Evaluation of energy demand and energy use of an existing
single family building, with special emphasis on energy
efficiency of heat exchanger in ventilation

Daniel C. Axelsen

Thesis of 60 ECTS credits

Master of Science (M.Sc.) in Sustainable Energy
Science - Iceland School of Energy

April 2016






Evaluation of energy demand and energy use of an existing single
family building, with special emphasis on energy efficiency of
heat exchanger in ventilation

Thesis of 60 ECTS credits submitted to Iceland School of Energy at
Reykjavik University in partial fulfillment of
the requirements for the degree of

Master of Science (M.Sc.) in Sustainable Energy
Science - Iceland School of Energy

April 2016

Supervisors:

Bjorn Marteinsson,
Associate professor, University of Iceland
Engineer/architect, Innovation Center Iceland

Jonas P6r Snabjornsson,
Professor, Reykjavik University, Iceland

Examiner:

Guoni Ingi Palsson, MSc,
Civil Engineer at Mannvit Consulting Engineers



Copyright
Daniel C. Axelsen

April 2016

ii



Evaluation of energy demand and energy use of an existing
single family building, with special emphasis on energy
efficiency of heat exchanger in ventilation

Daniel C. Axelsen

Thesis of 60 ECTS credits submitted to the Iceland School of Energy at
Reykjavik University in partial fulfillment of
the requirements for the degree of

Master of Science (M.Sc.) in Sustainable Energy Science

May 2016

Student:

Daniel C. Axelsen

Supervisors:

Bjorn Marteinsson

Jonas bPor Snaebjornsson

Examiner:

Gudni Ingi Palsson

il



The undersigned hereby grants permission to the Reykjavik University Library to
reproduce single copies of this Thesis entitled Evaluation of energy demand and
energy use of an existing single family building, with special emphasis on energy
efficiency of heat exchanger in ventilation and to lend or sell such copies for private,
scholarly or scientific research purposes only.

The author reserves all other publication and other rights in association with the
copyright in the Thesis, and except as herein before provided, neither the Thesis nor any
substantial portion thereof may be printed or otherwise reproduced in any material form
whatsoever without the author’s prior written permission.

Daniel C. Axelsen
Master of Science

iv



Evaluation of energy demand and energy use of an existing
single family building, with special emphasis on energy
efficiency of heat exchanger in ventilation

Daniel C. Axelsen
April 2016

Abstract

Energy modelling of houses and other buildings helps the designers to determine the
energy performance of the building at an early stage. It furthermore gives the
advantage of altering the building’s design early in the planning phase to ensure that
it fulfils requirements of increasing energy demands. Energy models also serve as a
tool to predict the energy consumption and thereby energy cost of running the
building. Energy modelling is becoming widely used but there are many uncertain
parameters associated with any energy model that should be validated for accuracy.
In this study a house was equipped with measuring equipment to verify the results
from two different energy models, an excel model developed by Iceland Innovation
Center and a 3D-model from Autodesk Revit using Autodesk Green Building Studio
for Revit. It furthermore serves the purpose of testing the quality and usability of the
measuring equipment used.

The report is conducted with a non-engineering approach which serves the purpose
of considering the energy models and their complexity from a non-engineering angle.
This is important, with lawmakers dictating the use of energy calculations and
simulation to some extent within the architecture profession.
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Mat a orkuporf og orkunotkun i einbylishisi, med sérstaka
aherslu a orkunytingu varmaskiptis i lofraestikerfi

Daniel C. Axelsen
April 2016

Utdrattur

Orkulikon af hisum og 6drum mannvirkjum geta stutt honnudi vid mat 4 orkunytni 4
fyrstu stigum verkefna. Ad auki geta slik likon gert honnudum mogulegt ad gera
breytingar 4 fyrstu stigum framkvemdar med pad markmid ad uppfylla krofur
varQandi orkunytni. Einnig m4 nyta orkulikon til pess ad spa fyrir um orkuporf
bygginga og d=tla ut fra pvi rekstrarkostnad. Orkulikon eru nytt { auknum meli vid
byggingarframkvamdir en p6 eru enn dvissupettir sem varpa parf frekara 1j6si 4, og
par med auka dreidanleika. I pessu verkefni voru gogn frda malingum { hiisi borin
saman vid tvenns konar orkulikon, annars vegar Excel likan bpréad af
Nyskopunarmidstod Islands og hins vegar privitt likan tir Autodesk Revit, hermt med
Green Building Studio for Revit. Einnig pjonar pad peim tilgangi ad préfa gedi og
notagildi pess malitekis sem notad er.

I pessari ritgerd nalgast hofundur vidfangsefnid 4 almennan hétt. Almenn nélgun felur
i sér ad sneitt er hja floknum teknilegum atridum. Slik ndlgun 4 vidfangsefnid er
mikilvaeg svo ad sem breidastur hépur hafi gagn af nidurstédunum m.a. peir sem setja
16g og stjérna pvi ad hvada marki likanagerd og hermun likana getur nyst arkitektum
og 00ru fagfoélki
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Chapter 1 Introduction & background

This thesis comprises energy auditing of a recently built house in the town of
Eyrarbakki. The energy use of the building is estimated through modelling and
monitoring. The monitoring system is comprised of sensors installed both inside the
house and on the outside, monitoring both the indoor climate and key meteorological
parameters. The recorded data are intended to be used to verify the modelling results.

The thesis is part of a research project carried out by Innovation Center Iceland
(NM]) led by professor Bjorn Marteinsson (BM). The project initially started out as
an internship between NMI and Daniel Axelsen. The Internship comprised
augmentation of an energy model developed by BM on the project house. This
model will be referred to as the BM-Excel model and will be used as the main model
in this thesis.

The main objective of the research was to finalize augmentation of the energy model
developed by BM and to some extent compare the results of the model with real life
data collected from the house. The house was equipped with censoring equipment
as part of this thesis as well. It will also serve as a test of the chosen sensor types
and the equipment that comes with it. This test will show whether this type of
monitoring system should be used in the future and also the complexity of it both in
terms of installation and usage.

Within the scope of the objective is a benchmark to compare the BM-Excel model’s
results against an energy analysis using a commercially available energy modelling
software. A number of different models exist. For this thesis a simulation of the
project will be carried out in a 3D BIM model using Revit Architecture and Green
Building Studio developed by one of the leading companies in the industry,
Autodesk. This benchmark test serves both as a comparison for results but also to
determine the complexity and usability of this exact software package and its
importance when designing houses with 3D-models and BIM software.

The Revit energy model is assumed to be a more sophisticated model as it has more
possible input parameters that can be adjusted, depending on building type, usage
and location. I will be using the standard inputs on small dwellings defined by
Autodesk to compare the result with the BM-Excel model’s results.

The project house is equipped with a heat exchanger located in a ventilation system
in the house. The Energy models include an assumed efficiency of the heat
exchanger. In this thesis a heat transfer efficiency estimate will be carried out based
on the data collected by sensors installed in the ventilation ducts of the ventilation
system to see if the assumed efficiency corresponds to the calculated.



1.1 Thesis structure
Chapters 1 and 2 start with a general description on the matter of energy use in
buildings including a more specific view on energy use in buildings in Iceland.

After this introduction, chapter 3 describes energy models in general and their
purpose. This chapter includes an introduction and description of the basics on key
parameters for energy modelling — parameters that are used later in this thesis for the
two energy models. The chapter furthermore looks at possible inaccuracies due to
input assumptions or other factors regarding the usage of the house.

Chapter 4 is a presentation of the project house this entire thesis is based on. It
describes the house both in terms of location and construction. The installed heat
exchanger in ventilation is also described here. The chapter furthermore looks into
the legislation on energy through the Icelandic building regulations. At the end of the
chapter the energy loss through the building envelope is evaluated.

Chapter 5 is a description of the two energy models used in this thesis. This chapter
also presents the results of the models. Chapter 5 furthermore looks into a method
using probability analysis on the result of the BM-model to correct for uncertainties
within the model.

The chapter starts with a description of the main model; the BM-Excel model and its
results. Then the probability analysis is applied and its result presented.

Next, the Autodesk Revit and Green Building Studio model is described and its
results presented.

Chapter 6 focuses on the monitoring systems installed in the project house. Here the
physical equipment and its placement are described. The chapter furthermore looks
at how the data is collected from the monitoring systems. At the end of the chapter
the challenges and problems that occurred throughout this installation and monitoring
period are discussed.

Chapter 7 is a presentation of the acquired data collected by the monitoring systems.
The data in this chapter is presented through figures based on collected data.

Chapter 8 is the part that compares the results of the acquired data as well as the result
from the modelling. The comparisons are carried out to the extent possible based on
the acquired data.

Chapter 9 sums up the discussions and draws conclusions on the results of the
research.



Chapter 2 Energy use in buildings

Historically, the energy use in buildings has changed. Before the 1970s the focus on
energy use in buildings wasn't of big concern. With the oil crisis in the 1970s and
1980s energy consumption suddenly became a topic concerning most people. With
America’s support of Israel in its war against Egypt, Arabic oil producing countries
decided to boycott the west and especially America. The boycott caused the price of
1 barrel of crude oil to rise by 400% in 1974 [1].

Back then, private oil burners were widely used and many power plants were running
on oil as well. This meant that the incentive for lowering energy consumption in
buildings became important.

Throughout the last 30 years the focus on improving insulation and optimizing energy
use in buildings has resulted in a great reduction in energy consumption in terms of
heating energy for buildings. In recent years the incentive has changed towards a
focus on the emission of greenhouse gasses in order to minimize global warming and
provide a sustainable environment [2].

Rising temperatures caused by global warming may contribute to changes in the way
energy is consumed in buildings. In areas were heating used to be the main demand,
the demand for cooling is now growing [2]. If this global phenomena is to continue it
is important to adjust to this change and make provision for the cooling demand in
buildings so that the design can adapt to users’ requirements.

Another focus area affecting the energy consumption in buildings comes from the
demand of creating a good indoor climate. A good indoor climate helps the users of
a building to maintain good health. With new buildings becoming almost hermetically
airtight, the need for good ventilation systems is increasing. This is due to the need
for fresh air as well as the increased risk of fungus growth caused by the high moisture
content of the air within airtight buildings. In order to meet the increased demand for
a good indoor climate with a minimal use of energy, there is a need for a smart
solution in implementing a ventilation system, especially in small dwellings.

With today’s regulation requirements for increased insulation and airtightness of
buildings, the primary energy consumption generally has shifted towards a decreasing
heating usage. The energy consumption from electrical appliances, however, is
following an increasing trend. This change in energy consumption is not only
explained by changes in the design of buildings. It is also the result of a change in the
way we live. Today most people in the western world have a multitude of appliances
and other electrical equipment, such as dishwashers, dryers, PCs, tablets, TVs, cell
phones etc., all of which contribute to an increased electrical energy consumption. In
fact, according to a Danish study conducted by Statens Byggeforskningsinstitut,
(SBI), about 70% of the total energy consumption in buildings in Denmark in 2008
was electrical consumption [2].



In order to be able to minimize the energy usage of a building cost-effectively, a
strategy must be implemented at the design stage. Here, the focus must be on both the
heating, ventilation and air conditioning systems (HVAC), as well as the building
envelope (external walls, ground floor slab, windows/doors and roof). The building
envelope comprises elements such as the type of insulation and thicknesses as well
as types, areas and placement of glazed areas. In fact a 50-75% reduction in energy
consumption compared to buildings designed in 2000 is achievable if a clever design
is carried out [3].

The changed energy profile dictates a change in paradigm in terms of where the
energy is used and thereby not only focuses on the energy in terms of heating, as the
main energy consumption no longer comes from there. The focus on energy efficient
buildings should maintain but adapt accordingly to how the energy is used. One
example of a good energy efficiency standard is the German passive house standard
[4]. The requirements for a building built according to the German standard are as
follows:

“l1.The Space Heating Energy Demand is not to exceed 15 kWh per square meter of
net living space (treated floor area) per year or 10 W per square meter peak demand.

In climates where active cooling is needed, the Space Cooling Energy Demand
requirement roughly matches the heat demand requirements above, with a slight
additional allowance for dehumidification.

2. The Primary Energy Demand, the total energy to be used for all domestic
applications (heating, hot water and domestic electricity) must not exceed 120 kWh
per square meter of treated floor area per year.

3. In terms of Airtightness, a maximum of 0.6 air changes per hour at 50 Pascals
pressure (ACH50), as verified with an onsite pressure test (in both pressurized and
depressurized states).

4. Thermal comfort must be met for all living areas during winter as well as in
summer, with not more than 10 % of the hours in a given year over 25 °C. For a
complete overview of general quality requirements (soft criteria) see Passipedial[5].

All of the above criteria are achieved through intelligent design and implementation
of the 5 Passive House principles: thermal bridge free design, superior windows,
ventilation with heat recovery, quality insulation and airtight construction.”

As quoted above, the standard focuses on decreasing a building’s energy usage in
terms of heating but completely leaves out the electrical consumption. In order for a
standard like this to work and keep its importance, it must be adapted according to
today’s energy profile.



2.1 - Energy use in buildings in Iceland

Iceland is a country enjoying the benefits of having vast amounts of energy running
right under its feet due to the country’s geographical location. The country is situated
right above the mid-Atlantic ridge, which connects the European and North American
tectonic plates. The ridge between the two plates is a divergent plate margin, meaning
that the two lithospheric plates are moving apart causing a rift through Iceland. This
process creates movement in the underlying asthenosphere allowing magma to rise
up and out through the lithosphere. This process produces the great geothermal energy
that Iceland is experiencing [6].

Iceland utilizes its geothermal energy in the form of geothermal power, and in fact
about 90% of Iceland’s hot water, both in terms of space heating and tap water, comes
from geothermal energy provided by the world’s largest geothermal district heating
system [7]. The development of the use of geothermal energy for space heating
between 1970 and 2013 is shown in figure 2.1. Iceland does not only benefit from its
geothermal resources; hydropower also plays a substantial role in Iceland. In fact,
72% of Iceland’s electricity production in 2014 came from hydropower[8]. Of the
remaining electricity generation, 25% came from geothermal electricity generation[9]
and the rest from wind turbines and imported fuels (petroleum derived) [10].
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Figure 2.1 - Source of energy for space heating in Iceland the past 43 years [11]

The geothermal energy is a sustainable energy source and Icelanders benefit from this
by achieving low space heating and hot water prices. Icelanders living in the greater
Reykjavik area pay about 3,2 ISK pr. kWh [12] (number from 2013) and Icelanders
living in areas with more expensive geothermal district heating pay about 4,8 ISK pr.
kWh [12]. This is substantially less than neighbouring Scandinavian countries like
Denmark pay. In Denmark the price of hot water is about 13,8 ISK pr. kWh [13] for
district heating (water carried, not steam. 2013 prices).



As mentioned in the previous chapter, factors such as rising energy prices and
emission of greenhouse gasses are the main global reasons for reducing energy
consumption. The main incentive for Iceland to lower its energy consumption is the
price of energy and, more precisely, the price of energy in areas where energy prices
are higher. These areas are categorized as geothermally cold areas. Some towns and
many rural farms in Iceland are in fact not even connected to a central heating grid
and are therefore 100% reliable on electricity for heating. People living in these areas
have to pay close to 8 ISK pr. KWh (2013 prices) as illustrated in figure 2.2.

This is where the real incentive for saving energy kicks in. It is furthermore not only
a great incentive for the people living in these areas but also for the state, as electricity
prices for space heating are subsidized with around 4 to 5 ISK per. kWh by the
government [12].

Low-priced geothermal
district heating
Reykjavik geothermal
district heating

B Consumer price

M State subsidization
Expensive geothermal

district heating
District heating,
electnc boilers

Direct electncal heating,
urban areas

Direct electrical heating,
rural areas

Gasoline heatin
- ISK/
+ T T al r T T v T v Y kWh

Figure 2.2 — Energy prices compared for residential heating in 2013[12]

Icelanders have the possibility of receiving subsidies from the government if they
fulfil one or more of the following three points according to Icelandic legislation [14]:

1. ”Nidurgreidslu kostnadar vid hitun ibiidarhiisneedis hjd peim sem ekki eiga
kost d fullri hitun med jarovarma.

2. Greidslu styrkja vegna stofnunar nyrra hitaveitna og yfirtoku starfandi einka-
leyfishitaveitna d einkahitaveitum.

3. Greidslu styrkja vegna umhverfisvennar orkudflunar og/eda adgerda sem
leioa til beettrar orkunytingar vio hiishitun.”

Number 1 states the possibility of amortisation of heating expenses when a house is
not fully heated with geothermal energy. This only applies for permanent residents,
and houses with full-time occupancy.

Number 2 states the possibility of receiving payment of subsidies for establishing
new, or taking over existing, private central heating companies.
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Number 3 states the possibility of receiving payment of subsidies for using what is
considered green electricity for heating or by establishing energy efficient heating in
your house.

The subsidies described above are split in to two different categories; feed-in tariffs
and up-front tariffs: The subsidised amount depends on where in the country a person
is situated. There is one rate for rural areas and one for urban areas. In urban areas the
possibility of subsidies as a feed-in tariff are 3,93 ISK/kWh of electric consumption
for space heating up to 40.000kWh per year [14]. In rural areas the subsidies are
somewhat higher and the possible subsidy here is 5,31 ISK/kWh of electric
consumption for space heating of up to 70.000kWh per building per year [14].
These subsidies can also be received as an upfront tariff for establishing or changing
to an energy efficient heating system; for example, if one were to install an air-
air/ground-air heat pump or a heat exchanger in his/her house. The user would then
receive an upfront subsidy scaled according to average annual energy use in kWh,
instead of receiving annual subsidies. This upfront subsidy can equate to a maximum
annual energy use of 40.000kWh for urban areas and 70.000 for rural areas. The
maximum upfront subsidy possible in urban areas equates to 8 years multiplied by
the average electricity usage for space heating up to 40.000kWh per year [11]. The
user then does not receive any subsidies in the first 8 years after receiving this upfront
subsidy and is obligated to pay the full price per kWh of electricity used for space
heating in that period of time.






Chapter 3 Energy modelling background

3.1 The purpose of energy modelling

The previous chapters discuss the energy use within buildings as well as the
importance of implementing the correct solutions at an early stage of the design phase
when planning a new house. An efficient way to do this in terms of energy use and
losses is to run an energy model on the proposed project.

Energy modelling consists of an analysis of the building design in terms of its
predicted energy use for the respective location. The results can be used to make
changes at an early stage of the design to optimize and fulfil requirements set by
building authorities and the building owner regarding energy use and indoor climate.
There are a number of different energy models available on the market, which require
different levels of details regarding the building information. The more information
needed the more assumptions and possible errors are present. Each individual model
therefore can provide a different result but it cannot be said that one is necessarily
more accurate than another as there are no known models that give a precise result.
This is important to bear in mind when working with these kinds of models.

Energy models can be created based on complicated 3D models equipped with
detailed information on all building parts as well as location and climate data for the
given area. The information provided is then processed in a simulation providing a
variety of results. The results can be useful for the designer/planner to make sure that
the energy losses and overall energy consumption are within the limits set by local
building regulations. The results can furthermore be useful for the building’s owner
or end user, as they can provide guideline information on the building’s monthly or
annual energy consumption, indicating the costs of running the building. This is
especially useful for larger commercial buildings where either private investors or
municipalities have to budget for the energy costs. It also a useful tool to benchmark
different options against each other in order to pick the most beneficial solution. By
benchmarking different options, the owner also gets more clarity on the investment,
as the capital expenses might not be as important as the lifecycle costs. In this case,
the owner might choose a more expensive system in terms of installation costs if the
running costs are less and therefore provide a cheaper and more trouble-free solution
over a life cycle of, for example, 10, 20 or 30 years. Furthermore, the results can be
used to clarify CO2 emissions, an issue that larger commercial buildings especially
commonly focus on.

Simpler energy models can also be created using programs such as Excel, MATLAB
etc. Here, the information on building parts is described and used together with other
parameters such as climate data, sun radiation, ventilation systems (if present),
number of habitants, tap water etc. The precision of the end result very much depends
on the precision of the parameters included and these parameters are all much affected
by the number of inhabitants, which is extremely difficult to account for.



It is important to consider energy modelling as a guideline and not as an exact
predictor, as many parameters can influence the result. The key parameters used in
energy modelling are described in the following sections.

Energy modelling is an important tool in preliminary planning when designing a
building. It is, however, important to mention that the focus in energy modelling
should be adapted to include a stronger focus on electricity use due to the changed
energy profile in dwellings. It is a difficult procedure as it can be difficult to predict
users’ electricity use as well as the number and type of electrical appliances. Also,
such information is likely to vary between countries. The difference in energy prices
could, for example, affect the behaviour of the user and the way in which he or she
thinks about turning off appliances, as well as the incentive to buy energy efficient
appliances. A way to deal with this could be by adding assumptions in the model
based on country or regional data concerning typical electricity use per user.

3.2 Key parameters in energy modelling

When working with an energy model, a number of parameters must be defined, or to
some extent assumed, in order to get a reliable result. These parameters vary in terms
of detailing from the complexity level of the used energy model. The following
parameters must however be defined to some extent in order to obtain a useful
result[15]. The key parameters are:

¢ Building type

¢ Building location

e Weather data

¢ Internal temperature
o Usage type

e Number of occupants
¢ Installations

¢ Internal heat gain

e Other electric usage
e (old bridges

¢ Infiltration

® Ventilation losses

e Heat transfer and the building envelope

3.2.1 Building type and location

The type of building must be defined; is it a one-storey single family house, an
apartment building or perhaps a school or hospital? This is especially important when
using complex models with predefined data inputs depending on building types.
Where the building is geographically located and what directions the facades face
must also be determined. The presence of any significant shading must also be
determined. This can be from trees, mountains, roof overhangs or other objects
blocking the incoming solar and sky radiance.
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3.2.2 Weather data

Based on the previous point, this defines the mean temperatures, solar and sky
radiation humidity and wind velocity. Typically, monthly mean values from a
reference year are utilized in simpler models like the BM-Excel model, whereas more
complex models can utilize forecasts based on historic weather data for dating many
years back. Others use data recorded in given years and the model calculates for that
chosen year.

Once again, depending on the complexity of the used model, the mean temperature
values can simply be the average temperature, also known as dry bulb temperature,
during each month based on the previous year. They can, however, also be a
combination of dry bulb and wet bulb temperatures.

The dry bulb temperature is the ambient air temperature, which means the
temperature measured by a thermometer.

The wet bulb temperature is the adiabatic saturation temperature. When adiabatic
evaporation of water and the cooling effect of it is measured, it is called the wet bulb
temperature. The wet bulb temperature is always lower than the dry bulb temperature
and above the dew point temperature where the moisture in the air condensates. The
differences between wet and dry bulb temperatures are defined by the humidity of the
air present.

The sun and sky radiation has a significant importance to the overall result. It is
energy that is received primarily through glazed areas and it accounts for a large
amount of energy. It is energy that is not consumed in a traditional way, but simply
is present, and it therefore accounts on the positive side of the energy calculation as
it can be subtracted from the primary energy consumption.

Wind velocity is also a parameter within the weather data parameter that should be
considered. The wind velocity affects the infiltration of outside air into the building
and affects the air change losses in the house.

3.2.3 Internal temperature

The internal temperature has a great effect on the energy performance of a building.
Simpler energy models, like, for instance the BM-Excel model, which work with one
parameter concerning the indoor temperatures, simplify the actual 24-hour heating
profile. This is typically assumed to be to 21°C. This temperature is an average
temperature of the assumed 24-hour heating profile of the house. More complicated
models define a set point temperature for both heating and cooling (if present).

The set point for heating ensures that the internal temperature never goes below this
value, while the set point for cooling will not be exceeded. The internal temperature
can fluctuate between these set points. The set points are commonly set at 20°C for
heating and 26°C for cooling. These model types typically also let the user define
zones within the building where set points can differ.
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In Denmark rooms heated between 5°C and 15°C can be left out of the energy
calculation. If the room is chosen to be left out, all energy from light, ventilation and
heating is left out of the calculation. If, however, the room is chosen to be included,
it must be calculated as having a temperature of 20°C[15]. In the Icelandic building
regulations there are no definitions regarding energy modelling. The definition only
describes the maximum U-values for the building envelope encompassing rooms
heated from 10°C to 18°C and 18°C and above. These temperature ranges vary from
country to country with the respective building regulations. The heated floor area also
differs, being either gross or net area depending on the country’s definition.

3.2.4 Usage type and number of occupants

This parameter defines how many people use the building and for how many hours a
day/week/month. It also defines for what purpose the building is used. The parameter
influences the amount of hot water, electricity and heating, and how they are used. It
is also the most difficult parameter to define as it often varies even within short
timelines.

3.2.5 Installations

This includes the energy spend on hot water, electricity, mechanical ventilation and
heat exchangers, if present. Installations are very much connected to the usage type
and number of users, and there are big uncertainties among the parameters of this
category.

3.2.6 Internal heat gain

This is the heat energy received from warm bodies (people) and excess heat from
electrical appliances. This parameter is closely connected to the usage type and
number of occupants, and is therefore very difficult to determine precisely. In
Denmark there is a standard definition which stipulates using 4 W/m? for people and
6 W/m? for appliances[15]. The actual usage, however, is expected to deviate much
from this standard definition.

3.2.7 Other electric usage

This includes external lighting and heating. This parameter depends on the building
regulations but is normally not a part of an energy calculation. However, it is good to
be aware of the fact that it is present.

3.2.8 Cold bridges

This refers to areas where materials with high thermal conductivity penetrate the
building envelope through the insulation material. This can be, for example, a
concrete balcony attached to the loadbearing inner wall or floor.

3.2.9 Infiltration
This parameter deals with the airtightness of the building envelope. The infiltration
is defined by Danish standards from the following:
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Table 3.1 - Calculation principle for infiltration[15]

Infiltration, qinf (1/s/m?)
Within usage time 0,06 x g50 + 0,04
Outside usage time 0,06 x g50

Here, q50 is the airflow through the building in 1/s/m? measured at 50 Pa pressure
difference in both under and over pressure. The factor used to translate the building
envelope’s air leakage at a pressure difference of 50 Pa when performing a
blowerdoor test is taken as 0,06. In realistic conditions the infiltration will vary
depending on the amount of wind blowing at the different surfaces of the building.
The value of 0,06 is defined by SBI to match a typical Danish dwelling with no
ventilation channels. The location is in an open landscape surrounded by other houses
and vegetation half the height of the calculated house. The house is situated in a
typical Danish climate with wind speeds of 4,5m/s and external dry bulb temperatures
of 1,5°C[15].

The 0,06 factor must be considered when using in other climates, such as the Icelandic,
with wind speeds, landscape and temperatures being quite different.

Icelandic building regulations describe a maximum infiltration of 3m*/m? per hour.

3.2.10 Ventilation losses

Ventilation losses covers energy losses through both natural and mechanical
ventilation.

In general, ventilation losses are calculated by the definition in DS418:2011
Beregning af bygningers varmetab. The following is a translation, the original Danish
text can be found in appendix 16.

®,=pcq(6;,—6,)

“Where:

@, ventilation loss in W

p, the air density in kg/m’

C, specific heat in J/kg K

Q, airstream from external air added to the room in m’/s
0,, dimensioned internal temp in C

0., dimensioned external temp in C

At 20 C and 1013mbar is ¢ = 1005 J/kg K, and p = 1,205 kg/m’ (dry air)
For normal rooms the difference in air temperature and internal temperature
is not accounted for[16].”

Losses through natural ventilation covers leaks in joints around windows and doors
located in outer walls or the roof. The calculation of natural ventilation is defined in
DS418:2011 by the following:
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“Here the airstream q is calculated from the amount of outside air in l/s per
heated floor area in m?. The calculation looks as the following.

9, ~
q)v = pCmA (el - ee) ~ 1’2] qA (el - ee)

qa is the amount of outside air in l/s
A is the heated floor area in m?

For qathe value 0,3 I/s per m? is used for rooms like living rooms, toilets and
kitchens. For larger rooms like storages etc. the value used is lower and

typically 0,18 I/s per m? is used.

These values are difficult to verify and therefore carry great uncertainty. If it
is expected that the air leaks are greater and thereby causing an air stream
higher than 0,3 I/s per m? then the loss instead can be calculated by knowing
the length of all joints around the calculated room, the air penetration of that
room and the location of the building. The airtightness on joining elements in
windows and doors are typically specified by the manufacture. If not however
the definition suggests 0,5 - 10-3 m3/s per joint between fixed frame and
opening mullions at a normal location and 0,8 - 10-3 m3/s in exposed location
— meaning by the sea or other open and windy areas[16].”

For mechanical ventilation systems, such as the heat exchanger present in the
calculated house in this thesis, the ventilation losses are calculated differently.

Here the energy loss calculations are based on the specifications of the system and it
is accounted for that infiltration through ventilation ducts are present. The infiltration
and exfiltration through the system pipes are affected by external conditions such as
wind velocity and temperature. The calculation differs depending on the type of
system. For a ventilation system with a heat exchanger like the one present in this
project, it is defined by the following:

"®,=pc(q;+q3)(O; —6,)—pc q; (6,—6,)

Where:

ql, airstream from outside through system in m*/s

q2, exhaust air in m’/s

q3, airstream of exfiltration in m’/s

g4, airstream of infiltration in m*/s

p, the air density in kg/m’

¢, specific heat in J/kg K

©;, dimensioned internal temp in C

0., dimensioned external temp in C

O,, external air temperature after heat exchanger unit in C

The same air conditions for q is a requirement e.g. 20°C and 1013mbar and
that p is in the same condition. Furthermore the temperature increase ©; —
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O, through the system must only come from the heat exchanger. ©, is defined
by the data on the heat exchanger unit.

q1 and q2is determined under normal operation. Normally q1 is slightly lower
than q2. qs3 is determined with consideration to the airtightness of the building,
usage and location. In buildings where the airtightness of the building
envelope is examined under pressure test with 50Pa (qso) exfiltration is within
usage time is determined by 0,04 + 0,06 - gso l/s m*. Outside normal usage
time exfiltration is determined as 0,06 - gso l/s m°.

The ventilation loss can be covered by additional heat from air treatment
components, like heat exchangers such as radiators in rooms where external
air is added.

ul ak
()c q, q,
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Figure 3.1 — schematic explanation of mechanical ventilation loss calculation[16]

A schematic explanation of the calculation is illustrated in figure 3.1. The
large square represents the area that is calculated, this can include more than
1 room.”

3.2.11 Heat transfer and the building envelope

With temperature differences comes heat transfer. The greater the temperature
difference is, the faster the heat transfer through the building envelope becomes. Heat
is always transported from the warmer area towards the colder area, meaning from
the inside towards the outside on most days of the year in Iceland. Other countries
with warmer climates do experience heat transfer from the outside in. As long as there
is a temperature difference, heat is transferred. When temperatures become the same
in both areas, heat transfer stops and thermal equilibrium is achieved[17].

Other factors influencing the heat transport through the building’s envelope are the
thermal resistance (R-value) to heat transport. The thermal resistance of a material
located between the hot and cold area dictates the speed of the heat transport and
thereby the heat loss as defined over time.
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Heat transport is heat energy and is present as three different types; radiation,
conduction and convection.

Radiation is present through electromagnetic waves coming from hot surfaces, like
the sun for instance.

Conduction heat transport is transferred by direct contact from the molecules of a
warm surface to the molecules of a cold surface. It can also happen when a liquid or
gas flows and transports the heat of the source media with its flow.

In convection heat transport, molecules in the air colder than any surface absorb the
heat. The molecules then expand and rise, taking the heat energy away from the
surface. This is the process used by a radiator or convector, which the name also
describes.

Thermal conductivity (A—value) and thermal resistance (R-value) are the properties
of a material defining its heat conducting capabilities. It is also from these two values
that the thermal transmittance (U-value) is calculated. The U-value is the used value
in energy models concerning energy losses through the building envelope. The three
values are defined as follows:

A —value The symbol lambda (L) in energy terms describes the thermal conductivity
of a material. The unit is in either W/mK or mW/mK. The lambda value describes the
amount of heat energy with a temperature difference of 1°C on each side, that can
pass through 1m? of 1m thick material[18].

The thermal conductivity, A, is a parameter describing the thermal characteristics of
the material. A material with low thermal conductivity has good insulation qualities.
The lambda value is essential in estimating the thermal resistance of each material
layer (R-value), as well as the thermal transmittance of a whole building element (U-
value).

The lambda value is either specified as a declared value or design value. The declared
value is the value given by the manufacture. This value is based on measurements
carried out in a lab with specific temperatures and moisture content.

The design value is the value that is to be used for calculating the U-value. The idea
with the design value is to consider the variability in the lab measurements to the
actual variability in the real construction. The difference in the design and declared
values comes when average temperature and moisture content differ from each other.
It has, however, proven not to be as important as originally thought and it is therefore
only relevant for the slab where the declared value must be multiplied by a factor 1,2.
In the rest of the building, the design value and declared value are now considered to
be equal [18].

R-value is a measurement of a material’s thermal resistance. It is an indicator for a
material’s resistance to conductive heat transport. The R-value is specified through
the unit m?K/W. It describes the heat resistance through 1 m? of material [18]. The
R-value can be calculated when the A-value is specified with the following formula:
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R = material thickness in meter / A (D)

Table 3.2 depicts thermal resistance of different materials. As shown, metals typically
have a very low thermal resistance as they transfer heat quickly and efficiently. Wood,
on the other hand, has a moderately high thermal resistance.

