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The final year project aimed to quantitatively analyse the space heating potential from ex-
cess energy of an oversized SWH system and its impact on thermal comfort. The thesis also
aimed to uncover an optimal alteration of the building envelope to maintain a steady thermal
comfort during the winter.

The final year project was based on a sample building, a typical representation of the build-
ing stock in the KMC, studied for its heating requirement and SWH system overproduction.
The heating supplied from the excess energy of overproduction of the SWH system was
guantitatively analysed to determine changes in operative temperature and heating de-
mands. Nine building envelope modifications were simulated to establish an optimal modifi-
cation alternative able to maintain the indoor thermal comfort of the heated space throughout
the winter.

The heating supplied increased the operative temperature slightly and reduced the number
of heating requirement days. Although the supplied heating was deemed insufficient to main-
tain the thermal comfort in the heated zone throughout the simulated period, with strategic
building envelope modifications, the operative temperature was maintained at a desired
level of thermal comfort throughout the winter. The findings could work as a frame work for
experimentation of space heating in the KMC, and can be further studied together with other
heating systems.

Keywords SWH, space heating, thermal comfort, heating demand and
building envelope.
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1 Introduction

Solar water heating (SWH) systems are popular among the residents of Kathmandu met-
ropolitan city (KMC). SWH system is primarily used for domestic hot water production for
bathing and laundry in the residential buildings. With solar irradiation available in abun-
dance throughout the year, interest in solar thermal collector installation is growing. A
SWH system can adequately deliver the daily hot water demand of residential buildings
in KMC. [1.]

Contemporary residential blocks in the KMC are found to have lower thermal perfor-
mance than traditional residential blocks. Dense and compact form of urbanization has
significantly obstructed the solar penetration in most residential buildings in KMC. The
buildings are mostly made with concrete and bricks, lean walls and no insulation. This
could undermine the thermal comfort in most of the buildings. During the winter season,

the temperature inside the buildings plunge, requiring additional heating. [2.]

Usually, the installation of SWH system is based on an empirical method, determined by
the size of a family. The installations are often oversized to ensure sufficient production.
Moreover, a larger system is, in many cases, cheaper per unit price than a smaller sys-
tem. [3.] Like in most of developing nations clean water supply is a scarce in the KMC.
Hence, the populace is very wary of excessive usage. Hence, actual per person con-
sumption is a lot smaller than the standardized quantity of 60-90 litre/day [4]. Conse-

quently, overproduction is common in most instalments.

This thesis aims to uncover the potential of utilising the excess energy of overproduction
of a SWH system to heat the living space during the winter months. The possibility to
use the excess energy to heat spaces such as a kitchen or living room, even for a few
hours a day in the morning or evening, can curtail space heating requirements and, sim-

ultaneously, improve the thermal comfort of residential buildings in the KMC.

Furthermore, the thesis looks at the potential of modifying the building envelope to main-
tain the thermal comfort in heated spaces throughout the winter. An optimal modification

is searched.
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In order to analyse the potential of using the excess energy from a SWH system for
space heating and its impact on the thermal comfort of a building, the thesis collects
weather data, looks into a case building, does a quantitative analysis of SWH system
overproduction and heating demands, then, a simulation is done of the building with
heating and evaluation of the results. Finally, simulates the building with various building

envelope modifications to determine a desirable alternative.

2 Background

2.1 Kathmandu Metropolitan City

KMC is located at 27°22’ North and 85°20’ East, standing at an elevation of about 1,400
meters above the sea level. It is the urban core of the Kathmandu valley which encom-
passes three districts, Kathmandu, the capital city, Lalitpur and Bhaktapur. The Kath-
mandu district has 10 municipalities and one metropolitan area, the KMC. Spread across
an area of 49.45 square kilometres, the KMC is subdivided into 32 wards (local unit) as
shown in figure 1. The metropolis is culturally diverse, embracing various ethnicities,

sects, religions and languages, boasting a rich cultural heritage of nearly 2000 years. [5.]

