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Introduction

The  aim  of  this  report  is  to  provide  a  more  detailed  energy  performance  analysis  for  the  
Linesoya environmental project, along with specif ications of the systems used, quality contro plan and  
operation strategies for the building.

In the  final design  part of the report,  the main concepts and strategies used in the Linesoya 
design are summarized. These strategies have a direct impact on the energy efficiency of the building.

For the energy performance of the building an updated, manually calculated energy budget is 
provided, as well as a more detailed calculation performed with the Passive House Planning Package  
(PHPP) program. The manual calculation corresponds with the Norwegian Passivhus standard NS3700,  
while the PHPP program is based on the requirements set by the Passivhaus centre in Germany. Thus 
the results of these two calculations can be seen as comparative to a certain degree, but not producing 
identical results.

Due to  the limited scope of  this  assignment,  the  quality  control  plan,  commissioning and 
monitoring plan, as well as the construction and operation strategies are provided in a exemplary 
manner,  providing  some  important  aspects,  but  not  a  full  report  on  all  materials,  components  and  
systems included in the project.
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1. Final design

The Linesoya design was aiming at fulf illing the Norwegian Passive house (passivhus) standart 
NS3700 and also including energy production possibilities on site or integrated within the building to  
reach a net-zero energy balance on a yearly basis.  The set aims have been reached by following a  
number of design and energy eff iciency strategies:

1. Compactness:  in order to reduce the heat losses toward the exterior and optimize the functional 
use of the building 
2. Buffer zone in the north: protect the primary living spaces and work as an extra insulation as the 
north facade receive less solar gain
3. Reduced northern glazed area (for  the added volume):  according to Ecotect  analysis for  
Assignment 2 – the most efficient strategy to reduce heat loss of the thermal envelope
4. Thermal separation: double doors in the entrance + interior doors according to the functional  
layout
5. Optimized glazing from south:  an asset for the solar heat gains in winter and daylight  for  
primary spaces, shading device protected from the weather impact
6. Centralized service core: optimized and reduced ducts length and thus also thermal losses
7. External insulation: better way to avoid thermal bridges, insulates both the living spaces and the 
buffer zone, U-values lower than required by the NS3700
8. Cross ventilation: to reduce overheating during summer 
9. Production of electricity and DHW on site: production of electricity with wind turbines (peak 
efficiency in winter) and PV panels (peak efficiency in summer) and production of domestic hot 
water with solar thermal panels
10. Minimized thermal bridges & airtightness

1.1 Heat loss factor

Since the design involves refurbishment of an existing building, special attention was paid to the 
methods  of  improving  the  existing  thermal  performance  of  the  envelope.  As  the  heat  loss  factor 
calculation shows, the thermal envelope performs within the limits set by the NS3700 (0,44 < 0,5 as set  
by the standard).
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1.2 Updated energy budget

a) Net energy demand

b) Delivered energy

c) Energy balance

The electricity production is more than the electricity demand for the house. It will be used for the 
electric cars. With 265, 36 kWh/a, an electric car can run 63 km during 6 months of the year. In case of an  
increased electric car use on Linesoya, additional electricity production can be considered.
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1.3 Technologic solutions for delivered energy:

a) Electricity production - PV - reference: 
Producer: SOLARWATT 
Type: Building Integrated PV
Product: M250-60 GET LK Black, dimension: 1674*954*5mm (1, 65 m²), Peak power: 250

Wp, 151Wp/m²
Simulation of the average output in PVGIS Sunbird in Linesoya, facing south, 27° slope: 22m² of PV 
produce 2400 kWh/a

b) Electricity production - Wind turbine – reference:
Producer: HELIX WIND
Type: Vertical axis wind turbine
Product: S322
Average annual output (according to producer): 1573 kWh for an average wind speed of 6,5m/s.
According to Orlandet weather station (nearest to Linesoya) the average wind speed in the region is 
12 knots (see image below), which is comparable to the 6,5 m/s. 
6 wind turbines, placed on the south east side of the site will produce 9438 kWh/a

c) DHW production Solar collectors-reference:
Producer: Suntech
Type: Roof integrated
Product: MSZ-195J-D*, dimension: 1621*841*33 (1,36m²), 
Peak power: 195 Wp, 143, 4 Wp/m²
Simulation: none. Reference taken: the Linesoya case study:  10m² of solar collectors to produce  
4285, 7 kWh/a.  Heat pump:  The remaining domestic hot  water  will  be produced by the heat  
pump, i.e. 3671, 26 kWh/a

d) Space heating and DHW production - Heat pump:
Reference for the COP of 2, 34: lecture of Energy calculations, table B.9

