years to upgrade 
all of the building types to TEK10 level and passive house level as well as implementing air-
to-air heat pumps as supplementary measures to reduce the energy need further. However, 
this is when a balanced ventilation system is not included in the renovation package. For 
passive houses it is generally recommended to install a balanced ventilation system, as the 
indoor air quality can be unsatisfactory when only using a natural ventilation system. The 
LCC analysis shows that the investment cost connected to installation of a balanced 
ventilation system general is too high to make it an efficient solution for all building types. 
However, upgrading the building envelope to either TEK10 level or passive house level 
combined with installation of a balanced ventilation system with heat recovery is calculated 
to be efficient for the two oldest building types in original state.  
 
Installation of a water-based heating system together with installation of either air-to-water 
heat pumps or solar collectors is calculated to have a negative net present value compared to 
base case, and are therefore not seen efficient. However, this is mainly because of high 
installation costs, because the energy saving potential is highest for these renovation 
packages. For the future scenario development for the part of the Norwegian building stock 
analyzed in this project it is concluded that if all renovations are of type 14 (passive house 
envelope upgrade, installation of solar collectors and installation of a balanced ventilation 
system) the total energy saving potential in 2050 compared to the worst case scenario is 
approximately 1.2 TWh/year. This amount corresponds to Drammen’s annual electricity 
consumption (Energilink, 2006). This scenario is seen as the best possible development, but is 
seen somewhat unrealistic due to high investment and maintenance costs connected to the 
energy efficiency measures. A more realistic future scenario is seen as a combination of the 
most profitable solutions, such as TEK10 envelope upgrade and passive house upgrade where 
some of the buildings are supplemented with extra efficiency measures such as heat pumps, 
balanced ventilation systems or solar collectors. It is anticipated that some of the building 



	
   86	
  

types already have a water-based heating system installed before renovation, which makes the 
renovation packages that includes a water-based heating system more efficient and realistic. 
The realistic saving potential in 2050 is estimated to be 0.76 TWh/year. This is when a 
combination of several profitable renovation packages is implemented to the part of the 
Norwegian dwelling stock analyzed in this study.  
 
Following a best case scenario of future development also leads to a major reduction in 
greenhouse gas emissions. It is estimated that by upgrading approximately 70 % of the 
apartment blocks standing in 2050 to the best possible quality it is possible to reduce the 
greenhouse gas emissions with 56.7 %. Choosing a more realistic but still optimistic future 
development gives a 39 % reduction in greenhouse gas emissions by the year 2050. These 
results show that there are major benefits in terms of energy savings, greenhouse gas emission 
reduction and financial savings by upgrading existing buildings. 
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6 Further work 
 
In this Master Thesis only a simple carbon emission analysis that include emissions 
connected to the usage phase is completed. In further studies it can be interesting to perform a 
complete life cycle analysis of each renovation package to see if there are major emissions 
connected to production and transportation of materials etc. that is necessary for the energy 
efficiency measure.  
 
It can also be interesting to perform a more detailed analysis of a specific building from each 
of the given periods and perform a more detailed life cycle costing that includes costs 
connected to demolition and reconstruction since the economical output of the study may 
change when including these parameters. 
 
Three different predictions of the future energy situation for the part of the Norwegian 
dwelling stock analyzed in this report is made in this master thesis. In further works it can be 
interesting to look at other future predictions, and maybe change the renovation intervals, so 
that less or more buildings undergo renovations.  
 
Since the energy demand is very dependent on user behavior, the impact of this element 
should be included in further work. Energy efficiency measures connected to lighting and 
cooling should also be included since energy saving lamps and control systems for lighting 
may play an important role in further energy savings in good insulated buildings.  
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Appendix A – Required insulation thickness 
 
Calculation of insulation thickness after TEK10- and passive house refurbishments 
 