Table 3.2 — Thermal resistance of certain materials[17]

Material Thermal Resistance

Metals Very low

Masonry Moderately low

Wood Moderately high

Glass Low

Air Best resistor commonly found in buildings

U-value is the thermal transmittance of a whole building element. The unit is W/m?K.
The U-value describes the overall amount of heat energy when the temperature
difference is 1°C on each side of the element that is transferred through 1 m? in 1 hour
[18]. The U-value is calculated by the following formula:

U=1/2R 2)

This is the reciprocal value of the sum of thermal resistance (R-value). This formula,
however, doesn't account for other factors than the materials in an element. In order
to account for other factors, AU must be added into the equation. These factors can
be inconsistency in insulation and therefore air cavities (AUg), mechanical fixing
(AUr), which can be long screws for fixing insulation to the loadbearing element, e.g.
a concrete wall, and reversed roofs (AUr), where rainwater is running between the
insulation layer and the waterproof membrane of the roof.

AU = AUg+ (AUr) + (AUy). 3)

How to calculate AU, AUt and AU is described in Danish standard DS418:2011 —
Beregning af bygningers varmetab. An example of such a calculation can be found in
section 4.4.1.

Temperature differences and heat flow also affect the flow of humidity and water
vapour in the air. Humidity and water vapour is present in air at all times; the
difference is the amount of water vapour present at a given time. Warm air contains
more water vapour than cold air, and warm air can also hold more water vapour than
cold air.

Air has a maximum amount of water that it can contain; the amount of water vapour
is typically below that level. At those times when the maximum possible water vapour
in the air is reached, condensation begins. The condensation process is present on
either cooler surfaces as water, or in the air as fog and rain.

The expression relative humidity refers to the amount of water vapour present in the
air divided by the maximum possible amount of water vapour in air at a certain
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temperature. This means that at a relative humidity of 50%, the air contains half of
the maximum possible vapour at the given temperature.

When the air temperature goes low enough it reaches the dew point. The dew point is
when the relative humidity is 100%. When the air cools below the dew point, the
water vapour condenses by changing from a gas into solid water droplets. The water
vapour, however, only condenses until 100% relative humidity is maintained. The
remaining water vapour remains in a gaseous state in the air[17]. The most optimal
internal relative humidity for humans is considered to be within a 20-50% range. With
higher relative humidity, sweat cannot evaporate off the skin, and it becomes more
difficult to cool off. This often occurs during summer time when the warmer air
contains more water vapour, which means higher relative humidity.

A family of four produces about 11kg of water vapour per day[17]. This is emitted
both from breathing and sweating, as well as cooking and washing. With houses
becoming more and more airtight this is a significant add on to the relative humidity
inside the house and can cause extra condensation, especially around colder surfaces
such as glazed areas. This condensation can eventually lead to moulding if not treated.
The moisture, however, doesn’t only show in visible areas of the building. It also
becomes present within the building envelope. As moisture content in the air rises
inside the house, a vapour pressure in the air is created. This makes the water vapour
expand into areas where the vapour pressure is lower — for instance, inside the
building envelope.

The external walls in a house experience hot, moist air on the internal side and cold,
drier air on the external side (Icelandic climate). This makes the water vapour migrate
through the wall from the moist internal side towards the drier external side. The
humidity thereby follows the heat flow through the building envelope.

With most materials having only some or moderate resistance to water vapour, it can
easily migrate into the building envelope if not prevented. The big problem with this
is when the temperature reaches below the dew point and water condensation within
the building envelope occurs. The condensation creates a lowering of the vapour
pressure within the building element and, as a result, more moisture is pushed in from
the warmer side. The inside of the building element then becomes more and wet over
time.
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A wet inside of a building element can cause a number of issues. The insulating
material, such as Rockwool, collapses and sink together and loses its insulating
capability. A higher heat flow will then be present, resulting in a higher heat loss. If
the building element, e.g. a wall, is built of wooden studs, these will become wet and
rot over time. If steel studs or other mechanical fixings

Cooling
air
releases
water

vapor

are present, these can corrode over time, despite non-
corrosive treatment. Furthermore, a wet and moist
environment close to the warm side is a breeding ground
for fungus. This is a serious health concern both for
people and animals and if not found in time can lead to
hospitalisation and lung and respiratory diseases[17]. In
order to prevent the travel of moisture into the building
envelope, a vapour barrier must be installed when
building the house. This is typically in the form of a thin
plastic foil.

It is extremely important that the vapour barrier is
located on the warm side of the building element to
prevent the moisture from reaching cooled air and
creating condensation within the building element.
Figure 3.2 illustrates an external wall and the effects of
water vapour in air with and without a vapour barrier.
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Figure 3.2 — External
wall with and without a
vapour barrier[16]

3.3 Inaccuracies in energy modelling

As mentioned, energy modelling should be used as a guideline tool as many input
parameters are based on assumptions. These assumptions are based on previously
gathered data and can therefore be inconsistent. It is always important to be critical
of the data used in a model in order to get the most realistic result possible.

Climate data is one assumption in a model that can cause inconsistencies. Climate
data used in energy models are, as mentioned earlier in this chapter, based on a
reference year or historic weather data over a number of years. These data can vary a
lot from year to year and therefore can create inconsistencies; for example, if the
assumed data is from a year with either an extremely harsh winter or a very warm and
long summer. The temperatures and the incoming solar radiance will be showing a
result with either bigger heat losses or less energy used for heating, and are therefore
not a reflection of the actual energy profile of the house.

The uncertainty in these factors makes it difficult to estimate the free energy use, also
called effective energy use, which is the energy consumption from sources other than
traditional use, like hot water.

Another important assumption which affects a number of parameters in an energy
model is the behaviour of the users in the building that is being modelled. For instance,
if looking at a small dwelling like the one in this report, it is very important to know
how the house is used. During night time, some users prefer lower temperatures than
others; complicated models account for this with precision whereas simpler models
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do not. It is however very much up to the user of the more complicated energy model
to get these values defined to reflect reality. If the house is equipped with
programmable thermostats, it can make sense to have the house run with lower energy
consumption during night. Some users might prefer 25°C or even 19°C. The internal
temperature assumption is therefore indeed linked to the users and can result in a
substantial variance from the model.

The user also determines whether the building is empty for longer periods. This could
be due to holidays or perhaps the building simply not being used as a primary
residence and therefore left empty for long periods of the year. In that case, an
assumption of 21°C could be inappropriate and be quite different from the actual
average temperature.

Fluctuations in temperature are also very much affected by the amount of natural
ventilation a user requires. If windows and doors are kept open for shorter periods at
several times of day, the internal temperature will change during these intervals.
However, houses with mechanical ventilation systems might not suffer from these
fluctuations in temperature, as natural ventilation is not needed. Mechanical
ventilation does, on the other hand, have some electric energy consumption through
its electric motors.

The determination of the U-values also contributes to the uncertainty of the model.
Theoretical U-values can differ a lot from how a building part is actually built in-situ;
for instance, if the insulation is pressed together during installation or does not fill out
the entire cavity etc.

The A-value of the insulating material used is in some cases not detailed in the design
specifications or the contractor simply does not pay attention to this value when
purchasing the materials. This can lead to higher or lower thermal conductivity than
assumed when calculating the U-values.

Determining U-values for windows can be quite difficult, as windows do not only
consist of one value, i.e. the glass U-value, but several other parameters that depend
on the type of window. These are, for instance, line losses between frames and
adjacent building parts, frame material and its width and depth. In addition, if the
window 1is divided into several pieces with glazing bars for aesthetic reasons, this
should be taken into account when calculating the U-value for the windows.
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Chapter 4 The case studied

4.1 The site

The project house (see figure 4.1) is designed and owned by Icelandic architect Gestur
Olafsson (GO), owner of Skipulags- arkitekta- og verkfraedistofan ehf. The house is
situated about a 45min drive southeast of Reykjavik in the old fishing town of
Eyrarbakki, which is a part of the Arborg municipality that also encompasses the
towns of Selfoss and Stokkseyri.

The town is close to the low temperature geothermal reservoirs called Osabotnar and
Thorleifskot-Laugardaelir [19]. These low temperature reservoirs are utilized by the
local district heating company Selfossveitur, and provide district heating for the entire
Arborg municipality. The reservoirs, however, are encountering numerous problems,
and with an increasing heating demand and a dropping energy output, aren’t
considered as efficient as the high temperature reservoirs providing e.g. Reykjavik
with hot water and space heating.

The low temperature system of Thorleifskot-Laugardaelir has experienced a decline
in energy outputs, primarily from an excessive inflow of cold groundwater due to
fractures in the wells [19]. The other low temperature system of Osabotnar was
initiated in 2000, primarily due to the drop in energy outputs at Thorleifskot-
Laugardaelir. The Osabotnar reservoir has also faced challenges, the main one being
a high level of calcite resulting in calcite deposits in the pumps preventing them from
operating efficiently [20].

The project house in Eyrarbakki is located in an area with district heating and
connected to the district heating system of Selfossveitur. However, there is a
possibility that increasing prices, along with the growing challenges associated with
the local geo-thermal reservoirs, may affect energy supplies in the future.

The idea and objective for building the house was to explore the possibilities of
building an energy efficient, environmentally friendly and low maintenance house in
Iceland. Furthermore, the house was built in a somewhat non-traditional way in order
to build economically. The goal was to achieve a 20% reduction in construction costs,
compared to a more traditional building practice.

One challenge in realizing the building project was to find a location where money
could be saved without compromising time plans, typical standard of living,
aesthetics and environmental aspects. This required extra careful planning at an early
stage of the design period. The location of the house was selected based on the vicinity
to good infrastructure and building supply resources, in order to shorten the
construction period and lower the building cost.

In 2009 an application for partial funding of the initial planning of the house was
submitted to Ibidarlanasjédur Research Fund. When funding was approved, the
project was initiated.
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The house is a one-story house with a 127m? footprint and must be considered
somewhat smaller than the average for the area. Dwellings within the capital region
of Iceland have an average size of 114,5m? and dwellings outside the capital region
are generally larger[21]. The volume of the house is calculated to be 338m3. As
illustrated on figure 4.1 and 4.2, the cladding on the house is the traditional sinus
plates often used in Iceland.

Figure 4.2 - The house in Tungata 9 Eyrarbakki
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The initial design of the structural elements of the house suggested to use light load
bearing steel studs in external walls and light load bearing steel trusses in the roof
[22]. The energy authority in Sweden developed this system, which has been used
with great success [22]. However, manufacturing and shipping time, cost and
environmental aspects concerning the shipping of the profiles from Sweden were
against their use. The first reaction was to initiate a plan to build a factory in Iceland,
producing these profiles. This however, was not realized, and the house ended up
being constructed with wooden studs and trusses instead [22].

Figure 4.3 — Picture of the construction process [22]
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Figure 4.4 - Picture of the construction process [22]
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Figure 4.5 - Picture of the construction process [22]
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As shown on the detailed design drawings in Appendix 01, the initial plan of light
steel studs is kept in the drawing material in order to keep the original plan within the
planning material [22], although these were not used. As built drawings which were
later produced describe the use of wooden studs instead. As built drawings are located
in appendix 12.
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Figure 4.6 — Plan layout of the house (part of original drawing material)
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Figure 4.7 — Section layout of the house (part of original drawing material)

Table 4.1. Technical descriptions of main components of the project house

Walls:

Exterior cladding consists of corrugated steel plates attached to
150mm wooden studs insulated with 150mm Steinull HF insulation
with a thermal conductivity of 0,038 W/mK. Interior cladding is
separated from the insulated layer with a damp proof membrane. The
interior cladding consist of 1 x 9mm plywood and 1 x 12.5mm
plasterboard.

Roof:

Exterior roof material consists of Protan SE roof felt on 25mm
pressure resistant stone wool with a thermal conductivity of 0,037
W/mK. Below is 17mm thick plywood plates. The roof construction
is built with 195mm wooden trusses and insulated with 195mm stone
wool with a thermal conductivity of 0,037 W/mK.

The interior cladding consists of 1 x 9mm plywood and 1 x 12.5mm
plasterboard, both separated from the steel trusses with a damp proof
membrane.

Floor:

The floor consists of a 150mm reinforced concrete slab on top of
200mm expanded polystyrene with a thermal conductivity of 0,036
W/mK.

Windows:

Double glazed Velfac Clear / Energy (As described in original project
material (appendix O1)

Doors:

Double glazed Velfac Clear / Energy (As described in original project
material (appendix 01)

The plan and section layout of the house can be seen in figure 4.6 and 4.7. It illustrates
the distribution of rooms in the house, which consist of a combined kitchen and living
room, a bathroom, a service room, where the heat exchanger is installed and all utility
pipes as well as electricity enters the house, a washing room and four bedrooms. It
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should be noted that the two smaller bedrooms were initially planned as a garage. The
technical specifications of the house are described in table 4.1. Table 4.2 summarizes
the area of walls and openings (windows and doors) in m? and towards which
direction these are facing.

Table 4.2 — Amount of walls and windows/doors in m? and their direction

Facing External walls area (m?) | Window/Door type and area (m?)

direction

NE 41,7 2 x GO1 =2,02
2 x GO2 =047

SE 21,3 2 x GO1 =2,02
GO05 =231
GOS8 =0,6
G10 =1,07
Gl11 =1,05
G12 =2,1

Sw 37,4 4 x GO3/G04 = 6,56
G06 =231
GO07 =5,26
GOS8 =0,6
G09 =197

NW 21,7 2xG03/G04 =3,28

Total 122.1 31.62

Weather data from the Iceland MET office for the area can be found in appendix 10.
These data are graphical illustrations of temperature, dewpoints, wind speed, wind
directions and barometric pressure over the past 10 years for Eyrarbakki.

4.2 Current building regulation requirements

In 2012, during the design process, a revision of the Icelandic building regulations
was published[23]. This meant more strict requirements relating to insulation values
as well as air change in houses. Se table 4.3 on insulation values; note that table 4.3
is a translation of the Icelandic requirements which can be found in appendix 17. table
4.4 provide recommended and required air change values; note that table 4.4 is a
translation of the Icelandic requirements which can be found in appendix 17.

The requirements listed in table 4.3 reflect the maximum allowed U-values for
different building parts of a house e.g. the roof, walls etc. There are two requirements
for each building part. The first one describes the requirement of a building part
encompassing a room heated to 18°C or above. The other one describes the
requirement of a building part encompassing a room heated from 10°C — 18°C.
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Table 4.3 - New structures and extensions for possible maximum U-values of the
individual buildings parts[23]

Maximum allowed U-value

Building components (W/m2K)
Ti>18°C 18°C > Ti>10°C

Roof 0,20 0,30
Outer walls 0,40 0,40
Light outerwalls 0,30 0,40
Windows
(frames, glass weighted average, K-glass) 2,00 3,00
Doors 3,00 No restriktions
Skylights 2,00 3,00
Floor against ground 0,30 0,40
Floors against unheated rooms 0,30 0,40
Floors against outdoor air 0,20 0,40
Exterior walls, the weighted average
(wall surfaces, windows and doors) 0,85 No restriktions

Ti = Indoor room temperature

Table 4.4 describes how much ventilation is required to ensure a good indoor climate
no matter what type of ventilation system is present.
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Table 4.4 Requirements for Residential space ventilation and related rooms[23]

Residential spaces can be ventilated with natural ventilation, mechanical
ventilation or a combination of both.

The following shall ensure ventilation in residential houses is possible regardless
ventilation type.

a. All living areas must be ventilated so that the air quantity delivered to the
room is at least 0.42 l/s per m? floor area while the room is in use and at
least 0.2 l/s per m? floor area while the room is not in use. Also, ensure that
the fresh air quantity delivered to the bedroom is never less so than it
corresponds to 7 l/s per bed while the room is in use.

b. Rooms that are not in constant use must be ventilated so that the amount of
fresh air is at least 0.24 l/s per m? floor area.

c. Air extraction from residential kitchens must be at least 30 l/s.

d. Air extraction from residential bathrooms must be at least 15 l/s.

e. Air extraction from residential washing rooms must be at least 10 l/s.

f. Air extraction from residential single storage or basement rooms where

there is a constant presence must be at least 0.2 I/s per m? floor area
g. Air extraction from residential laundry rooms of one apartment shall
minimum be of 20 l/s.
Air extraction in apartments for elderly and specialized flats for the disabled
should be assumed to be in use 24 hours a day.

Supply of fresh air to the kitchen, bathroom, toilet, laundry must come through an
opening of at least 100 cm?. when these rooms are not next to an outer wall fresh
air can come from adjacent rooms with less pollution or moisture. When these
rooms are located next to an outer wall, the fresh air must come from the outside,
through a window or special ventilation.

4.3 The ventilation system

The new requirements discussed in section 4.2 combined with studies conducted by
B. Marteinsson regarding indoor climate [22] led to the decision to install an air to air
heat exchanging unit providing fresh warm air through a ventilation system in the
house. The heat exchanger works both as an air exchange unit as well as a heating
device. Nevertheless, the house is fitted with water carried floor heating throughout
the entire house, as well as the outside driveway.

Unlike many places in Iceland, the area of Eyrarbakki is very flat and there are no
obstacles such as mountains or trees creating any shade. The house receives direct
daylight from all directions.

The ventilation system in the house is a combined heat recovery unit (see figure 4.8).
The unit is a rotary heat exchanger manufactured by Swedish company Systemair[24].
The model name is VR 400 DCV/B. The unit has 5 inlet and outlet connections
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located on the top. The connections are illustrated and explained in figure 4.9. The
unit is the left hand version in the figure. Furthermore, there is a 2000w electrical
heating unit installed in the duct blowing fresh air into the house. This heating unit
supports the heating of the incoming air.

[ air circulation

Thermal wheel

Figure 4.8 - Systemair VR 400 DCV/B installed in the house
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Dimensions

VR 400 DCV/B

Left hand version
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Figure 4.9 — Systemair VR400 DCV/B main unit dimensions and connections[24]

Figure 4.10 illustrates the air flow through the heat exchanger. ti is the duct where
fresh cold air is dragged into the heat exchanger (C on the left hand version in figure
4.9). t21s the duct from which warm fresh air is blown into the house (A on the left
hand version in figure 4.9 ). t31s the warm used air dragged out of the house through
the heat exchanger and finally outside the house (D on the left hand version in figure
4.9. B on the left hand version in figure 4.9 is the external exhaust pipe and is the
arrow with no mark in figure 4.10.
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Figure 4.10. — Air circulation through heat exchanger
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Table 4.5. The main components of the ventilation system

Component:

Function:

A: Supply air

Fresh temperate air blown through ventilation ducts into the
various rooms in the house.

B: Exhaust air

Used air blown to the outside of the house

C: Outdoor air

Fresh air drawn in from the outside.

D: extract air

Used air extracted through ventilation ducts from the various
rooms in the house.

E: Cooker hood

Used warm air extracted from cooker hood. This connection is
not in use in the house.

Thermal wheel

Heat exchange from hot air to heat up cold fresh air happens

through the thermal wheel. The wheel is turning at a constant
speed by use of a small electrical motor.

Regeneration Where cold fresh are is blown through Thermal wheel
section

Absorption Where warm exhaust air is blown through Thermal wheel
section

Purge sector Prevents exhaust air from being carried in the thermal wheel and

blown back in the house

Mechanical The motors draws air through the ventilation system.
motor 1 and 2
2000w
electrical

heating unit

Support heating up the fresh air before it is blown into the house.

Table 4.5 lists the main components in the heat exchanger. Rotary heat exchangers
like the unit installed in the house work by a small engine driving a wheel perforated
with a matrix of air flow channels. This wheel is called the thermal wheel (see Figure
4.8 and 4.11). The thermal wheel is made out of a material with high thermal
conductivity typical aluminium. It is through this wheel that the heat exchange takes
place. The wheel rotates through two separated rooms; one in which cold fresh
outdoor air is blown into and through the perforated wheel. This is called the
regeneration section. In the other room, warm exhaust air from the house is blown
into and through the wheel. This section is the adsorption section[25].

Typically, the adsorption and regeneration sections are designed with counter flowing
airstreams to achieve higher performance.

There are two types of energy present when looking at the heat exchanger. The first
type is called sensible energy and is the heat transferred through the counter flowing
airstreams.

The other type is called latent energy and is present where moisture differences in the
two airstreams create water condensation. The condensed water will attach to the
internal walls in the perforated wheel in the adsorption section. It will then rotate to
the regeneration section where it supports the sensible energy heating up the fresh air.
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Figure 4.11 - Rotating thermal wheel in heat exchanger. [24]

The two sections are typically not hermetically separated and it is therefore expected
that some exhaust air is carried in the rotating wheel and blown into the house with
the heated fresh air. This, however, can be prevented if a purge sector is applied. The
purge sector prevents exhaust air from being carried in the thermal wheel and blown
back in the house. The heat exchanger operates under different thermal efficiencies
depending on various factors.

According to figure 4.12 it operates at a thermal efficiency from max #nm = 87%
efficiency at a flow of 100m*h and down to 7= 73% at a flow of 680m*/h. These
efficiencies are based on an air ratio of 1:1 and an air humidity of 50%. In the BM-
Excel model discussed in Chapter 6, the thermal efficiency for the heat recovery unit
is assumed to be nmn= 80%.

Looking at the air change rate we see that at 80% efficiency there is an air change of
about 360m>h. The air change rate of the house can then be calculated by dividing

360m3/h
é = 1,07 hours,
338m

meaning that all air inside the house has been changed within a little over an hour.
The supply and extract graphs in figure 4.12 show the air change through the heat
exchanger under different air pressure.

the air change with the volume of the house. This gives
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Figure 4.12 — Thermal efficiency for heat exchanger unit.
4.4 Evaluation of U-values for the energy models

4.4.1 External walls, slabs and roof

The U-values for the project house were calculated by using the software Rockwool
Energy Design 4.1 [26]. The program is developed by the Danish insulation company
Rockwool and is herein used to calculate the U-values for the various building parts.
The program calculations are based on the Danish standard DS418:2011 —
“Beregning af bygningers varmetab”[27]. The Rockwool Energy Design software
does feature other functions such as energy frame calculations and profitability
calculations but these are conducted in line with Danish building regulations and
Danish building material and labour price books.

When performing a calculation with the program, the user has three options when it
comes to A— and R-value for a material. These options are marked as A, B or C for
each material on the final result sheet.

A. is considered reliable information as the material and its specifications are a
part of the Rockwool Energy Design material library and therefore verified
by Rockwool.

B. is also considered reliable as the information has been submitted by the
manufacture or reseller of the material. Rockwool however has not verified
the values.
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C. is considered less reliable as this option is marked only when the user of
Rockwool Energy Design computes the values himself.

All values in this report are option A values, which is also marked in the final result
sheet on each building element from the program.

The final result sheets for each building part are specified in appendix 09. Table 4.7
later in this chapter sums up the values from each building element based on the result
sheets in appendix 09.

Producent Navn Tykkelse Lambda Q R
[m), antal [W/mK)) [mPK/W]
Rse (ude) 0,13
B Generisk materiale Stal 0006 50000 B —5%0
X2  Generisk materiale Ventileret lag 0,009 -
s Inhomogent materialelag bestaende af 0,150 0,038 392
ROCKWOOL A/S Super A-Murbatts 95,00% 0,034
Luftspalte Niveau 1: AU" = 0,01 WAmK)
Generisk materiale Trae 450kg/m3 5,00% 0,120 -
A4  Generisk materiale PE-folie (heeftet fast) 0,15 mm 0,000 0,170 0,00
5  Generisk materiale Krydsfiner, 700 kg/m3 0,009 0,170 0.05
e Generisk materiale Gips 13 mm 0,013 0250 B3 0,05
Rsi (inde) 0,13
0,187 4,28

Begrundelse for aandring af overgangsisolanser:

Byggematerialerne er grupperet i 3 klasser. Disse klasser er:

I Data er indtastet og verificeret at ROCKWOOL A/S.

l Data er indtastet og verificeret af andre producenter eller leverandorer.
C Egen indtastning af data.

U-vaerdikorrektion i henhold til DS 418
Korrektion for mekanisk fastgorelse dUf = 0,000 W/(m3K)

Korrektion for luftspalter dUg = 0,008 W/(m?K)

U =1/4,28 + 0,000 + 0,008 = 0,24 W/(m?K)
Unmax = 0,30 W/(m2K) U = 0,24 W/(m?K)

Figure 4.13 — Result sheet on external wall.
The information stated on each result sheet is described by the following.

On the top is a 3D drawing of the building part. For vertical building parts, e.g. walls,
the inside is on the right side of the drawing and outside on the left. For horizontal
building parts, inside and outside is marked in the following way. For slabs, inside is
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marked above and outside is marked below. For roofs, inside is marked below and
outside is marked above.

Below the drawing are all building materials within the specified building part listed
numerically from top to bottom. Each building material has a description listed
horizontally, starting with the manufacture. In most cases, it is marked with generic
material as there are several manufactures. After manufacture comes the name of the
material, which gives a short description of what it is. Then comes thickness in meters
for the material used in the given building part. The A-value is stated and the
reliability of the value is located next to it under the letter Q. Finally, is the calculated
R-value, which is summed up in the bottom.

Umax1s the maximum allowed u-value according to Danish building regulations and
is therefore without importance herein.

If looking at the result sheet depicting the result of the outer walls, the U-value is
calculated to be 0,24 W/m*K. If doing a manual calculation of this result, the value is
somewhat lower.

U=1/ZR o U=1/428m’K/IW & U =023 W/m’K

The reason for the inconsistency in the results is due to a correction of the
transmission coefficient for either mechanical attachments, air cavities or reversed
roofs according to Annex A in the Danish standard DS418:2011 — “Beregning af
bygningers varmetab” [27].

Since neither mechanical fixings nor reversed roof are present in this building element,
the calculation of the correction looks as follows:

w (Ri)2
AUy = AU"(3) @
AU" is listed in a table and divided into levels for air cavities in the insulating material.
The DS418:2011 propose three levels; 0, 1, and 2, depending on the estimated size of
the correction. Table 4.6 is a translation of the correction. The original table can be
found in appendix 02; Table A.1.

Table 4.6 — Translation of correction table A.1 in DS418:2011 Anneks A

Level | 4U” Description
W/m’K
0 0,00 No air cavities across the entire insulating layer.
0,01 Possibility of air cavities across the insulating layer.
No air circulation on the hot side of the insulation.
2 0,04 Possibility of air cavities across the insulating layer.
Possibility of air circulation on the hot side of the insulation.

It can be expected that the insulation is not 100% tight in all corners and therefore
small air cavities should be expected and accounted for. Therefore, for this building

36



part, Level 1 is selected and AU" = 0,01 W/m?K. Now that AU" is decided, Ri and Rt
must be determined. R; is the R-value of the insulating material, whereas Rris the
total resistance value or the sum of all the in R; values. Both values are present on the
result sheet of the outer wall, i.e.:.

Ri=3,92 m°K/W
Rr=4,28 m’K/W

Now the correction can be determined by plotting the numbers into equation 4

AU, = 0,008W/m?K

3,92m2K/W\°
4,28 m?K /W

AU, = 0,01<

since either AUy and AU, are present in the outer wall AU = AU,

On the result sheet for the outer wall AU is named dUg and equals 0,008 W/m?2K as
the equation above suggests.

The theoretical approach applies to the other result sheet from the Rockwool Energy
Design program.

It is furthermore worth mentioning that the praxis of multiplying the declared A-value
by a factor 1,2 to reach the correct design A-value is accounted for in the slab
calculation.

Table 4.7 — Building element values from result sheets.

Building part: Total thickness (m) | Rt (m2K/W) | U-value (W/m2K)

Outer walls 0,187 4,28 0,24
Roof 0,297 5,40 0,19
Slab 0,456 8,30 0,12

4.4.2 Windows and doors:

The 3D Revit model, which is described in more detailed in section 5.3, can be used
for many purposes. In this report, not only did it serve its purpose as an energy model,
but it was also used to do a simple extraction for creating a window schedule based
on the original drawing material as windows and their sizes are defined herein. The
window schedule can be seen in appendix 03. From this schedule it was easy to apply
windows to the Velfac energy calculation program[28]. All energy calculations from
the Velfac energy calculator can be located in appendix 04. As all doors in the house
are glass doors, they are calculated in the same way as the windows. The results on
windows and doors are depicted in table 4.8 and 4.9. Table 4.8 is an overview of
window types, the number of each window/door type, and the direction in which they
face. Window type numbers are similar to the original drawing material found in
appendix O1. For instance, are there 2 windows of the type GO1 facing south east,
which is a 90° angle to the north east facade.
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Table 4.9 is the results on energy calculations of each window type from the Velfac
result sheets summed up.

Table 4.8 — Description of window and doors

Windows and Doors amount and ID
Windows and Doors towards North East (Angle 0°)
2x GO1
2 x GO2
Windows and Doors towards South East (Angle 90°)
GO05
G10
GO08
Gl1
G12(door)
2x GO1
Windows and Doors towards South West (Angle 180°)
4 x G03/G04
GO06 (door)
GO07
GO08
G09
Windows and Doors towards North West (Angle 270°)
2 x G03/G04

Table 4.9 — Window and door energy calculations

Aw A-rude Fr
Type Ey | window area glazed area | glazed areain % | Uy
GO1 -40 1,01 0,79 78 1,50
G02 -64 0,47 0,33 70 (1,65
G03/G04 | -46 1,64 1,25 76 (1,53
GO05 21 2,31 1,96 851,38
GO06 -31 2,31 1,97 85 (1,49
GO07 -6 5,25 4,75 90 (1,29
GOS8 -57 0,6 0,43 72 (1,61
G09 -25 1,97 1,65 84 (1,41
G10 -37 1,07 0,85 80 (1,48
Gl1 -54 1,05 0,77 73 11,59
Gl12 -34 2,1 1,77 84 (1,52

Table 4.9 summarizes a number of values from the result sheets. All the parameters
from the result sheet are defined as follows [29][30]:
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e E,isthe overall energy performance of the actual window with the desired size,
glass type and gas type in the cavity between the glass layers. The unit is like
the Eret in kWh/m?. The value is for the entire window and not only the glazed
area. It is the balance between lost energy during cold season and gained free
energy from the sun. Values are marked negative as they have an overall
positive effect, which means that they receive more energy from the sun and
sky than they lose through heat loss.

e U, is the U-value without any other factors, such as sunlight, included. Uw is
the “dark™ U-value and it represents the entire window, both glass and frame.

e U,is the U-value of the glass area alone. This value was much used some years
ago but today the entire window’s U-value is used instead. It is furthermore
represented as a “dark” value as explained in Uw.. Ug is not present in table 4.9
as the value is the same for all window types in the project. Ug = 1,11.

e LT, represents the light transmittance on the glazed area. It is an indicator of
the amount of sunlight passing through the window. A higher value represents
a higher percentage of sunlight passing through the glass. LTy is not present in
table 4.9 as the value is the same for all window types in the project. LTg =0,8.

® g, also known as the g-value, is a measure of how much “free” heating is
received through sunlight. A higher G-value means a higher amount of heat
received from sunlight. gg is not present in table 4.9 as the value is the same
for all window types in the project. gg = 0,62.

e FE,. is an expression of a window’s overall energy performance and the unit is
in kWh/m?. A window manufacture within the EU must provide an Ut
according to European legislation. The value is based on the “European
standard window” This window is described as being 1230mm x 1480mm with
standard glass, no glazing bars and a one-sided open/close function. The Ureris
meant as a more precise measuring tool for engineers and architects when
choosing the right window. It also shows that the window with the lowest Uw
isn’t always the best performing window. Typically this value is negative as
there mostly are some losses affiliated. However, some triple glazed windows
have a positive Erer as they can contribute more energy than they lose. These
windows however are often very expensive.

ERrer 1s not present in table 4.9 as the value is the same for all window types in
the project. Eref = -24 kWh/m?.

The Uw-values for the windows and doors established in Table 4.9 are used in both
the energy models. This value is then combined with solar radiance numbers from the
greater Reykjavik area (Data provided by BM) and monthly mean temperatures for
Eyrarbakki[31].
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Chapter 5 Energy models studied

5.1 The BM-Excel energy model

The BM-Excel energy model was originally developed by BM for Innovation Centre
Iceland. BM developed the model to calculate a larger building with a different usage
purpose. Besides translating the model into English, a number of factors have been
augmented in order to fit the house in Eyrarbakki. The BM-Excel model encompasses
the factors and assumptions depicted in table 5.1.

The BM-Excel model consists of two calculation sheets. Sheet one calculates heat
losses and given heat. The heat losses are based on calculated U-values. The U-values
are multiplied by the area of a specific building part to get the power in w/K. The
power is then used to calculate the amount of energy in MJ lost during a given month.
This is calculated by multiplying the calculated power with the degree class of the
same month. The result is then multiplied by 3,6 in order to get the final result in MJ.
The degree classes are calculated by subtracting the assumed indoor temperature of
21°C with the mean temperature of the given month in Eyrarbakki (located in sheet
2). The difference is multiplied by 24 to get the heat loss for one day as the time factor
is 60min and then multiplied with the number of days in the specific month to get the
monthly heat loss in MJ.

Given heat calculates the “free”” heating energy received by the following factors:

e Normal electricity use from inhabitants
® Sun and sky radiation affecting internal temperatures
e Hot tap water usage

Since not all the given heat is utilized effectively as it is ventilated out of the house,
the result of the given heat is multiplied with an efficiency coefficient. Figure 5.1
illustrates the result in the model of the given free heat and the result after it has been
corrected by the efficiency coefficient
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Table 5.1 — Explanatory factors and assumptions used in the BM-excel model

Explanatory factors and assumptions in the BM-excel model

Parameter Value Source Level of
knowledge.

Time factor 60min (1h)

100%

Specific heat

capacity of water 4200 J/kgK 100%

Air density 1,2kg/m3 Assumption as
this value is
temperature
dependent.

Specific heat 1000 J/kgK 100%

capacity of air

Mean monthly 2°C, 0.6°C, 2°C, 4.9°C, [31] This is an

temperatures of 7.5°C, 11.1°C, 11.1°C, assumption

Eyrarbakki based on | 11.1°C, 9.5°C, 3.1°C, based on 2014

previous year’s 5.3°C, -1,4°C data.

temperatures

Constant indoor 21°C This is an

temperature assumption.