The  heat  pump  will  produce  most  of  the  space  heating,  at  the  coldest  periods,  so  approx.
 6539, 55 kWh/a. A heat recovery ventilator will be used as space heater during the mid-periods 
(autumn and spring).
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2. Performance report according to PHPP

Our  team  decided  to  use  PHPP  for  energy  performance  analysis  of  the  Linesoya  design 
according to standards and input value used in the program, and not trying to adjust to Norwegian NS  
3700  to  avoid  the  mix  of  different  inputs  and  produce  unreliable  results.  Some  of  the  differences 
observed between the values in NS3700 and those required in PHPP are included in the “PHPP input  
data” section. 

2.1 PHPP input data:

Climate data – N-Oslo, in-built climate data in PHPP
Interior temperature - 20°C, according to PHPP requirements (NS3700 – 21°C)
Overheating limit – 25°C (not regimented in the NS3700)
Number of persons: 13,9 (calculated with min for PHPP verif ication - 35m2 /per person)

Treated floor area – calculated differently from Norwegian BRA - instead of 472 m 2, the floor are used 
in PHPP was calculated to be 486 m2 (excluding walls, some space underneath stairs etc). According to 
the calculation method, the 60% of the unheated attic area was also included in the treated floor area,  
since the attic is within the thermal envelope.
Walls – separating the areas of walls open to the ambient air and those to the ground.
U-values – using the roof, wall and floor layering as proposed in the details for the design, however the  
PHPP calculated U-values are 1-2% lower than the ones proposed in the design.
Windows –  windows with  improved g-value  given in  the PHPP program were used  (NorDan 0.370,  
PHPP Triple-low-e Kr12 – 0.500) and U-value (0.7 vs 0.58) that resulted in more balanced solar gains 
and losses on annual basis. The entrance doors are included in the windows schedule.

Thermal bridges – were not included to simplify the calculations, assuming careful detailing minimizing 
their impact on the thermal performance of the building.
Air tightness – 0,5 h-1 (complying with both PHPP and NS3700 requirements < 0,6 h-1 )
Room height – max advised room height to be used in the PHPP calculations is 2.5 m, that results in a 
smaller building volume, enclosed volume Ve  = 1960 m3  , while the room ventilation volume that takes 
into account the room height is only Vv = 1215  m3

Internal heat gains – 2,1 W/ m2 (given in PHPP as the value for dwelling internal gains)

Electricity demand  –  mostly using the appliances proposed in the example, changing only “cooking 
with gas” to “cooking with electricity”
Auxiliary electricity – mostly using the values provided in the example, changing only the position of 
pumps for heating and DHW to “within the thermal envelope”
Heat pump – 100% covered fraction of heating demand, 45% of DHW (55% by solar thermal)
Solar DHW –  the area of solar thermal collectors was increased from 10 to 15 m 2 to cover the summer 
demand for DHW for the 13,9 people (min possible according to PHPP). The original design assumed a  
much smaller number of inhabitants, thus the 10 m2 solar thermal panel area was suff icient.
Heating recovery efficiency – 90% (required in the NS3700 > 80%)
!! On-site electricity production – the electricity produced by both 22 m2 of PV panels and the six wind 
turbines of the original design are used. Although PHPP provides the space to account only for solar  
electricity (no wind power),  it  was decided to include to wind turbines to evaluate the overall  energy 
conservation value from renewable sources. 
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2.2 PHPP results:

General verif ication

Areas and determination and U-values 
Total thermal envelope – 1054,06  m2

Average U-value for thermal envelope – 0,129 W/(m2K)
Building components with largest fractions of transmission heat losses are south-facing windows – 19%, 
due to the large surface area (for comparison windows in north 6%, east 9%, west 2%).

Windows and solar radiation
Transmission losses – 4654 kWh/a
Solar radiation heat gains – 4712 kWh/a
Only  south-facing  windows  show  larger  solar  gains  (3714  kWh/a)  than  transmission  losses  

(2428 kWh/a).  The worst  balance is  for  the north-facing windows – 171 kWh/a solar  gains and 758  
kWh/a transmission losses.

The  double  window  casement  system  in  the  south  with  the  possibility  of  pre-heating  the 
incoming air was not considered in PHPP calculations, since without dynamic analysis its performance 
eff iciency cannot be evaluated. At the same time assuming a window with quadruple glazing lowers the 
g-value of the glazing system and results in lower solar gains, which are not compensated for with the  
improved U-value. Thus it was decided to use triple glazed windows for the PHPP calculation.

