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Preface  

This master thesis was based on the theoretical framework of bachelor thesis “Climate data for 
peak-load design of building energy systems” by Yekaterina Artyukova, Jonas Haugrud, Haakon 
Olsen. 

For mater thesis, a reference climate data file with 11-years of hourly raw data observations, 
climate data file based on EN-ISO 15927-4 approach, and a new one-year compact climate data 
file were tested on more advanced building models, plant system, PV panels and internal gains 
bases on SN-NSPEK 3031. 

All simulations and analysis of this thesis is an original work by Yekaterina Artyukova, and no 
part of the results and analysis were published before.  

For this research it was arranged a survey and sent to experts in HVAC design and energy analysis 
in Norway.  

I would like to thank Cathrine Chantal Grini, Mads Mysen, Ankell Jonas Petersen and Trond Ivar 
Bøhn who kindly participated in the survey.  

I would like also to thank my supervisor Peter G. Schild for support and guidance during the 
research process.  
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Abstract  

This master thesis presents the results of comparing climate data file based on EN-ISO 15927-4 
approach and new one- year compact climate data file to climate data file based on 11- years of 
hourly raw data observations from 01.01.2003 to 31.12.2013 in Blindern, Flesland, Kise, and 
Kirkenes representing different climate zones in Norway. 

Three climate data sets were tested on the middle floor of the Office building assuming no heat 
loss between the floors with two types of exterior facades: with high, and low thermal masses. 

A new one- year compact climate data file was used for simulating seven rounds of random years 
started with different weekdays on building with high thermal masses in Blindern to investigate 
if years started with different weekdays would have appreciable deviation comparing to a 
reference climate data file with raw data.   

The results of this master thesis were compared for total heating, total cooling, total supplied 
electricity use, PV Production, exhaust temperature, and operative temperature on the south 
facade of the building.  

The results of the research may be used for energy performance of the building, designing of the 
HVAC systems, and indoor climate analyses. 

                                                                                                           

                                                                                                                   30.06.2021, Oslo 
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Nomenclature 

θ3d- Three days mean temperature 
CFB- Temperate oceanic climate 
COP The coefficient of performance 

DD Wind direction, [0] 

DFB- Warm summer humid continental climate. 

DFC- Sub artic climate 

DM Wind direction, [0] 

EN ISO International organization for standardization in English 

etc. Et cetera, means “and other similar things” 

FF Wind speed, [m/s] 

FM Wind speed, [m/s] 

kW kilowatt 

kWh kilowatt in an hour 

L/W Concrete lightweight concrete  

LMT Agricultural meteorological service 

PO Atmospheric pressure, [hPa] 

QO Global horizontal solar radiation, [W/m2] 

TA Dry- bulb temperature, [℃] 

TD Maximum wet- bulb temperature, [℃] 

UU Relative humidity, [%] 
x̅ The sample mean 
NIA Net internal area  

Abbreviations  

AHU Air handling units 

CAV Constant Air Volume 

CDF Cumulative distribution function  

DRY Design reference year 

ECDF Empirical distribution function 

F-S Finkelstein and Schafer 

GA Genetic algorithm 

GOF Goodness- of- fit 

HVAC Heating, ventilation and air Conditioning 

ISO International organization for standardization  

K-S Kolmogorov and Smirnov  

NS Norwegian standard 

RMSE Root mean square error 

TMY Typical meteorological year 

TRY Test reference year 
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1   Introduction 
 

The existing methods for assessing the energy use for heating and cooling have several 
disadvantages which causes to reduced accuracy and reduced quality of buildings energy 
performance and indoor climate analysis. The results to these are wrong sizing of HVAC 
installations, increased energy consumption of the buildings, higher expenses, and pollution of 
the environment. Greenhouse gas emissions damage the ozon layers contributing to climate 
changes affecting the planet, while air pollution influences people’s health and quality of life. 

Energy consumption in buildings has dramatically increased during the past decades and it takes 
a great part of a total energy consumption in the world. The reason to this is not only the 
population growth, but also increased demand for indoor environmental quality and building 
functions, small focus on energy efficiency and “cheap” solutions when designing HVAC systems, 
which cause to high operating costs.  

HVAC systems are the main consumers of the energy within the buildings and the assessing 
average use for heating and cooling is the greatest challenge for engineers at early stage of 
buildings project and sizing of the HVAC systems. It is essentially important to find new ways to 
improve energy performance of the buildings and energy efficiency as a result. 

This master thesis presents the results of testing of three climate data files: 11- years with raw 
data observations from 01.01.2003 to 31.12.2013, climate data file based on ISO 15927-4 
approach [2] and a new one-year compact climate data file. These climate data files were based 
on the same meteorological data but had different methods of generating. EN-ISO 15927-4 
climate data file and new one-year climate data file were compared to a reference climate data 
file with 11 years of hourly raw observations.  

These climate data files were tested on the middle floor with three zones of the office buildings 
with high and low thermal masses assuming no heat loss between floors. PV panel which was 355 
m2 was installed on the roof. Thus, a building with infinite number of floors and zones could be 
tested using the same algorithm.  

Four locations in Norway presenting different climate zones in North Europe were chosen for 
testing the climate data files.  

The results for total heating, total cooling, total supplied electricity use, and PV production for the 
buildings with high and low thermal masses in different climate zones had been compared using 
duration curves for 99,0000; 99,4292; 99,600; 99,9863; and 99,9943 percentiles.  

The results for arithmetic mean values, mean values differences, 99,6000 percentiles, and 
99,9943 percentiles differences were presented in tables. 

99,6000 percentiles represent the results for design summer and winter conditions, while 
99,9943 percentiles represent the peak load for 30 minutes during a year. Peak load gives 
important information for energy advisors, and it is essential for equipment with lack of capacity. 

The operative temperature in the zone on the south side and exhaust temperature were analyzed 
when the cooling coil for AHU was turned off on Office buildings with high and low thermal 
masses without automatic blinds in Blindern and Flesland.  

The results for seven rounds of simulation of a new one-year compact climate data file for random 
years started with different weekdays for total heating, total cooling, total supplied electricity use, 
PV production, exhaust temperature, and operative temperature on the south side for the 
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buildings with high thermal mass in Blindern had been compared with reference climate data file 
based on 11 years of hourly raw meteorological observations using standard deviation were 
presented in diagrams. 

The results may give new perspectives for energy performance of the buildings, designing of the 
HVAC systems, and indoor climate analyses. 

1.1 Background for this study 

Traditions for estimating the average energy use for heating and cooling, designing heating, and 
cooling loads have not changed for years. 

Different types of climate data are used when designing modern buildings in Norway: 

- The winter external design air temperature is used for estimating the design heat load 
[1]; 

- The summer external design day method is used to estimate the design cooling load [3]; 
- EN- ISO 15927-4 method of constructing a reference climate data file is used for assessing 

the average annual energy use for heating and cooling [2]; 

These methods have disadvantages because weather is a dynamic phenomenon and simulation 
of a design winter or summer day in energy performance software packages is potentially 
uncertain method. The weaknesses of climate data file based on EN-ISO 15927-4 approach were 
highlighted in chapter 2.3. 

Energy advisors simulate the energy performance of the building using the actual year that does 
not give a full picture of all possible scenarios for years started with different weekdays.  

The years started with different weekdays have different sequence of working days, and 
weekends, and, therefore, they may have different energy demand.  If, for example, the warmest 
or the coldest day happen in the weekend, the energy demand will be lower. 

For the best accuracy of the results for energy performance of the buildings, it is important to test 
different methods to choose the most suitable. 

 

1.2 Problem formulation 

Despite the variety of methods, there are some difficulties in evaluating energy efficiency and 
thermal performance of buildings such as 

1.    Modern HVAC systems use heat storage between summer and winter period that 
reduces energy consumption; 

2.    Using winter external design temperature in stationary conditions for calculation 
the effect demand of the buildings causes oversizing of the HVAC systems; 

3.    Energy advisors do not have enough capacity to perform separate simulations of 
design winter and summer conditions. Most of them use the simulation software for 
assessing the annual average energy use of the building. Calculating the peak loads 
for design summer and winter conditions are not in priority that may cause to the 
problems for installations with lack of capacity.  
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4.    Simulation of design summer day do not provide any information about number of 
hours over 26℃ during the year. 

Sum it up, the existing methods for estimating the system energy use are not enough effective 
today due to increased demand for energy efficiency of the buildings, population growths, indoor 
climate quality, and building functions. “Passive” and “Future” houses demand new methods and 
standards for estimating annual energy use for heating and cooling.  

This master thesis presented the results of comparing a new one-year compact climate data file 
and climate data file based on EN- ISO 15927-4 approach using 11- years climate data file with 
raw data as a reference on the Office buildings with high and low thermal masses in different 
climate zones in Norway, and the results testing a new one-year compact climate data file started 
with different weekdays of random years compared to 11- years climate data file with raw data 
to investigate if energy consumption of the building depends on which day the actual year starts.  

The first hypothesis was that a new one- year compact climate data file would have a better 
approximation with 11- years “raw data” climate data file than traditional ISO 15927-4 method 
due to different approaches of generating of climate data sets. Therefore, it might be more 
suitable for energy performance of buildings. 

The second hypothesis was that years started with different weekdays had appreciable deviation 
comparing with a reference climate data file with raw data. Hypothetically, it is more effective to 
run seven rounds of one-year climate data file that 11-years or more with raw data only once in 
terms of time and the accuracy for the results. Therefore, for energy performance of the building, 
the energy advisors need to run seven rounds of the years started with different weekdays to 
predict different scenarios of energy demand. 

1.3 Objectives 

The primary goals of this master thesis are: 

-  To find out if a new one- year compact climate data file has better approximation with 
reference climate data file with 11- years hourly meteorological observations than 
climate data file based on EN-ISO 15927-4 approach.  

- To find out if the weekday opening the year has an influence on energy demand of the 
building. 

Thus, the following secondary goals are: 

1. To test three climate data files on the Office building with high and low thermal masses in 
Blindern, Flesland, Kise, and Kirkenes, which present different climate zones in Norway; 

2. To test seven random years started with different weekdays to investigate if there is a 
great deviation in their results; 

3. To compare the results of testing climate data file based on EN-ISO 15917-4 approach and 
a new one-year compact climate data file using 11-years climate data file with raw data 
as a reference for total heating, total cooling, total supplied electricity use, PV Production, 
exhaust temperature, and operative temperature; 

4. To analyse the results and present them in form of duration curves, tables, and diagrams.  

The results of the study may be used for improvement of building energy performance, designing 
of the HVAC systems, and indoor climate analyses. 
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1.4 Scope of work 

Referring to the primary and secondary goals of this master thesis, the following limitations can 
be determined: 

1. Climate data files have been tested on Office building. For other types of the buildings 
the results may be different; 

2. Climate data files have been tested in four climate zones in Norway. The results may 
be different for other climate zones, for example, tropics and different weather 
conditions; 

3. Both buildings with high and low thermal masses have the same HVAC installations, 
same size of PV panel and the same plant unit. The results for the buildings with other 
types of technical installations may be different;  

4. Both buildings have the same internal gains. The buildings with different internal 
gains have not been tested; 

5. The climate data files have been tested on the sample of the Office building suggested 
by Sintef and used for energy calculations in the report “New regulatory requirements 
for energy demand of buildings” [41, p 24]. The buildings with other geometry have 
not be tested.  
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2 Theoretical framework 
Different climate data sets were implemented for calculating the average annual energy 
consumption for heating and cooling over past 40 years. 

Historical development of the climate data files for building energy simulation, requirements for 
climate data files, problems with EN-ISO 15927, Norwegian building code, overview of the 
software for simulating building energy performance, computational analysis, and a survey for 
Norwegian experts are presented in this chapter 

2.1 Historical development of climate data files for building energy simulation 

EN-ISO 15927-4 is a method for generating a climate data file which is based on hourly 
meteorological observations during a certain period. 

Historical development of the study about climate data files for building energy simulation went 
through following stages: 

1.  In 1970s a reference year was constructed from the most typical monthly- mean temperatures. 

2. In 1978s, Sandia National laboratories presented a new method for selecting a typical 
meteorological year (TMY) [14].  The twelve most typical months were combined to generate a 
reference year. Dry bulb temperature, dew point temperature, wind velocity, and solar radiations 
on a horizontal surface were chosen parameters for this purpose. These meteorological values 
were based on measurements recorded over a 23- year period from 1953 to 1975. [14]. This 
method was well-known as “Sandia method” and had been implemented in EN ISO 15297-4.  