Ventilation recovery | 0,8 This is an

efficiency assumption.

Efficiency 1.00, 0.99, 0.84, 0.65, This is an

coefficient of 0.48, 0.41, 0.39, 0.43, assumption.

supplied energy 0.64, 0.97, 0.99, 1.00

staring with January.

Calculated air change | 0.6, 0.6, 0.6, 0.7, 0.8, 1, This is an

starting with January. | 1, 1, 0.8, 0.7, 0.6, 0.6 assumption

This is a ratio. with big
uncertainty.

Number of 4 This is an

inhabitants assumption.

Free heating from Skwh/inhabitant/day Mypages at | Based on

electrical usage on.is annual mean
electricity use.

Tap water usage 60 litres/occupant, per (BM) This is an

day assumption.

Hot water 55°C X This is an

temperature assumption.

Incoming energy Data on Average

MJ/m2 @ 64°north greater historic values

from sun and sky Reykjavik based on

radiation from average
Iceland inn. | cloudiness.
center
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Tap water total 1718,6 1552,3 1718,6 1663,2 1718,6 16632 1

TOTAL THERMAL USE (MJ) 8308,5 7717,6 79299 67814 6232,7 5096,0

h

GIVEN HEAT

..Normal electricity usage 22320 20160 22320  2160.0 22320 21600
.. Sun and sky-radiation 373.7 14396  4363.0 5538.1 7196.0 6166.8 (
.. Hot tapwater 1719 1552 1719 166.3 1719 166.3

.. Total 2605.7 34556  6595.0 7698.1 9428.0 8326.8 !

Effective energy from sources
(Inhabitants, general electricity, sun

etc. 2777,0 35964 60702 59196 58349 48642 S5
.. % of total heat consumption 334 46,6 76,5 873 93,6 95,5
TOTAL THERMAL NEED 55314 4121.1 1859.7 861.9 397.8 231.8

Figure 5.1 — Result on Effective energy from sources (Inhabitants, general
electricity, sun etc.) multiplied the efficiency coefficient of supplied energy.

Figure 5.2 shows the efficiency coefficient throughout all months of the year. In
January and December, it is 1 as doors and windows are assumed to be held closed,
combined with less sun and sky radiation. Therefore, the assumption is that all free
energy in those two months is utilized. Moving towards the warmer months the
coefficient is becoming lower as much more energy is received from sun and sky
combined with windows and doors being held open much more and therefore a lower
utilization of the free energy received.

K914K93+K92%K 11|

| J K L M N (0] P Q R S T ) \'

REIKNUD ORKUNOTKUN OG VARMAPORF(DEFERRED ENERGY USE AND THERMAL NEED)

ENERGY (MJ)

Jan Feb Mar Apr Mai Jin Jal Ag Sep Okt Nov Des Whole year
# days in the month 31 28 31 30 31 30 31 31 30 31 30 31 365
Degree classes (pus °Ch) 141 13.9 14,1 116 10,0 7.1 7.1 74 83 133 113 16,7 1347
Coeffecient Qg/Ql 04 0.6 11 15 21 24 2,6 23 15 0,7 0,5 03
Ventilation recovery efficiency 08, 08, 038 08 08 08 038 08 08 038 08 08
Efficiency coefficient of supplied energy LOOl_ 0,99l 0,84 0,65 048 041 0,39 043 0,64 0,97 099 1,00
Calculated air change (1/h) 0.6 0.6 0.6 0.7 08 1 1 1 08 07 0.6 0,6

Figure 5.2 — Efficiency coefficient of supplied energy throughout the
months of the year

Given heat from normal electricity use from inhabitants adds the estimated amount
of heating energy received from electrical appliances to the model. These appliances
are factors such as TVs, refrigerators, computers, light bulbs etc. The model assumes
an addition of 72MJ per day based on the assumption for number of inhabitants and
kWh/inhabitant/day listed in table 5.1. Figure 5.3 illustrates this calculation in the
BM-Excel model.
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FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW WVIEW THOMSON REUTERS TEAM

sum = X  Jx || =s.6%Faress

AB C D E & G |H
67 inner walls - outer walls -svalaveggur 0 0,000 0
68 House seperating walls 0 0,000 0

70 0 0 COLDBRIDGES TOTAL
4 Heat loss total

74 AIR CHANGE LOSSES Heating Volume Power Air change losses

75 A4

76 °C)  (m3) (Wh/K.n)

T Apartments and heated storage space 21 338 112,67

78 Heated Garage 15 0 0,00

80 338 112,67  Air change losses total

82 TAP WATER # of inhab (MJ/day) Tap water
83 Whole building (all parts) 1 4] 5544

86 Tap water total

88 TOTAL THERMAL USE (MJ)
a0 Given heat _k\’\"h-"‘inhaL(M.T:'dav GIVEN HEAT

91 .. Normal electricity and inhabitants 1 5I1*F83 | .Normal electricity usage

92 - Sun and sky radiation _. Sun and sky-radiation

93 .. From Tapwater (10% af notkun) .. Hot tapwater
94 _. Total _. Total

Figure 5.3 — Screenshot from excel energy model

Given heat from sun and sky radiation is the amount of heat energy received through
glazed areas depending on the on angle; North, South, East and West of a glazed area.
The calculation is located on sheet 2 in the model. The amount of energy in MJ is
calculated per month and is based on Eq (5.1) as:

M] per.month= A x B *xC *D *FE (5.1
The parameters in Eq. 5.1 are the following:

® A is the glazed area on a specific angle e.g. north east

® B is the ratio of glass area

e (s the sun factor (solar factor)

¢ D is the screening area

e Eisthe incoming energy MJ/m2 @ 64°north at the angle (0, 45; 315, 90; 270,
135; 180, 225) for the specific month

Calculations for each angle of sunlight are summed up for each month. Figure 5.4
shows this calculation in the BM-Excel model.
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HOME  INSERT  PAGELAYOUT ~ FORMULAS  DATA  REVIEW  VIEW  THOMSONREUTERS  TEAM

sum - X W fr | =(oD1178E11786118H 1151148012 8E 127561275 H 125 1 248D 13%SE 135G 13*$H13 "L 134$D14°SE 14°5G 14 SHL4 "L 1448D15 $E 157G 15 SHIS LIS +D16*SE16°$G L
AB c D E F G H I J L M N 0 P Q R s T
3 INNGEISLUN

4

5 GLUGGAR OG HURPIR ABSORBED RADIATION ENERGY
6

7| Lysing Size  GlassareaAngle Solstdul Screening Jn  Feb  Mar  Apr  Ma N Ja  Ag  Sep
8 1 2 3 s 5

9 @ (@) O Total (MJ) GISHL 143958 436300 SIS 719604 616678 67170 679540 4408
10

11| | Windows and doors North East 29 09 0 i i Mim2 [T 33 no w6 B2 163 818 1782 on 6
12| | Windows and doors South East 915 08M] %0 i i Mim2 I aml 2810 10923 18819 28026 25407 27928 s 18
13| Windows and doors South West 167106 130 i i Mim2 Bl6 8L 2018 25191 2960 23598 26965 29769 207
14| Windows and doors North west 38 05e1 210 i i MVm2 4781 2810 10023 18319 28026 25407 27928 24552 1%
15 0 ol i i

16 0 o i i

17

18

19

20| | 2 Hiutfall glers af miropi 1 2 3 s 5 6 7 s

21| |3 Stefnanomals aflot Jn  Feb  Mar  Apr  Ma N Ja  Ag  Sep
22| |4 Lioshleypni glers sem hiutfall o 1.foldu £ days in the moth s %8 3 0 3 30 31 31

23 5 Vegna umgjardar ofl

2 Average temp () P Y 249 75 1 1S 1

25| | NOTES:

26| | Sélstudull ; Tncoming energy (MJ/m2) @ 64°ubr in um 2 layer gz
27| || 2falt venjulegt (double nomal glass 1 Angle () 0 9%

28| | 3.falt venjulegt (triple nomal glass) 09 . Shading () 0 335 1701 4966 9302 15638 18185 17828 12011 64
29| 2falt flmugler (K-glass) (double film 0,85 5 335 1701 4966 9140 14550 17051 17075 11871 64
30 10 335 1701 4966 9140 14550 15782 15652 11230 64
31| | [Skermun (screening) Angle () 45315

32 Almennt (general) xx .. Shading (°) 0

kxi TNiinir chigoar Masn windawe) v 5

Figure 5.4 — Screenshot from excel energy model.

V.3_Energymodelling on Eyrarbakki 12.07.15 [Compatibility Mode] - Excel

Given heat from tap water is assumed to be 55,44MJ per day. This assumption is

based on the following equation:

. F xG *H =]
Given heat = ——

The parameters used in Eq.5.2 are the following:

(5.2)

3

¢ Fis the number of inhabitants

¢ G is the amount of tap water used per day in m

e His effective cooling of hot tap water while used in °C

e [is the specific heat capacity of water measured in J/kgK
e Jis the Conversion factor from Joules to MJ is 1.000.000.

On figure 5.5 this calculation is shown in the BM-Excel model.
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olumn Line Pie Bar

SUM A %
AlB| C
Inner walls penctrating facade
inner walls - outer walls -svalaveggur
House scperating walls

o I Y

AIR CHANGE LOSSES

Apartments and heated storage space
Heated Garage

; TAP WATER
Bl Whole building (all parts)

Given heat

.. Normal clectricity and inhabitants
| .. Sun and sky radiation

b .. From Tapwater (10% af notkun)

b .. Total

Comments:
Tapwater (litres/occupant, pr day)...

... dT(X)

L 60
... Specific heat capacity of water (J/kgK)
L 55

Win/Loss Select  Switch Plot

Area Scatter Other Line Column
fxi =|F(F83<>"";F83*D104*D105*D106/1000000;")
| D] E | F l G |H
0 0,000 0
0 0,000 0
0 0,000 0
r 0 0

Heating Volume Power
\.’
°C) (m3) (Wh/K,n)
21 338 112,67
15 0 0,00
4
r 338 112,7
# of inhabitants (MJ/day)
41:") L
P

v

kWh/inhabitant day (MJ/day)
5 72,0

(hiti 60 -> 5 = 55 °C)

Figure 5.5 — Screenshot from excel energy model.

5.2 Results from the BM-Excel model
Total primary energy demand, which includes heat losses through building elements,
hot water usage and air change losses in kWh pr. year is 23293,7kWh or

183.4kWh/m? pr. vear.

COLDBRIDGES TOTAL
Heat loss total

Air change losses

Air change losses total

Tap water

Tap water total
TOTAL THERMAL USE

GIVEN HEAT

..Normal clectricity usage
.. Sun and sky-radiation

.. Hot tapwater

.. Total

Effective energy from sources (Inhabitants,

general electricity, sun ete.
.. % of total heat consumption

TOTAL THERMAL NEED

(lag - medalnotkun = 60-100 Libia,dag)

The total energy need for heating the house equates to 8065,0kWh or 63,5kWh/m?
pr. year. This is the total primary energy demand subtracted by the given “free” heat
in terms of normal electricity usage, sun and sky radiation, and hot tap water. Also,
a correction of the “free” energy is performed here with the efficiency coefficient of
supplied energy. This coefficient accounts for energy lost through natural
ventilation, such as open doors and windows, meaning that in the summer more free
energy is lost through open windows and doors than in the winter.

These two results will be discussed further in chapter 8 where they are compared to

other results.
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It is important to mention that these results are based on gross floor area and gross
volume. According to requirements used by the Danish regulator Energistyrelsen for
defining heated floor areas in energy calculations, the following guideline should be
considered:

“En bygnings opvarmede etageareal beregnes ved sammenlegning af
bruttoarealerne af samtlige opvarmede etager, herunder opvarmede keeldre og
tagetager. Bruttoarealet males i et plan bestemt af oversiden af feerdigt gulv og
til ydersiden af yderveggene”’[32].

This definition can be translated to:

A building’s heated floor area must be calculated by the gross area of all
heated floors, including heated basements and roof floors. Gross area is
measured in a plane specified by the upper side of the finish floor to the outer
side of the external walls.

Heated areas are here defined as rooms heated to 15°C or more[32]. This definition
varies from country to country and it must therefore be considered when looking at
how other models interpret volumes and areas.

8000

7000

6000

B Coldbridges

o 5000 OFloor
\E/ 4000 OWindows and doors
>
%L) 3000 B Walls
gﬁ ORoof

2000
1000

0 T T T T

Figure 5.6 — Monthly energy losses for the various building parts.

From the BM-Excel model, we also get figures illustrating losses, additions and
requirements for the house. Figure 5.6 depicts the amount of energy lost through
building parts month by month. It is clear that the highest losses occur through the
glazed areas, which is to be expected. The second highest loss occurs through walls,
and then the roof. The losses peak in December, which can be explained by the fact
that December is the only month with a negative external mean temperature of -1.4°C,
(see Table 5.1 for mean temperature values).
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Figure 5.7 depicts the “free” energy received by hot water, electricity and sun and sky
radiation. The figure illustrates what was expected: that the free energy from sun and
sky radiation is by far the largest factor. However, in the winter months with almost
no light, the energy received from sun and sky radiation is very little. Tap water and
electricity usage is illustrated by being almost constant.

Here it must be considered that due to the usage pattern and the change in number of
people visiting the house illustrated in appendix 07, the figure would look different
as the house is completely empty for some periods. The results from the BM-Excel
model are based on a constant usage of 4 people throughout the whole year.

12000
10000
O 'Tapwater
~ 8000 v
=
;: 6000 - @ Internal radiation from sun and
& sky
D)
5 4000 - OElectricity usage and
= occupants radiation
= 2000 -
O T T T T T T T T

\‘bQ @‘b& @‘:& \‘&, %eﬁ éoA
Figure 5.7 — Monthly “free” energy additions from various sources

Figure 5.8 shows the monthly energy losses from hot water and air change losses and
total building part losses. The figure clearly illustrates how the building part losses
rise in the winter months, with a colder and darker climate resulting in a higher
internal and external temperature difference. Losses due to air change and tap water
are close to constant.

Figure 5.9 illustrates how the building’s energy demand changes month by month
throughout the year. The building is almost completely without heating energy need
in the summer months of May, June and July. Here, the effective or “free” energy
from inhabitants, heat generated by electric components, and especially the incoming
solar and sky radiation through glazed areas, are contributing far more heating energy.
From October to March, however, the picture is substantially different. This indicates
the long days with light through the summer months changing into almost no light
throughout the winter months. Especially in December and January, with very little
solar energy present, the heating demand rises substantially.
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Figure 5.8 — Monthly energy losses from building parts, hot water and air changes
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Figure 5.9 — Total monthly energy requirements

5.2 Probability estimate of BM-Excel model using a 3-point estimation
method

The Elforsk project 345-002: Energisyndere I lavenergibyggeri[33] describes a
method normally used in project management (PM), so-called PERT analysis, which
can give a more realistic outcome of a building’s energy performance in the design
phase as it accounts to some extend for several uncertainties.

Energy modelling has a number of uncertainties due to the many parameters, as
discussed previously, which influence the results greatly. Among these uncertainties,
to name a few, are weather data. It is impossible to predict the weather. The usage
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pattern in a building can also have high uncertainties and the usage purpose of a
building can completely change, causing the energy profile to change drastically. The
method applies successive calculation of the various energy modelling parameters,
accounting within a defined uncertainty for their variability. A total of 269 parameters,
each with a defined deviation in %, has been developed in an Excel sheet for Project
345-002. It can be located in appendix 05. All parameters have been divided into 3
groups describing their importance. These groups are called 1 — Critical parameters
that must be included, 2 — Important parameters that should be investigated, 3 — less
important parameters which can be left out. Project 345-002 concludes that the
method is useful and provides evidence of the applied method by comparing results
with measurements from actual buildings.

11%

21%

¥ Universitetet =SB Elselskab
Teknologisk Institut Radgiver Producent
= Bruger

Figure 5.10 — Distribution of involved parties on research projects in %. [32]

Elforsk is a Danish organisation that grants 25million DKK every year in research
and development projects with a special focus on a reduction in electrical
consumption. Figure 5.10 represents the typical distribution of parties involved in
research projects funded by Elforsk. The figure is based on a total of 204 research
projects spanning from 2002 — 2011 [34]. As figure 5.10 showed, there was a healthy
mix of universities, different Danish research institutes, private consultants,
producers and end-users involved in Elforsks research projects.
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Project 345-002 has been developed to be used with the Danish energy modelling
software Bel0, developed by SBI[33]. In this chapter, I will be using the theories
described in the project report [33] on successive calculation and apply them to fit the
BM-Excel energy model.

Since it is not possible to calculate an exact value on energy consumption of a
building, the method described here uses a probability analysis to archive an estimate
on energy consumption as a less static result. The method uses a 3-point estimation
also known from PERT analysis [33], which is very popular within PM. PERT
analysis method uses a Beta distribution for uncertain parameters. Project 345-002,
however, suggests use of a Gamma distribution instead, where the distribution curve
often is shifted, so that the mean value is on the right side of the top of the curve.
Figure 5.11 illustrates the Gamma distribution curve. M is the mean value, A is the
optimistic estimate, B is the pessimistic estimate and C is the most likely estimate.

0.14
C

0.1 -
0.08
0.06
0.04
0.02 B

0 | v ' . . ————
0 2 4 i 8 10 12 14 16 18 20

Figure 5.11 — Gamma distribution curve used for uncertain parameters in 3-point
estimate [31]

5.2.1 Sensitivity analysis for a 3-point estimation

As mentioned, the sensitivity analysis along with the 3-point estimation are tools
typically used within the PM discipline with a specific goal of estimating duration of
projects, needed resources and, by that, the specific economy of a project. Here, the
tools are applied by breaking down project requirements into smaller work packages.
This discipline is called WBS (Work Breakdown Structure) [35]. This structure
makes it much easier to understand and estimate the length of each work package. It
is from the WBS that the estimation of pessimistic, optimistic and most likely values
are determined. If no exact similar recorded value is already available to a work
package, the project manager will typically ask a professional with experience within
the specific field. The professional will then give an estimate of the three values. This
is called a sensitivity analysis. This method, however, is not applicable for this project
as it does not deal with time, but specific calculated values e.g. U-values, areas etc.
The method applied for this type of sensitivity analysis for 3-point estimation is based
on regulatory decided deviations such as EU standards (EN). It also uses uncertainties
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described in the Be10 handbook developed by SBI [33]. Furthermore, Trine Dyrstad
Pettersen, research manager at Sintef Bygforsk, has contributed with deviations based
on Norwegian experience.

The 269 parameters for the sensitivity analysis (appendix 05.) are in accordance with
the input parameters of BelO. In this thesis, the parameters applicable to the BM-
Excel model will be used to create a 3-point analysis. Appendix 06 is a brief version
of the 269 parameter version altered to fit the BM-Excel model introduced in section
5.1. Sensitivity for each parameter can be located in appendix 06.

The sensitivity analysis in Appendix 06 calculates a minimum and a maximum value,
also called optimistic and pessimistic values, for the 3-point method. The values from
the sensitivity analysis are then added into the BM-Excel energy model. For this
purpose the BM-Excel model has been copied into three complementary versions.
One model, containing the original values evaluated, is considered the most likely set
of values. The second contains the minimum, also referred to as optimistic values,
and the last one contains the maximum, also called pessimistic values. The results of
the three models are then used in the probability calculation applying the 3-point
method.

The results that I will compare here are the total energy needs for heating in kWh/m?2
pr. year.

5.2.2 The impact of the sensitivity analysis on the energy model

The deviation in the sensitivity analysis of 1% in area and 5% u-values on building
envelope constructions are quite low and do not affect the total energy need for the
building very much according the BM-Excel model. This is supported by Project 345-
002, which classifies areas on building envelope constructions as having little
influence and are possibly able to be left out of the model. U-values are described as
having some importance and should be investigated[33]. Table 5.2 illustrates the
difference before and after minimum values from the sensitivity analysis in appendix
6 are added to the BM-Excel model. The opposite effect occurs for the maximum
values from the sensitivity analysis. The table illustrates the new result in the BM-
Excel model for every parameter category changed. This method can be referred to
as an OAT-analysis (One-At-the-Time), which is a local sensitivity analysis that
provides clarity on the effect of each parameter changed[33]. Table 5.2 represents
steps 1 through 8 in the OAT-analysis; step 1 being no parameters changed, step 2
being 1 parameter category changed, and for each step the next changed parameter
category is changed, with step 8 being all parameter categories changed. Total
primary energy demand is the energy demand of the house before given “free” energy
is subtracted. Total energy need for heating the building is energy demand after given
free energy is subtracted.
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Table 5.2 — Influence from sensitivity analysis (appendix 6) minimum values on the
excel energy model

Effects of sensitivity Total primary Total energy need for
analysis step by step energy demand heating the building
kWh/m? per year kWh/m? per year
1. Original result from BM- 183,4 63,5
Excel (Most likely)
2. U-values and area changed 177,9 59.4
3. Glass area ratio changed 177,9 60,7
4. Ventilation recovery 184,7 65,2
efficiency changed
5. Hot water temp and 168,3 50,4
consumption changed
6. Normal electricity and 168.,3 55,5
inhabitants changed
7. Calculated air change 165,7 53,8
changed
8. Final minimum values 165,7 53,8

It’s interesting to see how the numbers are affected when the glazed area ratio is
minimized so that the building receives less “free energy”. The total energy need for
heating the building is the result of total primary energy demand minus the free energy
received. This affects the building in such a way that more “bought” energy is needed
to heat the building. The same thing is happening when normal electricity and
inhabitants are changed, as this also is “free energy” and therefore the total energy
need for heating the building goes up.

The ventilation recovery efficiency has quite an effect as depicted in Table 5.2. With
an efficiency lowered by 10% the total energy for heating the building goes up by 4,5
kWh/m?2 per year.

The sensitivity analysis uses 15% deviation for inhabitants and 10% for electricity.
The 10% are based on general lighting deviations. One could argue that this number
should be higher, especially for this house as the day-to-day usage pattern is so
inconsistent, as appendix 07, covering the energy use of the house, demonstrates. The
lighting deviation factor should therefore perhaps be higher.

Tap water temperature and especially tap water usage have a very big influence on
the total energy need for the building. This becomes obvious, when these numbers
are altered in the model when determining min and max for the 3-point estimation.
This item is also highlighted as a very critical factor in Project 345-002. In Appendix
06, the sensitivity analysis suggests use of a 1/3 deviation in min and max estimation
for the 3-point analysis. A 33% deviation is quite high, but as the house in Eyrarbakki
also has a very inconsistent day-to-day usage, this high difference must be considered
plausible and perhaps even not high enough. For other buildings with more consistent
day-to-day usage, this number should be somewhat lower.
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Calculated air change is described with 10% deviation in the sensitivity analysis for
both winter and summer. Once again, it’s difficult to determine whether this estimate
is realistic, especially due to the day-to-day usage. Nevertheless, the mechanical
ventilation located in the house can make this assumption more reliable as the system
runs continuously, whether there are people in the house or not. It also means that
when people are in the house they are less likely to open windows as the house is
constantly replenished with fresh air. Furthermore, the model itself accounts for
winter and summer months where people are more or less likely to have open doors
and windows due to the outside weather.

Air change losses in the BM-Excel model are based on the building’s volume. This
is not a parameter in the sensitivity analysis in appendix 06. The deviation is therefore
assumed to be 1%, which is also what the sensitivity analysis uses for air change loss
based on areas.

Mean temperatures and radiation values from sky and sun are not altered. Therefore,
the model is based on the reference year for these inputs. In this case 2014 monthly
mean values.

The results produced by the sensitivity analysis in the three BM-Excel energy models
gives the following values for the total energy need for heating the building per year:

® Most likely estimation is 63,5 kWh/m2 per year.
¢ Optimistic estimation is 53,8 kWh/m?2 per year.
e Pessimistic estimation is 73,1 kWh/m?2 per year.

These values are used in the following chapter.

5.2.3 The 3-point method

After having calculated and applied the values from the sensitivity analysis into the
BM-Excel energy models, the 3-point estimation can be applied. The formula
contains the letters O, ML and P. O is the Optimistic values from the sensitivity
analysis, which are the 1% quantile. ML is the Most Likely values and these are the
values from the initial energy model. P is the Pessimistic values from the sensitivity
analysis, and the 99% quantile. The values are computed into Eq. 5.1 and the result
is M, which is the mean value.

O0+2,9ML+P O+3ML+P

M = 29 ~ S (5.1)

Then, the standard deviation is calculated by Eq. 5.2 and the variance by Eq. 5.3. The
standard deviation is used for the result depending on the confidence interval that the
calculation is based on. The confidence interval and probability are depicted in Table
5.3.

S=-"""~ == (5.2)
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V=52 (5.3)

Eq. 5.4 is the sum of all mean values. Eq. 5.5 is the standard deviation of the entire
BM-Excel energy model.

Mrota = XM (5.4)

Stotal = vV % (5.5)

Table 5.3 — Confidence interval and probabilities[36]

Interval Probability
Mrotal £STotal 68%
< Mrotai+2 Stotal 84%
Mrotal £2STotal 95%
Mrotal +2STotal 97%
Mrotal +3STotal 99%
< Mrotai+3STotal 99.5%

1.1 4

97,5%
0.8 1

0.7
064 9%
(U h Bl Bt niniatinl” dks
0.4 1
0.3 1
0.2
0.1 1

2,5% 0 1

Figure 5.12 — Graphical illustration on the coherence of confidence interval and
probabilities in the 3-point method. Source [33].

The calculation of Eq. 5.4 and 5.5 can be carried out by adding together all values
from the sensitivity calculation in the energy models[33] and therefore M = Mrtotal
and S = Stotal 1n this calculation. The values used for O, ML and P are therefore the
three end results in the previous section. With these parameters determined, the
calculation looks as the following:
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53,8+(3x63,5)+73,1

Mrotar = - = 63,48 kWh/m2 per year.
73,1-53,8

Stotal = — = 3,86 kWh/m?2 per year.

Vrotal = 14,9 kWh/m?2 per year.

Project 345-002 uses a probability of 97% in its estimate, which means when looking
at table 5.3 that the confidence interval is within Mrotal + 2Stotl. It is therefore
reasonable to use the same probability and therefore confidence interval in this report.
When doing so, the result looks as the following:

63,48 kWh/m2 per year + (2 x 3,86 kWh/m2 per year) = 71,2 kWh/m?2 per year

This result can be translated into saying that with the 3-point method based on the
sensitivity analysis there is a 97% probability that the primary energy consumption
in the house will be below 71,2 kWh/m2 per year. This number is about 11% higher
than the original BM-Excel energy model, in which the result of primary energy
consumption was 63,5 kWh/m?2 per year.

Not only does this method take deviations into account through the sensitivity
analysis, it furthermore gives a less static result. This is both good and bad. In terms
of benchmarking for legislation and archive requirements given in the building
regulations, an absolute result is needed, to make it easier for designers to evaluate a
common requirement.

With that said, however, the method is very good tool when presenting the building’s
energy performance to a client. Here, there is room for more uncertainty, and the
designer is able to predict and present a result that spans over an interval instead of a
static result. This could be presented by saying that it is believed there is statistically
a 95% probability that the house will have a total primary energy consumption within
55,76 - 71,2kWh/m2 per year. This should always, however, be presented with
emphasis on the importance of the inaccuracies related to estimating the parameters
used in the model.

5.3 The Revit and Green Building Studio energy model

Autodesk Revit is a 3D based design software for architectural design, structural
engineering and Mechanical, Electrical, Plumbing (MEP) professionals. The software
is specific for Building Information Modelling (BIM). The US National Building
Information Model Standard Project Committee defines BIM by the following:

”Building Information Modeling (BIM) is a digital representation of physical and
functional characteristics of a facility. A BIM is a shared knowledge resource for
information about a facility forming a reliable basis for decisions during its life-
cycle; defined as existing from earliest conception to demolition” [37].
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The key letter in BIM is the letter I, which stands for information, and information is
exactly what it is all about. The 3D-model makes it possible to extract numerous types
of information about a project, e.g. quantities, amounts and collision checking
between structural, MEP and architectural models. This information can be
transferred directly into other software that deals with prices, time scheduling, labour
and energy performance. The really interesting characteristic here is when the
software working with Revit allows the user to track changes back into Revit so that
the project is always up to date, regardless of where a change has been made. This
allows a person working with project economy to make changes and let these changes
be saved back into the model, so that the designer is aware of changes and updates.

In this report I will look into the Green Building Studio (GBS) for Revit which is a
cloud-based software by Autodesk. The software allows the user of Revit to fill in
information in a BIM-model, regarding building layout, constructions, operating
schedules, conditioning systems (lighting, HVAC, etc.) and weather data by location.
There are many parameters that can be altered within Revit, but for this report the
simulation will be done from a predefined data set in Revit called Single Family. The
software also features pre-set parameters for offices, schools and so on. Figure 5.13
represents the Revit model which is the basis of the GBS simulation.

Figure 5.13 — An axonometric view of the Revit 3d model
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Figure 5.14 — U-value calculation of a building element (external wall) from Revit

Revit has two options when performing an energy simulation: one called building
simulation, and the other analytic simulation. Building simulation is the detailed
simulation where all building elements are defined in the BIM-model. This means u-
value determination, location of building, position of building, number of inhabitants,
heating/cooling systems, electric consumption and many more. This is the type of
simulation that is used herein. The analytic type simulation is a much less detailed
simulation which can be performed in the beginning of the design stage where very
little is known. Then, the simulation utilizes a conceptual model where no information
is yet defined and the key parameters used are location and placement of house plus
climate data for that site.

Revit features its own U-value calculator for building elements. It calculates by
processing previously described parameters for determining U-values. The results of
the calculations here are close, but with small deviations from the ones performed in
Rockwool Energy Design 4.1. Figure 5.14 shows such a calculation example in Revit
on an outer wall. In this case, the U-value is about 4% higher in Revit than in the one
performed in Rockwool Energy Design 4.1. The reason for this discrepancy is found
within Revit. When a building element like the outer wall is defined, all the materials
are defined either as being thermal, structural, substrate, membrane layer or finish
layer. Only in the thermal layer it is possible to calculate a U-value. This means that
for this wall calculation in Revit, the U-value is calculated only from the properties
of the insulation layer, whereas in the Rockwool Energy Design calculation properties
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of all layers in the building element are accounted for. Therefore, the Rockwool
calculation must be considered more precise.

Revit has about 30 different window types to choose from. These types deviate some
from the Velfac calculator and give each window the same u-value no matter the size.
Therefore, I have chosen to overwrite the built in Revit types and instead create my
own type using the values from the Velfac calculator. This is the only place in the
Revit model where I will be using previously calculated values to overwrite Revit
pre-set values. The U-value calculation on windows can be seen on figure 5.15.
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Figure 5.15 - U-value calculation of a window from Revit

When drawing a model in Revit, the model faces north on the top of the screen in
plan view. This, however, is not true north, and it is therefore important to rotate the
model towards true north so that the energy simulation accounts for correct shading
and incoming sun and sky radiation.

When the Revit model has been drawn and all information on building elements,
location settings, heating systems and pre-set parameters are chosen, the user must
define a set of spaces. The model utilizes the spaces to define the interior of the house
as well as rooms. The spaces calculates net volume and net area of the house. It is
important to notice this as the parameters on area and volume in the BM-Excel are
based on gross values. Figure 5.16 illustrates the spaces defined within the building.
Spaces are shown with a green colour.
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Figure 5.16 — Rooms and spaces within the Revit model

Now the model is ready to be submitted to the Autodesk Green Building Studio. Revit
has a built in button that when pushed submits the data from the model to the GBS
cloud based energy software. The results of the model I will get back to, but first a bit
on GBS.

GBS runs on a software type called DOE2.2, developed by James J. Hirsch &
Associates in collaboration with Lawrence Berkeley National Laboratory. DOE is a
freeware building analysis software that is intended to predict energy use and its
costs[38].

When entering the GBS cloud service, there is the initial run based in the parameters
defined in Revit. GBS furthermore creates a number of other runs based on different
settings in the house, such as other heating systems, window types, inhabitants and
more. In this case, GBS created 106 other runs with different setups.

The software then compares energy use and costs and potential savings between the
different setups. Figure 5.17 shows the initial run written in purple and five other runs
with different setups. These are written in blue.
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Figure 5.17 — GBS cloud service on Eyrarbakki
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One would now expect that all the parameters defined in Revit are included in the
first run. This, however, is not the case. When examining the first run more
thoroughly, it is clear that only some information from the Revit model has been
exported. Data on U-values for building elements are successfully exported.
Information on inhabitants and heating systems, however, are not the same and GBS
has changed these parameters. These parameters can be changed in the cloud software
but when doing so, the system suffers from constant crashes.

At first look, GBS seems to be implemented into Revit in such a way that it seems to
be a part of the Revit software package. When running a simulation, though, it quickly
shows that this is not the case and that the software is clearly still under development.
When the model parameters are uploaded to the GBS cloud server, all alterations are
to be made through the cloud service and not in Revit. This is very unfortunate as all
parameters that might be altered do not go back to Revit and the model simply
becomes out-dated in terms of energy calculations. This makes the time spent within
the Revit model seem lost as the data can be typed into GBS directly without a present
3D-model.

5.3.1 Result from the Revit and Green Building Studio model

Autodesk Revit and GBS are American software and the results therefore are very
much in line with US standards, units, currency etc. The US Environmental Protection
Agency (EPA) works with two types of energy consumption; source and site energy
consumption. Site energy describes the amount of heat and electricity consumed by
the building. Source energy is the total amount of energy consumed. It includes not
only the heat and electrical energy consumed by the building, but also the amount of
raw fuel (natural gas) consumed at the power plant as well as transmission and
delivery of energy[39].