Mineral wool, 𝜆 = 0.037  𝑊/𝑚𝐾 
 
 
 Before 1956 
 Original state TEK10 Passive house 
 

U-value 
Mineral 
wool 
thickness 

U-value 
Extra 
insulation 
thickness 

U-value Extra insulation 
thickness 

External 
walls 

0.82 0 0.18 160 0.12 263 

Roof 0.81 0 0.15 201 0.09 365 
Floor 0.55 0 0.15 179 0.08 395 

 
 Before 1956 
 Historical refurbished state TEK10 Passive house 
 

U-value Mineral wool 
thickness U-value 

Extra 
insulation 
thickness 

U-value Extra insulation 
thickness 

External 
walls 

0.41 50 0.18 115 0.12 218 

Roof 0.31 100 0.15 127 0.09 292 
Floor 0.26 100 0.15 104 0.08 320 

 
 1956-1970 
 Original state TEK10 Passive house 
 

U-value 
Mineral 
wool 
thickness 

U-value 
Extra 
insulation 
thickness 

U-value Extra insulation 
thickness 

External 
walls 0.96 0 0.18 167 0.12 270 
Roof 0.33 100 0.15 135 0.09 299 
Floor 0.38 50 0.15 149 0.08 365 
 
 1956-1970 
 Historical refurbished state TEK10 Passive house 
 

U-value Mineral wool 
thickness U-value 

Extra 
insulation 
thickness 

U-value Extra insulation 
thickness 

External 
walls 0.29 100 0.18 78 0.12 181 
Roof 0.24 150 0.15 93 0.09 257 
Floor 0.18 100 0.15 41 0.08 257 
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 1971-1980 
 Original state TEK10 Passive house 
 

U-value 
Mineral 
wool 
thickness 

U-value 
Extra 
insulation 
thickness 

U-value Extra insulation 
thickness 

External 
walls 0.34 100 0.18 97 0.12 200 
Roof 0.21 180 0.15 70 0.09 235 
Floor 0.24 50 0.15 93 0.08 308 
 
 1971-1980 
 Historical refurbished state TEK10 Passive house 
 

U-value Mineral wool 
thickness U-value 

Extra 
insulation 
thickness 

U-value Extra insulation 
thickness 

External 
walls 0.18 200 0.18 0 0.12 103 
Roof 0.21 250 0.15 70 0.09 235 
Floor 0.14 100 0.15 0 0.08 198 
 
Insulation thickness between 200-250 gives a choice of isolation thickness of 250 mm. 
Insulation thickness between 200-250 gives a choice of isolation thickness of 250 mm. 
Insulation thickness between 250-300 gives a choice of isolation thickness of 300 mm. 
Insulation thickness between 300-350 gives a choice of isolation thickness of 350 mm. 
Insulation thickness between 350-400 gives a choice of isolation thickness of 400 mm. 
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Appendix B – Overview of the different renovation packages 
included in this report 
 
Renovation package Explanation  
0 No energy-related upgrades except improving the U-values of the 

windows to 1.4 W/m2K 
1 Upgrading windows to passive house level 
2 TEK10 envelope upgrade 
3 Passive house envelope upgrade 
4 Installation of air-to-air heat pump only 
5 Installation of balanced ventilation system with 70 % heat recovery  
6 TEK10 envelope upgrade + installation of air-to-air heat pump 
7 TEK10 envelope upgrade + installation of balanced ventilation 

system with 70 % heat recovery 
8 TEK10 envelope upgrade + Installation of water-based heating 

system with radiators + connecting to district heating 
9 Passive house envelope upgrade + installation of air-to-air heat pump 
10 Passive house envelope upgrade +installation of balanced ventilation 

system with 80 % heat recovery 
11 Passive house envelope upgrade + Installation of water-based heating 

system with radiators + connecting to district heating 
12 Passive house envelope upgrade + Installation of water-based heating 

system + installation of solar collectors 
13 Passive house envelope upgrade +Installation of water-based heating 

system with radiators + installation of air-to-water heat pumps  
14 Passive house envelope upgrade + Installation of water-based heating 

system + installation of solar collectors + installation of balanced 
ventilation system with heat recovery 
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Appendix C – Cost information  
 
All costs includes 25 % VAT. 
 