Each month of the calendar year consisted of the best meteorological parameters from five 
candidate months using the cumulative distribution functions (CDFs). Candidate monthly CDFs 
were compared to the long-term CDFs [14]. For analysis of hourly values for the required period 
was applied The Finkelstein- Schafer statistic which had been described in “Improved Goodness- 
of- fit tests” [15]. 

3.  A “semi- synthetic” design reference year DRY file was introduced in1994. “A design Reference 
year (DRY) is a collection of weather data for one year, arranged as 8760 hours sets of 
simultaneous parameters” [4]. The Design Reference Year (DRY) [4] is also known as Test 
Reference Year (TRY) [1], [2], [3] and Typical Meteorological Year (TMY) [5], [13]. The main idea 
was to use CDF fitting “The output from a computer simulation with a DRY as input, should 
deviate as little as possible from the output obtained by using the complete multi- year 
meteorological record as input”. [4, p. 7]  

The weather parameters for DRY should meet the following criteria [4, p. 3]: 

- Frequency distributions; 
- Autocorrelation; 
- Cross-correlation structure.  

The generating of the file included three steps [4, p. 7]: 
- A selection process: From a climate data base for more than 10 years for each of 

the twelve calendar months was selected the most typical month 
- An adjustment process: This month was given the long- term distribution for 

important weather parameters such as dry- bulb temperature, humidity, solar 
radiation 
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- Reconstruction process: Parameters that had been unavailable were taken from 
the data. 

      

4. The differentiated weight factor which had been highlighted in the article “Development of 
weighting factors for climate variables for selecting the energy reference year according to the 
EN- ISO 15927- 4 standard” was introduced in 2012[5]. 

According to this method “the climatic parameters may have different influence on the heating 
and cooling energy demand of buildings in different climatic zones” [5].  

By weight factors the authors of the study meant also type of buildings, geometry and thermal 
mass [5].  

5. In 2013, the Department of the Built Environment, Free University of Bozen- Borzano 
introduced the improved method for constructing TMY was introduced with Finkelstein- Schafer 
critical values less than one percent. It was published in Journal of building performance in 
February 2014 [17]. Two modified variants of the climate data file based on EN-ISO approach 
were tested to improve the accuracy of the reference year for estimating the annual energy use 
for heating and cooling. The first climate data set was generated without considering its final use, 
while for the second one, the specific weather parameters were weighted to generate climate data 
file for heating or cooling [17] 

The method has not been implemented in EN ISO 15297-4 yet. 

2.2 Requirements for climate data files 

Climate data files are also known as typical meteorological year (TMY) file [5], [13], test reference 
year (TRY) file [1], [2], [3] and design reference year (DRY) [4] and are used for energy 
performance of the buildings and indoor climate analysis [23]. 

According to ISO 15927- 4 the reference years “is a sequence of 8760 hourly values of dry- bulb 
temperature, water vapour pressure (or other humidity parameter), solar irradiation, wind speed 
and any other available climate parameter” [2]. 

The climate data files should correspond to an average year, both for monthly and seasonal mean 
values [23]. The basic requirements for a reference year suggested by Hans Lund are [23]: 

1. True frequencies. True mean values should be as near as possible over a longer period; 
2. True sequences of the weather situations, which should have a certain duration and 

recorded for a location; 
3. True correlations between different parameters such as temperature, solar radiation, 

cloud cover, wind speed and direction. 

2.3  Problems with EN- ISO 15927  

 

ISO 15927 «Hygrothermal performance of buildings. Calculation and presentation of climatic 
data» is a standard for hygrothermal performance of buildings and explains the methods for 
calculation and presentation of climatic data. It includes six parts which are: part one “Monthly 
means of single meteorological elements” [37], part two “Hourly data for design cooling load” [3], 
part three “Calculation of a driving rain index for vertical surfaces from hourly wind and rain 



Oslo Metropolitan University                                            www.oslomet.no 

  

13 

data” [38], part four is “Hourly data for assessing the annual energy use for heating and cooling” 
[2], part five is “Data for design heat and load for space heating” [1] and part six “Accumulated 
temperature difference (degree days)” [39]. 

Traditionally, different types of climate data have been used for designing modern buildings. They 
are described in ISO 15927-4, ISO 15927- 2 and ISO 15927-5.  

 

2.3.1 EN- ISO 15927-4 

 
-  ISO 15927-4 describes the method of constructing ISO standard climate data file. Hourly 

values of a proper meteorological data are used to assess the average annual energy use 
for heating and cooling. The reference year should include hourly values of the following 
parameters: dry-bulb temperature, direct normal solar irradiance and diffuse solar 
irradiance on a horizontal surface, relative humidity, absolute humidity, water vapour 
pressure or dew point temperature and wind speed at a height ten meters above ground 
[2].  

The producing of ISO 15927 one-year climate data file includes the following steps: 

1. From at least 10 years or more of hourly values of climate parameter, calculate the daily 
means of them 

2. For each calendar month, calculate the cumulative distribution function of the daily 
means overall years in the data set, 

3. For each year of the data set, calculate the cumulative distribution function of the daily 
means within each calendar month by sorting all the values for that month and that year 
in increasing order and then rank order of daily means within a calendar month in the 
year 

4. For each calendar month, calculate the Finkelstein- Schafer statistics for each year of the 
data set using equation  

5. For each calendar month, rank the individual months from the multiyear record  
6. For each calendar month and each year, add the separate ranks for three climate 

parameters 
7. For each calendar month, for the three months with the lowest total ranking, calculate the 

deviation of the monthly mean wind speed from the corresponding multi- year calendar 
month mean. The month with the lowest deviation in wind speed is selected as the “best” 
month to be included in the reference year [2, 3-4]. 

 

2.3.2  EN- ISO 15927-2 

 
- In ISO 15927-2 there is description of the summer external design day method. Hourly 

data for design cooling load is used to determine the design cooling load of buildings and 
the design of air condition systems. Summer external design day is “a day from any 
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calendar month with a specified return period for extreme values of the significant 
meteorological parameters, for example: temperature swing, dewpoint, dew point 
temperature, solar irradiation and wind speed” [3]. Hourly data of these parameters for 
analyses should be given for minimum ten years. 

 

2.3.3  EN- ISO 15927-5 

 
- ISO 15927-5 describes the method of calculation the data for design heat load for space 

heating.  The winter external design air temperature with the average wind speed during 
an appropriate period and its direction are the data required for design heat load for 
space heating in buildings. The winter design air temperature is the lowest temperature 
with a defined return period, preferably for at least 20 years [1].  
 

Climate data file based on EN-ISO 15927-4 approach consists of twelve the most typical months. 
For constructing ISO 15927- 4 climate data file the twelve most typical month’s splices together 
from the multi- year record for each calendar moth. As a result, the following disadvantages of 
the method can be determined: 

- The method does not guarantee a smooth transition from one month to another, if, for 
example the end of January is much colder than beginning of February. It causes to low 
accuracy when assessing the annual energy use for heating and cooling.  

- Finkelstein- Schafer statistics which is used for analysis of hourly values for required 
period in EN-ISO 15927-4 is not effective since the weather is not a static phenomenon.  

- ISO 15927- 4 method is suitable for assessing the average annual energy for heating and 
cooling, but it is not suitable to construct extreme years.  

- Simulation of design summer day do not provide any information about number of hours 
over 26℃ during the year. 

-  Using winter external design temperature in stationary conditions for calculation the 
effect demand of the buildings causes oversizing of the HVAC systems that means too high 
unnecessary expenses. 

2.4 Norwegian building code and standards 

National office of Building Technology and administration, or The Norwegian Building Authority 
is the main agency for implementing building policy [25]. 

The organisation of the Norwegian Authority is based on the following approach: 

1. Department of construction process; 
2. Department of products and systems; 
3. Department for central approval; 
4. Department for communication; 
5. Department for internal services. 
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Norwegian building code includes the following definitions: 

1. The plan- and Building Act. The plan- and Building Act is the main and the most important 
act for building and construction industry. The Plan- and Building Act belongs to public 
laws and is enforced by the municipalities. The act covers building case provisions, 
planning provisions and material requirements for construction works [21]. 

2. Regulations. The regulations provide supplementary rules and detailed provisions to the 
the Plan- and Building Act. There are two regulations SAK 10 which presents regulations 
for building permit application and handling, quality control, inspection, and guidelines 
for qualifying individual and organizations; and TEK 17 which defines regulations for 
technical building limitations to be legally built in Norway and DOC, which presents 
regulation for documentation and building materials [25]; 

3. Department for communication. The department often uses messages to announce 
changes about laws or regulations, provides guidance and interpretation of statutory 
provisions or conveys other information [21]; 

4. Building guides clarify legislative and regulatory provisions with guidelines or 
recommendations [21]; 

5. Standards. Norwegian standards present the methods for construction works and 
building materials. Standards are voluntary and the municipality cannot demand those 
methods, materials and building process follow the Norwegian Standard if there is 
documentation that the requirements have been covered in another way [21]; 

6. The Building Research Design Guides are the complete sources to technical solutions for 
buildings. It includes three sub-series which are Architectural Planning, Building Details 
and Building Management and Maintenance and presents experience and solutions from 
both practice and research. The Building Research Design Guides can be used as a 
planning and design tool. The design guides are continuously being updated to comply 
with the building code and experience-based knowledge [24]. 

7. Department for central approval. All construction materials should have sufficient trade 
documentation [21]. 

2.4.1 Passive house standard and Plus house  

Passive house is a voluntary standard for energy efficiency of the buildings. It gives advises how 
to reduce demand in energy of buildings and achieve high thermal comfort on low total costs. In 
Norway there are two standards with criteria for passive houses and low energy buildings 
described in NS 3701: 2012 for Non-residential buildings [18] and in NS 3700: 2013 which 
applies for Residential buildings [19].  

NS 3701 had been developed by Standards Norway SN/K 034 “Energy performance of the 
buildings” with support from ENOVA SF, Husbanken, Low- energy program and National Office of 
Buildings Technology and administration and was set in September 2012. It has practical utility 
when planning, constructing and evaluating low- energy buildings [18].  

In this master thesis the buildings with high and low thermal masses meet all the requirements 
of Passive house standard for Office building. 

The net internal area of the floor was 1149 m2. Annual mean temperature and design winter 
temperature were taken from Byggforskserien 451.021[43]. 
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Maximum net energy demand for cooling [kWh/(m2year)] was calculated with the following 
equation suggested by Passive house standard [18]: 

20 [kWh/(m2year)] +3.6*(6.3- annual mean temperature)  

Maximum net energy demand for cooling [kWh/(m2year)] was calculated with the following 
equation suggested by Passive house standard [18]: 

1,4* (Design winter temperature-20) 

Sintef suggested to identify a Plus house as a building which produces minimum 2 kWh/m2NIA 
surplus energy [44]. 

On the buildings with high and low thermal masses there is a 355 m2 PV panel. 

Building with high thermal mass in Blindern meets the requirements for plus house and produces 
over 2 kWh/m2NIA surplus energy. 

2.5  Software packages for simulating building energy performance 

Software packages for simulating building energy performance, such as Energy Plus, Simien, IDA-
ICE have become widespread in engineering for estimating energy efficiency of the buildings and 
sizing of the HVAC systems. The use of simulation tools makes it possible to test different 
alternatives for energy load, energy efficiency measures, thermal masses, locations, types of 
installations and constructions. The greatest advantage of all software packages for simulating 
energy performance is that simulations take much less time than manual calculations and the 
results are accurate.  

IDA- ICE is a software for simulating building energy performance that has been used for testing 
climate data files in this master thesis. 

2.5.1 IDA ICE 

“IDA Indoor Climate and Energy (IDA ICE) is a dynamic multi-zone simulation application for 
accurate study of indoor climate and individual zones as well as the energy consumption of an 
entire building” [16]. IDA ICE was chosen as a simulation tool for this master thesis to test three 
climate data files: 11-years with raw data, EN-ISO 15927-4 and a new one-year compact. 

2.5.2 The climate data files for this study 

Three climate data files were tested in this master thesis: 11 years of hourly raw data observed 
from 01.01. 2003 to 31.12.2013; climate data file based on EN-ISO 15927-4, which was generated 
by program EPW-Gen by Peter G. Schild based on 11 years of observations from 01.01.2003 to 
31.12. 2013, and ; climate data file based on EN-ISO 15927-4, which was generated by program 
EPW-Gen by Peter G. Schild based on 11 years of observations from 01.01.2003 to 31.12.2013 
with adjusted values to fit CDF for all years. 

As it was mentioned above, the climate data files tested in this master thesis have been prepared 
by Peter G. Schild using the following programs: 
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1. Klimadata- XL [12]. It has been used to download the climate data with hourly 
observations and chosen parameters, locations and periods from Landbruks 
Meteorologisk Tjeneste (LMT) [13]. 