EPA has determined source energy as being the best suited result for evaluation of
building energy losses and as an equal benchmarking standard. The result from GBS
reflects this standard and thereby isn’t of much use in Iceland and this report.

Source Energy

Figure 5.18 — Site and source energy defined by EPA[39]

61



Based on the EPA definition, GBS produces results based on the amount of natural
gas burnt at a power plant. This is a result that unfortunately isn’t of much use here
in Iceland, where all energy is sustainable and either comes from geo-thermal or
hydropower generation. Furthermore, the results are incomparable with the BM-
Excel model. The result sheet from GBS can be found in appendix 11.

At first glance, the only result that could be used to some extent is the monthly heating
loads. However, when looking more closely at this, it shows that hot water is not
included in the chart.

Monthly Heating Load
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3000 - U Light Fixtures
2000 = Occupants
L . 1 ] ‘ B window Solar
1000 1 ] B : A
_— . . Bl window Conductive
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Figure 5.19 — Monthly heating loads from GBS on Eyrarbakki

The monthly heating loads are very much based on climate data and GBS also
includes a number of figures on climate data in the result sheet. When comparing
these data with MET office climate data, it is clear the data is inconsistent. Mean
temperatures are too high and the wind rose indicates a different picture than the data
from the MET office.

When looking further into this matter, it becomes clear that even though the building
location has been defined by GPS coordinates, the weather station being used in GBS
is located far from the actual site. Figure 5.20 is a screen shot from GBS of this.
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Figure 5.20 closest weather station Iceland from GBS

As illustrated, the nearest weather station is located about 550km south of Iceland in
the middle of the ocean. If it is not possible to change the weather data within GBS
and use data from the Icelandic MET office, then the basis for energy calculations for
Icelandic buildings is not present within the Revit framework.

Further investigation into this dilemma revealed that it is possible to change the
weather data when defining the location of the building within Revit. However, when
the model is exported, GBS automatically overrides this manual data and defines the
closet weather station within the software and the result is therefore the same.

With these challenges, it was decided to contact the consulting firms in Iceland and
see if any of their professionals had experience with the software and perhaps similar
issues.

We started out by contacting Sigurdur Hardarson, Architect, Design Manager, CEO
and Partner at Batteriid architects. He had some experience with the software from a
few years ago but advised us to contact David Fridgeirsson (DF), BIM manager at
Verkis engineers.

DF had some experience of the software on a project in Norway a few years back.
They had encountered the same issues as we and had contacted Autodesk regarding
the weather data. Autodesk, however, never responded to their inquiry.

DF also had a similar experience with difficulties processing a detailed building
simulation like the one in this report and we concluded that the software simply is not
ready to handle detailed BIM-models. DF also mentioned that the constant
development and changes made in the software’s user interface posed a challenge to
the user and made the software difficult to master. This generally supports the
conclusion that the software still undergoes heavy development and is still not
practical to use.
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DF had also used the less detailed analytic simulation by analysing a very simple
conceptual mass from Revit. This experience had shown some useful results. The
conceptual model makes it simpler to use and even though the actual results are not
useful, the change in the result when the conceptual mass is, for example, rotated or
a window is moved from north to south, shows some impact in the energy use and
indicates whether a conceptual change to the building is likely to be positive or
negative for the building’s energy consumption.

Overall, the conclusion is that it is too soon to use GBS with Revit as a trustworthy
energy model, especially when the building is located in Iceland. Furthermore, the
gap between Revit and GBS makes the time spent on a detailed BIM-model in energy
terms not wisely used. In addition, the fact that the software is developed with such a
strong connection to the US standards will most likely make it difficult to use in other
places. It can, however, be used in the beginning of the planning phase with a simple
and less time consuming conceptual model to evaluate the energy related implications
of specific design decisions.
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Chapter 6 The monitoring systems and data

6.1 Installation and location of monitoring equipment

The house was instrumented to allow for a true estimation of the actual energy use,
in order to be able to verify the energy modelling introduced in chapter 5. The
following monitoring equipment was installed in the house:

1.

7.

An external weather station, monitoring wind direction, wind velocity,
barometric pressure, humidity and precipitation.

Two sensors measuring the temperature and humidity of the outside air on the
south and north walls of the house.

Two sensors measuring both temperature and humidity of the indoor air on
the south and north side of the house.

One flow sensor on the incoming hot water flow meter.

Two temperature sensors monitoring the temperature of the hot water coming
in to the house and the temperature of the hot water going out of the house.
Four temperature sensors, one in each of the four air ducts of the heat
exchanger unit.

One electric sensor monitoring the current driving the heat exchanger unit.

Figure 6.1 and 6.2 show the location of the sensors. All data channels are coded with
a unique ID related to the location of the sensor in the house so that the data received
can be easily recognised. The external temperature and humidity sensor on the north
and south facade was unfortunately broken due to weather damage and therefore did
not record any data. Sensor ID 245 measuring the hot water flow detected
measurements from 8" of November till 29" of November, when it unfortunately

broke down.
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Figure 6.1 — Plan layout from the Revit 3D model illustrating sensor placing

3655

Weather station equiped with senors :

id 256 (precipitation)
id 257 (baro. pressure)
id 258 (wind direction)
id 260 (wind speed)

id 262 (wind gust)

id 263 (temp. out)

id 264 humidity out)

id 265 (wind direct. degrees) ————_

Exhaust from heatexchanger

\ Roof line on high side

2755

o
Intake for heatexchanger o
—‘V':
= \~ s
Room 5/ kitchen S Washing N Utility room N
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6.1.1 The external weather station.

The weather station is a Velleman WS1080. The
specifications for the weather station can be found
in Appendix 15.

The weather station is composed of an external unit

shown in Figure 6.3 and an internal unit located __

inside the building shown in Figure 6.4. Both units
measure barometric pressure, temperature and
humidity. Therefore, the station supplies
information about both the indoor and the outdoor
climate. The external unit features a rain collector
measuring the amount of precipitation in intervals
of 1 hour, 24 hours, 1 week or 1 month. It is
furthermore equipped with a wind speed and wind
direction detector. The wind vane and velocity
sensor is located about 0,9m above the high side of
the roof, as shown in figure 6.2.

The internal unit is mounted in the utility room of

Figure 6.3 — The weather station unit

the house more or less right beneath the external unit shown on Figure 6.1.
All data collected by the external weather station unit is submitted wirelessly from
the roof to the internal weather station. The internal unit then communicates

wirelessly with the local data acquisition unit.

The installation of the external unit was partially
prepared at the university lab where the vertical
pole included in the package was extended in an
attempt to reduce the influence of the roof on the
wind flow monitored. The roof of the house has a
slope in one direction (positioning of monitoring
systems are shown later in this chapter) and the
position of the external unit is in the lower end of
the roof. In order to get especially the wind speed
and wind direction detector high enough and
completely clear of the higher end of the roof, some

Figure 6.4 — The weather station
internal unit

augmentation of the pole was made. The included pole was extended by 1.3m by
gluing it into a galvanized 1” steel pipe. The pipe was mounted in an unused TV-

antenna fixture located on the roof.

6.1.2 The temperature and humidity sensors.

All in all, four sensors measuring temperature and humidity were installed in pairs on
the outside and inside of the house. One sensor was installed outdoors on the south
side and another one on the inside of the same wall, and the same was done for the
north wall. All the sensors are of the same type (see figure 6.5). Their specifications

can be found in Appendix 15
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Figure 6.5 — External and
internal temperature and
humidity sensor. temperature and humidity — hymidity sensor installed.

Figure 6.6 — The box Figure 6.7 — Internal
housing  the  external temperature and

Figure 6.8 — Ext. south Figure 6.9 — Internal north Figure 6.10 - New
facade temp, and facade temperature and external box with hole
humidity sensor. humidity sensor. for sensor contact to

outside air.

The sensors are installed on the facades at a height of about 2,2m. The one on the
south facade will be in direct sunlight most of the day when the sun is shining,
whereas the ones installed on the north fagade will be in the shade and therefore less
affected by the sunlight. These different locations are chosen as the temperature and
humidity levels can vary due to the amount of exposure to direct sunlight.

The temperature/humidity sensors are, like the weather station, connected wirelessly
to a gateway positioned in the utility room of the house. The sensors located outdoors
are placed in standard watertight plastic boxes normally used for electrical
connections that are fixed to the cladding (see figure 6.6 and 6.8). Due to problems
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with the external sensors, a new box was created (see figure 6.9). The problems are
described in section 7.3. The indoor sensors are glued directly to the wall (see figure
6.7 and 6.10). The internal sensors are wirelessly connected to the same gateway as
the external ones.

6.1.3. Flow meter sensor.

In order to measure the amount of incoming hot water to the house, a flow sensor was
installed. The original flow meter installed in the house did not have the required
fittings for mounting a sensor and was therefore switched with a new flow meter. The
new flow meter is equipped with a magnet on the needle to allow the monitoring of
its rotation. On top of the new flow meter, an electromagnetic sensor (Figure 6.11)
was fitted that measures the amount in m?> of water running through. The sensor
measures the rotation of the needle; one rotation equals 0.1 m* of hot water. The
sensor is connected to a data acquisition unit sending wireless data to the gateway
located in the same room (the utility room).

(b)
Figure 6.11 — The flow meter. (a) Old flow meter, (b) New flow meter, (c) New flow
meter with a flow sensor installed.

6.1.4 Temperature of incoming and outgoing hot water.

The main hot water pipes, both in and out of the house, were equipped with a
temperature sensor (see specification on Dallas 18B20 sensor in appendix 15). The
sensors were fixed with steel clamps to the copper union-T fitting of the pipe system,
both the in-flow and the back-flow. After installation the sensors were wrapped in
insulation and duct tape to minimize the influence of external temperature
fluctuations. The sensors are both connected to the same data acquisition unit as the
flow meter sensor and the data is transmitted wirelessly to the gateway.
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Figure 6.12 — not insulated Figure 6.13 —Insulated

temnerature Sensor temneratuure sensor

& 2 = [

Figure 6.14 — the whole water system in the house. 1: Heat exchanger, 2. Floor
heating distribution pipes, 3. Incoming hot water, 4. Outgoing hot water, 5. Flow
meter, 6. Hot water.

Figure 6.14 shows the entire cold and hot water system in the house. To the left,
marked with 1., is a heat exchanger for the hot tap water. This is a closed system
heating up the incoming cold water, as the hot water in the area contains unwanted
sediments. All the way to the right marked with 2. are the hot water distribution pipes
for the floor heating system. At 3., the incoming hot water is measured and at 4., the
outgoing hot water is measured. At 5., the flow meter is located. 6. is where the hot
tap and shower water distribution pipes are located, and just below are the cold water
distribution pipes.

6.1.5. Temperature sensors in the heat exchanger unit.

The heat exchanger was fitted with four temperature sensors of the same type as were
installed on the hot water pipes. One sensor was installed in each of the four ducts of
the heat exchanger; i.e. the internal supply air duct, the internal exhaust air duct, the
external supply air duct and the external exhaust air duct. The sensors were fitted
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tightly in a 10 mm hole that was drilled in each duct. They were then glued using
silicone and duct tape to ensure airtightness of the ducts and to prevent the pressure
within the duct from pushing the sensors out of position (see figure 6.15). All four
sensors were connected to the same data acquisition unit, which then transmitted the
data to the gateway.

Figure 6.15 — Temperature sensors in the heat exchanger. t1: Fresh air intake, t2:
warm supply air. t3: Warm extract air. ts: External exhaust air.

Figure 6.16 — Heat exchanger unit Figure 6.17 — CT fitted in heat
opened. exchanger

71



6.1.6. Electricity sensor on heat exchanger

The heat exchanger is driven by an electrical motor. In order to measure its efficiency,
a current transducer (CT) was fitted within the engine’s main 230V connection. The
CT is a blue clip, shown in figure 6.17, which is attached directly onto the neutral
electricity wire. The CT then measures the alternating electric current in the wire by
measuring a magnetic field created by electrons running through the wire. The CT is
connected to the same data acquisition box as the temperature sensors mounted in the
ducts.
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6.2 The monitoring connection and data acquisition

As mentioned in the previous chapter, all are sensors connected to a gateway located
in the installation room of the house. The gateway has a wireless 3G connection
through a sim card of the same type as in cell phones. The connection diagram below
(figure 6.18) illustrates schematically the connection setup of the whole system.

Figure 6.18 — The connection setup of the monitoring system.

All data is submitted to a webserver accessible from the internet. The layout of the
online data feed is illustrated in figure 6.19. Each row represents a sensor and is
described with a short name and an ID number. The data feed constantly updates and
indicates how long ago data from each sensor has been received. For instance, ID 247
on the hot water out of the building indicates that the last update on received data was
28 seconds ago, and the value received was 37,7. The four icons to the far right in
each row let the user edit the name of a sensor, delete a sensor, and create a graph
from all data received, and the last icon lets the user export the data to a .CSV file
(comma separated values) compatible with Excel.
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© Node:10

id Name Tag Datatype Engine Public Size Updated Value

244 voltage Node:10 REALTIME PHPTIMESERIES Qe 2Mb 240 e L ] ® (4]
245 hot_water_m3 Node:10 REALTIME PHPTIMESERIES Qo 2Mb 0.00 e L ] ® [+]
246 water_temp_in Node:10 REALTIME PHPTIMESERIES o 2Mb 59.7 rd [ ] @ o
247 water_temp_out Node:10 REALTIME PHPTIMESERIES Q 2Mb 377 e L] @ [+ ]
248 Ext_air_in Node:10 REALTIME PHPTIMESERIES Qo 2Mb 4.60 7 L ] @ o
249 Ext_air_out Node:10 REALTIME PHPTIMESERIES Qo 2Mb 8.00 ¥ 4 L ] ® o
250 Int_air_in Node:10 REALTIME PHPTIMESERIES Qo 2Mb 20.1 7 [ ] @ o
251 Int_air_out Node:10 REALTIME PHPTIMESERIES "] 2Mb 220 7 [ ] ® o
243 electric_power Node:10 REALTIME PHPTIMESERIES "] 2Mb 14.0 7 [ ] ® o
© Node:0

id Name Tag Datatype Engine Public Size Updated Value

256 rain_mm Node:0 REALTIME PHPTIMESERIES "] 93.3kb 0.00 ¥ 4 | | @ o
257 rel_pressure Node:0 REALTIME PHPTIMESERIES "] 93.9kb 991 rs [ ] ® [+]
258 wind_dir_txt Node:0 REALTIME PHPTIMESERIES Qo 93.7kb 0.00 ¥ 3 | ® o
259 temp_in_c Node:0 REALTIME PHPTIMESERIES Q 93.7kb 215 rd [ ] @ (4]
260 wind_speed Node:0 REALTIME PHPTIMESERIES Q 93.9kb 4.80 e | | ® o
261 hum_in_perc Node:0 REALTIME PHPTIMESERIES Qo 93.8kb 20.0 e | | ® o
262 wind_gust Node:0 REALTIME PHPTIMESERIES "] 93.7kb 6.10 e L ] ® [+ ]
263 temp_out_c Node:0 REALTIME PHPTIMESERIES "] 93.8kb 1.40 e L ] @ o
264 hum_out_perc Node:0 REALTIME PHPTIMESERIES Qo 93.8kb 60.0 e L ] @ [+ ]
265 wind_dir_deg Node:0 REALTIME PHPTIMESERIES Q 93.8kb 0.00 e L ] ® o

Figure 6.19 — Layout of online datafeed from sensors expect the two external
sensors.

6.3 Issues and challenges with the monitoring equipment.

Several issues defied the start-up of the monitoring equipment. These issues were
luckily solved along the way. In that context, it is important to point out that thorough
planning is crucial for a project like this to become successful.

The house in Eyrarbakki is located about 60km from central Reykjavik and it is
therefore not a quick fix when problems occur. The long distance combined with the
fact that the house is rented out to tourists and therefore not accessible at all times
makes it even more challenging to fix any problems fast.

The first problem experienced was the sudden loss of internet connection, when the
owner of the house turned off the wireless 3G connection, due to excessive data usage.
It is most likely that the excessive data usage comes from some of the visitors to the
house, as the data acquisition units submit only a small amount of data bytes and it
was within the first days after the system came online that the connection was closed.
This issue was solved by installing another independent wireless 3G connection
sponsored by the Innovation Centre.

The next issue occurred due to missing data points during intervals of several hours.
The missing data points were the weather data from the weather station on the roof.
It turned out that even though the internal part of the weather station was situated in
the utility room right below the external weather station, the signal strength was not
strong enough. This was solved by moving the internal weather station closer to the
window in the north fagade in the utility room.

Data acquisition unit no. 2, indicated on the diagram in figure 6.18 (Named box 2 on
diagram), which gathers data from the heat recovery unit, hot water temperatures in
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and out and the in-flow of hot water sensor, also caused some problems. The unit was
initially connected to a 230V socket located next to the entrance to the utility room.
This socket, however, turned out to be used for different purposes by the cleaning
staff and the unit was therefore unplugged occasionally and sometimes not re-plugged.
This resulted in long periods without data from the sensors attached to this unit. The
power connection was moved to another outlet using an extension cord.

The extension cord, however, did not solve the problem completely as data points
were still missing from the sensors in the heat recovery unit. This turned out to be
caused by the extension cord, which was badly grounded. After the cord was properly
grounded, the data acquisition was as desired.

A quality assurance measure was initiated to see the precision of some of the data. In
particular, the weather station on the roof was studied, as the build quality of the
external unit in many ways seemed to be somewhat cheap.

Figure 6.20 and 6.21 show the barometric pressure in hPa from the same week in
December. One represents measurements by the Icelandic MET office at their station
in Eyrarbakki, whereas the other shows the measurements at the house. The two
figures can be considered to be almost identical and are a good indication of the data
quality from the weather station. Figure 6.21 has two areas with data points missing
over a larger period. These two areas are indicated with red circles on the graph. This
is due to the issues related to limited signal strength between the internal and external
weather station unit, as previously discussed.
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Figure 6.20 — Iceland MET-office graph illustrating barometric pressure in hPa from

1! of December — 07" of December.
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Figure 6.21 — Weather station data on Barometric pressure in hPa from I of
December to 7" of December

Figure 6.22 and 6.23 show the time history of the outside air humidity. On one hand
data collected by the weather station and on the other data published by the Icelandic
MET office. Again the signal strength issue is visible on the figure 6.23 and is
indicated with two red circles. The two graphs show a similar looking pattern with
time, however the humidity scales are very different. The data from the weather
station illustrated in figure 6.23 shows consistently much lower air humidity
compared the data from the MET office. This inconsistency in the data from the
weather station and the MET office may perhaps be explained by the location of the
weather station on the roof. As shown on figure 6.2 and figure 6.3, the weather station
is mounted directly above the exhaust tube from the heat exchanger. The air blown
out from the exhaust may possibly affect the humidity measured by the sensor in the
weather station. Therefore, the data collected may be an underestimation of the true
humidity.

The same inconsistencies can be seen in the data from the outside temperature sensor
in the weather station. Here, the pattern once again is the same, but now the
temperature is somewhat higher in the weather station data than the MET office data.
Again, this is very likely due to the hot air coming from the heat exchanger exhaust
tube, which may affect the temperature measured by the sensor in the weather station.
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Figure 6.22 - Iceland MET-office graph illustrating outside air humidity in % from
1" of December — 07" of December.
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Figure 6.23 - Weather station data on outside air humidity in % from 1°' of December
— 07" of December

In Appendix 08 a comparison between other variables collected by the weather station
and data from the MET office station at Eyrarbakki is shown. Those include wind
speed, wind direction, temperatures and dew-point temperatures.

The data collected from the weather station on these are fairly accurate when
compared with the MET office data located in the same appendix.
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Chapter 7 Acquired data presented

The following chapter is a description of the data that was collected from the sensor
equipment installed on the house in Eyrarbakki. The chapter also serves as a
description of further implications and changes that were encountered and carried out
later on in the progress of this thesis.

The data that has been recorded in the house has in many ways turned out to be
problematic.

First of all, the sampling rate, which is the amount of data recorded pr. time interval,
is not constant and the individual sensors don’t have the same sampling rate.

The sensors are of a type with a unique ID and timestamp, and this means that the
measurement period isn’t the same for each sensor.

The data collected from the sensors also contain many outlier values illustrated by
either zeros (where not expected) or extremely high values which are false as they do
not correspond to a physical possible reality.

The data has been plotted into the following figures with the most obvious outlier
values removed. The data has furthermore been resampled allowing a correlated
timestamp with reasonable accuracy.

Due to the problematic data, the general illustrations are drawn to illustrate a not too
detailed picture as the data doesn’t justify going into too much detail. There are,
however, examples with more detailed graphs in order to explain some of the more
general illustrations.

7.1 The hot water in and out.

Figure 7.1 depicts the incoming and outgoing hot water temperatures in the house. As
the figure shows, the sensor for incoming hot water started measuring about one
month prior to the outgoing water sensor. As illustrated in the figure, the data contains
some major fluctuations in both incoming and outgoing water temperatures.
Furthermore, the outgoing temperature is often unusually high. This temperature was
expected to be near 20 - 25°C and not as measured, where it most of the time is
between 30 - 40°C and in some cases even higher.

From a second visit to the house it was discovered when the fluctuations in the hot
water temperature occurs as well as why.

When no hot water is used in the house, the incoming hot water temperature is
measured at the sensor to be about 60°C, and the outgoing about 40°C.

When the house is in use and the heating systems are operating, the temperatures
change rapidly. When the floor heating is turned on the outgoing temperature drops
within 10 minutes down to around 22 - 25°C. This was discovered by changing the
heat settings of the house at the second visit.

The big fluctuations in figure 7.1 illustrate the changes in the hot water temperature
when the floor heating is turned on and off. This discovery furthermore corresponds
with the usage schedule in appendix 07. Here it can be seen that for a period from
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mid-November to the end of December the house simply did not have any visitors
and the heating system therefore was not activated. When looking at that same period
on figure 7.1, the fluctuations in temperature are minimal and a more constant
temperature of 35 — 40°C is maintained, supporting this discovery.

With the reason for fluctuations in temperature sorted out, we still needed to find out
why the temperatures were measured to be so much higher than anticipated. The
theory on why this is, is that the floor heating has a circulation through the main
distribution pipes when no hot water is in use and they are therefore are at a low flow
rate. This means that when the flow is low the hot water never enters the floor heating
pipes but instead is circulated through the distribution pipes and then directly out of
the house. This results in an outgoing temperature that is around 20°C lower than the
incoming temperature. This explains the high outgoing temperature as the heat is
never utilized fully through the floor pipes.

When the system is activated, the flow rate increases and the water runs into the floor
heating pipes. Now the energy is utilized as intended through the floor heating and
the outgoing temperature reflects this with a much lower temperature of around 22 -
25°C.

The fluctuations in incoming hot water were initially assumed to be coming from the
water supply in Selfoss. This, however, is not the case. These fluctuations also occur
from the usage of the house.

A combination of two factors result in this fluctuation. 1. The flow of incoming hot
water varies depending on whether the house is in use or not. When the house is in
use, the hot water flow rate increases due to a higher water consumption. When the
house is not in use, the flow rate drops again.

2. The thickness of insulation covering the sensor mounted to the pipe is too thin,
resulting in measurements being affected by external temperatures from the room it
is located in.

In the period mid-November to the end of December, when the house did not have
any visitors, the temperature was rather stable. According to the hot water supply
company Selfossveitur, the incoming hot water temperature is about 65-70°C in
houses located in Eyrarbakki. The temperature measurements during the stable period
was about 60 - 65°C. The sensor must therefore be considered to be affected by the
room temperature in such a way that the measured temperature is about 5-10°C lower
than the actual temperature of the incoming hot water.
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Figure 7.1 — Hot water incoming and outgoing temp.

Figure 7.2 illustrates the temperature difference between the incoming and outgoing
hot water. The figure illustrates a subtraction of the hot water in with the hot water
out temperature. Like figure 7.1, it illustrates high fluctuations when the house is in
use and a more stable temperature when the house is empty.
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Figure 7.2 — Temperature difference hot water in and out of the house.

7.2 The flow meter

The flow meter measuring the amount of hot water being used stopped functioning
shortly after installation and the data that was actually collected was invalid. The
sensor is the blue disk installed on top of the flow meter, illustrated in figure 6.11.
Under the disk is a magnet measuring the spinning of the needle below. The disk can
be hard to place correctly above the needle and the needle being measured is
indicating 0,1m?/ 100liters of usage per. spin. This means that when the disk is placed
correctly above the needle, 100litres of hot water must be used in order to get a
reading. At a visit in February 2016 the sensors were rotated to a new position and
hot water taps and the shower in the house were turned on to determine if the sensor
was still working. It did not pick up a reading from this action, however. It then turned
out that by swiping a magnetised screwdriver over the sensor an immediate reading
happened. This meant that the sensor in fact was intact. It was then discovered that
the sensor was affected by the temperature sensors connected to the same gateway
and that data therefore wasn’t submitted to the cloud. The flow meter sensor was
therefore disconnected and a separate wireless connection for this sensor was installed
to prevent any interference from other sensors. It was confirmed that there now was
a connection and that data could be received correctly by once again swiping a
magnetised screwdriver over the sensor.

As depicted in the usage schedule in appendix 07 the house is empty most days at this
time of the year. With the sensor only measuring 0,1m® of hot water usage, it is
difficult to get any readings. In any future project it is advised to use a flow meter
with a magnet placed on one of the more sensitive needles measuring either 0,01 or
0,001m>. This would assist with obtaining readings even though little hot water is
being used.
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7.3 The external sensors

The two external heat and moisture sensors on the northern and southern fagades only
recorded data for a short period and the data collected was invalid. The reason for this
was due to moisture. For one, the sensors are designed for internal usage and the
waterproof box they were put in got filled with moisture and the electrical circuits did
not survive this. Secondly, the data that was measured was within the closed box and
the moisture content was not similar to the outside air moisture content. The sensors
therefore where replaced with two new ones. In the new boxes the electrical circuits
are isolated from the sensor and the sensor has connection to the outside air through
a hole in the underside of the waterproof box. The new box was attached on top of
the old box as shown in figure 6.10.

With the new external temperature sensors were installed, the previous theory
regarding the temperature measurements from the roof being too high was confirmed.
This is depicted in figure 7.3. Here, it is illustrated that the temperature measured by
the weather station on the roof next to the ventilation exhaust is about 2°C higher
(yellow line) than the temperature measured by the new sensors on the south facade
(blue line) and north facade (red line). Each day at noon the south wall receives direct
energy from the sun, resulting in a higher temperature on the south facade during
daytime. This is shown with big peaks in the south wall temperature measurement.
Outside peak time, which is at night, the temperature is generally a bit higher on the
north facade than on the south facade. There is, however, uncertainty regarding
whether this is due to inaccuracy in the sensors or some small effects from the house;
this is shown here.

Temp roof weather station

Temp south facade

20| IW Temp north facade

08:00 12.00 16:00 20:00 00:00 04:00 08:00 12.00 16:00 20:00
Figure 7.3 — External temperature readings.

7.4 The Heat exchanger

Figure 7.4 shows the electric power usage recorded by the current clip in the heat
exchanger. The figure shows an almost constant usage between Ow and a little above
2000w. The figure looks somewhat strange. However, if the time interval is changed
into a shorter period, the readings make more sense. (See figure 7.5). Here, the electric
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power indicated with a blue line draws a special pattern on the heat exchanger. It
shows how the heat exchanger turns on the heating element at a programmed time
interval. In this case, every Sth minute the heating element is turned on and the power
consumption rises. The element is on for about 2 minutes and then shuts down again.

2500 — T

2000

1000

Power (Watt)

Nov Dec Jan Feb
Date

Figure 7.4 Electric power from the heat exchanger including the 2000w AC heating
element.

Figure 7.5 furthermore shows the internal air outlet temperature (t2), internal air inlet
temperature (t3) and the temperature on the internal north and south walls.

For this project we wanted to see the electric consumption without the 2000w heating
element as this is not an optimal solution in Iceland. A water heating unit would be
much preferred. Originally we thought that the 2000w electric heating element was
not connected and therefore the measuring clip was attached where it is. Because of
the 2000w heating element the measurement of the electricity cannot be used as we
only wanted to know the electricity use for the electric motors and then calculate the
air flow from this information. This was intended then to be plotted with an efficiency
calculation of the heat exchanger. Therefore, this measurement cannot be used.
Instead, a temperature transfer efficiency calculation will be carried out in chapter 8.
This will be based on the temperature sensors located in the ventilation ducts above
the heat exchanger and plotted with the internal and external temperatures.
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Figure 7.5 — Data plot in data from heat exchanger and internal temperature sensors
on north and south facade.

Figure 7.6 depicts the air temperature within the ventilation ducts just above the heat
exchanger. The figure illustrates the air temperature coming from the outside (t1) as
well as the air temperature coming from within the house(t3). The recording of data
started about 2 months earlier for the intake air temperature of air coming from inside
of the house.

The figure corresponds with the usage schedule in appendix 07. It shows a higher
internal intake temperature(ts) when the house is in use. The external intake
temperature (ti1) follows the outside temperature and gradually falls the closer we get
to winter. It is, however, anticipated that the external intake temperature(ti) is
somewhat higher than the external air temperature as the sensors are placed well
inside the house and the air must be expected to gain some temperature before it hits
the sensor. Figure 7.7 illustrates the external intake temperature (ti, green line) VS.
the external south and north temperature (blue and yellow). Here, it is clear that the
intake temperature is about 7°C higher.

Figure 7.7 furthermore shows the internal intake temperature (t3, red line) VS. the
internal south and north temperature (brown and purple line). The internal intake
temperature follows the south and north temperature as expected.
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Figure 7.6 — Air Intake temperature for heat exchanger from outside and
inside the house.
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Figure 7.7 — Internal and external north and south wall temperatures V.S. Internal
and external air intake temperatures in heat exchanger.

Figure 7.8 depicts the air temperature blown into the house as well as blown out of
the house. At first glance, the internal output temperature (t2) has some funny looking
fluctuations. However, if the data is correlated with the heating elements data at a
shorter time interval the fluctuations make much more sense. This is illustrated in
figure 7.9 and it is clear that the temperature profile follows the heating element
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profile. When the heating element is turned on, the internal output temperature
immediately rises from about 19.5°C to 26°C then goes down as the heating element
turns off.
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Figure 7.8 — Output air temperature to inside and outside.
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Figure 7.9 — Internal output air VS. electric heating element usage.
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The external output temperature in figure 7.8 is the air temperature of used air coming
from within the house after it has gone through the heat exchanger. It shows that the
output temperature varies within about 10°C. If the data of the external output
temperature is compared with the internal intake temperature (figure 7.10), we can
see that the heat exchanger utilizes the intake air in such a way that the output air is
about 10°C lower.
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Figure 7.10 — Internal air input VS. external air output.

7.5 Internal north and south temperature and moisture sensors

Figure 7.11 represents the recorded temperatures within the house at the north and
south facades. It reveals as expected a higher temperature on the south wall than the
north wall.

Figure 7.13 illustrates the size of the temperature difference by subtracting the south
wall temperature from the north wall temperature. In general, the temperature
difference is within 4°C. November through December there are some longer periods
with bigger temperature differences; this is very clear on figure 7.11. These bigger
differences are assumed to be due to incoming sun through the big glazed areas on
the south fagade. Figure 7.12 illustrates the temperature differences over a shorter
time period and here we can see that before 12:00 the temperature difference is about
4°C and after 12:00, when the sun is up in the sky, the temperature spikes up and falls
again a few hours later as the sun goes down.

The times when the temperature difference goes negative in figure 7.13 are assumed
to be when windows on the south fagade have been opened and the south wall sensors
therefore have picked up colder temperatures.
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Figure 7.12 — Inside temperatures on north and south wall
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Figure 7.13 — Temperature differences within the house

The north and south wall sensors also measure the relative humidity and figure 7.14
and 7.15 depict these data. Also, here the data is, as expected, showing a higher
relative humidity on the north wall than the south wall. This is mainly due to the
colder air temperature in the northern part of the house, explained primarily by less
incoming sunlight through the windows.

It also shows that the difference in relative humidity changes according to changes in
temperature, which was expected. This is illustrated by figure 7.16 with a shorter time
interval.
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Figure 7.14 — Relative humidity on north and south wall inside the house
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Figure 7.15 — difference in relative humidity on north and south wall
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Chapter 8 Comparison of acquired data

The original intention of this chapter was to make comparisons of main results in the
report. First, the results of the BM-Excel energy model and the Autodesk Green
Building studio were to be compared. The result of the Green Building studio model,
however, turned out to be inconclusive and a comparison of the two models therefore
is not possible. The comparison of the actual energy use measured in the house and
the calculated result from the BM-Excel model also was a desired result; this,
however, also turned out not to be possible due to problems with the flow meter sensor.
This chapter therefore instead focuses on comparing other data acquired from the
project. I will be comparing external data on temperatures and wind velocity. I will
do a temperature transfer efficiency calculation on the heat exchanger and also a
comparison of the BM-Excel model result with statistics from OR (Reykjavik Energy
Authority).

For comparing the external temperature and wind measured, data from the IMO will
be used. This gives an indication of the quality of the acquired data. By looking at
this, it can be determined whether the sensors ought to be used for other projects, or
if other types of sensor equipment should be chosen for more precise results. It can
also be used to optimize installation of sensors for future projects.

In order to compare the data, the IMO has provided hourly mean climatological data
from weather station 1395 located in Eyrarbakki. The data available from the IMO is
represented in table 8.1.

Table 8.1 — Data from IMO weather station 1395

T Mean temperature °C

TX | Average daily maximum temperature °C

TN | Average daily minimum temperature®C

TD | Dew point temperature°C
RH |Relative humidity

D Wind direction

F Mean wind m/s

FX |Max mean wind m/s

FG | Gust wind m/s

P Mean sea level pressure

The data is available for the period 06/10/2005 - 14/3/2016. In this chapter, I will be
using mean temperatures and mean wind from the IMO data for the comparison.