Tokha Nagarpalika

Nagarjun Nagarpalika
Gokarneshwor Nagarpalika

Figure 1. GIS map of Kathmandu metropolitan city [6].
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KMC is the largest urban agglomeration in the entire nation with close to a million resi-
dents accounting for almost one-fourth of the urban population of Nepal [5]. There are a
quarter of a million households in the region with an average family size of 3.84 [7]. Half
of the dwellings are reinforced concrete structures, one-third of them are brick, cement
and stone structures. The remaining are mud houses and other traditional houses. Con-
crete structures clearly dominate the urban construction and their number is increasing
rapidly after the devastating earthquake of 2015. About one-third of the dwellings in the
region are privately owned by the residents living in them, just a little under two-thirds
are owned by landlords. [7.]

2.2 Solar Water Heating System

A SWH system is a set of devices put together in order to utilise the energy from the sun
to heat water for various residential and industrial uses. In a residential use, SWH system
is used to heat water for bathing, washing, cooking, cleaning and drinking. There are
various types of SWH technologies, hence a diverse range of SWH systems are availa-
ble. A typical SWH system in the KMC consists of a solar collector, tank storage, plumb-
ing pipes, cold water storage, frame and, occasionally, a pump. The SWH system is
installed in such a way that the water in the heater gets refilled as it is used, by the
application of gravity in most cases. Thus, is automatic and self-regulating. The hottest
water is automatically served and, in the presence of steady supply for refill, no manual
interference is required. [4.] The working principle of a gravity fed system is illustrated in
figure 2 below.

Cold Water _

Sunlight Hot Water

metenel o

Figure 2.  Waorking principle of a typical SWH system in KMC [3].

metropolia.fi/en Metropolia

University of Applied Sciences



The KMC has more than three decades of experience in using SWH. Cornelius Suchy
writes in his article Nepal’s solar hot water scene from 2002, “Standing on one of the
rooftops in Kathmandu you can actually see them everywhere.” Cornelius cites a 1977
study by the secretariat of the water and energy commission of Nepal to tell that, 2000
SWHs are installed nationwide annually. [8.] Tri et al. found high satisfaction rate of SWH
installations among households. In the same study, 97.2 percent of the respondents re-

plied that they had installed SWH system primarily for bathing purposes. [1.]

An estimated 200 workshops manufacturing SWH system in the nation depicts the huge
demand for such systems. In 2003, Tri et al. reported that an estimated thirty thousand
households had installed SWH system, of which, about eighty percent were installed
within the Kathmandu valley. [9.] A 2004 study by Tri et al. estimates 47,000 units being
installed within Kathmandu valley [1]. Nationwide, 185,000 SWH systems had been in-
stalled by 2009 [10]. A typical SWH system installation in a residential building in an

urban KMC is shown below in figure 3.

w0 i

i

|
i1
‘

Figure 3. Typical SWH system installation in KMC [3].

On average, the storage capacity of a SWH system installed in the Kathmandu valley is
270 litres [1]. Flat plate collectors have been the most installed systems but they are
being replaced by evacuated tube systems. Nowadays, new installations are mostly
evacuated tube systems. As the performance of an evacuated tube is higher and its
costs lower than those of a flat plate collector, they are more appealing to households.
Evacuated tubes imported from China are affordable and popular in the KMC. [11.]
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2.3 Components of a SWH System

2.3.1 Solar Collector

A solar collector is the most important component of a SWH system. The energy from
the radiation is concentrated and absorbed directly by the working fluid that is to be
heated. Likewise, the energy could also be absorbed, and then circulated by heat trans-
fer fluid thus by re-releasing / transporting the heat to the working fluid to be heated. In
simple terms, the solar collector either heats the working fluid directly, or it heats the
heating fluid which, in turn heats the working fluid. Typically, solar collectors are stationed
in a place with minimal shading and with an optimal angle of inclination, facing south to

capture the maximum energy for longer hours. [4.]

Solar collectors can be categorised into two sub groups, concentrating and non-concen-
trating. A concentrating collector, in order to increase the radiation flux, has usually a
large concave reflective surfaces to intercept and focus the sun’s beam into a much
smaller receiving area. The non-concentrating collector on the other hand, has the same
area for both the interception and absorption of solar radiation. Their position is perma-
nently fixed. Thus, they are unable to track the sun. In regular household usage only,
non-concentrating collectors are installed. [12.] Hence, only the non-concentrating col-
lectors are discussed further. Generally, three different types of non-concentrating solar
collectors are used. In general application there are mainly three different types of non-
concentrating solar collectors are used, flat plate collector, evacuated tube collector and

compound parabolic collector.