2. EPW-Gen, developed by Peter G. Schild, which is based on Excel spreadsheet using genetic 
algorithms and has an integrated single- zone building energy model, which is similar to 
that in Simien and TEK sjekk, for selecting the suitable climate data.  “Genetic algorithms 
(GAs) are heuristic search and optimisation technique inspired by natural selection” [9]. 
In this case genetic algorithm has been used to splice the different climate data files in one 
PRN file. 

The disadvantages of ISO 15927 method are described in chapter 2.3. Thus, the following 
advantages of a new one- year compact climate data file are: 

1. A new one- year compact climate data file consists of twelve random periods with 
different length and therefor has: 

- A smooth transition between periods; 
- The least deviation and therefor much more precise energy performance of the building 

than ISO 15927 climate data file; 
- No month shift in twelve splices; 
2. The periods with big differences in temperature were considered as not valid and were 

not included in a climate data file; 
3. Twelve periods spliced together make sure that the design periods, or in other words, 

extreme periods are included; 
4. It doesn’t have CDF fitting. At the end of the algorithm for selecting the random periods, 

the program makes duration curves for the following parameters: dry- bulb temperature, 
direct normal solar irradiance and diffuse solar irradiance on a horizontal surface, global 
horizontal solar radiation, wind speed and relative humidity. It makes the vlues for 
climate data file more desirable for energy performance of the buildings, sizing HVAC 
systems and indoor climate analysis.  

11- years climate data files with “raw data”, a traditional ISO climate data file [2], and a new one-
year compact climate data file have the same input data but different climate parameters. For 
these climate data files the following parameters have been taken into consideration:  

1. Dry- bulb temperature, TA [℃]; 
2. Atmospheric pressure, PO [hPa]; 
3. Global horizontal solar radiation, QO [W/m2]; 
4. Wind speed, FM or FF [m/s]; 
5. Wind direction, DM or DD [0]; 
6. Relative humidity, UU [%]. 

2.6 Computational analysis  

2.6.1 Goodness of fit test 

The goodness- of- fit of a statistical model describes how well the observed data fits the assumed 
model. GOF indices outline the disparity between the observed data and the data of the assumed 
statistical model [31].  
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First, The Kolmogorov- Smirnov (K-S) goodness- of- fit test [32] had been applied for analysis of 
hourly meteorological observations for the required period when generating a climate data file, 
[33], but later for these purposes it was applied The Finkelstein- Schafer (F-S) statistic [15]. 

The K-S goodness- of- fit test is a nonparametric test that is based on the empirical distribution 
function. The K-S statistic summarize the discrepancy between the empirical distribution 
function (ECDF) of the sample and the cumulative distribution function (CDF) of the reference 
model. 

The null distribution is calculated under the null hypothesis. The distribution under null 
hypothesis may be continuous either for discrete or mixed, for the one sample cases. The 
distribution under null hypothesis for the two sample cases is a completely specified theoretical 
continuous CDF.  

The main advantage of the K- S statistic is that it doesn’t depend on the basic CDF that is being 
tested. But nevertheless, it has the following disadvantages: 

- K-S statistic cannot be applied for discrete variables; 
- If the distribution is not precise (scale, location or shape parameters), the K-S goodness- 

of – fit test becomes not valid [26, pp 273- 276] 

In the article “Improved goodness- of-fit tests” by J.M Finkelstein and R.E. Schafer was presented 
more powerful than Kolmogorov- Smirnov statistics in cases tested [15]. Two statistics were for 
small sample sizes. The first statistics could be used to test the fit of any completely specified 
continuous distribution function, and the second statistics tested the fit to an exponential 
distribution with mean unknown [15].  

2.6.2 Root mean square error 

A standard deviation or root mean square error of an estimator is a measure of the imperfection 
of the fit of the estimator to the reference data [36]. 

For example, there are given two data sets -1,0,1 and - 10, 0,10. In both cases the mean value is 0 
even the numbers in the second set are more widely spread than in the first one [36].  

Let x1, x2, ……., xn be n measurements with a mean x̅. Then x1- x̅ is the amount by which xi varies 
from the mean. The difference between x1 and x̅ is the deviation of xi. The deviations can be 
positive or negative and the mean of them is always zero. Since negative and positive deviations 
cannot be used for measuring because they give zero in sum, it is taken the squared deviation (x1- 
x̅)2 [36]. 

If xi- x̅, i= 1, 2, ….. n, then Root mean square error, or standard deviation is [36] 

RMSE=( ∑ (𝐱𝐢 −  �̅�)𝒏
𝒊ୀ𝟏

2/n) ½ 
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3  Research methods 
The existing methods for assessing the energy use for heating and cooling demand have range of 
disadvantages. Nowadays the demand for accuracy of indoor climate analysis and energy 
performance of the buildings dictates new demands for energy analysis methods. This chapter 
presents the overview of research methods applied in this master thesis.    

3.1 IDA ICE as a simulation tool for building energy performance 

In this master thesis IDA ICE has been used for the following purposes: 

1. To test three climate data files:11- years with “raw data”, a traditional one-year climate 
data which is based on ISO 15927-4 approach [2] and a new one-year compact climate 
data file with adjusted values to fit CDF for all years on Office buildings with high and low 
thermal masses in different climate zones in Norway; 

2. To simulate the seven rounds of the years started with different weekdays; 
3. To test the buildings with and without exterior shading to analyse the operative 

temperature on the south side of the building. 

Custom dynamic setup was used for all simulations because it was the most effective method to 
run big climate data sets with maximum time setup at 0,5 hour and time set for output at 1 hour. 

11-years climate data set with raw data was used as a reference and had setup from 00:00:00 
01.01.2003 to 24:00:00 31.12.2013. 

EN-ISO 15927-4 and a new one-year compact climate data sets were simulated using a random 
2010 for Blindern, Flesland, Kise and Kirkenes starting with the first of January 00:00:00 and 
ending at 24:00:00 on the 31st of December. 

A new one- year compact climate data file was used for simulating seven rounds of random years 
started with different weekdays on building with high thermal mass in Blindern. A random 2023 
was used for simulation started on Sunday, a random 2024 for Monday, a random 2030 for 
Tuesday, a random 2025 for Wednesday, a random 2026 for Thursday, a random 2027 for Friday 
and a random 2028 for Saturday. Seven rounds of simulations were tested on the building with 
high thermal mass in Blindern.  

Three climate data files were tested on buildings with high and low thermal masses in four 
climate zones in Norway presented by Blindern, Flesland, Kise and Kirkenes with exterior 
automatic blinds and cooling coil turned on to estimate the total cooling and total supplied 
electricity use; to estimate the exhaust temperature and operative temperature on the south side, 
three climate data files were tested on buildings with high and low thermal masses in Blindern 
and Flesland without exterior blinds and with cooling coil turned off; new one year compact 
climate data file was tested on buildings with high and low thermal masses in Blindern for 
random years started with different weekdays with and without exterior blinds and cooling coil. 
In total, 50 simulations. 

3.2 Excel worksheet for results analysis 

When the simulations were completed, all files were saved as IDA system files idm. for further 
analysis in Excel worksheet prepared by Peter G. Schild.  
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PRN.files for total heating, total cooling, total supplied energy use for electricity, PV production, 
exhaust temperature and operative temperature were extracted from IDA ICE system files and 
calculated in Excel worksheet. 

3.2.1 Arithmetic mean value 

Arithmetic mean value is a mean between annual minimum 24- hours mean with percentiles 
equal to 0,000057, and annual maximum 24- hours mean with percentiles equal to 0,999943. 

Arithmetic mean values were used in this master thesis to analyse the results for total heating, 
total cooling, total supplied electricity use, and PV Production.  

3.2.2 Mean value difference 

Mean value difference is a difference between annual minimum and maximum 24 hours mean 
values and it was calculate using the following equation: 

Mean value difference= 
∑ (𝒙ି𝒚)𝟖𝟕𝟔𝟎

𝒊స𝟏

𝟖𝟕𝟔𝟎
 

x- is a reference climate data file with raw data 

y- compared climate data file (EN-ISO 15927-4 or new one-year compact climate data file) 

Mean value difference was used for analysis of the results for total heating, total supplied 
electricity use and PV Production in this master thesis.  

3.2.3 Percent difference compared to raw data 

Percent difference compared to raw data was used for analysis of the results in this master 
thesis for total heating, total cooling, total supplied electricity use, PV Production, exhaust 
temperature, and operative temperature on the south side using the following equation: 

Percent difference= ((Py- Px)/(Pmax, x- Pmin x))/100% 

Px percentile for reference climate data file with raw data 

Py percentile for compared climate data file (EN-ISO 15927-4 or new one-year compact climate 
data file). 

3.3 Duration curves 

Duration curves were used to present the results of the comparing a new one-year compact 
climate data file to EN-ISO 15927-4 climate data file using 11- years climate data with hourly raw 
data observed from 2003 to 2013. One year consists of 8760 hours and there were two types of 
duration curves in this master thesis: on the first type, the y- axis presents percent difference in 
percent between reference raw data climate data file with EN-ISO 15927-4 climate data file and 
new one-year compact climate data file; on the second type of the curve, the y-axis presented the 
electricity loads in Watt, or, in other words, the rate of energy use. The x-axis presented the 
percentiles from 99,0000 to 99,9943: where 99,0000 percentiles were equivalent to 87,6 hours 
per year, 99, 4292 percentiles were equivalent to 50 hours per year, 99,6000 percentiles were 
equivalent to 35 hours per year, 99,9863 were equivalent to 1,2 hours per year and 99,9943 
percentiles were equivalent to 30 minutes per year.  
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99,6000 percentiles that are equivalent to 35 hours per year were used to present the design 
winter and summer conditions. 99,9943 represented the highest load during 30 minutes during 
a year in this master thesis. 99,6000 and 99,9943 percentiles were used for analysis of total 
heating, total cooling, total supplied electricity use, PV Production, exhaust temperature, and 
operative temperature on the south side. 

3.3.1 Total heating demand 

PRN.file with results for boiler with single water circulation covers the demand for total heating 
demand, which includes zone heating, AHU heating, domestic hot water.  

Total heating demand in this master thesis was studied on building with high and low thermal 
masses in Blindern, Flesland, Kise and Kirkenes. 

3.3.2 Total cooling demand 

PRN.file with results for chiller with single water circulation covers the demand for total cooling 
demand, which includes zone cooling, and AHU cooling.  

Total cooling demand in this master thesis was studied on building with high and low thermal 
masses in Blindern, Flesland, Kise and Kirkenes. The cooling coil was turned on. 

3.3.3 Total supplied electricity use 

PRN file for total supplied electricity use was extracted from IDA ICE for further calculations and 
analysis on excel worksheet. The total supplied electricity use includes electric cooling, electric 
heating, HVAC, lighting facility and PV production and was studied on buildings with high and low 
thermal masses in Blindern, Flesland, Kirkenes, and Kise. 

3.3.4 PV Production 

PRN file for PV Production was extracted from IDA ICE to excel worksheet.  

0,0057 percentile was used to calculate the highest load in Watt during 30 minutes per year, and 
0,4000 percentiles are equivalent to 35 hours per year.  

PV production was studied on buildings with high and low thermal masses in Blindern, Flesland, 
Kirkenes, and Kise. 

3.3.5 Exhaust temperature 

The exhaust temperature was studied on buildings with high and low thermal masses in Blindern, 
and Flesland to make sure that the room temperature meets all the requirements for indoor 
climate quality. To run the simulations for exhaust temperature the cooling coil for AHU was 
turned off. 

PRN file for exhaust temperature was extracted from IDA ICE to excel worksheet for further 
analysis. 
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3.3.6 Operative temperature on the south side 

Operative temperature on the south side in this master thesis was studied in two climate zones 
in Norway: in Blindern and in Flesland. Since Kise and Kirkenes represented colder climate zones 
in Norway exceeding of operative temperature was not expected. 

Operative temperature was studied in this master thesis to make sure that the room temperature 
does not exceed 26 °C more than 50 hours per year. 

To study the operative temperature on the south side, the buildings with high and low thermal 
masses were tested without automatic blinds and with cooling coil for AHU cooling turned off.  

PRN file for operative temperature on the south side was extracted from IDA ICE to excel 
worksheet for further analysis. 

99,6000 percentiles represent the operative temperature which does not exceed more than 35 
hours per year. 99,9943 percentile represents the highest operative temperature in the zone on 
the south side during 30 minutes per year.  

 

3.4  Root mean square error 

Root mean square error or standard deviation was used for analysis of seven rounds of 
simulations in IDA ICE for the building with high thermal mass in Blindern for the random years 
started with different weekdays. The climate data file with 11 years of hourly raw data 
observations from 01.01.2003 to 31.12.2013 was used as a reference for the calculation of 
standard deviation for new one-year compact climate data file, which was considered as 
“predicted”.  