I will compare the wind velocity data collected by the weather station located on the
roof of the house. Also the external temperatures measured at the north and south
facades will be compared with the IMO temperature data in order to see if the
microclimate located around the house deviates much from the data collected by the
IMO. I will be using the data set on a period that fits the running time for the given
sensor. The exact interval is described in later parts of this chapter.
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The efficiency of the heat exchanger was furthermore a desired result to compare with
the assumed efficiency in the model. The unwanted intervention of the 2000w heating
element, however, made this comparison more difficult to do precisely. Even so, this
chapter will be looking at comparing the efficiency by calculating the temperature
transfer efficiency. This will be carried out by using the measured temperatures in the
four ventilation ducts entering the heat exchanger unit.

The intention of calculating the actual energy use of the house with the result of the
BM-Excel turned out not to be possible as the flow meter sensor measuring the
amount of hot water used simply never started functioning correctly. This meant that
no data on hot water usage was ever collected. In this chapter, I will therefore instead
compare the result from the BM-Excel model by plotting numbers with average
consumption statistics from OR into the model.

Given a larger timeframe, it should be possible to acquire data on energy consumption
in the house. It all depends on getting the flow sensor up and running.

8.1 Comparison of available wind velocity data.

For this comparison, I will be using the collected data on wind velocity acquired by
the weather station located on the roof of the house. For the comparison, hourly mean
data will be used. This means 24 data points per day. The reason for this time interval
is primarily due to the comparable data from the IMO, which is in mean hourly values.
Furthermore, the amount of data when extracting shorter time intervals from the cloud
drive has proven to be very difficult to handle.

The data from the IMO is constant for each hour in the day. The data acquired from
the weather station is not as consistent and therefore can result in some inconsistency
in the result.

The wind blows with different velocities depending on the height and location at
which it is measured. Wind velocities at different heights can be compared by the use
of logarithmic wind profiling. Here, wind velocity is calculated at different heights
based on a reference height and the wind velocity at this height.

Logarithmic wind profiling can be imprecise where hills, ridges large trees and other
big obstacles surround the site. In a flat terrain, however, the logarithmic wind profile
can be used as a good estimate to compare wind velocities at different heights.

For the location in Eyrarbakki, this method fits very well. In areas with more obstacles
in the terrain, one could argue about how precise this calculation would be.

The equation for determining the logarithmic wind profile is depicted in e.q. 8.1

e (8.1)

Eq. 8.1 consists of the following factors:
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® hiis the reference height above the ground; in this case 10m as the IMO wind
anemometer is located at 10m height[40].

e hyis the height desired to compare; in this case Sm as the weather station is
located about 5m above ground.

e Viis the wind velocity at height hi

® V3 is the calculated wind velocity at height h2

® Zois the surface roughness length.

The surface roughness length, Zo , describes the roughness induced by obstacles
located in the landscape that affect the shear layer at the surface which controls the
shape of the wind profile. All of Iceland used to be classified by having a surface
roughness, Zo= 3 cm [40]. This is equal to a roughness class between class I and 11 in
the Eurocode. The classes are described in European standard EN 1991-1-4:2005+A1
- Eurocode 1: Actions on structures - Part 1-4: General actions - Wind actions. The
classes as described are shown in table 8.2.

Table 8.2 Terrain categories and terrain parameters{41]

Terrain category Zo ZLnin
m m
0. Sea or coastal area exposed to the open sea 0,003 |1

1. Lakes or flat and horizontal area with negligible vegetation | 0,01 1
and [lwithout obstacles

Il. Area with low vegetation such as grass and isolated|0,05 2
obstacles (trees, buildings) with separations of at least 20
obstacle heights

II1. Area with regular cover of vegetation or buildings or with| 0,3 5
isolated obstacles with separations of maximum 20 obstacle
heights (such 0,3 5 as villages, suburban terrain, permanent
forest)

1V. Area in which at least 15% of the surface is covered with | 1,0 10
buildings and their average height exceeds 15 m

NOTE: The terrain categories are illustrated in A. 1.

Today, the surface roughness class can be chosen freely by a designer from the EN
1991-1-4:2005+A1 - Eurocode 1: Actions on structures - Part 1-4: General actions -
Wind actions. For this calculation, I will be using a surface roughness of Zo=3 cm
as the Eyrarbakki area is located at the sea and without larger obstacles in or around
the area.

E.q. 8.1 was adapted into a spreadsheet containing hourly mean wind data from the
IMO in the time interval 09/11/15 — 12/01/16. An export of mean hourly wind data
of the house was performed and added to the same spread sheet. The two data sets
were then plotted into the same graph and the result can be seen in figure 8.1. The x-
axis represents the time interval of the collected data. The y-axis represents the wind
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velocity in m/s. The orange dots indicate the data set from the weather station located
on the roof of the house. The blue dots indicate the data set from IMO profiled to
wind velocity at S5m height, i.e. the same height as the anemometer on the roof of the
study building.
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Figure 8.1 — Comparison of wind data recorded above the roof of the house in
Eyrarbakki and IMO data adjusted to represent wind velocity at Sm above terrain.

There is a gap in the house data from around 17/11/15 — 01/12/15 due to technical
problems mentioned earlier in this report. Besides this missing time interval, the data
comparison looks good and fairly similar. The precision of the weather station can
therefore be considered as relatively precise and indeed useful. With relative high
wind velocities in Iceland, these data can be used when determining a building’s
resistance to wind pressure, as well as being used as a factor to determine if the choice
of cladding is suitable for the building in a given area. Cladding includes finish
material on both walls, roofs and roof terraces.

8.2 External temperatures compared

The comparison of monitored external temperatures with IMO data can be useful to
see if the sensors seem to be functioning properly and to determine if the climate
around the house deviates much from the IMO data. For this comparison, I will be
using the collected data from the external temperature sensors installed on the house’s
north and south facades. The temperature data collected by the weather station on the
roof will not be included in this. The sensors on the facades are installed at about 2m
height, as can be seen on figure 6.8. The data available from the IMO comes from
weather station 1395 located in Eyrarbakki close to the house. This data is also
measured at 2m height. The data sets should therefore be comparable. The
comparison is once again carried out by comparing mean hourly data for the same
reasons mentioned in chapter 8.1.
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Figure 8.2 represents a comparison between the mean hourly temperatures from the
IMO weather station in Eyrarbakki and the recorded data obtained at the house’s north
and south facades. The y-axis marks the external temperature and the x-axis marks
the time interval. The time interval of the data set goes from 12/02/16 — 14/03/16.
The reason for the rather short time interval is the new temperature sensors that had
to be installed on the house. These simply were not up and running before the 12 of
February.

The comparison of the three data sets depicted in figure 8.2 shows a good connection
with a very similar pattern between the three.

The record data from the temperature sensor located at the north facade has some
outlying values which are shown as being much higher than either of the two other
data sets. The explanation for why these values deviate so much is assumed to be due
to the window in the utility room being located next to the temperature sensor (see
figure 6.8). When the window is opened, the hot air from the inside of the utility room
flows out past the sensor, affecting the measured temperature. This could have been
prevented by placing the sensor further away from the window.

The temperature difference between the north and south was expected to be more
visible, with south temperatures being higher due to solar radiation. The explanation
for why these differences aren’t greater is that the measured period was during the
winter months with a relatively low position of the sun and thereby less daylight. Had

the measured period been during the summer months, the difference must be expected
to be higher.
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Figure 8.2 - Mean hourly external temperatures in Eyrarbakki compared
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8.3 Heat exchanger efficiency

For calculating the temperature transfer efficiency, data from three of the four
temperature sensors installed in the ventilation pipes are used. Figure 4.10 shows the
location of the three sensors used for the calculation.
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Before starting the calculation it is important to mention the 2000w electric heating
element. We know that the heating element might affect the result of the calculation
as it is positioned in the internal air out (t2) duct. Since it is not know exactly how far
from the temperature sensor it is located, it is unknown how the heating element will
affect the result of the calculation.

Eq. 8.2 calculates the temperature transfer efficiency based on the acquired data from
the temperature sensors. The equation was applied in an Excel spread sheet containing
measurements for the three temperatures for each minute over the measured time
interval.

_ (ta—tq)

= 8.2
t (tz—tq1) (8.2)

The result of the temperature transfer efficiency is depicted in figure 8.3. The x-axis
of the figure indicates the time interval. On the y-axis both internal temperatures and
efficiency of heat exchanger are illustrated.
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Figure 8.3 — Efficiency calculation of heat exchanger.

The result of the calculation indicates an efficiency estimate that roughly spans
between 60% and 120%. This result shows an efficiency that in many cases is well is
above what is physically possible, as the upper limit of efficiency on this type of heat
exchanger unit is 87% as shown in figure 4.12. This tells us that the heating element
is causing great interference with the result and that Figure 8.3 therefore does not
show a correct picture of the reality.

When looking into some of the data, it shows various discrepancies. One of these
being the external temperature used for the calculation. Table 8.3 illustrates the
measured temperature at sensor ti compared with the IMO data in the same time and
day.
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Table 8.3 — External temperature difference and effects on efficiency results

compared.
Time and date | Calculated Measured External Temperature
efficiency external temperature difference (t1 -
temperature at | from IMO IMO)
t1
13:00 116% 9°C 3,8°C 5,2°C
25/01/2016
13:00 72% 6,5°C 2,4°C 4,1°C
16/01/2016

As shown in table 8.3, on the 25" of January 2016 at 13:00, where the calculated
efficiency is at 116%, the measured external temperature in the heat exchanger pipe
(t1) 1s 9°C. At the same time and date, the IMO data shows an external temperature
of 3,8°C. This suggests that either something has affected the sensor on the house or
that the air is heated by 5,2°C by going through the roof construction and through
about 1.5m of non-insulated pipe from the ceiling to the sensor’s location. On the 16™
of January 2016 at 13:00 where the efficiency was 72%, the measured external
temperature (ti) was 6,5°C. At the same time, the IMO data depicts an external
temperature of 2,4°C, a difference of 4,1°C.

This finding shows that the external air temperature measured in the pipe (t1) just
before entering the heat exchanger is subject to an increased temperature from
receiving heat from the surroundings within the house.

If we go further and look into t2 and t3, we see the following:

Table 8.4 — t2 and t3 compared

Time and date Calculated t2 t3
efficiency

13:00 25/01/2016 | 116% 23,7°C 21,72°C

13:00 16/01/2016 | 72% 18,71°C 23.56°C

When the temperature of the air that is blown into the house after going through the
heat exchanger (t2) is above the temperature of the dirty hot air that is sucked out of
the house before entering the heat exchanger (t3) the temperature transfer efficiency
goes above 100%. This suggests that there are other factors affecting the sensors. The
main element here would be the 2000w heating element that affects the sensor and,
when turned on, applies additional energy and, by that, heat which affects this
calculation. Figure 7.9 depicted the heating element’s cycle and showed that the
heating element is on for about 1,5 minutes and off for about 5,5 minutes. With this
information, we can look at the data in a more simplistic manner as the amount of
data used for the previous figure was too heavy to work with. The efficiency

99



calculation is once again done by use of eq. 8.2, but this time without getting the
interference of the heating element, or at least little of it. For the calculation, it is
assumed that the ventilation flow rate is the same at all times. We know from
inspecting the system that the ventilation rate can be changed, but this only can be
done manually and we therefore assume that no one has been changing it in the
measured period. By looking at the data as it is depicted in figure 7.5, the data
readings are done for t3, t2 and ti at the time that t2 is at its lowest. It is here that the
interference from the electric heating element in the heat exchanger is off, or at least
at its lowest.

For this calculation, I have chosen three different data readings for two different dates.
Furthermore, the temperature measured at the roof is included: The readings and
calculation look as the following:

Table 8.5 — data readings directly from graph on 2" of March and 1°' of May

Date and time Tiin°C | T2in°C | T3in °C | Outdoor Efficiency
temp on
roof in °C
March 2" 15:50 | 1 18 21,5 2 83%
March 2™ 16:10 | -1 18 21,5 2 84%
March 2™ 16:30 | 0 17,5 21,5 2 81%
May 1* 11:00 11 20,5 22 9 86%
May 1% 11:20 12 20 22 9 80%
May 1% 11:40 13 19,5 22 9 72%

The data readings from table 8.5 were then plotted into figure 8.4 below.
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Figure 8.4 — Efficiency calculation on heat exchanger from readings
of graph like the one in figure 7.7

The result of this shows a more correct picture of the reality of the heat exchanger.
The six efficiency figures plotted on the graph are, however, still a bit high, as 5 of 6
are between 1% and 5% from maximum possible efficiency of 87%. There is no doubt
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that there are inaccuracies when reading directly off the graph, which could be one
reason for the slightly high efficiency. Furthermore, we know that the incoming
temperature t1 is affected by the house before entering the heat exchanger and
therefore also affecting the result. Finally, there might still be some heat left in the
heating element, even though it is off at the measured time. This would affect the
efficiency result.

8.4 Energy usage compared

Because the result of the BM-Excel model could not be compared with the actual use
in the house due to lack of data, a comparison of average numbers will be performed
instead. Orkuveitan (OR), the Reykjavik city utility company, does not have available
an estimate or information regarding the overall average heating energy for new
houses. Instead, they have provided average data on electricity usage and hot water
usage. It is unclear whether this data is solely on single family houses or in fact also
includes multifamily houses with two or three families living in it. If this is the case
then the results based on the OR numbers must be expected to be significantly higher
than the BM-Excel model, as the consumption in a house with three families must be
considered higher than in a single family house with 4 inhabitants.

In this chapter, the energy use based on the data from OR will be calculated and
compared to the result from the BM-Excel model.

OR provided the following data:

e 4-people family uses 4000 to 6000 kWh/year in electricity
e Experience on hot water usage in m*/year spans from 1,2 to 1,5 times size of
the house in m°.

¢ Incoming hot water temperature in Reykjavik is 75° to 80°C

The hot water usage is the actual usage in houses in Reykjavik based on experience
from OR. The result of the energy use calculation based on the OR numbers should
therefore not be compared with the total energy demand in the BM-excel model.
Instead it should be compared with the total energy need, which is the energy demand
after received “free” energy is accounted for.

The BM-Excel model looks at the energy use from heat energy consumption mainly
from hot water and not electricity consumption. Since the received “free” energy is
accounted for, the electricity usage of 4000 — 6000kWh/year from OR will not be
included in this energy calculation.

I will however based on assumptions calculate the amount of free energy received
from electricity usage based on the numbers from OR and compare result with the
free energy from electricity that was used in the BM-Excel model.

As described earlier, the incoming hot water temperature in Eyrarbakki is between
65°C and 70°C. Since the energy content in hot water in Eyrarbakki is lower due to
the lower incoming hot water temperature, the amount of hot water used in Eyrarbakki
to achieve the same energy usage is higher.
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I will start by conducting the calculation for Reykjavik based on the numbers from
OR. Then, I will use the result to compare with the BM-Excel model. I will
furthermore use the result to calculate the energy content of hot water in kWh/m? for
both Eyrarbakki and Reykjavik as these values are different due to the incoming hot
water temperature. With these results, I will furthermore calculate how much more
hot water must be consumed in Eyrarbakki to comply with a similar energy use as
calculated for Reykjavik.

For the calculation of the energy content in hot water, Eq. (8.3) is applied.

E=c, X di X m (8.3)

Where:
e E=Energyinkl]
e ¢p = specific heat of water taken as 4.2 kJ/kg°C
® d; = temperature difference between incoming and outgoing hot water in °C
* m = mass of water in kg is calculated on the basis of the amount of hot water
consumed

OR stated a use of between 1,2 — 1,5 m’times the size of house in m>. For this
calculation, I have chosen to use the lower bound value of 1,2 m>, as T am assuming
that the house in Eyrarbakki is rather energy efficient.

In the calculation of the temperature difference, I will be using the same outgoing
temperature for both Reykjavik and Eyrarbakki. For this I will use the measured
temperature from the house for when the house is in use and the water is in circulation
through the floor heating pipes. The measured temperature at the sensor was 22°C -
25°C; however, the sensor is located about 1,5m from the outgoing hot water
distribution pipes. At these 1,5m the pipes are uninsulated. Therefore, a certain loss
must be expected. I will therefore use 30°C for the hot water out temperature for this
calculation.

For the incoming temperature, I will be using 65°C for Eyrarbakki and 75°C for
Reykjavik. The calculation on Reykjavik looks as follows.

Energy content in water in Reykjavik:

k] (o) (o) o
. (4'2Fg C>X(75 C—30°0C) 525kWh
= = g
3,6 " om3
The energy use for Reykjavik is 52,5 ky:gh X 1,2 =63 k::l;h per year

The estimated annual hot water usage in Reykjavik for a house with a similar size as
the house in Eyrarbakki is 338m?® x 1,2 = 405,6m? pr. year.

Total energy need for a similar size house in the Reykjavik area is therefore according
to this calculation:
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an;h x 405,6m3

127m?2

52,5

kWh
= 167,7 —2
m

pr.year

Table 8.6 — Results of total energy need from BM-excel model and calculation on
Reykjavik based on OR numbers

Reykjavik Eyrarbakki
kWh kWh
167,7 3 pr.year 63,5 - pr.year

Table 8.6 shows a difference of 104,2 k:LVZh pr.year in the two calculations. The

difference in the two results are big. It is impossible to say that one is correct and that
another is not, as assumptions and uncertainties simply are too big. It is however
possible to mention what is believed to be the primary reasons for the big differences
and where they are located.

First of all the big difference indicates that the numbers from OR includes multifamily
houses which causes a higher energy consumption and partly explains the big
difference.

The second indication is believed to come from air change losses in the BM-excel
model. This includes ventilation recovery efficiency and calculated air change. These
assumptions come with great uncertainty and small changes could easily affect the
result of the BM-excel model in a way so that the result would increase much.

The two above mentioned uncertainties has such an impact that these alone are
believed to be the main reason for the difference in the two results.

After having estimated the energy use in Reykjavik based on OR numbers and
compared the result with the BM-excel model, the energy content in water in
Eyrarbakki is calculated. It looks as follows:

k]o [e] [e]
(#2557c ) x (65°C—30°0) Wh

E = = 40,8
3,6 m3

Table 8.7 — Calculated energy content in hot water compared.

Reykjavik Eyrarbakki
kWh kWh
52,5— 40,8 —
m m

Table 8.7 is a comparison of the calculated energy content in hot water for Reykjavik
and Eyrarbakki. The result shows as expected a lower energy content in the hot water
in Eyrarbakki compared to Reykjavik. Since the same energy use is expected for a
similar house in Reykjavik and Eyrarbakki, we can calculate the difference in hot
water usage based on its energy content. With the calculated values above, the needed
amount of hot water usage to get to the same energy use in Eyrarbakki can be
calculated by the following:
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kWh pr.year x 127m?

m? _ 3
. Wh =522m

m3

167,7

As table 8.8 illustrates, the estimated hot water usage in Eyrarbakki is much higher
than in Reykjavik. This means that in order to reach the same amount of energy use
from the hot water in Eyrarbakki, the user has to use 522m? of hot water compared to
the 405,6m3 in Reykjavik.

Table 8.8 — Estimated annual hot water usage compared.

Reykjavik Eyrarbakki
405,6m’ pr. year. 522mS3 pr.year.

Electricity usage is variable and much dependent on the number of inhabitants as well
as the number of appliances and how and when these are in use. According to OR it
is common that a 4-people family uses 4000 to 6000 kWh/year in electricity. The
amount of electricity that is transformed into heat energy varies much. For instance,
with an old type incandescent bulb only about 8% becomes light and the remaining
92% becomes heat energy in the form of radiant energy as infrared and ultraviolet
radiation combined with conduction and convection heat[42]. For this reason,
incandescent bulbs are no longer sold in Europe and Iceland. The house in Eyrarbakki
is equipped with a combination of metal halide and fluorescent light. Both types are
more efficient. In metal halide 27% of electric energy becomes light and the
remainder is converted to heat energy[42]. Fluorescent light are less efficient but still
converts 21% electric energy to light[42]. Like light bulbs, TVs and kitchen
appliances etc. also convert different amounts of electric energy into heat energy;
these are very difficult to estimate though.

For this calculation, I assume that 80% of the total electric energy consumed becomes
heat energy. Furthermore, I will be using the higher value of 6000kWh as it still is
uncertain if this number is a family of 4 in a single family house or in a multifamily
house. With much of Reykjavik being multifamily houses this could mean a lower
electricity consumption as some electrical usage such as outdoor lighting, washing
and drying could be shared in the building.

80% of 6000kWh is 4800kWh in “free” heating energy per year. Table 8.9 compares
this result with the assumption used in the BM-Excel model.

Table 8.9 — Annual free heating energy received from electric appliances and lighting

Compared.
Result based on OR numbers for BM-Excel model assumption for
Reykjavik Eyrarbakki
4800kWh pr. year 7300kWh pr. year

The assumption used in the BM-Excel model is 52% higher than the calculated
4800kWh/year based on OR numbers.
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Once again it is not possible to say which is more correct as assumptions are too big.
Does the number from OR in fact include multifamily housing it makes sense that the
result is somewhat lower than the assumed value in the BM-excel model. Since the
BM-Excel model represents a single family house where no electric expenses are
shared with others.

105



106



Chapter 9 Summary & Conclusions

9.1 Energy models

Energy modelling is a useful tool and can be applied for reasonable estimates under
predefined conditions. It must, however, always be in the back of one’s head that the
result of an energy model is not a result depicting the building’s energy performance
in reality.

It is as a benchmarking tool to make sure designers factor energy into the design at
an early stage, as well as a quantifying tool for legislating the building regulations
and it provides a common principle on how to assess a building to ensure it is designed
according to the regulations.

With numerous energy models available on the market it can be very difficult to find
a suitable and reliable model as these have been found to be geographically specific,
and the standards used in specific regions vary. Even when working with the biggest
developers in the CAD and BIM industry, there is no assurance that their software
can be utilized with a satisfying result.

The main results of the BM-Excel model consist of the total primary energy demand,
which was 183,4kWh/m? pr. year, and the total energy need of 63,.5kWh/m? pr. year.
The result of the total energy need was remarkably low and further investigation on
especially the efficiency coefficient of supplied energy is needed as there are no
known guidelines on how these values represent a correct picture. The values of this
coefficient representing the conditions for each month have a very big effect on the
resulting total energy need as slight changes in the efficiency coefficients will result
in dramatic changes in the total energy need.

The predefined assumptions and inputs in an energy model will have a big effect on
the end result. For instance, the number of inhabitants in the models tested in this
thesis are set to four. This number varies considerably due to the day to day usage
pattern of the project house, but this also applies to buildings in general. The number
of inhabitants has a very high effect on e.g. hot water usage, which as mentioned
earlier, has a very high influence on the overall energy consumption of the building.
It must therefore be clarified for building owners that the end result of any energy
model is NOT an exact result that should be expected to show how the building
actually performs. Many factors are influencing the model and the result should be
observed as a static result under very specific conditions.

The 3-point method described in this thesis adds some room for fluctuating input
values and specifies the result with within a specific margin. It is a better format for
presentation to a building owner, which should then have some idea of the possible
variability of the energy requirements. However, as previously mentioned, it should
always be specified to the building owner that the results from an energy model is not
to be considered an exact result, but observed as a guideline under very specific
circumstances. Project 345-002[43] supports this conclusion and it describes the
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importance of keeping the building owner informed. Be10 [ref no.], which the Project
345-002 is based on[43], was originally developed by SBI for professionals to be able
to define a benchmark for the municipalities and building authorities to compare the
energy performance of different buildings. The method was developed to provide
benchmarking numbers and not to evaluate the actual energy performance of
buildings[33]. Due to a lack of communication and precise description, the model,
however, was very quickly adapted in the planning industry by both engineers and
architects to determine certain designs on e.g. window sizes and insulation
thicknesses at an early stage of a design. The problem with this adaption is that Be10
now determines the geometry of buildings. As Be10 does not account for factors such
as daylight, air quality etc.; design decisions based only on BelO may result in a
building that does not fulfil the expectations of its owners and end users.

Project 345-002 proposes revisions of Bel0 to better address the needs of engineers
and architects for a tool to use for building design as it is already so strongly
implemented in the planning industry in Denmark.

It is important to keep this example in mind when looking at energy modelling in
Iceland in order to prevent similar problems from occurring. The Icelandic planning
sector is still not using energy modelling tools to the same extent as is traditional in
Denmark, but with tighter climate goals in the future and increased pressure from
the international community on lowering emissions, energy modelling tools will be
used to a much wider extent in the near future.

9.2 Sensors, equipment and data

For this project, it is important to discuss the crucial importance of the equipment
being used. In this project, both the physical equipment as well as software for
controlling the equipment has caused many problems, and the time spend has turned
out to be much more than anticipated for this project. It furthermore illustrates the
importance of using equipment with known strengths and weaknesses if any
knowledge base is to be created.

The placement of monitoring equipment, such as the sensors placed in the house, is
of extreme importance for the accuracy and relevancy of the results. As seen from
both the weather station’s temperature sensor and the external north wall temperature
sensor, their placement causes them to be affected by hot air coming from the inside
of the house. Therefore, good planning before execution is crucial.

The software used for collecting the data has been found to be quite difficult to get
up and running correctly. The export method in order to acquire collected data is an
export into .CSV (comma separated text values) files that can be imported into various
data analysis programs, such as for instance Excel. The export itself did not work in
the beginning but was fixed. When the export function was running, an export was
easily done. However, the amount of data collected creates problems in Excel, even
over the relatively short time period of this project and Excel is not an ideal analysis
environment for large data sets.
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The data can also be used without export as the cloud service has a graph function,
among others, which lets the user combine graphs over desired time intervals. This
function is easy to use and provides good illustrations of the collected data. The user
interface of the cloud-based system is furthermore very simple and easy to use and it
is possible to become familiar with it quickly. Unfortunately, this function can only
be used with data collected to the cloud service. When comparisons are to be made
with external data, such as data from IMO, an export must be performed and the data
processed through Excel, MATLAB or other data analysis software.

The overall amount of data which was collected in the time interval of this thesis has
turned out to be a big challenge for the author to handle, with data for only a few
months already pushing normal computers to the limit. Excel has not turned out to be
very suitable for this amount of data, and for future data analysis where hopefully a
full year of recorded data will be available, other software for handling the data should
be addressed, e.g. MATLAB could be an option.

9.3 Future recommendations

The monitoring equipment can partially be used. The cloud service is definitely
recommended for its intuitive and easy online usability. After all, the main problems
have now been fixed; all sensors except the external north humidity sensor and the
flow meter sensors have been running without problems. In a future project, it would
be sensible to look into what other types of flow meter sensors exist as the current
one is difficult to mount correctly. Furthermore, one should look into the flow meter
itself to see if a more sensitive model is available. Regarding the external humidity
sensor, it appears that water has once again entered the box in which the sensor is
mounted, as readings briefly after installation of the new box rose to an almost
constant 100% humidity. It is therefore my recommendation in the future to find and
use sensors developed for external use as it simply is too difficult to construct a casing
that can withstand the Icelandic climate.

The weather station, which originally was noted as being of rather cheap quality, has
performed quite well considering the Icelandic conditions with several storms. The
data from it has furthermore looked accurate. This type of weather station could be
used in other low budget projects.

It is also crucial to have an experienced expert like Halldér Axelsson to overlook
installation connections on monitoring equipment as well as programming the cloud
service to work correctly with the monitoring equipment. It is also recommended to
investigate the possibility of data acquisition with a sampling rate providing a
simultaneous timestamp for all measured data for a more precise data analysis.

Unfortunately, in this thesis project we never got to do a comparison of the BM-
Excel model and the actual energy use due to the lack of a functioning flow meter
sensor. However, if this sensor can be applied correctly, and new external sensors
are installed, there should be a good chance of getting all data for a period from the
house to compare with the BM-Excel model. That said, the modelled result would
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always be different from the reality due to the variability in the usage of the house.
For any future projects, it is recommended to find a house with a more stable usage,
such as a typical family house, to improve the likelihood of getting comparable
results from the model and the full scale observations.
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Appendix 1. Original drawings of the house in Eyrarbakki
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Appendix 2. Correction for air cavities anneks A DS 418:2011
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Appendix 3. Window schedule from Revit BIM-model
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Window schedule

Vinduestype Brystnings
betegnelse Hejde Bredde hejde Etage Revit Family
G03/G04  [2100 780 12 {02) Stueplan DAN_Fast Karm
G03/G04  |2100 780 12 {02) Stueplan DAN_Fast Karm
G03 /G04 2100 780 =12 (02) Stueplan DAN_Fast Karm
G03/G04 2100 780 -12 (02) Stueplan DAMN_Fast Karm
G03/G04 2100 780 -12 (02) Stueplan DAN_Fast Karm
G03 /1G04 2100 780 -12 (02) Stueplan DAN_Fast Karm
G01 1300 780 788 (02) Stueplan DAN_Fast Karm
G02 600 780 1488 {02) Stueplan DAN_Fast Karm
G02 600 780 1488 (02) Stueplan DAN_Fast Karm
GO1 1300 780 788 (02) Stueplan DAN_Fast Karm
GO05 2100 1100 -12 (02) Stueplan DAN_Fast Karm
GO7 2100 2500 -12 (02) Stueplan DAN_Fast Karm
G06 2100 1100 -12 (02) Stueplan DAN_Fast Karm
G08 1000 600 1088 (02) Stueplan DAN_Fast Karm
G039 1000 1970 1088 {02) Stueplan DAN_Fast Karm
G10 1000 1070 1088 (02) Stueplan DAN_Fast Karm
Go8 1000 600 1088 (02) Stueplan DAN_Fast Karm
G11 2100 500 -12 (02) Stueplan DAN_Fast Karm
G12 2100 1000 -12 (02) Stueplan DAN_Fast Karm
G0 1300 780 788 (02) Stueplan DAN_Fast Karm
Go1 1300 780 788 {02) Stueplan DAN_Fast Karm

LELEL SIOZ-H0HG0
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Appendix 4. Window U-value calculation results
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VELFAC®

GO1

VELFAC 200i Vindue, 24mm rude

Karmopstalt: K1
Dato: 4/9/2015

Bredde: 780 mm
Hajde: 1300 mm

‘Veegtet gennemsnit glasvasrdier:
Ug=1.11 gg=062 LTg=028

Veaerdier
U-vindue, Uw
Energitilskud, Ew
Glasandel, Fr
Glasareal, A-rude
Elementareal, Aw

1.50W/meK

-40 KWh/m? pr. ar
78%

0.79 m2

1.01 m2

Krav i henhold til Bygningsreglement 2010 for nybyggeri

Vinduessystemets Eref veardi er -24

OBS: Energiberegneren validerer ikke i forhold til begraensninger ifm. glasvazqt,

abnefunktioners min/max-mal, poste-/sprosse-opdeling osv.
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VELFAC® Energiberegner
G02

VELFAC 200i Vindue, 24mm rude

Karmopstalt: K1
Dato: 4/9/2015

Bredde: 780 mm
Hejde: 600 mm

Vaegtet gennemsnit glasveerdier:
Ug=1.11 gg=0.62 LTg=08

Vaerdier

U-vindue, Uw 1.65WIm2K
Energitilskud, Ew -64 kWh/m? pr. &r
Glasandel, Fr T0%

Glasareal, A-rude 033 m?
Elementareal, Aw 047 m?

Krav i henhold til Bygningsreglement 2010 for nybyggeri
Vinduessystemets Eref veerdi er -24

OBS: Energiberegneren validerer ikke i forhold til begraensninger ifm. glasvasot,
abnefunktioners min/max-mal, poste-/sprosse-opdeling osv.
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VELFAC® Energiberegner

GO03

VELFAC 200i Vindue, 24mm rude

Karmopstalt: K7
Dato: 4/9/2015

Bredde: 780 mm
Hojde: 2100 mm

H1: 1300 mm
H2: 800 mm
Veegtet gennemsnit glasvaerdier:

Ug=1.11 gg=062 LTQ=0.8

Vaardier

U-vindue, Uw 1.53WimPK
Energitilskud, Ew -46 KWh/m? pr. ar
Glasandel, Fr 76%

Glasareal, A-rude 125 m?
Elementareal, Aw 1.64 m?

Krav i henhold til Bygningsreglement 2010 for nybyggeri
Vinduessystemets Eref vasrdi er -24

OBS: Energiberegneren validerer ikke i forhold til begraensninger ifm. glasvazgt,
abnefunktioners min/max-mal, poste-/sprosse-opdeling osv.
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VELFAC® Energiberegner
Navngiv_dit_dokument

VELFAC 200i Vindue, 24mm rude

Karmopstalt: K1
Dato: 4/9/2015

Bredde: 1100 mm
Hojde: 2100 mm

‘Vaegtet gennemsnit glasveerdier:
Ug=1.11 gg=0.62 LTg=0.8

Veerdier

U-vindue, Uw 1.38Wim2K
Energitilskud, Ew -21 KWh/m? pr. ar
Glasandel, Fr B85%

Glasareal, A-rude 1.96 m2
Elementareal, Aw 231 m?

Krav i henhold til Bygningsreglement 2010 for nybyggeri
Vinduessystemets Eref vaerdi er -24

OBS: Energiberegneren validerer ikke i forhold til begraensninger ifm. glasveasgt,
abnefunktioners min/max-mal, poste-/sprosse-opdeling osv.