A flat plate collector is usually used for domestic hot water and space heating. It is made
up of an absorber plate, a heat transfer component, glazing and insulation. [13.] It con-
tains a dark absorber plate of high absorptivity under a glazing surface, and it is insulated
both underneath and around to prevent heat loss. The absorber plate absorbs energy
then it transfers the energy to the carrier in the fluid tubes to be carried for either use or
to storage. The collector absorbs both direct and diffuse radiation and has a low working
temperature of 30°C - 80°C. It is robust and can withstand the impact of weathering. It is
simple in design and construction, hence it has an affordable upfront cost. Furthermore,

the lack of moving parts in the system reduces the need and cost of maintenance. [14.]
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Evacuated tube collectors are suitable when the required working temperature is high,
between 50°C and 200°C, and the climate is cold, windy and cloudy. An evacuated tube
collector consists of rows of parallel transparent glass tubes. Each tube, in turn, consists
of an inner and outer glass tube separated by a vacuum. The inner tubes are coated with
a selective coating with 95% absorptivity and 5% emissivity that facilitates the absorption
of solar energy and constrains the radiative heat loss. The vacuum between the layers
of glass suppresses the heat loss due to conduction and convection, thus increasing
their efficiency. [13.] Evacuated tube collectors absorb direct radiation and can absorb
diffuse radiation very effectively as well. It has a high efficiency at low incidence angles
thus giving them an advantage over flat plate collector in a day-long performance.

Compound parabolic collector uses mirrored surfaces. By the use of mirrored surfaces,
the solar energy is concentrated on a receiver. The heat transfer fluid absorbs the heat
as it flows. The mirrored surfaces can only absorb direct radiation, and on sunny days
their output can reach a much higher temperature (60°C-240°C) than that of other col-
lectors. They are generally used for commercial and industrial purposes, for instance

steam generation for electricity production. [14.]

2.3.2 Storage Tank

The storage tank is an important part of a SWH system. In a passive system the tank is
placed above the collector. The design and construction of the storage tank plays an
important role in determining the heat loss from the system. As the storage tank is ex-
posed to the ambient temperature which is lower than that of the tank, the tank’s heat
loss increases proportionally. To efficiently store hot water, the tank has to be made of a

lower surface area and should be insulated adequately. [4.]

In general, the storage tank of a passive system has an inlet for cold water, a gate to
prevent the mixing of hot and cold water, an outlet, a pressure release valve and inte-
grated electric heating. The electric heating provides backup heating during cloudy days.
[15.]
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2.4 Types of SWH system

The passive SWH system relies on the natural convection due to the difference in den-
sities of hot and cold water for circulation in the system. Which eliminates the need for
an electrical pump for circulation. The passive systems are easier to install, cost less and
require minimal or no maintenance. However, they are comparatively less efficient, and
problems with overheating and freezing are often noticed. [16.] Thermal systems such
as flat plate collectors or evacuated tube collectors with the plumbing and storage de-

signed on the principal of natural convection can be categorised as a passive system.

An active SWH system makes use of one or more pumps in circulating the hot water.
The active systems are expensive compared to passive systems and require regular
maintenance. An active system is efficient, and offers an array of advantages over a
passive system, like the freedom in the design of the system, and the location of storage
tank. An active system also offers an increased control over the performance of the sys-
tem. [16.]

3 Methodology

In the thesis, weather data of the KMC is studied. Climate data of the subject area is
studied to define the time frame for which space heating is required. Parameters are
defined to set the study period. Once the time frame is decided, solar irradiation for the
specified period is studied in detail. Solar irradiation data is then listed for calculations to

follow.