 

 

 

RMSE Root mean square error for 11- years climate data file with raw data, which was set as a 
reference climate data file 

Zf new one-year compact climate data file 

Zoi 11 years climate data file with raw data 

Seven rounds of simulations in IDA ICE of a building with high thermal mass in Blindern for 
random years started with different weekdays were compared to results for reference climate 
data file with 11-years raw data using standard deviation for total heating, total cooling, total 
supplied electricity use, PV production, exhaust temperature, and operative temperature on the 
south side.  

3.5 Testing of climate data on buildings with high and low thermal masses 

The climate data sets in this master thesis were tested on Office building suggested by Sintef and 
used for energy calculations in the Sintef report “New regulatory requirements for energy 
demand of buildings” [41, p 24]. This sample was suitable for building energy performance in 
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Norwegian climate conditions. High and low thermal masses were tested in this master thesis. 
Both buildings meet the requirements for all elements of building construction, thermal bridges, 
and energy efficiency.  

For this master thesis it was decided to simulate the middle floor of the building with three zones 
with floor area 1149,2 m2, room height 3,02 m, assuming no heat loss between floors in order to 
reduce the simulating time. Since the goal was to compare EN-ISO 15927-4 and a new one-year 
compact climate data file with 11 years climate data set with raw data, it did not matter how many 
zones are included in simulation.  

The building has length 60 m, and width 20 m. The total windows area is 35,5 m2. There are four 
windows 20 m2 on the north and the south side, two windows 5 m2 and one 10,5 m2 on the east 
and on the west side. 

PV panel which is 355 m2 was install on the roof and automatic exterior blinds on windows.  

The time schedules for internal gains for occupancy, equipment and light were set after SN-NSPEK 
3031:2020 [45]. 

Air handing unit had maximum air supply 6,12 m3/m2h from 6.00 am to 6.00 pm during working 
week and minimum air supply 1,44 m3/m2h otherwise. The minimum requirements, energy 
demand of the buildings, and total energy use per year are presented in tables under. 

 

 

Table 3.5.1 The minimum requirements of Passive house standard 

Parameter Passive house minimum requirements 

Thermal bridges 0.03 W/ (m2 K) 

Ventilation 1.7 l/s during work hours, 0.27l/s when not in use  

Specific fan power  1.0 kW/ (m3 s) 

Lighting  12.5 kWh/m2 
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Table 3.5.2 Energy demand of the buildings for Passive house standard and calculated using a reference climate 
data file with 11 years raw data 

Location Thermal 

mass 

Annual 

mean 

temperat

ure [°C] 

Design 

winter 

temperature 

[°C] 

Maximum 

net 

energy 

demand 

for 

heating 

kWh/(m2

year) 

Maximum 

net 

energy 

demand 

for 

cooling 

kWh/(m2

year) 

Energy 

demand 

for 

heating 

kWh/(m2

year) 

Energy 

demand 

for 

cooling 

kWh/(m2

year) 

Blindern high 6,1 -19,8 20,7 55,7 20,95 10,2 

Blindern low 22,21 11,51 

Flesland high 7,8 -12 20 44,8 15,49 5,80 

Flesland low 16,75 7,23 

Kise high 4,7 -31,7 25,76 0 25,83  

Kise low 27,21  

Kirkenes high 0,1 -40,8 42,32 0 39,46  

Kirkenes low 41,14  

Table 2.4.2.3 The total energy use per year using reference climate data file with 11 years raw data 

Location Thermal mass Cooling coil for AHU Total kWh/m2 

Blindern high Turned on -2,38 

Blindern low Turned on -0,61 

Flesland high Turned on 1,31 

Flesland low Turned on 3,12 

Kise high Turned off 0,2233 

Kise low Turned off 0,2283 

Kirkenes high Turned off 28,33 

Kirkenes low Turned off 30,65 
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The buildings with high and low thermal masses located in Kise does not meet the requirements 
for Passive house standard.  To meet of the requirements of Passive house standard, the window 
with lower U- value can be implemented.  

The building with high thermal mass in Blindern meets the requirements for Plus house 
suggested Sintef [44]. 

The details for buildings with high and low thermal masses can be found in attachments. 

3.6 Testing of climate data in different climate zones 

Norway is in Northern Europe and affected by Golf Stream that gives mild winters on the west 
coast. Coast climate zone, continental climate zone and Polar (Arctic) climate zone are three 
climate zones in Norway.  

The climate data files were tested in Blindern which represented the Cost climate with cold 
winters, in Flesland which represented the West Coast climate with mild winters, in Kise which 
represented the continental climate but with much colder winters than in Blindern, and Kirkenes 
which representd Polar climate. Testing of climate data files in these locations gave an overview 
how EN-ISO 15927-4 climate data file and new one-year compact climate data file work in 
different climate zones in Norway on buildings with high and low thermal masses comparing to 
a reference climate data file with 11 years raw meteorological observations.  

The climate can be categorised using the The Kyoppen-Geiger climate classification [35]. 

The west coast climate has mild winters and rain all year. The temperature is above average for 
its location so far north, because of the Golf Stream. It is classified as Kyoppen climate zone C and 
climate type CFB.  

The east coast climate around Blindern, with cold winters and warm summers, is classified as 
zone D, and type DFB.  

Kise represents the continental continental climate, which is also zone D, and type DFC. There are 
cold to mild summers, and cold winters.  

Kirkenes is polar climate, zone D and type DFB.  

The different climate files have been tested in three different climate zones in order to see which 
climate data file, the one based on EN-ISO 15927-4 or new one-year compact climate data file has 
better approximation with a reference climate data file with 11-years hourly raw meteorological 
observation. The second point to that was to ensure that the new method presented by new 
compact one- year climate data file is effective in different climate zones in Norway and North 
Europe.  

The details about the climate zones are presented in the tables 3.6.1, 3.6.2, 3.6.3, 3.6.4 [34]. 
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Table 3.6.1 Blindern 

Summer 

temperature 

[°C] 

Winter 

temperature 

θ3d [°C] 

 

Annual mean 

temperature 

[°C] 

Location Population 

16,7 −19,8 6,1 59°54′40″N 

10°45′10″E 

673 469 

 

Table 3.6.2 Flesland 

Summer 

temperature 

[°C] 

Winter 

temperature 

θ3d [°C] 

Annual mean 

temperature 

[°C] 

Location Population 

10,7 −12,0 7,8 60.3837N 

5.3321  

356 

 

Table 3.6.3 Kise 

Summer 

temperature 

[°C] 

Winter 

temperature 

θ3d [°C] 

Annual mean 

temperature 

[°C] 

Location Population 

22,0 −29,8  4,2   33 842 

 

Table 3.6.4  Kirkenes  

Summer 

temperature 

[°C] 

Winter 

temperature 

θ3d [°C] 

Annual mean 

temperature  

[°C] 

Location  Population  

23,5 −40,8 0,1 69°43′30″N 

30°3′6″E 

3529 

3.7 Survey for experts 

For analysis of climate data files in the most effective way it was very important to choose the 
criteria for the study. Therefore, a survey with questions about study criteria was sent to the 
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experts in designing of HVAC systems and energy analysis in Norway. The survey was sent to 15 
people and four of them had answered.  

The following survey was suggested to the respondents: 

Which design conditions do you think is the most desirable for calculation:  

- The coldest / warmest day (24 hours mean value); 
- Which does not exceed 50 hours per year;  
- The coldest / the warmest hour;  
-  A specific percentile (for example 99%); 
- If none of these, come with your suggestion. 

Which parameters should be used for analysis in thesis:  

- Heating demand for heating coil;  
- Cooling demand for cooling coil;  
- Total supplied energy use for electricity;  
- Feel free to name other parameters for analysis. 

The first respondent suggested hourly calculation for one day (24 hours) to determine the design 
winter and summer conditions for old buildings which does not meet the requirements for 
modern buildings. For other types of buildings, the first respondent suggested the hourly 
calculation for three days (72 hours) for design winter and summer conditions. Heating coil, 
cooling coil and room heating systems were interesting parameters according to the opinion of 
the first respondent.  

The second respondent suggested to use the coldest and the warmest day (24 hours) during a 
year for design winter and summer conditions; the condition which does not exceed 50 hours per 
year for summer conditions as a traditional method; to use a certain percentile; and to use an 
appropriate climate data for one- year simulation. Heating coil, cooling coil, dry coolers, total 
supplies energy for electricity, and demand for zone heating are the interesting parameters for 
results analysis according to the opinion of the second respondent.  

The third respondent suggested to use the coldest and the warmest hour are important to take 
into consideration for installation with lack of capacity. Heating demand for heating coil and zone 
heating, cooling demand for cooling coil and zone cooling, and total supplied energy use for 
electricity are the interesting parameters to analyse the results.  

The fourth respondent suggested to use design winter temperature and design summer 
temperature for calculating heating demand in winter, and for calculating cooling demand in 
summer; one week simulation for winter conditions in Simien; to use a certain percentile; 50 
hours for summer conditions which does not exceed 26 [°C] as a traditional method in TEK 17 
§13-4 [46]; also mean values for 72 hours, 96 hours, and 120 hours can be used for calculating 
heating and cooling demand. AHU heating, AHU cooling, zone heating, and zone cooling with use 
of variety of sun protection and PV panels can be used for results analysis.  

The results of this survey helped to choose conditions and parameters for this master thesis. 
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4  Results and discussion 
This chapter presents the results of testing a reference climate data file with 11 years of hourly 
raw data observations from 2003 to 2013, one- year climate data file based on EN-ISO 15927-4 
approach and a new one-year compact climate data file. 

These climate data files were tested on the middle floor of Office building with three zones, 
assuming no heat loss between the floors. 

Two types of thermal masses: high and low were tested in four climate zones in Norway.  

All results of testing EN-ISO 15927-4 climate data file and new one-year compact were compared 
using 11- years climate data file with raw data as a reference. 

The results for total heating and cooling demand, total supplied energy for electricity, PV 
production, exhaust temperature and operative temperature on the south side were compared 
using 99,0000; 99,4292; 99,600; 99,9863; and 99,9943 percentiles for reference climate data file, 
climate data file based on EN-ISO 15927-4 approach, and new one-year compact climate data file 
and were presented in Watt and degrees Celsius on y-axis on the duration curves. Percentile 
difference between reference climate data file with raw data and compared climate data files in 
percent on y-axis for total heating, total cooling, total supplied electricity use, PV production, 
exhaust temperature and operative temperature on the south side were presented using the 
duration curves. The details can be found in the attachments. 

Arithmetic mean value in Watt for reference climate data file with 11 years raw data, EN-ISO 
15927-4 climate data file, and new one-year compact climate data file tested on buildings with 
high and low thermal masses in four climate zones in Norway were presented in tables and can 
be found in the attachments. 

Arithmetic mean value difference for climate data file based on EN-ISO 15927-4 approach and 
new one-year compact climate data file for total heating, total cooling, total supplied electricity 
use, and PV Production were presented in tables in kilowatt per square meter and can be found 
in the chapter 4.1. 

The values for 99,6000 and 99,9943 percentiles in Watt for total heating, total cooling, total 
supplied electricity use, and PV production for reference climate data file with 11 years raw data, 
EN-ISO 15927-4 climate data file, and new one-year compact climate data file tested on buildings 
with high and low thermal masses in four climate zones in Norway were presented in tables and 
can be found in attachments. 

The values for 99,6000 and 99,9943 percentiles in degrees Celsius for exhaust temperature and 
operative temperature for reference climate data file with 11 years raw data, EN-ISO 15927-4 
climate data file, and new one-year compact climate data file tested on buildings with high and 
low thermal masses in Blindern and Flesland were presented in tables in attachments. 

99,6000 and 99,9943 percentiles difference compared to raw climate data file for EN-ISO 15927-
4 and new one-year compact climate data file in percent for buildings with high and low thermal 
masses in Blindern, Flesland, Kirkenes, and Kise were presented in tables in chapter 4.2 and 4.3. 

For analysis of the results of testing climate data files, 99,6000 percentiles were used for 
evaluating the design conditions in winter and in summer, that is equivalent to 35 hours during a 
year, and 99,9943 percentiles for peak load, that is equivalent to 0,5 hour during a year. The 
results of comparing a reference climate data file with raw data, climate data file based on EN-ISO 
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15927-4 approach and new one-year compact climate data file on buildings with high and low 
thermal masses in Blindern, Flesland, Kirkenes, and Kise were presented in diagrams. 