131



VELFAC® Energiberegner

G06

VELFAC 200i Terrassedar, 24mm rude

Karmopstalt: Enkelt
Dato: 4/9/2015

Bredde: 1100 mm
Hejde: 2100 mm

Veegtet gennemsnit glasvasrdier:
Ug=111 gg=062 LTg=08

Veaerdier

U-vindue, Uw 1.49WImaK
Energitilskud, Ew -31 KWh/m? pr. ar
Glasandel, Ff 85%

Glasareal, A-rude 197 m?
Elementareal, Aw 231 m?

Krav i henhold til Bygningsreglement 2010 for nybyggeri
Vinduessystemets Eref vaerdi er -24

OBS: Energiberegneren validerer ikke i forhold til begrasnsninger ifm. glasvasgt,
abnefunktioners min/max-mal, poste-/sprosse-opdeling osv.
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VELFAC® Energiberegner

G07

VELFAC 200i Vindue, 24mm rude

Karmopstalt: K1
Dato: 4/9/2015

Bredde: 2500 mm
Hejde: 2100 mm

Vaegtet gennemsnit glasveerdier:
Ug=1.11 gg=0.62 LTg=0.8

Veaardier

U-vindue, Uw 1.29W/m2K
Energitilskud, Ew -6 kWh/m? pr. ar
Glasandel, Fr 90%

Glasareal, A-rude 475 m?
Elementareal, Aw 5256 m?

Krav i henhold til Bygningsreglement 2010 for nybyggeri
Vinduessystemets Eref veerdi er -24

OBS: Energiberegneren validerer ikke i forhold til begreensninger ifm. glasveasgt,
abnefunktioners min/max-mal, poste-/sprosse-opdeling osv.
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VELFAC® Energiberegner

G08

VELFAC 200i Vindue, 24mm rude

Karmopstalt: K1
Dato: 4/9/2015

Bredde: 600 mm
Hejde: 1000 mm

Veegtet gennemsnit glasvaerdier:
Ug=1.11 gg=062 LTg=048

Veerdier

U-vindue, Uw 1.61W/mK
Energitilskud, Ew -57 kWhim?2 pr. ar
Glasandel, Fr 2%

Glasareal, A-rude 043 m?
Elementareal, Aw 0.6 m?

Krav i henhold til Bygningsreglement 2010 for nybyggeri
Vinduessystemets Eref vaerdi er -24

OBS: Energiberegneren validerer ikke i forhold til begrasnsninger ifm. glasvaegt,
abnefunktioners min/max-mal, poste-/sprosse-opdeling osv.
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VELFAC® Energiberegner

G0s

VELFAC 200i Vindue, 24mm rude

Karmopstalt: K1
Dato: 4/9/2015

Bredde: 1970 mm
Hojde: 1000 mm

Waegtet gennemsnit glasvasrdier:
Ug=1.11 gg=0.62 LTg=0.8

Veaerdier

U-vindue, Uw T A1TWImAK
Energitilskud, Ew -25 kWh/m? pr. &r
Glasandel, Fr 84%

Glasareal, A-rude 165 m?
Elementareal, Aw 197 m?

Krav i henhold til Bygningsreglement 2010 for nybyggeri
Vinduessystemets Eref vaerdi er -24

OBS: Energiberegneren validerer ikke i forhold til begrasnsninger ifm. glasvaegt,
abnefunktioners min/max-mal, poste-/sprosse-opdeling osv.
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VELFAC® Energiberegner

G10

VELFAC 200i Vindue, 24mm rude

Karmopstalt: K1
Dato: 4/9/2015

Bredde: 1070 mm
Hejde: 1000 mm

Veaegtet gennemsnit glasvesrdier:
Ug=1.11 gg=0E2 LTg=08

Veerdier

U-vindue, Uw 1.48WimPK
Energitilskud, Ew =37 KWh/m? pr. ar
Glasandel, Fr 80%

Glasareal, A-rude 085 m?
Elementareal, Aw 1.07 m?

Krav i henhold til Bygningsreglement 2010 for nybyggeri
Vinduessystemets Eref veerdi er -24

OBS: Energiberegneren validerer ikke 1 forhold til begraensninger ifm. glasvaegt,
abnefunktioners min/max-mal, poste-/sprosse-opdeling osv.

136



VELFAC® Energiberegner

G11

VELFAC 200i Vindue, 24mm rude

Karmopstalt: K1
Dato: 4/9/2015

Bredde: 500 mm
Hajde: 2100 mm

Vaegtet gennemsnit glasvaerdier:
Ug=1.11 gg=062 LTg=0.8

Wazrdier

U-vindue, Uw 1.59W/mPK
Energitilskud, Ew -54 kWh/m? pr. ar
Glasandel, Fr 3%

Glasareal, A-rude 077 m?
Elementareal, Aw 105 m?

Krav i henhold til Bygningsreglement 2010 for nybyggeri
YWinduessystemets Eref vaerdi er -24

OBS: Energiberegneren validerer ikke i forhold til begraensninger ifm. glasvasat,
abnefunktioners min/max-mal, poste-/sprosse-opdeling osv.
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VELFAC® Energiberegner
G12

VELFAC 200i Terrassedgr, 24mm rude

Karmopstalt: Enkelt
Dato: 4/9/2015

Bredde: 1000 mm
Hejde: 2100 mm

Vaegtet gennemsnit glasvasrdier:
Ug=1.11 gg=062 LTg=08

Vaerdier

U-vindue, Uw 1.52WimK
Energitilskud, Ew =34 kWh/m? pr._ ar
Glasandel, Ff 84%

Glasareal, A-rude 177 m?
Elementareal, Aw 21m?

Krav i henhold til Bygningsreglement 2010 for nybyggeri
Vinduessystemets Eref vaerdi er -24

OBS: Energiberegneren validerer ikke i forhold til begraensninger ifm. glasvasgt,
abnefunktioners min/max-mal, poste-/sprosse-opdeling osv.
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Appendix 5. Original sensitivity analysis summed up by 269
parameters
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Enhed Min haks "Gaet" Begrundelse for min og maks Kilde
Parameter
G1 Opvarmet etageareal m2 ] Der vurderes en usikkerhed pa ++ 1 %
G2 Generel armekapacitet Whid m2 20 Intervallets sterelse | veledningen til Be10 er 40, hvilket betyder at +- 50 % svarer til +- 20, altsd et intersal midt i det oprindelige interval 5BI 213
G3 bygnings-  [Mormal brugstid, timerfuge firmerige 5 Dier vurderes en usikkerhed pi += Stimer
G4 heskrivelse  JRotation A 3 Der vurderes en usikkerhed pd ++ 5 grader
[ Areal m2 1] 0 Der vurderes en usikkerhed pa £ 1 %
K2 CEIYED \-vzerd yoervaey VWM 2K, 1] 0 IT. Trine Dyrstad tllz2goes | Morge 5 % som sikkerhed or yderveegge. Denne weerdl anvendes ligeledes | dette projekt saledes maksinin swarer il +% 2% Trine D Pettersen
K3 Areal m2 0 [i] Der vurderes en usikkerhed pa - 1 %
Tag T TTTTE DTS Ta TEes THOTE O 6 SO SIRRETTTE 10T yiErvaEl e . DETTTE vaar il ar e ie s METees T Oene PIojERt S aetes TarsAmiT swarer I+ 0% JeT
Ka \J-vaerdi tag Wm2K, 0 i] antages sdledes, atusikkerneden pd u-vaerdien for en tagkonstruktion er analog med usikkerheden for en yderveeg. Trine D Pettersen
K5 Lait Areal m2 | cenne Dygning er laft og tag indtastet som én samlet enhed.
K6 U-vaerdi tag WM2K | denne Dygning er loft og tag indtastet som én samlet enhed.
W7 Areal terraendask U/ guivvarme m2 0 0 Dier vurderes en usikkerhed pa +£ 1%
T TTTTE DTSt T 0es THOTE O 6 SO SIRRETTTE 10T yierveel e . DETTTe Ve il arTver e s METees T IEne PIojERt S aetes TarsAmIrT swarer I+ 0% Ut
K8 \J-vaerdi terraandask W guivvarme WMZK 0 0 antages saledes, at usikkerneden pa u-vaerdien for et terraendzsk er analog med usikkerneden for enydervesg. Trine D Pettersen
K9 Lzengde af fundament uf guiaarme [m) m 0 0 Dier vurderes en usikkerhed pa +£ 1%
T T DyTStan Mg ges THOTOE 5 e SO SIRRETTED 0T yOErveegge . IETTTe veer o at ver e s METenes T OEme PTOjErRL Saeaes TarsAm
K10 Linjetab, fundam ent u/guivame [Wmkk) WK 0 D antages saledes, at usikkerheden pa u-vaerdien for linjetab i konstruktionen er analog med usikkerheden for en ydenvasg Trine D Pettersen
k11 Tersendask Areal terraendaek md gulvwarme m2 1] 0 Dier vurderes en usikkerhed pa +- 1 %
LA B = 4 T = [ B ) o I Sty =W o = =0 [ 0 3 === | e =3 | 3 == = ol o o] = e == B T
K12 Li-vzerdi terraendzek mé gulvvarme WHM2K, 0 u] antages saledes, at usikkerheden pa u-vasrdien for et terreendzsk er analog med usikkerheden for en ydervaeg. Trine D Pettersen
k13 Lzengde af fundament m/ guhvvamme m 1] 0 Dier vurderes en usikkerhed pa +- 1 %
T TTTE DyTotan =g ges THOTOE 7 e SO STRRETEd 0T YOV Eg0e . DETTTE Ve o at el 102 s METeu s s T Oeme DTOJERL S aleaes AR
Ki1d Linjetal teraendesk m/ guivvarme [Wimk] Wimk, o 0 antages saledes, at usikkerneden pd u-veerdien for linjetab | konstruktionen er analog med usikkerheden for en yoervag Trine D Pettersen
K15 Areal kaeldervaag under bygning m2 0 i Dier wurderes en usikkerhed pd ++ 1%
T TTTE DyTetan TTEgges THOTOE 9 e S0 SIRRETEd 0T YO vy ge . DETTiE vaar ol at Ve e s TEleaes [ e DIojERt S alEues Marsmmi
K16 \J-vamrdi kesldervasg under bygningen Wim 2 0 0 artages sdledes, at denne usikkerhed er analog med usikkerheder for keldervaenoe Trine D Pettersen
K17 Areal, kaeldervasg mod det fri m2 0 i Dier wurderes en usikkerhed pd ++ 1%
Keeldervaeg Jf. Trine Dyrstad tilz2gges | Morge 5 % som sikkerhed for ydervaegge. Denne vaerdl anvendes ligeledes | dette projekt s8ledes maksinin svarer til +- 5% . Det
Kig |J-veerdi keelderveeg mod det fri Ym 2K, 0 o antages saledes, at denne usikkerhed er analog med usikkerheder for keeldervaegoe Trine D Pettersen
[SE] Laengoe af linjetal, keelder m 0 0 Dier wurderes en usikkerhed pd ++ 1%
T TTTE Dyratan TEgges THOTHE 2 e S0 SIRKETEd 10T yaervaEgge . DErme vaeral arver e s Teleaes | Oene PIOjert Saeaes MakaAmi svarer I+~ o7 Dt
K20 Linjetan, keelder [(wimi] W/ ] o antages saledes, at usikkerheden pa u-vaerdien for linjetab i konstruktionen er analog med usikkerheden for en ydenvasg Trine D Pettersen
K21 Samlet areal vinduer m2 0 i Dier vurderes en usikkerhed pd ++ 1%
K22 Uvzerdi WM 2, i] 0 T Trne Dyrstad er usikkemeden Tor et vindues L-vaerdl med kendt geometr 2-7 %. Derfor anvendes midoelusikkemeden pa +- 4.5 % ~ 9% Trine D Pettersen
K23 Wincuer Clasandel k. 0 0 If. Hjzelpevejledning til Be10 ligger vaerdien typisk indenfor 0,5-0,8. Da vinduesarealerne er forholdsvist store, vurderes der en blot en afvigelse pd +- 5% QB 213
W24 G-veerd], incivend gt vindue 1,2 &3 - 0,03 [ 1T ENA10-2011 samt ENG73-2011 er aivigelsen +- 0,03 EN410-2011, ENG73-2011
K24 G-vaerdl rest 3 -0,03 003 If. EN410-2011 samt ENG73-2011 er afvigelsen +- 0,03 EM410-2011, ENA73-2011
K28 Areal m2 0 0 Dier vurderes en usikkerhed pa +- 1%
K37 vzl WM 2K 1] 0 JT. Trine Dyrstad er usikkerheden for et vindues u-veerdi med kendt geometri 2-7 %. Derfor anvendes middelusikkerneden pa +- 4,5 % = 5% Trine D Pettersen
Owenlys vindue .
Ko Glasandel ” ] o IT. Hjzelpevejledning til Bel0 ligger veerdien typisk indenfor 0,5-0,8. Da vinduesarealerne er forholdsyist store, vurderes der en blot en afvigelse pa +- 5% Trine D Pettersen
k28 G-waerdi - -0,03 003 JT. EN410-2011 samt ENBET73-2011 er afvigelsen +- 0,03 EN410-2011, ENG73-2011
k30 Samlet areal dere m2 1] 1] Der vurderes en usikkerhed pa +& 1 %
k31 s |-veerdi dar Wim2K 0 0 Dier vurderes en usikkerhed pa ++ 5 %
k32 Clasandel - 1] 0 | felge Be10 erderingen rude i daren
k33 C-vzer] - 0 0 | feilge Be10 er deringen rude i daren
K34 [Venstre i i i Dier wurderes en usikkered pd ++ 5%
k35 Hijre 2 0 0 Der vurderes en usikkerhed pi +- 5 %
K36 ,%9\5\%%%_“9 1 dhzeng A ] 0 Dier vurderes en usikkemed pi +- 5 %
K37 Haorisont i 0 0 Dier vurderes en usikkerned pd +- 5 %
K38 cueshul [%] % 0 0 Dier wurderes en usikkered pd ++ 5%
K39 Venstre 0 0 Den udvendige yderaeg er konkav, fvorfor der ikke kan dannes skygger fra venstre og hejre
k40 Hajre i 0 0 Den udvendige ydervaeg er konkav, hvorfor der ikke kan dannes skygger fra venstre og hejre
AT :wﬂ%wmﬁ Udhzeng g 0 D Der vurderes en Usikkemed pa - 6 %
k42 Horisont ¢ 0 0 Der vurderes en usikkemed pa += 5 %
k3 indueshul [%] Yo 1] 0 Dier vurderes en usikkerhed pa ++ 5 %
] Mekanisk, virter ez 0 il T Teves B weetel Qerem ST of werteL ONSTale e 10T 02 CHRENE TUIT, THvIREE DrUGES S0 Teer, T 00 Ma s BF SREnneT e 10 T
2 NMekanisk, sommer lis/m2 ] 0 Der laves et vaegtet gennemsnit af ventilationsrateme for de enkelte rum , hvilket bruges som "geet’. Min og maks er skennet +- 10 %
[osc] hiekanisk, sommer nat l¢sfm2 0 0 Dier er ikke dimensioneret natventilation
C4 SEL, kakken klim3 0 0 Ee10's vaerd er lig den maksimale vaerdi jf. Be10, hvarfar maks "kun® ervurderet + 5 %. Min er vurderet til - 10 %
5 SEL, rest kJ/m3 0 u] Der vurderes en usikkerhed pi +- 10 %
Ch vertilation  findblzsningstemp 5 0 i Indblzsningsternp pd 168 er en preedefineret vaerdi fra Be10
C7 Diniftstict - 1 1 Det forventes ikike at denne vaard vil variere fra BE10's input




Enhed Min Iaks "Gat" Begrundelse far min ag maks Kilde
Parameter
G1 Opvarmnet etageareal 2 0 Dier vurderes en usikkerhed pa + 1%
G2 Generel [\ armekapacitet Wik 2 20 Interallets starelse | vejledningen til Be10 er 40, hvilket betyder at +- 50 % svarer til +- 20, alts8 et interval midt i det oprindelige intensal SBI 213
G3 bygnings-  Mormal brugstd, timeruge timeriuge 5 Dier vurderes en usikkerhed pa +- Stimer
G4 heskrivelse  JRotation 2 5 Dier vurderes en usikkerhed p& +- 5 grader
ki [ Areal m2 1] 1] Der vurderes en usikkerhed pa +- 1 %
D EEED U-vaerdl yoenveg WIM2K 0 0 (T TANE LIy Tetan TNen0es 1 NOTGE o T S0 STREMIED 107 yHerween e DETTIE wael (O SrTENOes NEIEaEs | OENE PIOJEN 5o Bes MakaTi Svarer M+ o Trine D Pettersen
K3 | Areal m2 i i Der vurderes en usikkerhed pa + 1 %
Tag T TS Dy TStan TTEgges THOTHE & Yo SO SIRREMED 107 Faer v i, DRl vaar Ol & Wenies THeEne s T 0ees pro) ekl Saletes MarksAmTT Svarer o+ o7 . DEL
Wa U-vzerdi tag WIMZK 0 0 antages sdledes, at usikkerheden pa u-vaerdien for en tagkonstruktion er analog med usikkerheden for en yoerag Trine D Pettersen
K Lot [ Areal m2 | denne bygning er [oft og tag indtastet som en samlet enhed.
k& U-vaerdi tag WM 2K | denne bygning er loft og tag indtastet som én samlet enhed
K7 Areal terraendaek uf gulvwanme 2 0 0 Dier vurderes en usikkerhed pa + 1%
T TS Dy TStan TR0 ges THOTHE & Yo SO SIRREMTED 107 YO v i . e vaar Ol 3T Wenies NHeEne s T 0ees o) ekl Saletes MarksAmT svarer o+ o7 . DEL
K8 U-vaerdi terraenciaek W gubwarme WM2K 0 0 antages sdledes, at usikkerheden pa U-veerdien for et terreendaek er analog med usikkerneden for en ydervaeg. Trine O Pettersen
19 Lzengde af fundament uf gukwanme [m] m 0 0 Der vurderes en usikkerhed pa + 1%
T TS Dy TStan TR0 ges THOTHE & Yo SO SIRREMTED 107 YO v i . e vaar Ol 3T Wenies NHeEne s T 0ees o) ekl Saletes MarksAmT svarer o+ o7 . DEL
K10 Linjetab), fundament woulvamme  [Wmik) WA D D antages sdledes, at usikkerheden pa u-veerdien for linjetab i konstruktionen er analog med usikkerheden for enydervaeg Trine D Pettersen
K11 Temanazsk | Areal teraendsek mé gulvvarme m2 0 0 Der vurderes en usikkerhed pa +- 1%
T TS Dy TStan TR0 ges THOTHE & Yo SO SIRREMTED 107 YO v i . e vaar Ol 3T Wenies NHeEne s T 0ees o) ekl Saletes MarksAmT svarer o+ o7 . DEL
K12 U-vzzrdi terraendaek m/ guhvwarme W 2K D D antages saledes, at usikkerheden pa u-veerdien for et terreendzek er analog med usikkerheden for en ydervaeg. Trine D Pettersen
113 Lazngde af fundament m/ gukvwanme m 0 0 Der vurderes en usikkermed pa +- 1%
T TTITE Dy TStan TR0 ges THOTHE = Yo SO SIRREMTED 107 YO i, DR vaar ol T Wenies HeEne s T 0es pro) ekl Saeies MarksAnT Svarer o+ o7 . DEL
K14 Linjetab terrasndask md guivvarme [WHm k] WK 0 0 antages saledes, at usikkerheden pa u-veerdien for linjetab i konstruktionen er analog med usikkerheden for enydervaeg Trine D Pettersen
K15 Areal keeldervaag under bygning m2 0 0 Der vurderes en usikkerhed pd +- 1%
T TS Dy TStan TEgges THOTgE = Yo SO SIRREMTED 107 YO v i, Dere vaar ol T Wenies NHeEne s T 0ees P ekl Saletes MarksAnT Svarer o+ o7 . DEL
K16 U-vaerdi kasldervaeg under bygningen W 2K D D antages saledes, at denne usikkerned er analog med usikkerheder for keeldervaegge Trine D Pettersen
K17 | Areal, keeldervasg mod detfri m2 0 0 Dier vurderes en usikkerhed p& +- 1%
Ka=lderveeg Jf. Trine Dyrstad till22gges | Norge 5 % som sikkerhed for ydervaagge. Denne vasrdi anvendes ligeledes | dette projekt saledes maksimin svarertil + 5% . Det
Kig U-vaerdl kesldervaeg mad det fri Wi 2K, o o artages sdledes, at denne usikkerned er analog med usikketheder for keelderveegoe Trine D Pettersen
K18 Leengde af linjetab, keslder m n] u] Dier vurderes en usikkerhed pa + 1 %
T TTITE Dy TSTatT T 0ES T O Je SO STRREMTEN 107 Ve e . DEMTe Vaar il aTTweries MHEEEs T e ProjERt Salees Mars T Syarer i+ o7 et
K20 Linjetab, keelder M/mK] WWHmK, 0 i] antages sdledes, at usikkerheden pa u-veerdien for linjetat | konstruktionen er analog med usikkerheden far enyoervaeg Trine O Pettersen
K21 Samlet areal vinduer m2 0 0 Der vurderes en usikkerhed pa += 1 %
K22 Uvzrd V2K, 0 0 T Trine Dyrstad er Usikkerheden for et vindues U-vaerd med kendt geom et 2- 7 %e. Deror anvendes middelusikkerheden pa +- 4,8 % ~ 0% Trine O Pettersen
K3 wincuer Glasandel x i] i] Jf. Hjz=lpevejledning til Be10 ligger veerdien typisk indenfor 0,5-0,8. Da vinduesarealerne er forholdswist store, vurderes der en blot en afvigelse pd ++ 5 % SEl 13
(] G-wzendi, indvendict vindue 1,2 &3 - -0,03 o003 T, EN410-2011 samt ENG6T3-2011 er afvigelsen +- 0,03 EMNA10-2011, ENGT3-2011
K25 C-veerdi rest - -0,03 003 T, ENA10-2011 samt EMG73-2011 er afvigelsen +- 0,03 EMN410-2011, ENGT3-2011
K26 Areal 2 0 0 Dier vurderes en usikkerhed pa + 1%
K27 U-veerd WMZK, 0 0 . Trine Dryrstad er usikkermeden far et vindues u-vaerd med kendt geometr 2-7 %. Derfar anvendes middelusikkerheden pa +- 4,5 % ~ 5% Trine D Pettersen
Owverlys windue .
K98 Glasandel " ] 0 If. Hjzzipevejledning til Be10 ligger vaerdien typisk indenfor 0,5-0,8. Davinduesarealerne er forholdswvist store, vurderes der en blot en afvigelse p& +4- 5 % Trine D Pettersen
K28 C-vzendi - -0,03 003 T ENA10-2011 samt EMGT3-2011 er afvigelsen +- 0,03 EMN410-2011, ENGT3-2011
K30 Samlet areal dere m2 0 0 Der vurderes en usikkerhed pa +- 1 %
131 B U-vaerdi dar W2k, 0 0 Der vurderes en usikkerhed pa + 5%
K32 Glasandel - u] u] | fwlge Bel1d erder ingen rude i deren
K33 G-vaerdi - 0 0 | falge Be10 er der ingen rude i daren
K34 Venstre # [i i Der vurderes en usikkermed pd +- 5%
K35 Heijre & 0 0 Dier vurderes en usikkerhed pa + 5 %
K36 _%%M%Qm_w.ﬁ U dhasng # 0 0 Dier vurderes en usikkerhed pa + 5%
K37 Horisont ° [i [i Dier vurderes en usikkerhed p& +- 5%
K38 vindueshul [%] E3 0 0 Dier vurderes en usikkerhed p& + 5%
K39 enstre 0 0 Den udvendige ydervaeg er konkay, hvorfor der ikke kan dannes skyoger fra venstre og hejre
K0 Hjre ° 0 i Den udvendige ydervaeg er konkay, hvorfor derikke kan dannes skyager fra venstre og hajre
ZH] cwﬁﬁwwmﬁ Udhzeng 5 D D Der vurderes en Wsikkemed pa + 6 %
k42 Horisont 2 [i [i Dier vurderes en usikkerhed p& +- 5%
k43 Vindueshul [%] k) 0 0 Dier vurderes en usikkerhed pa + 5 %
3 Mekanisk, winter rsim? 0 0 TIET Taves BF wentl el GerTIEm ST o wertGn ST e e 107 OF SHRENE T, ThATRET DTUEs 50 THEer. M OF ME S BF SREnmer w10 5
c2 IEkanisk, sommer 17simz2 0 0 Der laves et vaegtet gennemsnit af ventilaionsrateme for de enkelte rum, Ivillket bruges som geet. Min og maks er skennet +- 10 %
ca hekanisk, sommer nat Ifsim?2 u] u] Dier er ikke dimensioneret natventilation
Cd SEL, kelkien kJim3 0 0 Be10's vaerdi erlig den maksimale vaerd f. Be10, hvorfor maks "kun" ervurderet + 5 %. Min ervurderet til - 10 %
ca SEL, rest klim3 0 0 Dier vurderes en usikkerhed pa ++ 10 %
C& “ertilation  jindblaesningstemp o] 0 u] |ndblzesningsternp pa 18 er en preedefineret vaerdi fra Bel0
C7 Diriftstic - 1 1 Det forventes ikke at denne vaerdi vil variere fra BE10's input




B9 Ternperaturfakior (elvandvanmer) - 0 0 Der vurderes ingen usikkerhed pa denne parameter

[S51] Antal & WWE | separate gasvarmers - ] i Der vurderes ingen usikkerhed pa denne parameter

CT1 armetab fra W'YB (gasvandvarmer) W 0 0 Der vurderes en usikkerhed pa +45 %

C72 Virkningsorad - 0 0 Der vurderes en usikikerhed pi +- 5 %
EEEE Filctamme W 0 0 Der virderes en Usikkerned pa + 5 %

Cid Temperaturfakdor (gasvancdvammer) - 1 1 Kedlen forventes at veere i et opvarmet rum

C75 Antal kedler - 0 i Der vurderes ingen usikkerhed pa denne parameter

C76 Momingl effekt, ki KWy 6] u] Der vurderes en usikkerhed pi +- 5 %

Ci7 Andel af nom effekt til VBY procuktion - 0 0 Der vurderes en usikkerhed pa +- 5%

C78 Eelastning (fuldlast) Yo 0 0 Der vurderes ingen usikkerhed

C79 “irkningsorad (fuldlast) - u] 0 Eestemt ud fra testforseg - dem trorvi pa

ca0 Kedeltemp (fuldiast) il 0 0 DEer vurteres ingen usikkerhed

C31 Warrektion (fuldast) -rC 0 0 Der vurderes en usikkerhed pa +- 10 %

32 Belastring (dellast) - 0 0 Der vurderes ingen usikkerhed

ca3 irkningsgrad (dellast) - 0 0 Eestemt ud fra testforsag - dem trorvi pa

B4 Wedler Wedelternp (dellast) e 0 0 Der vurderes ingen usikkerhed

85 Karrektion (dellast) -°C 0 0 +- 10%, skennet - manglende dokumentation

CB6 Belastning (tomgangstai) - 0 0 Der vurderes ingen usikkerhed

ca7 Tabsfaktar (omyangstab) - 0 i Eiesternt ud fra testforseq - dern tror p

33 Andel til rum - 0 0 +- 18%, skennet - manglende dokumertation

B9 Ternp. Diff 0 0 Der vurderes ingen usikkerhed

Cs0 Kedeltemnp (min) 2L 0 0 Der vurderes ingen usikkerhed

C31 Temperaturtakior far omstillingsmim, b - 1] 1] Der vurderes ingen usikkermed

C32 Blazser my, W W 0 i IMazrkeeffekt for enhederme

C393 El til automatik, W W 8] 0 Mazrkeeffekt

o4 Iominel effekt, K - u] u] Der vurderes en usikierhed pa +- 10 %

C85 “armetab fra weksler - 0 0 Der vurderes en usikkerhed pi +- 5 %

Co95 Fiermvame  |¥BY 0pvarmning gennem vekslar - Jin Jin Ingen usikkerhed

37 veksler Veksler termperature, minimurm °F 0 0 Ingen usikkerhed

[EEE] Ternpfaktor for opstilingsrum - 0 0 Ingen usikkerhed

Ca9 Automatik, standiry effekt iy 0 0 Der vurderes en usikikerhed pa +-~ 10 %

100 Andel af etageareal (direkte el tl rum opv) - Der vurderes en usikikerhed pa +- 5 %

C101 Ancen Andel af etageareal (braendeovne, gasstralevanne et} - Der vurderes en usikikerhed pa +- 5 %

102 Jrumapvamning firkningsgrad - Der vurderes en usikierhed pa +- 10 %

103 Luftstremsbehay [iXE] Der vurderes en Usikikerhed pa +- 10 %

104 Samlet solfangerareal mz 0 0 Der vurderes en usikkerhed pa +- 1%

105 Starteffektivitet = 0 u] Der vurderes en usikkerhed pd +- 5 %

108 1. ordens vanmmetabskoefficient WM 2T 0 0 Der vurderes en Usikkerhed pd +- 5%

cA07 2. ordens varmetabskoefficient Wi 22 0] u] Der vurderes en usikkerhed pi +- 5 %

108 Vinkelarhzengighed 0 0 Der vurderes ingen usikkermed pa denne parameter

109 Samlet rafzengde m 0 0 Cer vurderes en usikkerhed pi ++ 5 %

C110 armetab, rar W2 0 u] Cer vurderes en usikkerhed pi ++ 5%

C111  |Solvammeantzeg varmeveksler efekiivitetstakior - 0 0 Der vurderes en usikkethed pd +- 5%

C112 FPLmpeefekt W 0 0 Der vurderes en usikkerhed pa +- 5 %

C113 Automatik, standiy effekt W u] o Der vurderes en usikkerhed pa +- 5 %

C114 Orientering 0 0 Der varieres kke pa denne parameter. Dette gares ved onentering af Bygningen

C115 Hzloning ° 0 0 Der vurderes en usikkerhed pd +- 5%

C116 Horisont arskasing ® 0 0 Der vurderes en usikkermed pa +- 5 %

CI7 Skygoe, venstre i 0 0 Der vurderes en usikkerhed pd +- 5 %

118 Skygge, hajre A 0 0 Der vurderes en usikkerhed pi ++ 5%

G113 Erugsvand/rumopyvarmmning, kombineret el duo - JiN Jin Enten/eller - ingen usikkerhed

120 Momingl effekt, ki (opv) ki 0 0 Der vurderes en usikikerned pa +- 10 %

C121 Mominel COP {opw) - i) D Der vurderes en usikierhed pa +- 40 %

C122 Rel COR ved 50% last {opv) - i) u] Der vurderes en usikikerhed pa +- 20 %

123 Testtemp (kold side) (opy) C 0 0 Fast vaerdi - ingen usikkerhed

C124 Testternp (varm side) fopy) C 0 0 Fast vaerdi - ingen usikkerhed

c125 Kold side: Jordslange, antrask, udelutt, anden kilde) Opyv - u] u] Ingen usikkerhed

C126 arm side; Rumiuft, indblzesning, varmeanlzeg - 0 0 Ingen usikkerhed

C127 Szenigh hiselpeudstyr, W (opy) Wy 0 0 Der vurderes en usikkerhed pd +- 5%

128 Stand-by effekt, W {opy) W i) u] Der vurderes en usikkerhed pi +- 5 %

C129 — Temp virknings grad for vow far VP (opv) = 0 u] Der vurderes en usikikerhed pa +- 10 %