In the thesis, the majority of existing buildings in the KMC are represented by a simulated
building model that is designed in ArchiCAD based on the statistics of building stocks in
the KMC from 2011. The features of the building envelope are adopted from the national
building code of Nepal and the statistical data from the census of the year 2011. A SWH
system is selected for the building and system specification of the SWH system is dis-

cussed in detail chapter 5.2.
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The SWH system of the simulated building is analysed quantitatively for overproduction,
and the thermal quality of the envelope is also analysed. A detailed calculation of the
SWH system production is performed theoretically. Overproduction is defined when the
system temperature exceeds the set limit for domestic hot water consumption. After the
calculation of excess heat on a daily basis for the entire heating period, heat output for
each month is calculated. Then, daily heating power for each month is calculated fol-
lowed by the quantitative analysis of thermal quality of the building. PHPP V8.5 excel
sheet is used to calculate the heating demand. The thermal properties of the building
elements are determined, and then, the heating demand is calculated. Heating demand
is calculated on a monthly basis to obtain the heating demand for each heating month.
Heating demand is calculated and presented as a thermal quality of the building enve-
lope.

In order to evaluate the effect of added space heating, evaluation parameters are set in
chapter 7. Thermal comfort in relation to the change in operative temperature, and heat-
ing demand are set as indicators of performance. The indoor thermal comfort is defined,
and a standard based on the available literature for the location is set. Reference heating
demand is defined. Likewise, interpretation of change in heating demand from the refer-
ence model is defined. Furthermore, zone classification is also carried out for strategic

heating of the spaces.

Finally, two sets of simulation are carried out. The first simulation is carried out to study
the thermal performance of the building without the added heat. The result thus obtained
is set as a base model to analyse and compare the effect of added space heating. The
results obtained from the simulation are studied and a strategic location for space heating
is selected for further simulation. After the selection of heating space, a second set of
simulation is made with all parameters identical to the base model while adding specific
heat to the selected zone for the simulated month. Once the second set of simulation is
completed, the results are analysed and compared with the base model from the first set
of simulation. The parameters compared are the change in thermal comfort (operative
temperature) and heating demand. Any increase in the operative temperature is inter-
preted as success, and the degree of change is set to determine the effectiveness of the

measure.

metropolia.fi/en Metropolia

University of Applied Sciences



In order to maintain the thermal comfort in the heated zone, various modifications of the
building envelope, together with the specified heating are studied. Insulation is added to
various building elements like roof, walls and floors to modify the building envelope. Sim-
ulations are performed to study the effect of the added insulation. Various alternatives
are studied to find an optimal combination of heating and modifications to maintain the
thermal comfort of the heated space. An optimal modification alternative is determined
based on the required insulation area, heating demand and thermal comfort in heated

zone and its adjacent zones.

4 Weather Data

4.1 Climate in Kathmandu

The KMC has a temperate climate with dry winters and hot summers. The air tempera-
ture can reach as high as 31°C in the summer and can drop briefly down to -2°C at nights
in the winter. However, below zero temperatures are rare. In general, the yearly average
temperature is 17°C. The minimum average temperature of 9.7°C is observed in Janu-
ary. The maximum average temperature of 23.5°C is observed in June. [17.] In figure 4,
reprinted from the Meteorological forecasting division (MFD) [18], the temperatures from
the 27™ of October 2018 till the 11" of April 2019 are shown when the air temperature is
below 20°C. However, the thesis only looks at the time from November to February when

the ambient temperature remains below 18°C, and there is a need for space heating.

Temperature

Figure 4. Time duration when ambient temperature is below 20°C [18].
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As can be seen in figure 4, the ambient temperature drops below 20°C in the KMC for
almost four and a half months. The climate data from the past few years shows a similar
pattern for the years 2017-2018, 2016-2017, 2015-2016 and 2014-2015. The average
temperature for each day from the beginning of November 2018 until the end of February
2019 can be found in Appendix 1. The period when the maximum temperature fell below

20°C for the winter of 2018-19 can be seen in figure 5.

Temperature

Figure 5.  Winter days with maximum temperature below 20°C [18].

During the winter of 2018-2019, the maximum temperature reading starts to slowly slide
down below 20°C after December the 16™. Then, it slowly rises back to 20°C and above
after February 13", Thus, the peak winter season can be defined as a period of 50-60

days from mid-December until mid-February.

4.2 Solar Irradiation in Kathmandu

The region between 15° and 35° on the northern and southern hemisphere is often called
as the solar belt, the most favourable location for solar applications [19]. Nepal, on and
below 30°N, enjoys around 300 days of sunshine a year. On average, the nation receives
3.6-6.2kWh/m? of solar irradiation per day. An average insolation intensity of 4.7 kwWh/m?

per day provides a huge potential for harnessing solar energy. [20.]