Difference for 99,6000 and 99,9943 in precent for reference climate data file with 11 years raw 
data, EN-ISO 15927-4 climate data file, and new one-year compact climate data file tested on 
buildings with high and low thermal masses in four climate zones in Norway were presented in 
tables. 

The results for seven rounds of simulation new one- year compact climate data file for random 
years started with different weekdays compared to the 11- years “raw data” climate data set 
tested on building with high thermal mass in Blidern were presented in two types of diagrams for 
standard deviation between the 11- years climate data file and new one-year compact climate 
data file: in Watt on y-axis for total heating, total cooling, total supplied electricity use and PV 
Production, and temperature in °C for exhaust temperature and operative temperature, 
respectively, and in precent on y-axis for total heating, total cooling, total supplied electricity use 
and PV Production, exhaust temperature and operative temperature. The details can be found in 
attachments. 

The results for total heating, total cooling, and total supplied electricity use for 99,0000; 99,4292; 
99,600; 99,9863; and 99,9943 percentiles for random years started with different weekdays and 
a reference climate data file with raw data in Watt were presented in diagrams in 4.4.  

Arithmetic mean values, difference for arithmetic mean values, 99,6000 percentiles and 99,9943 
percentiles in Watt for total heating, total cooling, total supplied electricity use and PV production, 
and in degrees Celsius for exhaust temperature and operative temperature for reference climate 
data file with 11 years raw data, and new one-year compact climate data file tested on building 
with high thermal mass in Blindern for random years started with different weekdays were 
presented in tables.  

Difference for 99,6000 and 99,9943 in precent for reference climate data file with 11 years raw 
data, and new one-year compact climate data file tested on buildings with high thermal mass in 
Blindern for random years started with different weekdays were presented in tables. 

Outside air temperature for reference climate data file with raw data, climate data file based on 
EN-ISO approach and new one-year climate data file was tested in Blindern, Flesland, Kise and 
Kirkenes to demonstrate which climate data set EN-ISO 15927-4 or new one-year compact had 
better approximation with 11 years raw data climate data file in terms of meteorological 
parameters. The results for outside air temperature were presented in percentiles from 99,0000 
to 99,9943 for summer conditions, and from 0,0057 to 1,0000 for winter conditions in duration 
curves. The results can be found in attachments.  

For evaluating of the results for climate data file based on EN-ISO 15927-4 approach and new 
one-year climate data file, the deviation from reference climate data file with 11 years hourly raw 
data observations from 01.01.2003 to 31.12.2013 less than 5,0 precent, either positive or 
negative, was assumed as acceptable in this master thesis. The positive deviation would cause to 
oversizing of the building installations when the negative deviation would cause to undersizing.  
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4.1 Average values for climate data files for buildings with high and low thermal masses 
in Blindern, Flesland, Kirkenes and Kise 

This chapter presents the results and discussions for mean values of EN-ISO 15927-4 climate data 
file and new one-year compact climate data file compared to reference climate data file with 11- 
years raw data.  

Table 4.1.1 presents the arithmetic mean value difference in kilowatt per square meter for EN-
ISO 15927-4 compared to raw data climate data file and table 4.1.2 presents the arithmetic mean 
value difference for new one- year climate data file compared to raw data climate data file. 

 

Table 4.1.1 Arithmetic mean value difference compared to raw data climate data file. EN-ISO 15927-4 

Location Type of 
thermal 
mass 

Heating 
demand 
[kW/m2] 

Cooling 
demand 
[kW/m2] 

Total 
supplied 
electricity 
use[kW/m2] 

PV 
Production 

[kW/m2] 

Blindern high 75,13 120,5 -335,18 -411,09 

Blindern low 77,38 119,56 -341,53 -412,16 

Flesland high 90,69 25,51 53,76 -12,38 

Flesland low 91,78 24,12 62,21 -6,05 

Kirkenes high -205,51 29,49 -0,38 -27,86 

Kirkenes low -203,44 29,17 -0,20 -30,04 

Kise high 21,26 134,76 -131,82 -232,76 

Kise low 20,76 134,93 -134,77 -232,01 
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Table 4.1.2 Arithmetic mean value difference compared to raw data climate data file. New one-year compact 

Location Type of 
thermal 
mass 

Heating 
demand  

[kW/m2] 

Cooling 
demand  

[kW/m2] 

Total 
supplied 
electricity 
use[kW/m2] 

PV 
Production 

[kW/m2] 

Blindern high -47,68 139,41 104,35 42,67 

Blindern low -46,76 137,23 100,16 42,69 

Flesland high 38,35 7,36 124,34 96,65 

Flesland low 37,59 6,75 123,05 98,86 

Kirkenes high -73,21 16,44 106,22 67,30 

Kirkenes low -73,84 14,89 101,56 63,39 

Kise high -11,06 31,93 85,89 48,08 

Kise low -12,51 33,53 88,76 50,91 

Analysis of the results for arithmetic mean value difference of climate data file based on EN-ISO 
15927-4 approach and new one-year compact climate data file using a reference climate data file 
with 11 years raw meteorological data allowed to confirm that mean values of new one-year 
climate data file has less deviation with a reference climate data file for heating demand for 
buildings with high and low thermal masses in Blindern, Flesland, Kirkenes, and Kise; for cooling 
for buildings with high and low thermal masses in Flesland, Kirkenes, and Kise; for total supplied 
electricity use in Blindern, Kirkenes, and Kise.  

Therefore, it can be concluded that new one-year climate data file fits better the average demand 
for heating, cooling, and supplied electricity use for most climate zones in Norway.  

New one-year compact climate data file has less deviation with a reference climate data file for 
PV Production in Blindern and in Kise. Climate data file based in EN-ISO 15927-4 approach 
showed better results in Flesland and Kirkenes. The reason to this can be the static solar 
conditions in Kirkenes because of the midnight sun which lasts from the 17th of May to the 21st of 
June and polar night which lasts from the 21st of November to the 21st of January [47]. As it was 
described in chapter 2.3, for generating climate data file based on EN-ISO 15927-4 approach, it is 
used a Finkelstein- Schafer statistics that fits good static conditions and, therefore, it had less 
deviation with a reference climate data file. Another reason to this may be that for generating 
climate data file, whole months are spliced together. If, for example, a reference climate data file 
had the warmest week in June 2010, and for generating EN-ISO climate data file the month with 
this week was chosen, then it was not surprising that EN-ISO 15927-4 had better approximation 
with a reference climate data file with raw data. 

Analysis of the results for 24- hours mean difference in percent presented in attachments allows 
to confirm that max difference for 24-hour mean value is less between reference climate data file 
and climate data file based on EN-ISO 15927-4 approach for cooling. For total heating, a new one-
year compact climate data file had shown better results with deviation less than 5 % in Blindern 
and Kise. For max difference for 24- hours mean value for total supplied electricity use, and PV 
Production, both climate data files have deviation less 5% with a reference climate data file. 
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More results for mean values can be found in attachments 8.13. 

 

4.2 99,6000 percentiles for buildings with high and low thermal masses in Blindern, 
Flesland, Kirkenes and Kise 

This chapter presents the results and discussions for 99,600 percentiles difference for EN-ISO 
15927-4 climate data file and new one-year compact climate data file compared to reference 
climate data file with 11- years raw data.  

Tables 4.2.1 and 4.2.2 present 99,6000 percentiles difference in percent between reference 
climate data file and EN-ISO 15927-4 and, respectively, between reference climate data file and 
new one-year compact. 

 

Table 4.2.1  99,6000 percentiles difference compared to raw climate data file. EN-ISO 15927-4 

Location Type of 
thermal 
mass 

Heating 
demand  

% 

Cooling 
demand  

% 

Total 
supplied 
electricity 
% 

PV 
Production 

% 

Exhaust 
temperature 

% 

Operative 
temperature 

% 

Blindern high 5,19 1,85 0,09 0,25 0,02 -0,5 

Blindern low 4,16 1,66 0,01 0,28 3,52 -0,85 

Flesland high 6,52 1,20 -0,07 -0,33 -0,02 -1,16 

Flesland low 6,66 0,57 -0,14 -0,34 0 0,98 

Kirkenes high -12,06 9,96 0,04 -0,41   

Kirkenes  low -11,84 10,06 0,04 -0,63   

Kise high 6,20 -2,69 0,13 0,30   

Kise  low 5,51 -2,63 0,22 -0,32   
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Table 4.2.2 99,6000 percentiles difference compared to raw climate data file. New one-year compact climate data 
file 

Location Type of 
thermal 
mass 

Heating 
demand  

% 

Cooling 
demand  

% 

Total 
supplied 
electricity 
% 

PV 
Production 

% 

Exhaust 
temperature 

% 

Operative 
temperature 

% 

Blindern high 0,63 5,82 O,42 -0,15 0 -0,57 

Blindern low 0,32 6,28 0,28 -0,08 0,02 -0,31 

Flesland high 6,52 -3,18 0,21 -0,13 0 0,92 

Flesland low 14,03 0,96 -0,59 -0,35 0,02 1,14 

Kirkenes high -1,65 3,77 -0,05 0,36   

Kirkenes  low -1,58 3,71 0 0,22   

Kise high 2,89 -3,45 0,13 0,29   

Kise  low 2,88 -3,37 0,17 0,37   

 

Deviation between tested climate data file and a reference climate data file less than 5% was 
assumed acceptable on this master thesis.  

Climate data file based on EN-ISO 15927-4 approach had deviation greater than 5 % for total 
heating load for buildings with high and low thermal mass in Blindern, Flesland, Kirkenes, and 
Kise. For total cooling load, the climate data file based on EN-ISO 15927-4 approach had deviation 
greater than 5 % in Kirkenes. Since climate in Kitkenes is rather cold, the results for cooling load 
were not interesting. In other locations, the deviation for cooling load is less than 5%. The 
deviation for total supplied electricity and PV Production is less than 1 %for buildings with high 
and low thermal masses in Blindern, Flesland, Kirkenes, and Kise.  

New one-year climate data file had deviation greater than 5% only in Flesland and for cooling in 
Blindern. Since the winters in Flesland are rather warm, it was more reasonable to take into 
consideration the low deviation between new one-year climate data file with reference in 
Blindern, Kise, and Kirkenes where the winters are much colder. Since the summers in Blindern 
are very warm, the results for estimating the cooling load are significant.  

The analysis of the results for 99,6000 percentiles difference between climate data file based on 
EN-ISO 15927-4 approach with a reference climate data file, and 99,6000 percentiles difference 
between new one-year compact climate data file with a reference climate data file allows to 
conclude that new one- year compact climate data file fits better for estimating the design 
condition in winter. 

The diagrams under present the results for 99,6000 percentiles for three climate data files tested 
on buildings with high and low thermal masses in Blindern, Flesland, Kirkenes, and Kise. More 
results can be found in attachments. 
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Figure 4.2.1 99,6000 for total heating in Watt for building with high and low thermal masses 

 

 
Figure 4.2.2 99,6000 for total cooling in Watt for building with high and low thermal masses 

 

 
Figure 4.2.3 99,6000 for total supplied electricity use in Watt for building with high and low thermal masses 

 
Figure 4.2.4 99,6000 for PV Production in Watt for building with high and low thermal masses 
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4.3 99,9943 percentiles for buildings with high and low thermal masses in Blindern, 
Flesland, Kirkenes and Kise 

This chapter presents the results and discussions for 99,9943 percentiles difference for EN-ISO 
15927-4 climate data file and new one-year compact climate data file compared to reference 
climate data file with 11- years raw data.  

 

Tables 4.3.1 and 4.3.2 present 99,9943 percentiles difference in percent between reference 
climate data file and EN-ISO 15927-4 and, respectively, between reference climate data file and 
new one-year compact. 

 

Table 4.3.1 99,9943 percentiles difference compared to raw climate data file. EN-ISO 15927-4 

Location Type of 
thermal 
mass 

Heating 
demand  

% 

Cooling 
demand  

% 

Total 
supplied 
electricity 
% 

PV 
Production 

% 

Exhaust 
temperature 

% 

Operative 
temperature 

% 

Blindern high 9,84 -8,97 4,74 -1,5 -8,7 -0,15 

Blindern low 10,15 -9,26 4,31 -1,59 -6,19 -1,14 

Flesland high 10,02 -2,77 -0,08 -0,82 0,22 -1,62 

Flesland low 10,87 -3,26 -0,18 -0,86 -3,61 -0,63 

Kirkenes high 4,27 -21,81 0,04 1,14   

Kirkenes  low 3,66 -20,88 0,69 0,54   

Kise high 25,41 -18,38 -0,02 0,95   

Kise  low 25,74 -18,20 0 1,29   
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Table 4.3.2  99,9943 percentiles difference compared to raw climate data file. New one-year compact climate data 
file 

Location Type of 
thermal 
mass 

Heating 
demand  

% 

Cooling 
demand  

% 

Total 
supplied 
electricity 
% 

PV 
Production 

% 

Exhaust 
temperature 

% 

Operative 
temperature 

% 

Blindern high -14,83 -11,05 3,21 -0,96 -7,37 -1,14 

Blindern low -14,51 -10,74 2,46 -1,09 15,56 0,37 

Flesland high 6,23 -18,90 0,18 1.92 13 1,64 

Flesland low 7,04 -19,24 0,13 -0,86 8,65 -0,12 

Kirkenes high -1,36 -16,80 0,02 -1,47   

Kirkenes  low -1,76 -16,07 0,06 -3,09   

Kise high -2,92 -13,09 -0,09 -3,82   

Kise  low -3,46 -13,79 -0,05 -3,99   

Deviation between tested climate data file and a reference climate data file less than 5% was 
assumed acceptable on this master thesis.  