Energy prices 
 
Energy source Price  Unit Source 
Electricity 0.893 NOK/kWh (SSB, 2014) 
District heating 0.8037 NOK/kWh 90% of the electricity 

price 
Heat from solar 
collectors 

0 NOK/kWh Produced on site 

Wood 0.625 NOK/kWh (Hofstad, 2007) 
 
Investment costs for energy efficiency measures related to the heating system 
 
Installation type Cost Unit Source 
Air-to-air heat pump, capacity 3 kW 25 402 NOK/unit (Jensen & Rudén, 

2013) 
Air-to-air heat pump, capacity 3 kW 32 921 NOK/unit (Jensen & Rudén, 

2013) 
Air-to-water heat pump, capacity 3 kW 89 000 NOK/unit (TOSHIBA, 2014) 
District heating, customer central, capacity 
50 kW 

115 500 NOK/unit (Rosenberg, 2010) 

District heating, customer central, capacity 
100 kW 

131 250 NOK/unit (Rosenberg, 2010) 

District heating, customer central, capacity 
150 kW 

141 750 NOK/unit (Rosenberg, 2010) 

Water heaters, direct electricity  6 400 NOK/unit (Braathen, 2013) 
Water heaters, solar collectors 13 750 NOK/unit (Braathen, 2013) 
Water heaters, district heating 11 250 NOK/unit (Braathen, 2013) 
Water heaters, heat pumps 15 000 NOK/unit (Braathen, 2013) 
Electric boiler 925  NOK/kW (Hofstad, 2007) 
Balanced ventilation system, apartment 
block 

790 NOK/m2 
BRA 

(Jensen & Rudén, 
2013) 

Solar collectors on roof –yearly production 
at 50 °C = 3 274 kWh 

88 974 NOK/unit (Jensen & Rudén, 
2013) 

Solar collectors on roof –yearly production 
at 50 °C = 6 548 kWh 

164 730 NOK/unit (Jensen & Rudén, 
2013) 

Panel heaters, direct electricity 158 NOK/m2 
BRA 

(Holte AS, 2014) 

Waterborne heating system - radiators 810.5 NOK/m2 
BRA 

(Jensen & Rudén, 
2013) 
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Investment costs for efficiency measures related to the building envelope  
 
Windows and doors 
 
Type Cost Unit Source 
Windows/door, U-value =1.4 W/m2K 3 195 NOK/m2 window (Tindevindu, 2014) 
Windows/door, U-value =1.4 W/m2K 3 305 NOK/m2 window (Tindevindu, 2014) 
Windows/door, U-value =1.4 W/m2K 5 076 NOK/m2 window (Jensen & Rudén, 

2013) 
 
Exterior walls 
 
Material costs 
Insulation thickness Cost Unit Source 
50 mm 52.9 NOK/m2 insulated surface (ROCKWOOL, 2014) 
75 mm 74.4 NOK/m2 insulated surface (ROCKWOOL, 2014) 
100 mm 104.5 NOK/m2 insulated surface (ROCKWOOL, 2014) 
125 mm 124.9 NOK/m2 insulated surface (ROCKWOOL, 2014) 
150 mm 156.4 NOK/m2 insulated surface (ROCKWOOL, 2014) 
200 mm 211.2 NOK/m2 insulated surface (ROCKWOOL, 2014) 
250 mm 291.7 NOK/m2 insulated surface (ROCKWOOL, 2014) 
 
Transportation costs 
Insulation thickness Cost  Unit Source 
50 mm 1.0 NOK/m2 insulated surface (ROCKWOOL, 2014) 
70 mm 1.4 NOK/m2 insulated surface (ROCKWOOL, 2014) 
100 mm 1.88 NOK/m2 insulated surface (ROCKWOOL, 2014) 
123 mm 2.78 NOK/m2 insulated surface (ROCKWOOL, 2014) 
150 mm 2.78 NOK/m2 insulated surface (ROCKWOOL, 2014) 
170/200 mm 3.54 NOK/m2 insulated surface (ROCKWOOL, 2014) 
250 mm 3.73 NOK/m2 insulated surface (ROCKWOOL, 2014) 
300 mm 7.67 NOK/m2 insulated surface (ROCKWOOL, 2014) 
 