130 Dim indblzesning temp (opv) C 0 u] Fastvaerdi - ingen usikkerhed

C131 Luttstram (opv) /s 0 0 Der vurderes en usikikerned pa +- 10 %

132 Momingl effekt, ki (1) K 0 0 Der vurderes en usikikerned pa +- 10 %

133 Mominel COP [t - i} D Der vurderes en usikierhed pa +- 40 %




C134 Testternp (kold side) (v [ 0 0 Fastvaerdi- ingen usikkerhed
C135 Testternp (varm side) (bv) [ 0 0 Fastveaerdi- ingen usikkerhed
C136 kold side: Jordslange, antrak, udelurt, anden kilde) by A 0 0 Fastveerdi- ingen usikkerhed
G137 Szarligt hjzelpeudstyr, W iv) W 0 0 Der vurderes en usikkerned pa +- 5 %
C138 Stand-kry effekt, W (ov) WY 0 0 Der vurderes en usikkerhed pa ++ 5 %
C139 Temp virknings grad forvoy tar VP (by) - 0 0 Der vurderes en usikkerned pa +- 10 %
C140 Luftstrern (1) s 1] i Der vurderes en usikkerned pa +- 10 %
G141 Panelareal m 0 ] Der vurderes en usikkerhed pa +- 1 %
G142 Peak power TR 0 0 Define et vaerdi ved solindstraling pd 1000 Wim2. Der vurderes en usikkerhed pd +- 5 %
G143 Systermvirkningsgrad 2 0 0 LIt ity elvaerk, falder virkningsgracen maksimalt med 20 % efter 20 8r. Den maksimale vaerdi er derfor lig input til Be10 og minimum er - 20 %
C144 Siicelier Orientering ° 0 0 Ingen usikkerhed
C145 Hzeldhning B ] ] Der vurderes en usikkerhed pa +- 5 %
C146 Horisont afskesnng ° 0 0 Der vurderes en usikkerhed pa +- 5 %
C147 Skygge venstre ° 0 0 Der vurderes en Usikkerhed pa +- § %
C146 Skygge hejre Y 0 0 Der vurderes en usikkerhed pa +- 5 %
C149
C150 Almen min, Yindfang Wi 2 0,015 0 Cer vurderes en usikkerhed ﬁm._ +-20%
[ER] Almin inst., Vindfang Wi 2 0 0 Der vurderes en usikkerhed pa -+ 40 %
C152 Belysningsstyrke L 200 200 Et regulenngsm s2ssigt sefpunkt
G153 OF % % 0 0 Der vurderes en Usikkerhed pa +- 78 %. Det vurderes at gardiner/persisnner kan arvendes af brugerne
C154 Benytielsesfakior - o7 1 Dette er et skan
C155 Standby, belysning Wi 2 0 0 Der vurderes en usikkerhed pa +- 10 %
C156 Mat, belysning Wi 2 0 0 Der vurderes en usikkerhed pa + 10 %
C1a7 Andet, belysning Wi 2 0 0 Der vurderes en usikkerhed pa +- 10 %
C158 Arhejoshelysning Wi 2 0 0 Der vurderes en usikkerhed pa -+~ 30 %
C159
C160 Alrnen min, toilet Win 2 0,015 0 Der vurderes en usikkerhed pa +- 20 %
C161 Almin inst., tailet Wi 2 0 0 Cer vurderes en usikkerhed ﬁm._ +- 40 %
C162 Belysningsstyrke Lux 200 200 Et requleringsmaessigt setpunkt
C163 CF % % 0 0 Der vurderes en usikkerhed pa +~ 75 %, Det vurderes at gardiner/persisnner kan arvendes af brugerne
C164 Benytielsesfakior - 0.4 0.6 Dette er et skein
C165 Indstilling K
G166 Belysning  |Almen min, kontor Wi 2 0,015 0 Der vurderes en usikkerhed pa +- 20 %
G157 Alrmin inst., kontar Wi 2 0 0 Der vurderes en usikkerhed pa +- 40 %
C168 Belysningsstyrke Lux 200 200 Et requleringsm zessigt setpunkt
C169 CF % % 0 0 Der vurderes en usikkerhed pa +~ 75 %. Det vurderes at gardiner/persisnner kan arvendes af brugerne
C170 Benytielsesfakior - 0,7 09 Dette er et skein
C171 Arhejoshelysning Wi 2 0 3 Der vurderes en usikkerhed pa -+ 30 %
C172
C173 Almen min, mederm Wi 2 0,015 0 Der vurderes en usikkerhed pa +- 20 %
C174 Almin inst., maderum Wi 2 0 0 Der vurderes en usikkerhed pa +- 40 %
C17a Belysningsstyrke L 200 200 Et regulenngsmazssigt setpunkt
C176 CF % % 0 0 Der vurderes en usikkerhed pa +~ 75 %. Det vurderes at gardiner/persisnner kan arvendes af brugerne
C177 Benytielsesfakior - 04 0.6 Dette er et skein
C178
C179 Almen min, gpholdsrum Wi 2 0,015 0 Der vurderes en usikkerhed pa +- 20 %
C130 Almin inst., opholdsrum Wi 2 0 0 Der vurderes en usikkerhed pa +- 40 %
C181 Belysningsstyrke Lux 200 200 Et reguieningsmasssigt setpunkt
C152 CF % % 0 0 Der vurderes en usikkerhed pa -+~ 75 %. Det vurderes at gardiner/persisnner kan arvendes af brugerne
C183 Benytelsesfakior - 1 1 Antages atvaere | brug konstant - legende bam konstant
C184 Opvarmning 20 22 Antages at vaere lidt hajere
C185 @nsket temp 22 24 Dette er et skein
C186 Setpunkter  [Mat vent 24 24 |ngen usikkerhed
c1a7 Kaling 25 25 Ingen usikkerhed
C188 Lager opv. 15 15 Ingen usikkerhed
C189 | Dimensioneren JRUMEMperatur 20 20 Ej relevant
C150 de Udetem peratur -12 -12 Ej relevant
C191 | temperaturer f| agertemperatur 15 15 Ej relevant
1 Naturig M aturlig, winter 1/5*m2 0 0 Svarende til at alle vinduer osv. er lukkede i vinterhalvaret. Der mﬁ_m.,\mﬁ et vaagtet gennern snit for alle lokaler. Dervurderes en usikkerhed pa +- 10 %
B2 GErtiation Maturlig, sommer 1572 0 0 Der er lavet et vagtet mm::ms.m:; Der vurderes en usikkerned pd +- 10 %
B3 Maturlig, sommer, nat Ii="m2 0 0 Der vurderes en usikkerned pa +- 10 %
B4 Indstilling M
B4 Almen min, garderobe Wi 2 0 0 Der vurderes en usikkerhed pd +- 20 %
56 Almin inst., garderobe Wi 2 0 0 Der vurderes en usikkerhed pa +- 40 %
B7 Belysningsstyrke Lux 0 0 Et requleringsm zessigt setpunkt




B& DF % % 0 0 Der vurderes en usikikerhed pd +- 75 %. Det wvurderes at gardiner/persienner kan arwendes af brugerne
B3 Beryte|sestakior - 1] 0 Dette er et sken

510 Incistilling M

B11 Almen min, depat Wi 2 0 0 Dier wUrceres en usikkerhed pa +£ 20 %

B12 Alrnin inst., cepot Wi 2 0 0 Der vurderes en usikikerhed pd -+ 40 %

B13 Belysningsstyrke L 0 0 Et reguleringsm a2ssigh setpunkt

B14 DF % % 1 0 Dier wUrceres en usikkerned pd +£ 75 %. Det vurderes at gardiner/persienner kan arvendes af brugerne
B15 Benyttelsesfakior - 0,1 04 Dette er et skan

B18 Incistilling M

B17 [Almen min, div andre nm Wil 2 0,015 0 Der wurderes en usikkerhed pa += 20 %

B18 Alrnin inst., div ancre rum Wi 2 1] 0 Der vurderes en usikikerhed pd -+ 40 %

B13 Belysningsstyrke L 200 200 Et reguleringsm aessigh setpunkt

B20 DF % % 1] 0 Der wurderes en usikkerhed pd + 75 %. Det wurderes at gardiner/persienner kan anvendes af brugerme
B21 Benytelsesfakior - 0,1 04 Dette er et skein

B22 Incistilling M

B23 [Almen min, kekken Wi 2 0,015 0 Der wurderes en usikkerhed pa ++ 20 %

B24 | Alrnin inst., kekken Wi 2 1] 0 Der vurderes en usikikerhed pd -+ 40 %

525 Behysningsstyrke Lux 200 200 Et reguleringsmaessict setpunkt

B26 DF % % 1] 0 Der wurderes en usikkerhed pd + 75 %. Det wurderes at gardiner/persienner kan anvendes af brugerne
B27 Benytelsesfakior - 0.8 1 Dette er et skan

528 Areal m Dette er et skan

B29 Internt Personer Wil 2 4 a6 Cer wurderes en usikkerhed pa +~ 13 %

B30 varmetilskud - JApp Win2 4 8 Der vurderes en usikkerhed pa +- 18 %

B31 A0p, nat Wiim 2 1] 1] Der vurderes en usikikerhed pd ++ 15 %




Appendix 6. Altered version of sensitivity analysis fitting the
BM-excel model and used for 3-point estimation.
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Unit Min (C) | Maks (F) Begrundelse for min og maks
Parameter

Gl bygnings-  |Opvarmet etageareal m2 125,73 128 27 127 Dervurderes en usikkerhed pa +- 1 %
K1 Areal m2 41 283 42 117 A1 7 Dar vurderes en usikkarhed pd +- 1 %
K1 Areal m2 21 087 21513 213 Der vurderes en usikkerhed pd +- 1 %
K1 Outerwalls  JAreal m2 37 026 37 774 374 Der vurderes en usikkerhed pa +- 1 %
K1 Areal m2 21483 21917 FilFi Darvurderes en usikkerhed pd +- 1 %
K2 -vaerdi yeleni 2 W2 K 0226 0252 024 Ut Tnne Dyretad tillazgges 1Morge 5 % som sikkerhedior ydervazgoe. Denne vasrdi anvendes hgeledes 1 dette projekt saledes maka/min svarar 1l #- 5% Trine D Pettersen
K3 Areal m2 1267697 128,3003 127 03 Der vurderes en usikkerhed pa +- 1 %

Roof T, TTIE Dyretad M= gge s 1 orge o 7e sorm o ETNE vaTdl aNvENgEs e [0S TAENE Projer Saleq e s AR srarer i 1. =70, DEl
K4 U-vaerdi tag WMZK 01805 0,1995 0,19 antages siledes, at usikkerheden p u-vaerdien for en tagkonstruktion er analog med usikkerheden for en ydervasg Trine D Pettersen
K11 Areal terraend ask mf gulvvarme m2 12573 128,27 127 Dervurderes en usikkerhed pd +- 1 %

Floor T, TTine Uyretad = gge s 1 Morge 5 o om SIKKe Mediar yaervagge. Denne vaerdl anve 10es Ge(edes |02 proje i Saledes makemin svarer il 7- 570, DBt
K12 U-vaerdi terr endask mé gubarme WmMZK 0,114 0,126 0,12 antages siledes, at usikkerheden p& u-vasrdien for et terrazndask er analog med usikkerhedenfor en ydervazg Trine D Pettersen
K21 Area 2601 m2 19998 20402 202 Der vurderes en usikkerhed pa +- 1 %
k21 [Area 2xG02 m2 04653 04747 047 Dervurderes en usikkarhed pa +- 1 %
K21 rea 505 [ 22809 23331 231 Dervurderes en usikkerhed pa +- 1 %
K21 [Area 10 m2 10593 1,0807 107 Dervurderes en usikkerhed pa +- 1 %
K21 [Area G085 m2 0594 0 B0E [ Dervurderes en usikkerhed pa +- 1 %
K21 rea 511 m2 10396]  1,0605 108 Der vurderes en usikkerhed pa +- 1 %
121 Area 512(door) m2 2079 2121 23 Der vurderes en usikkerhed pa +- 1 %
K21 Area 2xG01 m2 19998 20402 202 Dervurderes en usikkerhed pa v 1 %
K21 rea dxG03 GO4 m2 B4944 55256 [ Der vurderes en usikkerhed pa +- 1 %
121 Area GOB (door) m2 2 28pY 2,3331 231 Der vurderes en usikkerhed pa +- 1 %
K21 Area 507 m2 52074 53126 526 Dervurderes en usikkerhed pa +- 1 %
K21 Area GOE m2 0 554 0 E0E [ Dervurderes en usikkerhed pa +- 1 %
K21 [Area GOY m2 195803 1,9897 197 Der vurderes en usikkerhed pa +- 1 %
K21 Area 2xG03 / GO4 m2 32472 33128 328 Dervurderes en usikkerhed pa +- 1 %
22 -alue 25601 WIm2 K, 1425 1575 15 T Tnne UyTstag of USRReTheden 1or 81 vingues U-wardi Med Rendt geomen 2-7 T, LENor anvendes migdells RRerneden ps #- 3 5 7 = b Thine D Pettersen
K22 U-Walue 2%G02 WmZK 15675 17325 165 . Trine Dyrstad er usikkerheden for et vindues u-vaerdi med kendt geometr2-7 %%, Derfor anvendes middelusikkerhedenpa - 45 % =55 Trine D Pettersen
[FF] 45 ue GOS Wim2K, 1,311 1449 135 T Trine Dyrstad er usikkerheden for etvindues u-vasrdi med kendt geometr2-7 %% Derfor anvendes middelusikkerheden pd #- 45 % =55 Ttine D Petterzen
122 Windows and [UENEI0E G10 WimZK, 1,406 1554 148 Jf. Tnne Dyrstad er usikkerheden for et vindues u-vaerdi med kendt geometri2-7 %. Derfor anvendes middelusikkerhedenpa +- 45 % =5% Trine D Pettersen
a2 doars -V lue GO W2 K, 15295 16905 161 JF. Trine Dyretad er usikkerheden for etvindues o-vaerdi med kendt geometrT2-7 %% Derfor anvende s middelusiikerheden pd #- 45 % =00 Trine D Pettersen
K22 LV e 511 W2 15106 16695 153 Jf. Trine Dyrstad er usikkerheden for etvindues u-vasrdi med kendt geometrT2-7 %% Derfor anvendes middelusikkerheden pa - 45 % =55 Trine D Pettersen
122 1-Yalue G12(doar) Wim2K, 1,444 1556 152 T Trine Dyrstad er usikkerheden for etvindues u-vaerdi med kendt geometri2-7 %, Derfor anvendes middelusikkerhedenpa - 45 % =5% Trine D Pettersen
122 -Value 2xG01 WIm2 K, 1425 1575 1A T Tnine UyTetag of USIRReTheden 1or 81 vingues U ardi Med Rendt geomen 27 T, LENor anvendes migdells RRerneden pa 7 3.0 7 = b 7 Thine D Pettersen
K22 L Value 4xG03 4 GO4 W2 14535 16065 153 Jf.Trine Dyrstad er usikkerheden for etvindues u-vasrdi med kendt geometri2-7 7. Derfor anvendes middelusikkerheden pad - 45 % =55 Trine D Pettersen
122 1U-Value 06 (door) W2, 14155 1 5645 148 T Trine Dyrstad er usikkerheden for etvindues u-vaerdi med kendt geometri2-7 %, Derfor anvendes middelusikkerhedenpa - 45 % =5% Trine D Pettersen
122 U-Value GO7 Wm2K, 12256 1,3545 1.29 T TTine UyTstag of USIRReTheden 1or 81 vingues U-vardi Med Rendl geomen 27 Je. LENor anvendes migdells RRerneden pa 7 3.0 7 = b Thine D Pettersen
K22 -V ue 508 W2 15295 1,6905 161 Jf. Trine Dyrstad er usikkerheden for et vindues u-vasrdi med kendt geometr2-7 %% Derfor anvendes middelusikkerheden pad - 45 % =55 Trine D Pettersen
K22 L-Walue GO9 W2 13395 1,4805 141 T Trine Dyrstad er usikkerheden for etvindues u-vaerdi med kendt geometr2-7 %, Derfor anvendes middelusikkerhedenpa - 45 % =5% Trine D Pettersen
122 L-alue 2xG03 ¢ GO WimZK, 14535 1 6065 153 Jf. Tnne Dyrstad er usikkerheden for et vindues u-vaerdi med kendt geometri2-7 %. Derfor anvendes middelusikkerhedenpa +-45 % =5% Trine D Pettersen
K23 Glass area North east R 0855 0945 09 Jf. Hjzelpevejledning til Bel10 ligger vaardien typisk indenfor 0,5-0 8. Da vinduesarealerne er forholdsvist stare, vurderas der en blot en afrigelse pd +-5 % SEI 213
123 Glass area south east . 07633 0,8442 0504 Jf. Hjzelpevejledning til Bel10 ligger vasrdien typisk indenfor 0 5-08. Da vinduesarealere er forholdsvist stare, vurderes der en blat en afvigelse p& +-5 % SBI 213
123 (Glass area south west 4 07847 08673 0p26 Jf. Hjzelpevejledning til Bel0 ligger vasrdien typisk indenfor 0 5-0 8. Da vinduesarealeme er forholdsvist store, vurderes der en blot en afvigelse pd +-5 % SBI 213
123 Glass area north west i 07239 0,8001 0762 Jf. Hjzelpevejledning til Be10 ligger vasrdien typisk indenfor 0 5-0 8. Da vinduesarealeme er forholdsvist store, vurderes der en blot en afrigelse pd +-5 % SBI 213
Bhl Mekanisk, vinter lisdrri2 0p3 077 07 Uer laves et vazgtet gennemsnit af ventilahonsraterne for de enkelte rum, hvillet bruges som "gaet”. Min og maks er sksnnet +2 10 %
1 Iekanisk, vinter isdrri2 054 0 5R 0f BT 13vES BT VaIE] Gennemmsni a1 ¥ enNalo ner aBrne 107 & eNReNe 101, T IKET DIOges snm ga . i 0F Maks ef skennel 15 10 7
[ Mekanisk, vinter s 054 0,66 06 Uer laves et vaegiel gennemsnit AT v enllanonerateme 1or 08 enkene rum, hwilket bruges som mm Win og maks er skennet +& 10 %
c1l hiekanisk, vinter lisdrri2 054 0,66 06 Uer laves et vaegtet gennemsnit af ventilahonsraterne for de enkelte rum, hvillet bruges som "gaet™. Min og maks er sksnnet +% 10 %
1 Iiekanisk, vinter i 054 0k 0& B TavEs Bl waniel qennemmsnit al wentlaionsralerne 107 0e enkele rumm, IvIkel Driges sorm gasl. Wi og maks ef skennel + 10 7
(o] Mekanisk, vinter s 054 0,66 06 Der laves et vagiel gennemsnit AT v enlaio nerateme 1o 08 enkene rum, hwilket bruges som mm Win og maks er skennet +5 T %
o “entilation [Mekanisk, sarmmer \Wsdrri2 0p3 077 07 Uer laves et vazgtet gennemsnit af ventilahonsraterne for de enkelte rum, hvilket bruges som "gaet”. Min og maks er sksnnet +- 10 %
o2 Mekanisk, sommer s 072 0,88 08 Uerlaves et vazgtet gennemsnit AT ¥ ENLIGN0 NSTATEINE T0F U8 &Nk Ne tum, fwilket bruges som “gaet. Min og maks er skannet +5 10%
[ Mekanisk, sormmer [ 09 1.1 1 Derlaves et vaeglet gennemsnit af ventilalionsraterne for de enkelte rum, Fvilket bruges som "gaef™. Min og maks er skennet +7 T0%
c2 Mekanisk, sommer s 03 1.1 1 Uer laves et vaegtet gennemsnit af ventilahonsraterne for de enkelte rum, hvilket bruges som "gaet™. Min og maks er sksnnet +- 10 %
[o] hekanisk, sommer s iE] 11 1 Uer laves et vazgtet gennemsnit AT ¥ ENLIGN0 NSTETEINE T0r U8 & Nke e rum, fwilket bruges som “gaet. Min og maks er skannet +5 T0%
2 ekanisk, snommer [ 072 088 08 Derlaves et vaeglet gennemsnit af ventilationsraterne for de enkefte rum, Fvilket bruges som "gaef™. Min og maks er sksnnet +7 T07%
[ot] 5, rest - 072 oge og Min 0g maks er vurderet + 10 %, Dette til trods far, at BR10 dikterer en varmegenvinding p& minimum 0,7 “urdering/bR10
c13 Belysning  JAlmen belysning, installeret 3,15 3,85 38 "Gat" er et vaegtet gennemsnit af effekten i de enkelte rum. Min og maks er skannet ++ 10 %

armefordeling

26 Eg Fremlsbstempearatur 5225 57,75 55 Dervurderes en usikkerhed pd +- 5 % r—

Warmt Eksermpel p& udregning: 1) BOLbarn/Ar * 100 bern * 200 dagefr == 878LAm2/4r 2) 14 m3/Arpers => 850 Il Ar. Middel giver ca. 912 Vm2/4r. Ca 1/3 gartil Energihdndbogen, (1.3)
CA6 brugsvand arrmtvandsfarbrug lacupant pr day 40 a0 B0 varmt brugsvand =» ca. 300 L antagelsen : HFB
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Der vurderes en usikkerhed pa +#- 15 %
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Appendix 7. Usage schedule of the Project House
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Dark orange fields indicates bookings and therefore when the house is in use. White
and light orange indicates that the house has no bookings and therefore is assumed
empty.
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Appendix 8. First week of December 2015. IMO and weather
station data compared
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Vindatt [°]

Icland MET office data from Eyrarbakki

Wind direction
0 l T I‘r | I ) I I ¢!+“TW!_'-N
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0l 02 03 04 05 06 07
desember 2015

Weather station data from the roof of the house

Wind direction

350

250

200

150

100

] d! Iy

0 - LA
Nov 30 12:00 Dec 0100:00 Dec 0112:00 Dec 0200:00 Dec 02 12:00 Dec 03 00:00 Dec 03 12:00 Dec 04 00:00 Dec 04 12:00 Dec 0500:00 Dec 05 12:00 Dec 06 00:00 Dec 06 12:00 Dec 07 00:00

Mean: 131.1
Min: 0.0
Max: 338.0
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Windspeed and windgusts

25 ! T

Vindhradi og hvidur [m/s]A:v

01 02 03 04 05 06 07
desember 2015

Windspeed

Dec 01 12:00 Dec0200:00 Dec0212:00 Dec0300:00 Dec0312:00 Dec0400:00 Dec0412:00 Dec0500:00 Dec0512:00 Dec0600:00 Dec0612:00 Dec 07 00:00

Mean: 5.2

Min: 0.0

Max: 14.6

Standard deviation: 3.7
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Windgust
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15.0

125

75

5.0

25

0.0
Dec 0100:00 Dec0112:00 Dec0200:00 Dec0212:00 Dec0300:00 Dec0312:00 Dec0400:00 Dec0412:00 Dec0500:00 Dec0512:00 Dec0600:00 Dec0612:00 Dec 07 00:00

Mean: 6.9

Min: 0.0

Max: 19.4

Standard deviation: 4.7

Icland MET office data from Eyrarbakki
Temperature and dewpoints

Hiti og daggarmark [°Cll~

desember 2015
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Weather station data from the roof of the house
Temperature

Dec 0100:00 Dec0112:00 Dec 0200:00 Dec 0212:00 Dec0300:00 Dec 03 12:00 Dec 04 00:00 Dec 04 12:00 Dec 0500:00 Dec0512:00 Dec 06 00:00 Dec 06 12:00 Dec 07 00:00

Mean: -2.3

Min: -9.8

Max: 2.5

Standard deviation: 2.7

Outside airhumidity
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Outside airhumidity

Dec0100:00 Dec0112:00 Dec0200:00 Dec0212:00 Dec0300:00 Dec0312:00 Dec0400:00 Dec0412:00 Dec0500:00 Dec0512:.00 Dec0600:00 Dec0612:00 Dec 07 00:00

Mean: 75.6

Min: 51.0
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Standard deviation: 10.6

Icland MET office data from Eyrarbakki

Barometric pressure
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Weather station data from the roof of the house
Barometric pressure

1015
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995
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960

955
Dec 0100:00 Dec0112:00 Dec0200:00 Dec0212:00 Dec0300:00 Dec0312:00 Dec0400:00 Dec0412:00 Dec0500:00 Dec0512:00 Dec0600:00 Dec0612:00 Dec 07 00:00

Mean: 987.4

Min: 959.4

Max: 1010.7

Standard deviation: 12.5
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Appendix 9. U-value calculation results on building envelope
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Rockwool Energy Design 4.1

Dato: 25-11-2015
U-veerdiberegning i henhold til DS 418
Konstruktion: External light wall
Konstruktionstype: Ydervaeg

Producent MNawn Tykkelse Lambda Q R
[m], antal [Wimk)] [t
Rse (ude) - 0,13
@ 1 Generisk materiale Stal 0,006 50,000 —+-B
@' 2 Generisk materiale Yentileret lag 0,009 - -
@’ 3 Inhomogent materialelag hestaende af 0,130 0,038 3,92
ROCKWOOL A/S Super A-Murbztts 95,00% 0,034 e
Luftspalte Miveau 1. AU" = 0,01 W/(m?2k)
Generisk materiale Trae 450kn/m3 5,00% 0120 -
B4 Genenisk materiale PE-folie (haeftet fast) 0,15 mm 0,000 0,170 0,00
@ 5] Generisk materiale Krydsfiner, 700 kgin3 0,009 0170 0,05
@ 6 Generisk materiale Gips 13mm 0,013 0,280 0,05
Rsi (inde) 0,13
0,187 4,28
Begrundelse for aendring af overgangsisolanser
Byggematerialerne er grupperet i 3 klasser. Disse Klasser er:
W Data er indtastet og verificeret af ROCKWOOL AJS.
[Diata er indtastet og venficerst af andre producenter eller leverandarer.
C Egen indtastning af data.
IU-vaerdilorrektion | henhold til DS 418
Korrektion for mekanisk fastgerelse dUf = 0,000 Wf{m?2k)
Korrektion for luftspalter dUg = 0,008 WiimaK)
U =1/4,28 + 0,000 + 0,008 = 0,24 W/{m*K)
Umax = 0,30 W/(m?2K) U = 0,24 W/(m2K)
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Rockwool Energy Design 4.1

U-vaerdiberegning i henhaold til DS 418
Konstruktion: Floor slab

Konstruktionstype: Gulv mod jord {0.5m over - 0.5m under terraen)

Dato: 25-11-2015

e

Producent Mawn Tylkkelse Lambda Q R

[m], antal WM M=

RS (inde) - 017

1 Genensk materiale 1 lag (1/4 tomme) trasfiberplade 0,006 0,140 0,04

@‘ 2 Genersk materiale Armeret Beton (1% stdl), 2300 koim3 0,150 2,440 0,06

3 Genensk materiale Polystyren, ekspanderet 36 0,200 0,036 556
Luftspalte Wiveau 0 AU" = 0,00W/(m=k)

M4 Kapilarbrydende lag indehalder: z - 0,97

Leca A/S (Saint-Gobain YWeberAs/3) Leca 10-20 0,100 —&-880 -

Lambda foraget faktor 1,2 for 75mm - 0,103 -
Luftspalte Wiveau 0 AU" = 0,00W/(m2K)

Rj (jord) 1,50

0,456 8,30

Eegrundelse for ssndring af overgangsisolanser:

Byagematerialerne er grupperet | 3 klasser. Disse klasser er

Diata er indtastet og werificeret af ROCKWOOL AS.

Diata er indtastet og werificeret & andre producenter eller leverandarer
Z Egenindtastning af data

U-vaerdikorrektion i henhold til DS 418

Korrektion for mekanisk fastogrelse dUf = 0,000 W2k
Korrektion for luftspalter dUg = 0,000 Wim3)

U = 1/8,30 + 0,000 + 0,000 = 0,12 WH{m?K)
Unmax = 0,20 W/ m2K)
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Rockwool Energy Design 4.1

U-veerdiberegning i henhold til DS 418

Kanstruktion: Roof construction

Dato: 25-11-2015

Konstruktionstype: Tag med haeldning <= 60

Producent Mavn Tykkelse Lambda Q R
[m], antal (M) [
Rse (ude) 0,04
Begransningen i R-vaerdien skyldes det 0,18
svagt vertilerede uftlag
@’ 1 Genensk materiale Tagpap 0,008 0,230 —FR
b 2 Rockwool A/5 FlexiBatts 0,030 0,037 —
Luftspalte Niveau 0 AU = 0,00W/m2K)
wvagt vertileret, vandret varmestram 3 -8 ;
3 D5 418 Swvagt ventileret dret t 0,017 - 0,08
@’4 Inhomogent materialelag bestdende & 0,195 0,041 4,74
Rockwool A5 FlexiBatts 95 00% 0,037 -
Luftspalte MNiveau 0 AU = 0,00W/m2K)
Genensk materiale Trae 450 kgfm3 500% 0,120 -
enerisk materiale alyethylen film 0,19 mm : ; i
3 G isk material Folyethylen film 0,15 0,000 0,170 0,00
e ventileret, vandret vammestram 3 - ;
B D5 418 1Kk tileret dret i 0,025 0,18
enerisk materiale sfiner, : ; 4
7 G isk material Krydsfi 700 kgin3 0,008 0,170 0,05
ke 8 Generisk materiale Gips 13mm 0,013 0,250 0,03
Rsi {inde) 0,10
0,297 5,40

Begrundelse for aendring af overgangsisolanser:

Byggematerialerne er grupperst | 3 Klasser. Disse klasser er:

Data er indtastet og verificeret af ROCKWOOL A/S.

Data er inctastet og verificeret & andre producenter eller leverandarer.
C Egenindtastning af data.

U-veerdikorrektion i henhold til DS 418

Korrektion for mekanisk fastgarelse
Korrektion for luftspalter

dUf = 0,000 Wik
dUg = 0,000 W/(m2K)

U =1/5,40 + 0,000 + 0,000 = 0,19 Wi(m?K)
Unmax = 0,20 WI(mM?K)
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Appendix 10. Weather data from IMO on Eyrarbakki
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PDF

Relative humidity (%)
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Wind velocity (m/s)
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Gust factor
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Barometric pressure (mbar)
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Appendix 11. Results from Autodesk Revit and GBS
calculation
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Energy Analysis Report

{\ AUTODESK.
Eyrarbakki THIS ONE!
Eyrarbakki THIS ONE! Analysis (Only heating!) (3)

Analyzed at 1142016 11:52: 36 AM

Energy Analysis Result

Building Performance Factors

Location: Sveitarfélagia ﬁ.rhorg, Sudhurland
VWeather Station: 126481

QOutdoor Temperature: Max: 14°C/Min: 4°C

Floor Area: 106 m*

Exterior Wall Area: 99 m*

Average Lighting Power: 1076 Wi m*

People: 1 people

Exterior Window Ratio: 030

Electrical Cost: 50,14/ KWh

Fuel Cost. 50.14 / Therm

Energy Use Intensity

Electricity EUL 140 KWh /sm [ yr
Fuel EUL: B2 MJ I smlyr
Total EUL: 566 MJ ! sm i yr

Life Cycle Energy UsefCost

Life Cycle Electricity Use: 444 169 KWh
Life Cycle Fuel Use: 197 918 MJ
Life Cycle Energy Cost 52783

*30-year life and 6.1% discount rate for costs

Renewable Energy Potential

Roof Mounted PV System (Low efficiency): 2985 KWh [yr
Roof Mounted PV System (Medium efficiency): 5,970 KWh /yr
Roof Mounted PV System (High efficiency): 8,954 KWh /yr
Single 15" Wind Turbine Potential: 19,423 KWh [ yr

*PV efficiencies are assumed to be 5%, 10% and 15% for low, medium and high efficiency systems
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Energy Analysis Report

Annual Carbon Emissions
metric tons Fyr

0.4

0.35

034

Emergy
005 Generation
Potential

(metric tans £ yr)
. Electricity Consumption

. Fuel Conzumption

. Roof PY Potential (High Efficiency)
. Single 15" Wind Turbine Potential
I met coe

o|lo o o o

Annual Energy UsefCost

11%
89%

[ Electricity 25% 52,034 14805 kWh
B Fuel 1% 59 6557 MJ
52,043

Energy Use: Fuel

100%

N}
B Hunc 0% 50 0
| Domestic Hot Wster100% 53 6,597
38 6,597

Energy Use: Electricity
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B Hnc 49% 51,006
B Lighting 26% 5513
Misc Equipment 25% 5513
T s20m2

Monthly Heating Load

(ki)

T.328
3,733
3,737

14,804

Misc Equipment

[ Light Fixtures
Docupants

.WindowSoIar
.WindowCondudive

I infiltration

’ Underground Surroundings
. INT Surroundings

. Roofs

W walls

Monthly Cooling Load

Jan Feb Mar | Apr 'May Tun " dul '.&ug ISep "ot 'Mav  Dec'

Misc Equipment

[ Light Fixtures

Ococupants
.WindowSoIar
.WindowCondudive
0 Infiltration
m Underground Surroundings
. INT Surroundings
- .Roofs

B walls

Monthly Fuel Consumption

Jan Feb Mar | Apr 'May Tun " dul '.&ug ISep "ot Mo Dec'
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Energy Analysis Report

a7l
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rgy Analysis Report

wind Speed (km /)
W 103+
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Energy Analysis Report

Monthly Design Data
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Energy Analysis Report
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= Morning sverage — Mfternoon average
Mean daily range - Full range

@ Copyright 2015 autodesk, Inc, &ll rights reserved. Partions of this software are
copyrighted by James J. Hirsch & Associates, the Regents of the University of
California, and others,

Energy Analysis Data
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Appendix 12. As built drawings of the house
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Skraningartafla: | Tungata 9, Eyrarbakka. [

:|Asgeir Leifsson

Landntmer: 204208 I 090741-2259
G 01 Utgafa: 4.01b 6/10/10
Uppskipting og lysing Staerdir
DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10a D10b D12 D16 D17
Lokun Rymi Notkun Hofus- Eignar- Botnfistur Stigar Op Brattofidtur Bruttofistur Salarhaed Salarhaed 6 Nettofistur Birt flatarmal Reiknitala Skipta-
hesd-réd texti flokkun hald m? m? m? m? sh<18 min max rummal m* m? m? skiptarammals rammal m*
127.0 0.0 0.0 0.0 127.0 0.0 4254 105.9 127.0 333.563
Botn 258
01 1.h=d 127.0 0.0 0.0 0.0 127 0.0 399. 105.9 1274 s
A 0101 ibud N 010 9. g8 270 370 313 83.0 320] 265600 BYGGINGARLYSING
A 0102 Inntok/geymsla T 010 2.70 3.00 17. 46 2.80 12.880) Starir
A 0103 Bilskur B 010 2 2 2.70 3.30 68. 18.3 3.01 55.083 Steor I66ar a6 Tangdtu 9 er 8393 m2.
B 0104 U 010 - Stadgreinir: 8200-5-88950090
B 0105 Cl 010 -0 0 Landnumer: 204 208.
Brutto flatarmal byggingarinnar er: 127,0 m2, Bratté rammal er
425,4 m3. Nytingarhlutfall er 0,15. A 168inni er gert rad fyrir 2

Athugasemdir bilasteedum.
Notkun byggingar
Sameignir sumra Byggingin er ibudarhus, hannad sérstaklega med parfir

hreyfihamladra i huga.
Almennt

bri,

Grunnplata hussins er stadsteypt, yfirbygging er ur
Eignarhald TP einangra i 150 mm grind med 150 mm steinull og klzstt a8
Tighar Notkan B Tatarmal Sereign Sereign 0§ utan med krossvidi og baradri malmklaedningu a langbénd og
hald texti m? m? sameign m?® timbri en ad innan med krossvidi a lagnagrind og gifsplétum.
Allar klzedningar innan- og utanhuss verda i flokki 1.
= Mi i
010t ibas 127.0 3331563 333563 Milliveggir eru ur timbri og blikkstodum, einangradir og kleeddir
Alls 1270 333563 333563 med krossvidi og gifsplétum. | badherbergjum, eldhisi og

pvottaadstédu eru rakapolnar gifsplétur, kleeddar med flisum
par sem mest maedir a.
Golf
Golf er stadsteypt og kleett med parketi og flisum.
bak
Burdarbitar paks eru ur timbri, einangrad bita med 225
mm steinull og kizett ad ofan med krossvidi, 50 mm steinull og
pakduk. Fragangur paka skal vera samkvaemt verklysingu og
fyrirmeelum framleidanda pakefnis.
U-gildi byggingar

in skal ei amk. i ivid gr. 13.3.2i
byggingarreglugerd.
Einangra skal botnplétu med amk 150 mm fraudplasti.
Tvofalt k-gler er i 6llum gluggum.
Loftraesing / hitun
Golfhitun er i 8llu husinu fra hitaveitu.
iguna skal loftreesa amk. samkv. gr. 10.2.5 0g 10.2.6 i
byggingarreglugerd. Loftraesing er annars vegar natturuleg um
opnanlega glugga og innganga en hins vegar er vélraent utsog
ur dllum gluggalausum rymum.