Climate data file based on EN-ISO 15927-4 approach had deviation for total heating greater than 
5% for buildings with high and low thermal masses in Blindern, Flesland, Kirkenes, and Kise. 

For total cooling demand, climate data file based on EN-ISO 15917-4 approach had deviation 
greater than 5% for buildings with high and low thermal masses in Blindern, Kirkenes, and Kise, 
while in Flesland it had deviation less than 5%. The results for cooling demand in Kirkenes and 
Kise are not significant due to cold climate, while the results for Blindern demonstrated that EN-
ISO climate data file was not effective for estimating the peak load in warmer climate.  

The deviation for total supplied electricity and PV Production were less than 5 % for buildings 
with high and low thermal masses in Blindern, Flesland, Kirkenes and Kise. 

The deviation exhaust temperature for Blindern was greater than 5% due to the same reason 
described above. The deviation for operative temperature was less than 5% for buildings with 
high and low thermal masses in Blindern and Flesland.  

New one-year compact climate data file for total heating had deviation greater than 5% in 
Blindern and Flesland and less than 5 % in Kirkenes and Kise. This allowed to conclude that new 
one-year compact climate data file is more suitable for estimating the peak load in winter than 
EN-ISO 15927-4 climate data file. For total cooling, the new one-year compact climate data file 
had deviation greater than 5% for buildings with high and low thermal masses in Blindern, 
Flesland, Kirkenes, and Kise.  

For total supplied electricity, the new one-year compact climate data file had deviation less than 
5 % for buildings with high and low thermal masses in Blindern, Flesland, Kirkenes, and Kise and 
even smaller than it had EN-ISO 15927-4 climate data file.  

For PV Production, the new one-year compact climate data file had deviation less than 5% for 
buildings with high and ow thermal masses in Blindern, Flesland, Kirkenes, and Kise. Exhaust 
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temperature had deviation greater than 5% in Blindern and Flesland. The deviation for operative 
temperature was smaller than 5% for buildings with high and low thermal masses in Blindern 
and Flesland.  

The analysis of the results for 99,9943 allowed to conclude that new one-year compact climate 
data file is more suitable for estimating the peak load demand in winter for cold climate zones 
with significantly lower temperatures in winter. Since it had less deviation for total supplied 
electricity, it can be concluded that new one-year compact climate data file is more effective for 
estimating the total peak load on system that is very important at early stage of the project.  

The diagrams under present the results for 99,9943 percentiles for three climate data files tested 
on buildings with high and low thermal masses in Blindern, Flesland, Kirkenes, and Kise. More 
results can be found in attachments. 

 

 

 
Figure 4.3.1 99,9943 for total heating in Watt for building with high and low thermal masses 

 

 
Figure 4.3.2 99,9943 for total cooling in Watt for building with high and low thermal masses 
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Figure 4.3.3 99,9943 for total supplied electricity use in Watt for building with high and low thermal masses 

 
Figure 4.3.4 99,9943 for PV Production in Watt for building with high and low thermal masses 

 

4.4 Testing of new one- year compact climate data file on building with high thermal 
mass in Blindern for random years started with different weekdays  

This chapter presents the results and discussions for testing random years started with different 
weekdays tested on new one-year compact climate data file using the 11- years climate data file 
with raw data as a reference. 

Table 4.4.1 presents the arithmetic mean value difference in kilowatt per square meter for new 
one- year climate data file compared to raw data climate data file for building with high thermal 
mass in Blindern. 
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Table 4.4.1 Arithmetic mean value difference for years started with different weekdays compared between a new 
one-year compact climate data file to raw climate data file on building with high thermal mass in Blindern 

Weekday Heating 
demand 
[kW/m2] 

Cooling 
demand  

[kW/m2] 

Total supplied 
electricity use 
[kW/m2] 

PV Production 

[kW/m2] 

Sunday -28,93 42,29 50,76 42,76 

Monday 6,53 20,29 53,23 68,17 

Tuesday 22,039 37,23 23,64 42,62 

Wednesday -0,99 22,14 4,71 44,90 

Thursday -15,70 77,24 55,42 44,044 

Friday -53,56 138,80 102,37 43,36 

Saturday -61,96 110,49 78,48 66,03 

 

The highest arithmetic mean difference for total heating for the building with high thermal mass 
in Blindern had random years started on Friday, Saturday, Sunday, and Tuesday. The lowest 
arithmetic mean difference had a random year started on Wednesday. 

The highest arithmetic mean difference for total cooling for the building with high thermal mass 
in Blindern had random years started on Thursday, Friday, Saturday, and Sunday. The lowest 
arithmetic mean difference had random year started on Tuesday.  

The highest arithmetic mean difference for total supplied electricity use had the random year 
started on Friday and Saturday, and the lowest, on Wednesday. 

For PV Production, the highest arithmetic mean difference had a random year started on Saturday 
and Monday.  

Therefore, it can be concluded that for arithmetic mean difference, the weekday that opens the 
year has a significant influence for total heating, total cooling, and total supplied electricity use 
tested using new one-year compact climate data file on building with high thermal mass in 
Blindern. 

Tables 4.4.2 and 4.4.3 present 99,6000 percentiles difference and 99,9943 percentiles difference 
in percent between reference climate data file and new one-year compact for building with high 
thermal mass in Blindern. 
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Table 4.4. 2  99,6000 percentiles difference in precent for new one- year compact climate data file compared to 
raw climate data file for weekdays. Building with high thermal mass in Blindern 

Weekday Heating 
demand  

% 

Cooling 
demand  

% 

Total 
supplied 
electricity  

% 

PV 
Production 

% 

Exhaust 
temperature 

% 

Operative 
temperature 

% 

Sunday -1,92 3,47 0,4 -0,25 -0,04 -5,32 

Monday 3,54 0,62 0,4 -0,12 -0,04 -5,05 

Tuesday 4,44 3,98 3,98 -0,28 -0,02 -4,95 

Wednesday 4,49 4,48 0,23 -0,19 -0,04 -5,11 

Thursday 3,57 4,42 0,30 -0,22 -0,02 -5,34 

Friday 0,63 6,90 0,33 -0,12 -0,02 -5,63 

Saturday -3,29 4,65 0,51 0,16 -0,04 -5,38 

Analysis of the results for 99,6000 percentiles difference, that is equivalent to 35 hours per year 
between reference climate data file and new one-year compact climate data file tested on building 
with high thermal mass in Blindern gave the following observations:  

- The highest 99,6000 percentiles difference for total heating had random years started on 
Tuesday and Wednesday and the lowest 99, 6000 percentiles difference had random year 
started on Friday.  

- The highest 99,6000 percentiles difference for total cooling had random year started on 
Friday and the lowest had a random year started on Monday. 

- The highest 99,6000 percentiles difference for total supplied electricity had random year 
started on Tuesday, the lowest 99,6000 percentiles difference had the random year 
started on Wednesday. 

- The 99,6000 percentiles difference for PV Production, exhaust temperature and operative 
temperature had minor deviation with 11-years reference climate data file. 

Therefore, it can be concluded that for design winter and summer conditions it matters which 
weekday starts the year due to sequence of working days and weekend.  
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Table 4.4.3 99,9943 percentiles difference in precent for new one-year compact climate data file compared to raw 
climate data file for weekdays. Building with high thermal mass in Blindern 

Weekday Heating 
demand  

% 

Cooling 
demand  

% 

Total 
supplied 
electricity 
% 

PV 
Production 

% 

Exhaust 
temperature 

% 

Operative 
temperature 

% 

Sunday -7,04 -10,93 0,04 -0,97 -4,80 -6,21 

Monday -6,17 -11,34 0,01 -1,02 -34,68 -5,43 

Tuesday -6,25 -11,51 3,88 -1,03 0,54 -4,91 

Wednesday -6,51 -11,58 3,55 -1,01 -4,05 -5,84 

Thursday -6,15 -11,64 3,37 -0,97 -6,48 -7,10 

Friday -14,83 -11,09 3,16 -0,96 -5,59 -6,81 

Saturday -20,10 -10,85 3,15 -0,96 22,45 -6,32 

Analysis of the results for 99,9943 percentiles difference, that is equivalent to 0,5 hour per year 
between reference climate data file and new one-year compact climate data file tested on building 
with high thermal mass in Blindern gives the following observations:  

- The highest 99,9943 percentiles difference for total heating had random years started on 
Friday and Saturday; 

- The lowest 99,9943 percentiles difference for total supplied electricity had random year 
started on Sunday and Monday; 

- The highest 99,9943 percentiles difference for exhaust temperature had random year 
started on Saturday and Monday, while the lowest 99,9943 percentiles had a random year 
started on Tuesday; 

- The 99,9943 percentiles difference for total cooling; PV Production, and operative 
temperature were insignificant.  

Therefore, it may be concluded that it is desirable to run seven rounds of simulations for random 
years started with different weekdays for the best accuracy of estimation the peak load for 
heating systems in winter. High 99,9943 percentiles difference for exhaust temperature means 
that particularly that year had the highest outside air temperature during the weekdays. 

Two types of diagrams under demonstrate the results for 99,0000; 99,4292; 99,600; 99,9863; 
and 99,9943 percentiles and separately for 99,6000 percentiles that equivalent to 35 hours per 
year and can be used for design winter and summer conditions for reference climate data file and 
random years started with different weekdays for total heating, total cooling, and total supplied 
electricity.  
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Figure 4.4.1 Total heating for reference climate data file and new one-year climate data file on building with high 
thermal mass in Blindern, Watt 

 

 
Figure 4.4.2 Total cooling for reference climate data file and new one-year climate data file on building with high 
thermal mass in Blindern, Watt 

 
Figure 4.4.3 Total supplied electricity use for reference climate data file and new one-year climate data file on 
building with high thermal mass in Blindern, Watt 

The diagrams for standard deviation and peak load for total heating, total cooling, total supplied 
electricity use, PV Production, exhaust temperature, and operative temperature on the South side 
for new one-year compact climate data file and reference climate data file with 11-years raw data 
tested on building with high thermal mass in Blindern are presented in attachments 8.14. 
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5 Conclusions 
This master thesis presented the results of comparing a new one-year compact climate data file 
and climate data file based on EN- ISO 15927-4 approach using 11- years climate data file with 
raw data as a reference to reference on the Office buildings with high and low thermal masses in 
Blindern, Flesland, Kirkenes, and Kise presenting different climate zones in Norway and North 
Europe, and the results of testing a new one-year compact climate data file started with different 
weekdays of random years  using 11- years climate data file with raw data as a reference to 
investigate if energy consumption rate of the building depends on which day the actual year 
starts.  

The results for total heating, total cooling, total supplied electricity use, PV Production, exhaust 
temperature, and operative temperature on the south side were presented in this master thesis 
for 11-years climate data file with raw data, climate data file based on EN-ISO 1927-4 approach 
and new one-year compact climate data file on buildings with high and low thermal masses in 
Blindern, Flesland, Kirkenes, and Kise. 

The first hypothesis of this master thesis was that a new one- year compact climate data file had 
a better approximation with climate data file with 11-years raw data than traditional ISO 15927-
4 method due to different methods for constructing of climate data sets. Therefore, it might be 
more suitable for energy performance of buildings. 

The second hypothesis was that years started with different weekdays would appreciable 
deviation comparing with a reference climate data file with raw data.  