Labor costs 
Insulation thickness Cost Unit Source 
50 mm 88 NOK/m2 insulated surface (Førland-Larsen, 2012) 
100 mm 119 NOK/m2 insulated surface (Førland-Larsen, 2012) 
150 mm 119 NOK/m2 insulated surface (Førland-Larsen, 2012) 
200 mm 119 NOK/m2 insulated surface (Førland-Larsen, 2012) 
 
Total investment cost for the different building types (per heated floor area (BRA)) to 
TEK10-standard 
Required 
extra 
insulation 
thickness 

Before 1956 Between 1956-1970 Between 1971-1980 
Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

100 mm - - - 152 58.3 - 
150 mm - 215 - - - - 
200 mm 258 - 225 - - - 
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Total investment cost for the different building types (per heated floor area (BRA)) to 
passive house standard 
Required 
extra 
insulation 
thickness 

Before 1956 Between 1956-1970 Between 1971-1980 
Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

100 mm - - - -  97.5 
150 mm - - - - 122.5 - 
200 mm - - - 240 - - 
250 mm - 320 - - - - 
300 mm 364 - 318 - - - 
 
Roof 
 
Material costs 
Insulation thickness Cost Unit Source 
50 mm 19.8 NOK/m2 insulated surface (ROCKWOOL, 2014) 
70 mm 27 NOK/m2 insulated surface (ROCKWOOL, 2014) 
98 mm 37.5 NOK/m2 insulated surface (ROCKWOOL, 2014) 
123 mm 47 NOK/m2 insulated surface (ROCKWOOL, 2014) 
148 mm 55.8 NOK/m2 insulated surface (ROCKWOOL, 2014) 
170 mm 60.1 NOK/m2 insulated surface (ROCKWOOL, 2014) 
200 mm 86.6 NOK/m2 insulated surface (ROCKWOOL, 2014) 
250 mm 105.8 NOK/m2 insulated surface (ROCKWOOL, 2014) 
300 mm 128.2 NOK/m2 insulated surface (ROCKWOOL, 2014) 
 
Costs due to transportation are the same as for exterior walls 
 
Labor costs 
Insulation thickness Cost Unit Source 
50 mm 52 NOK/m2 insulated surface (Førland-Larsen, 2012) 
100 mm 52 NOK/m2 insulated surface (Førland-Larsen, 2012) 
150 mm 52 NOK/m2 insulated surface (Førland-Larsen, 2012) 
200 mm 52 NOK/m2 insulated surface (Førland-Larsen, 2012) 
 
Total investment cost for the different building types (per heated floor area (BRA)) to 
TEK10-standard 
Required 
extra 
insulation 
thickness 

Before 1956 Between 1956-1970 Between 1971-1980 
Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

70 mm - - - - 20.1 - 
100 mm - - - 22.9 - - 
150 mm - 27.6 28 - - - 
250 mm 40.1 - - - - - 
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Total investment cost for the different building types (per heated floor area (BRA)) to 
passive house standard 
Required 
extra 
insulation 
thickness 

Before 1956 Between 1956-1970 Between 1971-1980 
Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

150 mm - - - - - 27.6 
220 mm - - - - 35.5 - 
250 mm - - - 40.2 - - 
300 mm - 47 47 - - - 
400 mm 56.8 - - - - - 
 
Roof 
 
Material costs 
Insulation thickness Cost Unit Source 
50 mm 19.8 NOK/m2 insulated surface (ROCKWOOL, 2014) 
70 mm 27 NOK/m2 insulated surface (ROCKWOOL, 2014) 
98 mm 37.5 NOK/m2 insulated surface (ROCKWOOL, 2014) 
123 mm 47 NOK/m2 insulated surface (ROCKWOOL, 2014) 
148 mm 55.8 NOK/m2 insulated surface (ROCKWOOL, 2014) 
170 mm 60.1 NOK/m2 insulated surface (ROCKWOOL, 2014) 
200 mm 86.6 NOK/m2 insulated surface (ROCKWOOL, 2014) 
250 mm 105.8 NOK/m2 insulated surface (ROCKWOOL, 2014) 
300 mm 128.2 NOK/m2 insulated surface (ROCKWOOL, 2014) 
 