Utfeerslur skulu ad 66ru leyti uppfylla akvaedi
byggingarreglugerdar. Allt litaval skal vera i samragi vid
arkitekta. Innréttingar syndar a teikningum gefa adeins
hugmynd ad endanlegri utfaersiu.

SKIPULAGS- ARKITEKTA- OG | Honnun:

VERKFRADISTOFAN ehf. Gestur Olafsson
GarBastreeti 17. 081241-4499

101, Reykjavik
Kt:701294-8909

+354) 561-6577
fax: (+354) s61-6571 | Zoltan Vilmos Horvath

F= 8393 m2
GK=370

skipark@skipark.is 230476-5439
Verk: Verkntmer:
Tangata 9. 027
820 Eyrarbakki
Teikning: Kvardi:
AFSTODBUMYND 1:500
Honnunarstig: Dags:

BYGGINGARTEIKNING

06.2010

Breytt:
13.12.2010
28.06.2012

Teiki

A-01
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Appendix 13. Sensor data plotted
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Appendix 14. Installation drawings of the house
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SKYRINGAR GOLFLAGNIR.

GOLFLAGNIR [ ERU PEX 216
("CROSSLINKED") OG ER MILLIBIL MILLI RORA
A C/C200 | BYGGINGU SKAL RORUM FEST NIDUR A JARNGRIND
. MED MED bAR TIL GERDUM mmwm%_ SAMKY.
— 0 " FYRIRSKRIFT FRAMLEIDANDA RORA (PLAST).
Linurit fyrr prstiprofanir STEYPUHULA SKAL EKKI VERA g_zz_Amz &
4CM OFAN A ROR. HEILDARLENGD SLAUFA ER
417M OG ER REIKNAD MED 110W/M2.
FRAMRAS VATNS SKAL STILLT bANNIG AB HITI FARI EKKI

YFIR 42 GRABUR.
g "
= INNSTEYPTAR PIPUR SKULU VERA AN TENGISTYKKJA. SKYRINGAR
=1 TENGISTYKKI SKULU VERA UR KOPAR 0G £TLUD - RENLGEH
= \ SERSTAKLEGA FYRIR PAR PIPUR SEM NOTADAR ERU. SKOLPLOGN
£ KERFID SKAL PROFAD ADUR EN STEYPT ER MED
g 4KG/CM2 PRYSTINGU OG SKAL PRYSTINGUR STANDA - T HEITENEYSLUVATN
m 124 KLST. AN PESS AP FALLA. ], et} ) e KALT NEYSLUVATN
-8 FRAMRAS HEITT VATN

||||||| BAKRAS HEITT VATN

- BRUNAVATNSLOGN

HL = HANDLAUG bS = PVAGSKAL

EV = ELDHUSVASKUR SV = SKOLVASKUR
0 102030 ) — 180 RV = RESTIVASKUR SB = STURTUBOTN

Timi i minGtum

VS = VATNSSALERNI GN = GOLFNIDURFALL
Forprtun Jr— Ub = UPPBVOTTAVEL GO = GUFUOFN

bV = BVOTTAVEL PU = PURKARI

Vi6 forprof skal auka prysting upp 15 ber og bida [ 10 min
auka bé brysing afiur upp i 15 bar og siden afur eftr 20 min.

PU = MERKIR PIPUR UPP BS = BRUNASLANGA

PN =MERKIR PIPURNIDUR  GNFMERKIR GOLFNIBURFALL
IV = MERKIR [ VEGG BN MERKIR PAKNIDURFALL
IE=MERKIR[EINANGRUN ~ BR MERKIR BRUNNUR
UL = MERKIR UNDIR LOFT| B3 MERKIR GAT [ SOKKLI
UG = MERKIR UNDIR GOLFI  >< MERKIR RENNILOKI
YD = MERKIR YFIR DYR

o MERKIR OFNLOKI

NEYSLUVATN
Lagnir ur plasti og alplasti

Neysluvatnsldgn Ur plasti skal préfa i prepum skv. DIN 1988 partur 2. Nota

skal prystimasli sem synir prysting i 0,1 bar prepum. Tengja skal prystimasli & —

laagsta stad i kerfinu. Kerfid er fyllt med vatni og lofttssmt og prystingur settur i = MERKIR LOFTSKRUFA

15 bar.
Bl8a skal [ 10 min, auka bé prysting aftur upp [ 15 bar og sian aftur eftir 20

—= MERKIR HEITAVATNSKRANI
—< MERKIR KALDVATNSKRANI
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min.

Eftir 30 min B skal skréa nidur prysting og aftur eftir 60 min C og ma prystingur
ekki hafaf falli8 um meira en 0,6 bar.

Abalproéfié fer fram i beinu framhaldi og prystingur i D ma ekki hafa fallid
meaira en 0,2 bar 4 120 min fra C til pess ad préf teljist hafa lokid med
fullnzegjandi 4rangri.

Prystipréfun skal skra og skal verktaki athenda eftirlitsmanni skyrslu yfir Py
profun & sérstoku eydubladi. Vid ofangreinda préfun skal verktaki kalla

itsmann verkkaupa & vettvang i byrjun og lok préfunar og skal hann taka B
kerfid Gt og sampykkja préfunina.
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Appendix 15. Sensor data sheets

199



Digital thermometer installed in ventilation ducts and on hot water pipes (in and

out)

DS18B20

General Description

The DS18B20 digital thermometer provides 9-bit to 12-bit
Celsius temperature measurements and has an alarm
function with nonvolatile user-programmable upper and
lower trigger points. The DS18B20 communicates over a
1-Wire bus that by definition requires only one data line
(and ground) for communication with a central micro-
processor. In addition, the DS18B20 can derive power
directly from the data line (“parasite power”), eliminating
the need for an external power supply.

Each DS18B20 has a unique 64-bit serial code, which
allows multiple DS18B20s to function on the same 1-Wire
bus. Thus, it is simple to use one microprocessor to
control many D818B20s distributed over a large area.
Applications that can benefit from this feature include
HVAC environmental controls, temperature monitoring
systems inside buildings, equipment, or machinery, and
process monitoring and control systems.

Applications

e Thermostatic Controls
Industrial Systems
Consumer Products
Thermometers

L ]
L ]
L ]
s Thermally Sensitive Systems

Ordering Information appears at end of data sheet.

1-Wire s a registered trademark of Maxim Integrated Products, inc.

19-7487: Rev 4; 1/15

200

Programmable Resolution
1-Wire Digital Thermometer

Benefits and Features

e Unique 1-Wire® Interface Requires Only One Port
Pin for Communication

e Reduce Component Count with Integrated
Temperature Sensor and EEPROM
* Measures Temperatures from -55°C to +125°C
(-67°F to +257°F)
= +0.5°C Accuracy from -10°C to +85°C
* Programmable Resolution from 9 Bits to 12 Bits
* No External Components Required

s Parasitic Power Mode Requires Only 2 Pins for
Operation (DQ and GND)

e Simplifies Distributed Temperature-Sensing
Applications with Multidrop Capability
= Each Device Has a Unique 64-Bit Serial Code
Stored in On-Board ROM

e Flexible User-Definable Nonwolatile (NV) Alarm Settings
with Alarm Search Command Identifies Devices with
Temperatures Outside Programmed Limits

& Available in 8-Pin SO (150 mils), 8-Pin ySOP, and
3-Pin TO-92 Packages

Pin Configurations

TOPVIEW
=
NG 1 8 NG
DS18B20 L] ER
Ne | 2 DS18B20 7 NG
1 2 3
Voo 3 6 N.C
e [4] 5 ] cio
S0 (150 mils)
(DS18B202)
P—
ba + o
GND  DQ M
® NG psisez0 [[LLL e
o TeT]ne
@ [TT] e
—
LSOP
BOTTOM VEEW (DS18B20U)
T0-92
(DS18B20)



Relative humidity and temperature sensor installed on internal and external north

and south facade.

Ma' cdetect

Your specialist in innovating humidity & temperatiure sensors

LN N
LN N
=3 R NN
& = 0 B W™
MmO
C NN NE |

L Digital relative humidity & temperature sensor RHT03

1. Feature & Application:

*High precision
*Capacitive type

*Full range temperature compensated
*Relative humidity and temperatire measurement

*Calibrated digital signal

2. Description:

*Outstanding long-term stability
*Extra components not needed

*Long transmission distance, up to 100 meters
*Low power consumption

*4 pins packaged and fully interchangeable

RHTO3 output calibrated digital signal. It applys exclusive digital-signal-collecting-technique and humidity
sensing technology, assuring its reliability and stability. Its sensing elements is connected with 8-bit single-chip

computer.

Every sensor of this model is temperature compensated and calibrated in accurate calibration chamber and the
calibration-coefficient is saved in type of programme in OTP memory, when the sensor is detecting, it will cite

coefficient from memory.

Small size & low consumption & long transmission distance(100m) enable RHT03 to be suited in all kinds of
harsh application occasions. Single-row packaged with four pins, making the connection very convenient.

3. Technical Specification:

Model RHTO3

Power supply 3.3-6V DC

Output signal digital signal via MaxDetect 1-wire bus

Sensing element Polymer humidity capacitor

Operating range humidity 0-100%RH; temperature -40~-80Celsius
Accuracy humidity +-2%RH(Max +-5%RH), temperature +-0.5Celsius
Resolution or sensitivity | humidity 0.1%RH; temperature 0.1Celsius
Repeatability humidity +-1%RI; temperature +-0.2Celsius

MaxDetect Technology Co., Lid.

Thomas Liu (Sales Manager)

Email: thomaslin198518@yahoo.com.cn , sales@humiditycn.com
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Ma' detect

Your specialist in innovating humidity & temperatire sensors

Humidity hysteresis +-0.3%aRH
Long-term Stability +-0.5%RH/y ear
Interchangeability fully interchangeable
4. Dimensions: (unit-—mm) Vee  Vee
-151 - =77 1K 1
_ MCU 2] RHTO03 3
= 4
Gnd

Pin sequence number: 12 3 4 (from left to right direction).
Pin Function
1 VDD—power supply
DATA--signal
NULL
GND

oy vy

5. Electrical connection diagram:

6. Operating specifications:

(1) Power and Pins

Power's voltage should be 3.3-6V DC. When power iz supplied to sensor, don't send any instruction to the sensor
within one second to pass unstable status. One capacitor valued 100nF can be added between VDD and GND for
wave filtering.

(2) Communication and signal
MaxDetect 1-wire bus is used for communication between MCU and RHT03. ( MaxDetect 1-wire bus is
specially designed by MaxDetect Technology Co., Lid. , it's different from Maxim/Dallas 1-wire bus, so it's

incompatible with Dallas 1-wire bus.)

Tllustration of MaxDetect 1-wire bus:

Datais comprised of integral and decimal part, the following is the formula for data.

DATA=E bit integral RH data+8 bit decimal RH data+& bit integral T data+8 bit decimal T data+8 bit check-sum
B

MaxDetect Technology Co., Ltd. http://www.humiditycn.com

Thomas Liu (Sales Manager)
Email: thomasliul98518(@yahoo.com.cn , sales@humidity cn.com
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Velleman WS1080 weather station installed on the roof of the house.

Nellehmen)

WS1080

WEATHER CENTRE WITH TOUCHSCREEN AND PC CONNECTION
WEERSTATION MET TOUCHSCREEN EN PC-AANSLUITING

STATION METEO A ECRAN TACTILE ET CONNEXION PC

ESTACION METEOROLOGICA CON PANTALLA TACTIL Y CONEXION PC
WETTERSTATION MIT BERUHRUNGSBILDSCHIRM UND PC-ANSCHLUSS
ESTACAO METEOROLOGICA COM ECRA DIGITAL E LIGACAO AO PC
STACIJA POGODOWA Z EKRANEM DOTYKOWYM I INTERFEJISEM PC
STAZIONE METEO CON TOUCHSCREEN E INTERFACCIA PC

! == ® fodio canirollas "
- -ﬂ} S ts e m'ﬁ /;-,,--—-——-..,_-5
= Nt L £08" RO (N
:-—:.: | o - & WD maw ]
= | 305" S04™ 5a 30>
:‘ L ENDERTT mwh;-_'
i mLfmlt_wr'
r e I“ fur
L \0' | seSEesss
|-.b 3 oaTE .
s aTels
| Lo wruuxn L 60O
USER MANUAL 4
GEBRUIKERSHANDLEIDING 9
MODE D'EMPLOI 14
MANUAL DEL USUARIO 19
BEDIENUNGSANLEITUNG 24
MANUAL DO UTILIZADOR 29
INSTRUKCIA OBSEUGI 34
MANUALE UTENTE 40
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WS1080

USER MANUAL

1. Introduction

To all residents of the European Union

Important environmental information about this product
This symbol on the device or the package indicates that disposal of the device after its lifecycle
could harm the environment. Do not dispose of the unit (or batteries) as unsorted municipal
waste; it should be taken to a specialized company for recycling. This device should be
returned to your distributor or to a local recycling service. Respect the local environmental
rules.

. i, doubt, contact your local waste disposal authorities.

Thank you for choosing Velleman! Please read the manual thoroughly before bringing this device into

service. If the device was damaged in transit, don't install or use it and contact your dealer. Damage

caused by disregard of certain guidelines in this manual is not covered by the warranty and the dealer

will not accept responsibility for any ensuing defects or problems.

2. Setting up the Stations
Refer to the illustrations on page 2 and following of this manual.
Weather station

1. Install your outdoor weather station on a suitable location minding the wind direction markings.
Connect the anemometer to the wind vane phone jacket.

2. Connect the wind vane to the thermo-hygrometer WIND phone jacket.

3. Connect the rain sensor to the thermo-hygrometer RAIN phone jacket.

4. Finally, insert 3 x AA batteries into the weather station respecting the polarity.

Receiver

1. Insert 2 x AA batteries into the receiver respecting the polarity.

2. Wait for the two stations to synchronize.
This synchronisation may take a couple of minutes. Do not touch the screen during synchronisation.

3. Once the synchronisation finished, make sure that all components work properly.

4. Choose a suitable mounting location for the receiver.
Commonly, the communication between the two stations can reach a distance of 100 m in the open
field, provided that there are no obstacles such as buildings, trees, vehicles, high-voltage lines, etc.
Radio interference such as from PCs, radios and television sets can entirely cut off the
communication. Take this into consideration when choosing a mounting location.

3. The Different Functions

Indoor Temperature

P
1. Touch the indoor temperature section once and press + or — to oL o g -
switch between the temperature display in °C or °F. EEB EBM
2. Touch the indoor temperature section a second time and press ﬁ
+ or — to set the high temperature alarm (HI AL), or press U
ON/OFF to switch the alarm on or off. % ,—'%
3. Touch the indoor temperature section a third time and press + HHS 5 ~
or - to set the low temperature alarm (LO AL), or press ON/OFF u
to switch the alarm on or off. TENDENCY
4. Touch the indoor temperature section a fourth time to display
the maximum temperature reading. Hold the value pressed to
reset the value. / 7 ] @
5. Touch the indoor temperature section a fifth time to display the /’,’/,’/,’/III /] ’III’”
minimum temperature reading. Hold the value pressed to reset 0 ifieiind Ity / [E]
the value.
V.13 -12/12/2013 4 ©Velleman nv
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Outdoor Temperature

1. Touch the outdoor temperature section once and press + or -
to switch between outdoor temperature, wind chill, and dew
point display.

2. Touch the outdoor temperature section a second time and press
+ or - to switch between the temperature display in °C or °F.

3. Touch the outdoor temperature section a third time and press +
or - to set the high temperature alarm (HI AL), or press
ON/OFF to switch the alarm on or off.

4. Touch the outdoor temperature section a fourth time and press
+ or - to set the low temperature alarm (LO AL), or press
ON/OFF to switch the alarm on or off.

5. Touch the outdoor temperature section a fifth time to display
the maximum temperature reading. Hold the value pressed to
reset the value.

6. Touch the outdoor temperature section a sixth time to display
the minimum temperature reading. Hold the value pressed to
reset the value.

Indoor/Outdeor Humidity

1. Touch the indoor/outdoor humidity section once and press + or
- to set the high humidity alarm (HI AL), or press ON/OFF to
switch the alarm on or off.

2. Touch the indoorfoutdoor humidity section a second time and
press + or - to set the low humidity alarm (LO AL), or press
ON/OFF to switch the alarm on or off.

3. Touch the indoorfoutdoor humidity section a third time to
display the maximum indoor/outdoor humidity reading. Hold
the value pressed to reset the value.

4. Touch the indoor/outdoor humidity section a fourth time to
display the minimum indoor/outdoor humidity reading. Hold the
value pressed to reset the value.

Wind Speed

1. Touch the wind speed section once and press + or - to switch
between average wind speed and gust speed (GUST).

2. Touch the wind speed section a second time and press + or - to
switch between the wind speed display in km/h, mph, m/s,
knots, or Bft.

3. Touch the wind speed section a third time and press + or - to
set the high wind speed alarm (HI AL), or press ON/OFF to
switch the alarm on or off.

4. Touch the wind speed section a fourth time and press + or - to
set the wind direction alarm, or press ON/OFF to switch the
alarm on or off.

5. Touch the wind speed section a fifth time to display the
maximum wind speed reading. Hold the value pressed to reset
the value.

" 358" BB

w305 5OF
.

=68 3078
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Rain

Touch the rain section once and press + or - to switch between T N
1h, 24h, week, month, and total rainfall display.
Touch the rain section a second time and press + or - to switch v E

between the rainfall display in mm or inches.

3. Touch the rain section a third time and press + or - to set the = £
gfgrrzlf?fall alarm (HI AL), or press ON/OFF to switch the alarm R s mn -

4. Touch the rain section a fourth time to display the maximum 5.8 [} -,.E'
rainfall reading. Hold the value pressed to reset the value,

5. Touch the rain section a fifth time and press CLEAR to reset all
rainfall values.

Weather Forecast TENDENCY

1. Touch the weather forecast section once and press + or - to
switch between sunny, partly cloudy, cloudy, and rainy display.

2. Touch the weather forecast section a second time and press +
or - to set the pressure threshold from 2-4 hPa. ’I /1 !

3. Touch the weather forecast section a third time and press + or f I,’ 11,y ’., / ’I
- to set the storm threshold from 3-9 hPa. TR "] PRl

I’ i1 I, / 1 11

Pressure

1. Touch the pressure section once and press + or - to switch PRESSURE _ its
between absolute pressure and relative pressure display. n ,-' ' hPa

2. Touch the pressure section a second time and press + or - to u '—' '
switch between pressure display in hPa, inHg, or mmHg. PRESSURE HISTORY *

3. Touch the pressure section a third time and press + or - to set
the relative pressure value.

4. Touch the pressure section a fourth time and press + or - to E_!!====
set the high pressure alarm (HI AL), or press ON/OFF to switch — 41—+ & 1
the alarm cn or off. o o & b A h &

5. Touch the pressure section a fifth time and press + or - to set the low pressure alarm (LO AL), or
press ON/OFF to switch the alarm on or off.

6. Touch the pressure section a sixth time to display the maximum pressure reading. Hold the value
pressed to reset the value.

7. Touch the pressure section a seventh time to display the minimum pressure reading. Hold the value

pressed to reset the value.

Note: When the absolute pressure is selected, step 3 will be skipped.

Pressure Bar Graph
Touch the pressure bar graph once and press + or - to switch between the 12h and 24h pressure

histo

Time

ry.

Note: The DCF function will only work if the outdoor sensor
receives the signal.

TIME wwvB
w=11.I"1 5
Touch the time section once and press + or - to adjust the ‘P 'u .u an

1.
contrast level (from 0 - 8, default 5).
2. Touch the time section a second time and press + or - to select the time zone.
3. Touch the time section a third time and press + or - to select the 12h or 24h time display.
4. Touch the time section a fourth time and press + or - to set the hour.
5. Touch the time section a fifth time and press + or - to set the minutes.
V.13 - 12/12/2013 6 ©Velleman nv
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Date

1. Touch the date section once and press + or — to switch between
alarm time, date and week.

Touch the date section a second time and press + or — to switch
between date digplay in DD-MM and MM-DD format,

Touch the date section a third time and press + or — to set the year,

Touch the date section a fourth time and press + or - to set the month.
Touch the date section a fifth time and press + or - to set the day.

Touch the date section a sixth time and press + or - to set the alarm hour,
Touch the date section a seventh time and press + or — to set the alarm minutes, or press ON/OFF

1 606 @

o
3
4.
y
6.
T
to switch the alarm on or off.
Memory

1. Touch the memory section once and press + or — to switch between the weather history data. This
data can be edited through the included PC software.
2. Touch the memory section a second time. Hold the memory section pressed to clear the contents.

4. PC Connection and EasyWeather Software

s Forinformation about installing and using the EasyWeather software, refer to the manual at the end

of this document,

5. Technical Specifications

outdoor unit

transmission range
frequency
temperature range
resolution

humidity range

rain volume display
resolution

wind speed
measuring interval

[P rating

power supply
dimensions

indoor unit
pressure/temperature
reading interval
temperature rmeasuring
range

resolution

humidity range
humidity accuracy

measuJring range air
pressure

resolution/accuracy
alarm duration
power supply
dimensions

Weight

+ 150 m (under ideal circumstances)
868 MHz

-40 °C o 65 °C

0.1°cC

10-99 % RH

0-9999 mm

0.1 mm (volume < 1000 mm), 1 mm {volume = 1000 mm)
0-160 km/th

48 =

IFx3

2 x1.5% A& batteries (LR6C, not ind.)
@ 20 x 570 mm

48 =
0-60°C

0.1°C

10-99 % RH
1 %
919-1080 hPa

0.1 hPa /1.5 hPa

120 s

3 x1.5% AA batteries (LREC, not incl.)
unit: 233 x 145 x 33 mm

digplay: 145 x 108 mm

1300 g {indoor + outdoor unit)

minimum system requirements

Window s@E
web browser

Windows ¥P, Vista, 7 (32 and 64 bit), 8
Internet Explorer 6.0 or above

W, 13 - 12/12/2013
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CPU Pentium III, 500 MHz
memaory 128 MB (256 MB recommended)
hardware CD-ROM drive

spare parts
WS1080/BR, WS1080/ST, WS1080/AH, WS1080/TH, WS1080/WS, WS1080/WD, WS1080/RM

Use this device with original accessories only. Velleman nv cannot be held responsible in the
event of damage or injury resulting from (incorrect) use of this device.

For more info concerning this product and the latest version of this manual, please visit our
website www.velleman.eu.

The information in this manual is subject to change without prior notice.

All registered trademarks and trade names are properties of their respective owners and are used only
for the clarification of the compatibility of our products with the products of the different manufacturers.
Windows, Windows NT, Windows XP, Windows 2000, Windows Vista, Windows 7, Windows 8 are
registered trademarks of Microsoft Corporation in the United States and other countries.

© COPYRIGHT NOTICE

The copyright to this manual is owned by Velleman nv, All worldwide rights reserved. No part
of this manual may be copied, reproduced, translated or reduced to any electronic medium or otherwise
without the prior written consent of the copyright holder.

V.13 -12/12/2013 8 ©Velleman nv
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4 Beregning af ventilationstab

4.1 Ventilationstab

Ventilationstabet for et rum beregnes i almindelighed af
D,=pcgl6-6)

hwvor

@, erventilationstabet i W
£ erluftens massefylde i kg/m?

¢ erluftens varmefylde i J/kg K

g erluftstrem af udeluft tilfert rummet i m3's
#, erdimensionerende indetemperaturi °C
f, . er dimensionerende udetemperaturi °C.

Ved 20 °C og 1 013 mbar erc =1 005 J/kg K, 0g p= 1,205 kg/m3 (tgr luft).
For szedvanlige rum tages ikke hensyn til forskellen mellem lufttemperatur og indetemperatur.

4.2 Naturlig ventilation

| bygninger, hvor luftfornyelsen sker ved naturlig ventilation, beregnes luftstrgmmen ¢ ud fra udeluftmazngdenii l/s
pr. m? opvarmet etageareal. Ventilationstabet bliver derved

da

1 000

O=pc Al8-8)=121g416,-8)
hvar
q, erudeluftmaangden i l's pr. m? opvarmet etageareal
A eropvarmet etageareal i m2,
g, seettes til 0,3 I/s m? for alle seedvanlige rum, dvs. rum | beboelsesbygninger (beboelsesrum, kakkener, we- og ba-

derum m.m.), samt sadanne rum i andre bygninger, der kan sidestilles med tilsvarende rum i beboelsesbygninger.
For meget store rum, lagerrum og lignende saattes g, til en lavere vaerdi, fx 0,18 l/'s m?,

Hvis leekagen gennem fuger ved vinduer og dare forventes at vaere stgrre end normalt, sa luftstremmen ved lave
udetemperaturer overstiger 0,3 I/s m?, beregnes ventilationstabet ud fra fugernes lzengde og luftgennemtraengelig-
hed i de enkelte rum samt bygningens beliggenhed. For vinduer og yderdgre, hvis vindteethed ikke er naarmere
dokumenteret, kan regnes med en luftindstremning pa 0,5 - 103 m¥s pr. m fuge mellem karm og géende rammer
ved normal beliggenhed og 0,8 - 102 m¥s pr. m fuge ved udsat beliggenhed.

4.3 Mekanisk udsugning

| bygninger, hvor luftfornyelsen sker ved mekanisk udsugning, beregnes ventilationstabet pa grundlag af den udsu-
gede luftstrgm under normal drift. Ventilationstabet fordeles mellem bygningens rum i forhold til deres volumen,
uanset at der evt. kun er udsugning fra enkelte rum.

Hvis den derved beregnede udsugede luftstram er mindre end 0,3 I/s m?, beregnes ventilationstabet som for szed-
vanlige rum med g = 0,3 l/s m?.

Ved mekanisk udsugning forstas ventilering ved hjaelp af udsugningsanlzeg beregnet til vedvarende drift. Ventilati-
onstabet for rum med ventilatorer, der kun er beregnet til kortvarig drift, beregnes som angivet i afsnit 4.2,

Vinnuskjal BSTR - Oheimilt ad dreifa
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4.4 Andre mekaniske ventilationssystemer

I bygninger, som er udstyret med anlzeg til sdvel mekanisk udsugning som mekanisk indblzsning, beregnes venti-
lationstabet i overensstemmelse med anleeggets ydelser. Herunder tages hensyn til, at der tilfgres rummene ude-
luft ved infiltration afheengigt af forskellen mellem den udsugede og indblzaste luftstrsm gennem anlegget samt
bygningens taethed.

Der bgr regnes med, at der faruden den infiltration/exfiltration, som skyldes ventilationsa nlaegget, og som daskker
en eventuel forskel mellem de luftstrgmme, der udsuges hhv. indblzaeses gennem anlaegget, yderligere optraader en
infiltration og en lige sa stor exfiltration, som skyldes vind- og temperaturpavirkning. Se figur 4.4.1.

ul ak

g - vg

b [ ] '

ib us
8

if xf
i NPT NS =g,

Den store firkant symboliserer det omréde, som betjenes af ventilationsanlazgget, og som kan omfatte ét eller flere
rum.

Ordforklaringer:

"ib” er indblaesning

“us” er udsugning

“if" er infiltrationen, og "xf" er exfiltrationen. De er lige store, s&fremt =4
lalmindelighed er g, = (g, - g,) + 45

“ul” er udeluft

"ak" er afkast

"wg" er varmegenvinding

“rl” er returluft, og "Ib” er luftbehandling.

Figur 4.4.1 - Eksempel p4 mekanisk ventilation

Beregningen af ventilationstabet afhaenger af anlaeggets udformning. Som eksempel vises i figur 4.4.1 et ventilati-
onssystem, der omfatter mekanisk indblaesning og udsugning samt varmegenvinding. Safremt luften ikke befug-
tes, og der ikke indgar varmepumper i systemet, bestemmes ventilationstabet i det ventilerede omride af formlen:
D, =pelg+ g3} (6,-6,)- pe gy (6-6,)
hvor
q, erluftstrgm af udeluft tilfért gennem anlazg i m¥s
q> er luftstrgm af afkastningsluft i m¥s
g5 erluftstram af exfiltration i m¥/s

gy er luftstrgm af infiltration | m¥s
f; erdimensionerende indetemperaturi °C

8, erdimensionerende udetemperatur i °C

Vinnuskjal BSTR - Oheimilt ad dreifa
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g er udeluftens temperatur efter varmegenvindingsaggregatet i°C
- erluftens varmefylde i Jikg K
p erluftens massefylde i kg/m?.

Det forudsaettes, at alle ¢ méales ved samme lufttilstand, fx 20°C og 1 013 mbar, og at p henfares til denne tilstand.
Desuden forudsesttes, at temperaturstigningen - 0, af den gennem anlaegget tilfgrte udeluft alene skyldes varme-
ganvindingen.Temperaturen f bestemmes af varmegenvindingsaggregatets data.

Luftstrgmmene g, 0d 42 bestemmes af ventilationsanlzeggsts ydelse under normal, vedvarende drift. Saadvanligvis
er g, lidt mindre end g,. Exfiltrationen g3 fastsaettes under hensyn til bygningens taethed, brug og beliggenhed. |
bygninger, hvor klimaskeermens luftteethed er undersagt ved trykprgvning med 50 Pa lgs,), besternmes exfiltratio-
nen i brugstiden pa simpel vis som: 0,04 + 0,06 - gsp /s m?. Uden for brugstiden bestemmes exfiltrationen som:

0,06 - gsq /s M>.

Ventilationstabet kan deekkes af varmetilfgrsel dels fra |uftbehandlingskormponenter, dels fra varmegivere, fx radia-
torer, i de rum, hvar udeluften tilfgres.
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Tafla 13.01 Is the Icelandic requirement for maximum allowed U-values.

[Tafla 13.01 Ny mannvirki og vidbyggingar — leyfilegt hamark
U-gilda einstakra byggingarhluta,

Leyft himark U-gildis (W/m*K)
Byggingarhluti Tiz18°C | 18°C >Ti 210°C
bak 0,20 0,30
Utveggur 0,40 0,40
Léttur Gveggur 0,30 0,40
Gluggar (karmar, gler vegid medaltal, k-gler) 2,0 3,0
Hurdir 30 _engin krafa
Ofanljos 2,0 3,0
Golf a fyllingu 0,30 0,40
Golf ad 6upphitudu rymi 0,30 0,40
Golf ad Gtiloft 0,20 0,40
llJ)tveggir, vegid medaltal (veggfletir, gluggar og hurdir) 0,85 engin krafa

A svaedum par sem orkukostnadur vegna hushitunar er hér 4 islenskan malikvarda er pé maelt med ad
leidnitap sé a.m k. 10% laegra en fram kemur { toflu 13.01.
) Rgl. nr. 11732012, 56, gr

Gr. 10.2.5 Is the Icelandic requirements for residential space ventilation and related
rooms

Gr. 10.2.5

Loftreesing ibuida og tengdra ryma.

fbadarhis mé loftresa med néttirulegri loftrasingu, vélraenni loftreesingu eda blondu af
hvoru tveggja.

Tryggja ber ad eftirfarandi lofiskipti § ibudarhisum séu moguleg 6had gerd loftresingar:

a. Oll iverurymi skulu lofireest pannig ad loftmagn sem berst til rymis sé minnst 0,42 I/s &
m? gélMatar 4 medan rymid er § notkun og minnst 0,2 Vs 4 m? gélfflatar medan rymid er
ekki i notkun. Jafnframt skal tryggt ad fersklofismagn sem berst til svefnherbergis sé
aldrei minna en svo ad pad samsvari 7 Us & hvert rim medan herbergid er i notkun.

b. Herbergi par sem ekki er gert rdd fyrir stddugri vidveru er pé heimilt ad lofirwesa pannig

ad magn fersklofts sé minnst 0,24 Vs 4 m* gélfMatar.
. Utsog ir eldhisi ibidar skal ekki vera minna 30 Us.
Utsog iir badherbergi ibidar skal ekki vera minna en 15 Us.
Utsog tr minni snyrtingum skal vera minnst 10 Vs,
Utsog iir stokum geymslu- eda kjallaraherbergjum par sem ekki er stodug vidvera skal
vera minnst 0,2 Us & m* gélfMatar,

g Utsog fré pvottaherbergi einnar ibidar skal minnst vera 20 Us.

Mida skal vid ad ibidir aldrada og sérhaefdar ibadir fatladra séu i notkun allan
sblarhringinn.

Adstreymi fersklofts ad eldhisi, badherbergi, salerni eda pvottahisi skal koma um op sem
er ad flatarméli minnst 100 cm?, Pegar pessi rymi liggja ekki ad Gtvegg mé ferskloft til peirra
koma fré adliggjandi rymum med minna mengunar- eda rakadlagi. Pegar bau liggja ad dtvegg
skal ferskloft koma ad utan, um glugga eda sérstok loftraesiop.

=0 a0
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