The results of comparing one year climate data files, which were climate data file based on EN-
ISO 15927-4 approach and new one-year compact climate data file to a reference climate data file 
with 11-years of hourly raw data observed from 01.01.2003. to 31.12.2013 allows to confirm that 
a new one- year compact climate data file has better approximation with 11-years raw data 
climate data file in the most of cases. But the “most of cases” do not mean all. For some situations 
EN-ISO 15927-4 climate data file demonstrated better results than new one-year compact climate 
data file. Reason to that can be specific of constructing EN-ISO 15927-4 climate data file when the 
most typical months splices together. That is why if the warmest week happened in June 2010, 
and for constructing EN-ISO it was selected exactly that period, then EN-ISO 15927-4 would have 
better approximation with raw data climate data file. To relay on possibility that exactly the 
desired period would be included in climate data file is potentially weak method for energy 
performance of the buildings. For this reason, the new one-year compact climate data file is safer, 
because it splices together short periods and there is higher possibility that greater number of 
design days would be included. But there is no guarantee for that.  

Testing of the random years started with different weekdays showed an observable difference in 
total heating, total cooling and total supplied electricity use depending on which weekday started 
the year. Therefore, for energy performance of the building, the energy advisors need to run seven 
rounds of the years started with different weekdays to predict different scenarios of energy 
demand. It can be also more effective to run seven rounds of one-year climate data file that 11-
years or more with raw data only once in terms of the accuracy for the results because then there 
would be higher possibility that greater number of design summer and winter days were 
simulated. 

Therefore, to achieve the best results for energy performance of the building it can be 
recommended to run new one-year compact climate data file seven rounds for random years 
started with different weekdays to predict different scenarios of energy demand. 
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The exhaust temperature and operative temperature on the south side of the buildings with high 
and low thermal masses did not exceed 26 degrees Celsius during the year in Blindern and 
Flesland. 

The figures under demonstrate the duration curves for arithmetic mean value differences for total 
heating, total cooling, and total supplied electricity for climate data file based on EN-ISO 15927-4 
approach and new one- year compact climate data file for buildings with high and low thermal 
masses in Blindern, Flesland, Kirkenes, and Kise;  99,6000 percentiles differences for total 
heating, total cooling, and total supplied electricity for climate data file based on EN-ISO 15927-4 
approach and new one- year compact climate data file for buildings with high and low thermal 
masses in Blindern, Flesland, Kirkenes, and Kise; and 99,9943 percentiles differences for total 
heating, total cooling, and total supplied electricity for climate data file based on EN-ISO 15927-4 
approach and new one- year compact climate data file for buildings with high and low thermal 
masses in Blindern, Flesland, Kirkenes, and Kise. 

 

 
Figure 5.1 Arithmetic mean value differences for total heating, total cooling, and total supplied electricity use 
for climate data file based on EN-ISO 15927-4 approach and new one- year compact climate data file for 
buildings with high and low thermal masses in Blindern, Flesland, Kirkenes, and Kise 

 

 
Figure 5.2 99,6000 percentiles differences for total heating, total cooling, and total supplied electricity use for 
climate data file based on EN-ISO 15927-4 approach and new one- year compact climate data file for buildings 
with high and low thermal masses in Blindern, Flesland, Kirkenes, and Kise 

 

Figure 5.3 99,9943 percentiles differences for total heating, total cooling, and total supplied electricity use for 
climate data file based on EN-ISO 15927-4 approach and new one- year compact climate data file for buildings 
with high and low thermal masses in Blindern, Flesland, Kirkenes, and Kise 
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8 Attachments  
 

8.1 Common data about the buildings 

 

 
Figure 8.1.1 Zones  

 
Figure 8.1.2 Zone totals 

 

 
Figure 8.1.3 Zone setpoints 

 

 
Figure 8.1.4 Internal gains 
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Figure 8.1.5 Schedule for Air Handling Unit 

 

 
Figure 8.1.6 Schedule for internal gains for occupants 
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Figure 8.1.7 Schedule for internal gains for equipment 

 

 
Figure 8.1.8 Schedule for internal gains for lighting 
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Figure 8.1.9 Plant unit 

 

 

Figure 8.1.10 Parameters for PV panel 
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Figure 8.1.11 Thermal bridges 

 

8.2 Building with high thermal mass 

 

 
Figure 8.2.1 Surfaces 
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Figure 8.2.2 External wall 

 

 

Figure 8.2.3 Internal wall 
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Figure 8.2.4 Internal floor 

 

 

Figure 8.2.5 Floor separator 

 

 

Figure 8.2.6 Windows 
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8.3 Building with low thermal mass 

 
Figure 8.3.1 Surfaces 

 

 

Figure 8.3.2 External walls 
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Figure 8.3.3 Internal walls 

 

Figure 8.3.4 Internal floor 

 

 

Figure 8.3.5 Floor separator 

 

 

Figure 8.3.6 Windows 
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8.4 Survey for experts 

 
Figure 8.4.1 Respondent 1 

 

Figure 8.4.2 Respondent 2 
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Figure 8.4.2 Respondent 3 

 

 

Figure 8.4.2 Respondent 4 
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8.5 Results for building with high thermal mass in Blindern 

 
Figure 8.5.1 Total heating in Watt and in percent difference for building with high thermal mass in Blindern 

 

 

 

Figure 8.5.2 Total cooling in Watt and in percent difference for building with high thermal mass in Blindern 

 

 

 

Figure 8.5.3 Total supplied electricity use in Watt and in percent difference for building with high thermal mass 
in Blindern 

 

 

Figure 8.5.4 PV Production in Watt and in percent difference for building with high thermal mass in Blindern 
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Figure 8.5.5 Exhaust temperature in degrees Celsius and in percent difference for building with high thermal 
mass in Blindern 

 

 

Figure 8.5.6 Operative temperature in degrees Celsius and in percent difference for building with high thermal 
mass in Blindern 

 

 

8.6 Results for building with low thermal mass in Blindern 

 
Figure 8.6.1 Total heating in Watt and in percent difference for building with low thermal mass in Blindern 
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Figure 8.6.2 Total cooling in Watt and in percent difference for building with low thermal mass in Blindern 

 

 

 

Figure 8.6.3 Total supplied electricity use in Watt and in percent difference for building with low thermal mass 
in Blindern 

 

 

Figure 8.6.4 PV production in Watt and in percent difference for building with low thermal mass in Blindern 

 

 

Figure 8.6.5 Exhaust temperature in degrees Celsius and percent difference for building with low thermal mass 
in Blindern 
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Figure 8.6.6 Operative temperature in degrees Celsius and percent difference for building with low thermal 
mass in Blindern 

8.7 Results for building with high thermal mass in Flesland  

 
Figure 8.7.1 Total heating in Watt and in percent difference difference for building with high thermal mass in 
Flesland 

 

 

Figure 8.7.2 Total cooling in Watt and in percent difference difference for building with high thermal mass in 
Flesland 

 

 
Figure 8.7.3 Total supplied  electricity use in Watt and in percent difference difference for building with high 
thermal mass in Flesland 
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Figure 8.7.4 PV production in Watt and in percent difference for building with high thermal mass in Flesland 

 

 

Figure 8.7.5 Exhaust temperature in degrees Celsius and in percent difference for building with high thermal 
mass in Flesland 

 

 

 

Figure 8.7.6 Operative temperature in degrees Celsius and in percent difference for building with high thermal 
mass in Flesland 
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8.8 Results for building with low thermal mass in Flesland  

 
Figure 8.8.1 Total heating in Watt and in percent difference for building with low thermal mass in Flesland 

 

 

 

 

Figure 8.8.2 Total cooling in Watt and in percent difference for building with low thermal mass in Flesland 

 

 

 

 

Figure 8.8.3 Total supplied electricity use in Watt and in percent difference for building with low thermal mass 
in Flesland 
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Figure 8.8.4 PV Production in Watt and in percent difference for building with low thermal mass in Flesland 

 

 

 

Figure 8.8.5 Exhaust temperature in degrees Celsius and in percent difference for building with low thermal 
mass in Flesland 

 

 

 

Figure 8.8.6 Operative temperature in degrees Celsius and in percent difference for building with low thermal 
mass in Flesland 
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8.9 Results for building with high thermal mass in Kirkenes  

 

 
Figure 8.9.1 Total heating in Watt and in percent difference for building with high thermal mass in Kirkenes 

 

Figure 8.9.2 Total cooling in Watt and in percent difference for building with high thermal mass in Kirkenes 

 

Figure 8.9.3 Total supplied electricity use in Watt and in percent difference for building with high thermal mass 
in Kirkenes 

 

 

Figure 8.9.4 PV Production in Watt and in percent difference for building with high thermal mass in Kirkenes 
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8.10  Results for building with low thermal mass in Kirkenes 

 

Figure 8.10. 1 Total heating in Watt and in percent difference for building with low thermal mass in Kirkenes 

 

Figure 8.10.2 Total cooling in Watt and in percent difference for building with low thermal mass in Kirkenes 

 

 

Figure 8.10.3 Total supplied electricity use in Watt and in percent difference for building with low thermal mass 
in Kirkenes 

 

Figure 8.10.4  PV Production in Watt and in percent difference for building with low thermal mass in Kirkenes 
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8.11 Results for building with high thermal mass in Kise 

 
Figure 8.11.1 Total heating in Watt and in percent difference for building with high thermal mass in Kise 

 

 

Figure 8.11.2 Cooling in Watt and in percent difference for building with high thermal mass in Kise 

 

 
Figure 8.11.3 PV Production in Watt and in percent difference for building with high thermal mass in Kise 

 

 
Figure 8.11.4 Total supplied electricity use in Watt and in percent difference for building with high thermal mass 
in Kise 
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8.12 Results for building with low thermal mass in Kise 

 
Figure 8.12.1 Total heating in Watt and in percent difference for building with low thermal mass in Kise 

 

Figure 8.12.2 Total cooling in Watt and in percent difference for building with low thermal mass in Kise 

 

Figure 8.12.3 Total supplied electricity use in Watt and in percent difference for building with low thermal mass 
in Kise 

 
Figure 8.12.4 PV Production in Watt and in percent difference for building with low thermal mass in Kise 
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8.13 Summary for climate data files 

 

Table 8.12.1 Arithmetic mean values for reference climate data file with 11 years raw data 

Location Type of 
thermal 
mass 

Heating 
demand [W] 

Cooling 
demand [W] 

Total 
supplied 
electricity 
use[W] 

PV 
Production 

[W] 

Blindern high 1200,58 758,80 -1584,96 -7670,86 

Blindern low 1212,96 759,06 -1530,64 -7671 

Flesland high 736,29 326,10 -605 -6396,69 

Flesland low 749,074 326,49 -541,44 -6396,78 

Kirkenes high 2716,25 186,73 357,87 -5580,35 

Kirkenes  low 2728,42 187,08 431,60 -5580,25 

Kise high 1607,5 516,42 -1765,01 -7704,47 

Kise  low 1618,45 515,97 -1710,52 -7770,4 

 

Table 8.13.2 Arithmetic mean values for EN-ISO 15927 

Location Type of 
thermal 
mass 

Heating 
demand [W] 

Cooling 
demand [W] 

Total 
supplied 
electricity 
use[W] 

PV 
Production 

[W] 

Blindern high 1286,93 864,06 -1877,73 -8030,5 

Blindern low 1301,9 683,49 -1828,96 -8031,34 

Flesland high 816,9 348,39 -558,89 -6407,5 

Flesland low 828,92 347,52 -487,10 -6402,08 

Kirkenes high 2537,41 212,49 375,52 -5604,7 

Kirkenes low 2550,7 212,56 431,4 -5606,5 

Kise high 1626,08 634,13 -1880,15 -7973,78 

Kise low 1636,63 633,83 -1828,25 -7973,07 
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Table 8.13.3 Arithmetic mean values for new one-year compact 

Location Type of 
thermal 
mass 

Heating 
demand [W] 

Cooling 
demand [W] 

Total 
supplied 
electricity 
use [W] 

PV 
Production 

[W] 

Blindern high 1158,93 880,58 -1493,81 -7633,59 

Blindern low 1172,11 878,93 -1443,15 -7633,72 

Flesland high 769,8 332,53 -497,24 -6312,27 

Flesland low 781,92 332,40 -433,96 -6313,43 

Kirkenes high 2652,3 201,10 468,65 -5521,56 

Kirkenes low 2663,92 200,09 520,31 -5524,88 

Kise high 1597,84 544,84 -1689,99 -7728,37 

Kise low 1607,52 545,26 -1632,99 -7725,94 

 

Table 8.13.4 24- hours mean difference in percent between reference climate data file and EN-ISO 15927-4 