Costs due to transportation are the same as for exterior walls 
 
Labor costs 
Insulation thickness Cost Unit Source 
50 mm 52 NOK/m2 insulated surface (Førland-Larsen, 2012) 
100 mm 52 NOK/m2 insulated surface (Førland-Larsen, 2012) 
150 mm 52 NOK/m2 insulated surface (Førland-Larsen, 2012) 
200 mm 52 NOK/m2 insulated surface (Førland-Larsen, 2012) 
 
Total investment cost for the different building types (per heated floor area (BRA)) to 
TEK10-standard 
Required 
extra 
insulation 
thickness 

Before 1956 Between 1956-1970 Between 1971-1980 
Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

70 mm - - - - 20.1 - 
100 mm - - - 22.9 - - 
150 mm - 27.6 28 - - - 
250 mm 40.1 - - - - - 
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Total investment cost for the different building types (per heated floor area (BRA)) to 
passive house standard 
Required 
extra 
insulation 
thickness 

Before 1956 Between 1956-1970 Between 1971-1980 
Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

150 mm - - - - - 27.6 
220 mm - - - - 35.5 - 
250 mm - - - 40.2 - - 
300 mm - 47 47 - - - 
400 mm 56.8 - - - - - 
 
Floor 
 
Material costs 
Insulation thickness Cost Unit Source 
50 mm 19.8 NOK/m2 insulated surface (ROCKWOOL, 2014) 
70 mm 27 NOK/m2 insulated surface (ROCKWOOL, 2014) 
98 mm 37.5 NOK/m2 insulated surface (ROCKWOOL, 2014) 
123 mm 47 NOK/m2 insulated surface (ROCKWOOL, 2014) 
148 mm 55.8 NOK/m2 insulated surface (ROCKWOOL, 2014) 
170 mm 60.1 NOK/m2 insulated surface (ROCKWOOL, 2014) 
200 mm 86.6 NOK/m2 insulated surface (ROCKWOOL, 2014) 
250 mm 105.8 NOK/m2 insulated surface (ROCKWOOL, 2014) 
300 mm 128.2 NOK/m2 insulated surface (ROCKWOOL, 2014) 
 
Costs due to transportation and labor are the same as for exterior walls 
 
Total investment cost for the different building types (per heated floor area (BRA)) to 
TEK10-standard 
Required 
extra 
insulation 
thickness 

Before 1956 Between 1956-1970 Between 1971-1980 
Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

50 mm - - - - - 18-2 
100 mm - 22.8 - 22.9 22.9 - 
150 mm - - 27.6 - - - 
200 mm 36 - - - - - 
 
Total investment cost for the different building types (per heated floor area (BRA)) to 
passive house standard 
Required 
extra 
insulation 
thickness 

Before 1956 Between 1956-1970 Between 1971-1980 
Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

Original 
state 

Historical 
refurbished 
state 

250 mm - - - - - 40.4 
300 mm - 47 - 47 47 - 
350 mm - - 52.2 - - - 
400 mm 56.8 - - - - - 
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Appendix D – Calculation models 
 
The energy balance model, LCC-model and the Scenario-model are excel-models made by 
the author and are attached as a electronic appendix.  
 
The energy balance model is called Appendix D1, the LCC model is called Appendix D2, 
while the Scenario model is called Appendix D3  
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Appendix E – Lifetime  
 
Balanced ventilation system 
From Holte FDV-nøkkelen 2014 (Holte AS, 2014) there are given lifetime intervals on 
several components in a balanced ventilation system, but not an average value on the entire 
system. Since the cost parameter used is for the total installation cost an average value for the 
lifetime of the system has to be estimated. 
 
Balanced ventilation system Short Normal Long Average 
Heating coil 15 20 25 20 
Filter 10 15 20 15 
Supply air fan 20 40 50 35 
Exhaust fan 10 20 30 20 
Humidifier unit 5 10 20 12 
Automatic commissioning 10 15 20 15 
Channels 20 25 35 27 
Damper 20 30 40 30 
Safety valves 15 40 50 35 
Roof hood 10 25 30 20 
Heat recovery unit 15 20 25 20 
     
Average lifetime for entire 
system 

   23 

.  
 
 