Solar irradiation data for the KMC are obtained from Nasa’s ArcGIS Image Services. The
solar radiation data is gathered for the region in green square as shown in figure 6. The
region does not represent the KMC in its entirety. However, extending or shrinking the

selection region does not change the solar radiation data.
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KATHIMANDU,

Lalitpur

Figure 6. location input for solar radiation data generation [21].

There are several parameters on the solar irradiation database. For the thesis, all sky
insolation incident on a horizontal surface is selected for analysis. The data obtained
from NASA Langley Research Centre (LaRC) POWER shows an average solar irradia-
tion of 5.24 kWh/m? per day. The daily average annual solar irradiation is calculated as
an average of the monthly average irradiation per day. [21.] Regmi et al. determined the
average sunshine hours for the KMC as 6.5 hours per day per annum. The shortest
sunshine hours are in July at 4.0 hours per day and the longest in April and May at 7.8
hours per day. [22.] However, the data gathered from NASA ArcGIS image services sug-
gests 10.43 hours of average daylight in December and 13.87 hours of average daylight
in June [21]. Solar irradiation for each day of the winter months 2018 — 2019 can be

found in Appendix 2.

Table 1. Average daily solar irradiation, minimum and maximum diffuse radiation for winter

months [21].
Month Jan Feb Nov Dec Avg.
Horizontal 4.26 5.15 4.72 4.15 5.24
Diff. min 0.58 0.81 0.61 0.49 1.35
Diff. max. 0.95 1.34 0.95 0.90 1.74

Table 1 provides the monthly average solar irradiation measured in kwh/m?/day along
with the minimum and maximum diffuse irradiation also measured in kWh/m?/day for the
winter months. Solar irradiation remains lower during the winter season from November

till February and higher between March and October, as shown in table 2 below. The

metropolia.fi/en Metropolia

University of Applied Sciences



12

table shows the lowest solar irradiation for December and January. Likewise, diffuse

irradiation is found to be lower during the winter and higher during the summer months.

Table 2.  Average monthly temperature and solar irradiation in the KMC.

Month Average Tmax Tmin Average daily | Average Monthly
Monthly tem- Solar irradia- | Irradiation
perature °C tion kWh/m2 /month

kWh/m? /day

January 9.7 17.9 3.8 4.26 132

February 11.9 20.1 6.3 5.15 144

March 16.4 24.9 10.5 6.18 192

April 20.9 294 14.5 6.76 203

May 22.8 31 16.7 6.68 207

June 23.5 30.6 18.2 5.75 173

July 22.1 28 18.1 4.79 148

August 21.8 27.8 17.4 4.8 149

September | 20.5 27.2 154 4.56 137

October 17.4 255 111 5.13 159

November 13.5 225 6.8 4.72 142

December 10.6 19.4 3.8 4.15 129

Yearly 17.6 5.24 1915

Table 2 demonstrates the average monthly temperature and solar irradiation from Janu-
ary till December. It manifests the weather conditions and available solar energy for the
KMC over the year. From the table, it can be seen that the solar irradiation from June till
September is low. During the monsoon season the cloud cover is higher, with frequent
rain resulting in lower solar irradiation. The year-round average temperature is 17.6°C.
The average annual solar irradiation is 1,915 kWh/m? per year. Monthly maximum and
minimum temperatures are also shown in table 2 to portray the temperature variation

within the month.
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5 Simulated Building

5.1 Building Selection

The KMC building stock is dominated by buildings made with reinforced concrete (RCC).
The average household size in the metropolitan is 3.84. [1.] Hence, a multi storeyed
residential block with a family of four living in each story is considered in the simulation.
The simulated building is a RCC structure with RCC beam and columns, brick walls,
cement render, concrete screed, wooden doors, wood and single pane glass windows.
The Nepalese National Building code NBC 206:2015, Architectural design requirements
for a general residential building, was used as a reference for determining the dimen-
sions of load bearing and non-load bearing structures for the simulation. An urban KMC
hosts a diverse range of building designs and layouts. To represent this diversity, a sim-
ple basic model of a 10 m x 9 m and five-storey building is designed for a family of four
in each story. The model is a representation of a multi-storeyed, resident-owned resi-
dential building, prevalent in the dense urban KMC. The floor plan of the building is

shown in figure 7 below.
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Figure 7. Floor plan of the building.