Location Type of 
thermal 
mass 

Annual 

24- hours 

mean 

difference 

Heating 
demand 
% 

Cooling 
demand 
% 

Total 
supplied 
electricity 
use % 

PV 
Production 

% 

Blindern high max 8,57 -6,09 -0,03 0,01 

Blindern high min 0,00 0,00 -0,73 -0,68 

Blindern low max 8,91 -5,76 -0,02 0,01 

Blindern low min 0,00 0,00 -0,91 -0,66 

Flesland high max 9,74 2,41 -0,17 -0,03 

Flesland high min 0,00 0,00 1,36 0,43 

Flesland low max  10,13 2,46 -0,13 -0,03 

Flesland low min 0,00 0,00 1,29 0,43 

Kirkenes high max -2,70 0,84 0,02 0,00 

Kirkenes high min 0,00 0,00 1,22 2,69 
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Kirkenes low max -3,20 0,56 0,03 0,00 

Kirkenes low min 0,00 0,00 1,14 2,74 

Kise high max 7,80 -9,97 0,00 0,00 

Kise high min 0,00 0,00 -0,15 0,16 

Kise low max 7,90 -9,85 0,01 0,00 

Kise low min 0,00 0,00 -0,25 0,13 

 

Table 8.13.5 24- hours mean difference in percent between reference climate data file and new one-year compact 

Location Type of 
thermal 
mass 

Annual 

24- hours 

mean 

difference 

Heating 
demand 
% 

Cooling 
demand 
% 

Total 
supplied 
electricity 
% 

PV 
Production 

% 

Blindern high max -0,85 -5,33 0,23 -0,01 

Blindern high min 0,0 0,00 -0,17 1,06 

Blindern low max -0,50 -5,58 0,26 0,01 

Blindern low min 0,00 0,00 -0,32 1,10 

Flesland high max 5,23 -14,71 0,37 -0,02 

Flesland high min 0,00 0,00 0,74 0,24 

Flesland low max  6,34 -14,78 0,38 -0,02 

Flesland low min 0,00 0,00 0,83 0,24 

Kirkenes high max -8,26 -7,11 0,01 0,00 

Kirkenes high min 0,00 0,00 2,59 3,52 

Kirkenes low max -8,64 -7,16 0,01 0,00 

Kirkenes low min 0,00 0,00 2,92 3,56 

Kise high max -3,23 -12,30 0,01 -0,02 
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Kise high min 0,00 0,00 2,37 -0,64 

Kise low max -3,07 12,17 0,00 -0,02 

Kise low min 0,00 0,00 2,47 -0,75 

 

8.13.1 99,6000 percentiles for buildings with high and low thermal masses 

 

Table 8.13.1.1 99,6000 percentiles, which is equivalent to 35 hours per year for reference climate data file with 
11 years raw data 

Location Type of 
thermal 
mass 

Heating 
demand 
[W] 

Cooling 
demand 
[W] 

Total 
supplied 
electricity 
[W] 

PV 
Production 

[W] 

Exhaust 
temperature 

[°C] 

Operative 
temperature 

[°C] 

Blindern high 18311 24928 18522 -60837 24,014 25,17 

Blindern low 18382 25023 18525 -60871 24,015 25,41 

Flesland high 12495 19576 18187 -61758 24,01 25,13 

Flesland low 12594 19708 18237 -61757 24,01 25,38 

Kirkenes high 42097 16084 19980 -61283   

Kirkenes  low 42195 16087 19976 -61260   

Kise high 27084 22210 19976 -63551   

Kise  low 27234 22216 19070 -63538   
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Table 8.13.1.2 99,6000 percentiles, which is equivalent to 35 hours per year for EN-ISO 15927-4 

Location Type of 
thermal 
mass 

Heating 
demand 
[W] 

Cooling 
demand 
[W] 

Total 
supplied 
electricity 
use [W] 

PV 
Production 

[W] 

Exhaust 
temperature 

[°C] 

Operative 
temperature 

[°C] 

Blindern high 20216 25673 18604 -60660 24,014 25,14 

Blindern low 19920 25694 18537 -60669 24,014 25,37 

Flesland high 13817 20023 18128 -61995 24,009 25,079 

Flesland low 13960 19919 18114 -62010 24,010 25,34 

Kirkenes high 34487 19753 20012 -61579   

Kirkenes  low 34738 19787 20011 -61716   

Kise high 30390 21090 19195 -63775   

Kise  low 30153 21119 19277 -63775   

 

Table 8.13.1.3 99,6000 percentiles, which is equivalent to 35 hours per year for New one-year compact climate 
data file 

Location Type of 
thermal 
mass 

Heating 
demand 
[W] 

Cooling 
demand 
[W] 

Total 
supplied 
electricity 
use [W] 

PV 
Production 

[W] 

Exhaust 
temperature 

[°C] 

Operative 
temperature 

[°C] 

Blindern high 18544 27793 18883 -60943 24,014 25,14 

Blindern low 18499 27567 18761 -60925 24,016 25,4 

Flesland high 13817 18392 18288 -61851 24,01 25,17 

Flesland low 14025 18410 18390 -61897 24,012 25,44 

Kirkenes high 41055 17471 19937 -61022   

Kirkenes  low 41197 17450 19979 -61102   

Kise high 28624 20775 19200 -63336   

Kise  low 28757 20812 19236 -63265   
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8.13.2 99,943 percentiles for buildings with high and low thermal masses 

Table 8.13.2.1 99,9943 percentiles, which is equivalent to peak load for reference climate data file with 11 years 
raw data 

Location Type of 
thermal 
mass 

Heating 
demand 
[W] 

Cooling 
demand 
[W] 

Total 
supplied 
electricity 
use [W] 

PV 
Production 

[W] 

Exhaust 
temperature 

[°C] 

Operative 
temperature 

[°C] 

Blindern high 33011 38345 20096 -66253 24,49 25,36 

Blindern low 33239 38502 220173 -66208 24,32 25,65 

Flesland high 18266 35290 20029 -69340 24,16 25,36 

Flesland low 18304 35407 20041 -69326 24,56 25,70 

Kirkenes high 61043 34848 20404 -69193   

Kirkenes  low 61057 34805 20391 -68674   

Kise high 43585 36158 20222 -70587   

Kise  low 43976 36402 20213 -70814   

 

Table 8.13.2.2 99,9943 percentiles, which is equivalent to peak load for EN-ISO 15927-4 climate data file 

Location Type of 
thermal 
mass 

Heating 
demand 
[W] 

Cooling 
demand 
[W] 

Total 
supplied 
electricity 
use [W] 

PV 
Production 

[W] 

Exhaust 
temperature 

[°C] 

Operative 
temperatur
e 

[°C] 

Blindern high 36625 34739 24214 -67324 24,16 25,32 

Blindern low 36993 34749 23869 -67347 24,13 25,59 

Flesland high 20300 34260 19961 -69928 24,17 25,36 

Flesland low 20535 34197 19885 -69950 24,39 25,67 

Kirkenes high 63739 26816 20442 -68365   

Kirkenes  low 63359 27126 21001 -68287   

Kise high 57126 28514 20205 -69888   

Kise  low 57601 28825 20209 -69866   
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Table 8.13.2.3 99,9943 percentiles, which is equivalent to peak load for New one-year compact climate data file 

Locatio
n 

Type of 
therma
l mass 

Heating 
deman
d [W] 

Cooling 
deman
d [W] 

Total 
supplied 
electricity  

use[W] 

PV 
Production 

[W] 

Exhaust 
temperature 

[°C] 

Operative 
temperature 

[°C] 

Blindern high 27657 33901 22891 -66938 24,16 25,32 

Blindern low 27870 34151 22280 -66987 25,18 25,63 

Flesland high 19530 28260 20182 -67960 24,69 25,38 

Flesland low 19748 28262 20156 -67960 24,96 25,69 

Kirkenes high 60188 28662 20418 -70259   

Kirkenes  low 59949 28894 20447 -70910   

Kise high 42033 30716 20132 -73397   

Kise  low 42143 30659 20162 -73738   
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8.14 Standard deviation and peak for random years started with different weekdays 

 

 

 

 
Figure 8.14.1 Standard deviation and peak for total heating in Watt for building with high thermal mass in 
Blindern. New one-year compact climate data file 
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Figure 8.14.2 Standard deviation and peak for total heating in percent for building with high thermal mass in 
Blindern. New one-year compact climate data file 
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Figure 8.14.3 Standard deviation and peak for total cooling in Watt for building with high thermal mass in 
Blindern. New one-year compact climate data file 
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Figure 8.14..4 Standard deviation and peak for total cooling in percent for building with high thermal mass in 
Blindern. New one-year compact climate data file 
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Figure 8.14.5 Standard deviation and peak for total supplied electricity use in Watt for building with high 
thermal mass in Blindern. New one-year compact climate data file 
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Figure 8.14.6 Standard deviation and peak for total supplied electricity use in percent for building with high 
thermal mass in Blindern. New one-year compact climate data file 
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Figure 8.14.7 Standard deviation and peak for PV Production in Watt for building with high thermal mass in 
Blindern. New one-year compact climate data file 
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Figure 8.14.8 Standard deviation and peak for PV Production in percent for building with high thermal mass in 
Blindern. New one-year compact climate data file 
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Figure 8.14.9 Standard deviation and peak for exhaust temperature in degrees Celsius for building with high 
thermal mass in Blindern. New one-year compact climate data file 
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Figure 8.14.10 Standard deviation and peak for exhaust temperature in percent for building with high thermal 
mass in Blindern. New one-year compact climate data file 
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Figure 8.14.11 Standard deviation and peak for operative temperature in degrees Celsius for building with high 
thermal mass in Blindern. New one-year compact climate data file 
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Figure 8.14.12 Standard deviation and peak for operative temperature in percent for building with high 
thermal mass in Blindern. New one-year compact climate data file 
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8.15 Summary for results of testing one-year compact climate data file on building with 
high thermal mass in Blindern 

Table 8.15.1 Arithmetic mean values for years started with different weekdays and a reference climate data file 
with raw data 

Weekday Heating 
demand [W] 

Cooling 
demand [W] 

Total supplied 
electricity use 
[W] 

PV Production 

[W] 

Sunday 1175,31 795,75 -1540,62 -7632,5 

Monday 1206,29 776,54 -1538,45 -7611,31 

Tuesday 1219,83 791,33 -1564,31 -7633,64 

Wednesday 11,99,71 778,15 -1580,84 -7631,65 

Thursday 1186,85 826,28 -1536,54 -7632,4 

Friday 1153,78 880,05 -1495,54 -7632,98 

Saturday 1146,45 855,322 -1516,4 -7613,18 

Raw data  1200,58 758,80 -1584,96 -7670,86 

 

Table 8.15.2 99,6000 percentiles for years started with different weekdays for load and temperature, which is 
equivalent to 35 hours per year  

Weekday Heating 
demand 
[W] 

Cooling 
demand 
[W] 

Total 
supplied 
electricity  

use[W] 

PV 
Production 

[W] 

Exhaust 
temperature 

[°C] 

Operative 
temperature 

[°C] 

Sunday 17606 26322 18871 -61014 24,03 25,158 

Monday 19610 25176 18867 -52528 24,013 25,171 

Tuesday 19941 26527 18491,5 -61036 24,014 15,176 

Wednesday 19959 26731 18726 -60973 24,013 25,168 

Thursday 19621 26707 18784 -60995 24,014 25,157 

Friday 18544 27703 18812 -60925 24,014 24,143 

Saturday 17104 26798 18966 -60948 24,013 25,155 

Raw data  18311 24928 18522 -65242 24,015 25,415 
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Table 8.15.3 99,9943 percentiles, which is equivalent to peak load and highest temperature during a year for 
years started with different weekdays 

Weekday Heating 
demand 
[W] 

Cooling 
demand 
[W] 

Total 
supplied 
electricity 

use [W] 

PV 
Production 

[W] 

Exhaust 
temperature 

[°C] 

Operative 
temperature 

[°C] 

Sunday 30428 33950 20132 -66945 24,201 25,352 

Monday 30745 33784 20105 -66985 26,102 25,39 

Tuesday 30718 33718 23569 -66990 24,458 25,415 

Wednesday 30620 33687 23185 -66978 24,237 25,37 

Thursday 30754 33665 23023 -66945 24,12 25,309 

Friday 27567 33887 22844 -66938 24,163 25,323 

Saturday 25633 33984 22834 -66941 25,513 25,347 

Raw data  33011 38345 20096 -66253 24,32 25,652 

 

8.16 Results of comparing outside air temperature in Blindern, Flesland, Kirkenes and 
Kise 

 
Figure 8.16.1 The highest outside air temperature in summer and the lowest outside air temperature in winter 
in Blindern 

 

 
Figure 8.16.2 The highest outside air temperature in summer and the lowest outside air temperature in winter 
in Flesland 
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Figure 8.16.3 The highest outside air temperature in summer and the lowest outside air temperature in winter 
in Kirkenes 

 

 

Figure 8.16.4 The highest outside air temperature in summer and the lowest outside air temperature in winter 
in Kise 

 