Specif ic space heating load
Annual Heating demand: 15,1 kWh/(m2*a)  used in PHPP verif ication
Monthly heating demand: 15,3 kWh/(m2*a)  according to EN 13790

Additional heating necessary – not enough with supply air heating. 
Heating load (clear, cold day, T= -13,5°C) PH = 5562 W, while heating load transportable by air PSupply Air, 

Max = 4032 W.  Without supplementary heating, supply air temperature would be 18,5°C. However, the 
specif ic  heating load is 11,4 W/m2  (is slightly above the advised 10 W/m2) and will  occur in very rare 
cases for which portable electric heating devices can be provided.

Ventilation
Design air flow rate max – 474m3/h
Average air flow rate – 365 m3/h
Guaranteed min air change rate – 0,30 1/h

To reach the required specif ic space heat demand, the air change rate at pressurizing test was changed  
from 0,6 to 0,5 1/h, and the heat recovery system eff iciency was increased from 83 to 90%.
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Summer overheating and shading 
Frequency of overheating, T > 25°C: 0 % (< 10%, acceptable without additional measures)
Cooling demand: 0 kWh/(m2*a)  (< 15, acceptable)
Specific cooling load: 4,5 W/m2

The daily temperature swing due to solar load: 1,1 K  (< 3K, acceptable)
Single-sided ventilation for windows in the south, north-south cross ventilation during the night.
Shading in summer; temporary shading reduction factor z: south windows 50%, all other windows 90%

Solar DHW
Solar  thermal  collector  area,  covering  62%  of  DHW  demand  (reaching  near  100%  in 

spring/summer), DHW requirements calculated for 13.9 persons: 15 m2

Household electricity demand
Specific household electricity demand: 12,7 kWh/(m2*a)   (< 18, acceptable)
Specific household primary energy demand: 35,7 kWh/(m2*a)   (< 50, acceptable)

Primary energy values and  CO2 

Total primary energy (PE) value: 61,9 kWh/(m2*a)  (< 120, acceptable)
Total emissions CO2 – equivalent: 15,6 kg/(m2*a)
PE value: conservation by solar electricity*: 48,7 kWh/(m2*a) 
CO2 – emissions avoided due to solar electricity: 4,3 kg/(m2*a)

*The electricity produced by wind turbines (as in the original design) is also included in this calculation.

3. Quality control plan 

The quality control  plan includes the requirements and values reached for the original  design 
after  the  PHPP simulation  according  to  reference  building  standards  –  Norwegian  NS3700 and  the 
German Passive House Standard.
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4. Commissioning and monitoring plan

Commissioning and monitoring plan includes a list of  building elements and systems used to  
achieve the verif ication of the Linesoya design as a “passive house” according to PHPP. Using these  
values and system requirements as guidelines in the further development is advisable.

5. Construction and operation strategies

a) construction strategies:

− following the requirements and reference values provided by the design
− using the materials and building elements specif ied in the design or analogous 
− ensuring thermal-bridge-free construction, minimizing the thermal bridge for foundations
− ensuring  air-tightness  and  performing  blower-door  test  (repeating  until  the  required  air  

change value is reached)
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b) operation strategies:

− decreasing overall heating demand by lowering the heating in the buffer zone, and ensuring  
set-back temperatures for the primary spaces, when not used or during night

− decreasing electricity demand by using A or higher class appliances
− using energy saving lighting
− using  shading  and  natural  ventilation  (opening  windows)  during  summer  to  avoid 

overheating + avoiding using natural ventilation during the heating season

Conclusions

Due to the relatively large area, especially in south, the critical building element for the Linesoya  
building proved to be the windows – the U-values of glazing and frames and also their g-value, which 
had to be improved if compared to the original design. Other building elements remained as proposed  
by the design. South windows showed most transmission losses (19% of all), but the annual solar gains  
compensated for that. 
The signif icance of natural ventilation in summer proved to be more important than shading reduction  
factors in minimizing the cooling load and overheating.

Other important  aspects that  had a relatively huge impact  on the energy consumption of  the 
building were those linked to inf iltration air change rate (airtightness and site conditions in regard to  
ventilation – especially “wind protection coeff icient, e”, according to EN 13790). 

Similarly as the manual calculations based on NS 3700, PHPP is based on several assumptions 
that  do  not  necessarily  comply  with  the  specif icity  of  the  Linesoya  project.  Calculating  it  fully  as  a  
dwelling for verif ication purposes 13.9 people have to used as the reference for the number of residents  
(max 35 m2 per person). This number is later used to estimate the requirements for DHW and supply air  
requirements, thus leading to overestimated demand if compared to the actual use of building.
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