There are three bedrooms, a bathroom and an open kitchen and living room. The main
entrance for the building is on the west wall on the first floor. Access to all floors is via
stairs. The floor plan is identical in each flat. The exterior dimensions of the building
envelope, dimensions of wall openings, such as doors and windows, along with the wall
thickness, is shown in figure 7. The west and south elevations of the building are shown

in figure 8.
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Figure 8. West and south elevation of the building.

Big windows on the eastern and western facade provide natural lighting in the building.
The building is a row house built in a dense urban area. The northern and southern
facade of the building are attached to the adjacent building. Thus, they are devoid of
windows. A typical SWH system installation on the roof can be seen on the southern

elevation.

5.2 Solar Water Heating System Specification

An evacuated tube water in glass passive SWH system typical to most of new SWH
system installation in KMC is selected for overproduction calculation in the simulated
building. The maximum hot water requirements per person is determined at 30-60 litres
for a modest residential building [23]. Water at a temperature of 35-40 degrees centi-
grade is found to be suitable for most domestic uses except for drinking water [4]. Thus,
the hot water requirement per each flat for modest use is established at the range of 120-
240 litres a day. For the entire building, the requirement of hot water is 600-1200 litres a
day. Since the SWH system is installed for a single family use, the hot water requirement
is calculated for a single family unit only. The specifications of the SWH system used in

the calculation are shown below.

. Tube quantity: 30

. Storage volume: 300 litre

. Storage dimension: 3 m x 0.36 m

o Inner tank diameter: 0.36 m

o Storage tank: 2 mm food grade stainless steel

. Outer tank: 0.4 mm steel
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. Tube length: 1899 mm

o Outer tube diameter: 58 mm

o Inner tube diameter: 47mm

o Glass thickness: 1.6 mm

. Thermal expansion: 3.3x10°°C
. Absorptivity: 93%

o Insulation: 50mm polyurethane foam [3].

An online platform (T*SOL) is used to determine the optimal inclination angle and orien-
tation. Inclination and orientation of the system are obtained by trial and error method.
Data inputs are added for inclination and orientation for maximum output. The SWH sys-
tem installation is simulated with an optimal angle of inclination at 30 degrees facing

south west for maximum hot water production.

6 Quantitative Analysis

6.1 SWH System Output Calculations

SWH system output calculations are performed taking into account the efficiency of the
system, absorptivity of the collectors, ambient temperature and heat loss from the stor-
age. All sky insolation incident on a horizontal surface was taken for calculation. The
system output is calculated for each day of the winter months, from November until Feb-
ruary. Diffuse radiation is not taken into account in the calculation of SWH system’s out-
put in order to underestimate the output of the system to compensate for any heat losses

of the system through phenomena not included in calculations.

The heating output of the SWH system is calculated as the excess heat available from
the SWH after heating the service water to a desirable temperature of 40°C in the study.
For the calculation, the solar radiation per square meter, ambient temperature, dimen-
sions of the system, system’s absorptivity and losses were known factors. The efficiency

of the system can be calculated as
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_ mc(Tout — Tin) (1)
B AcG

n

where,

n is the efficiency of the system

mc is the mass and specific capacity of water

Tin is the temperature at the inlet of the solar collector manifold, °C
Tout temperature at the outlet of the solar collector manifold, °C
Ac is the surface area of the collector

G is total irradiance Wm-=.

In order to calculate the efficiency of the SWH system, Ti» was taken as the temperature
measurement at 2 m height and Ten Was taken as the air temperature. Santosh et al.
have determined the solar irradiance for Kathmandu valley, which was used for the effi-
ciency calculation of the SWH system in this thesis. The ratio of (Tin—Tenv) /G is calculated
and the efficiency of the system was plotted in figure 9. Figure 9, reprinted from J. Arturo
et al., represents the efficiency of a water-in-glass evacuated tube, based on an experi-

ment and two other model of efficiency calculation obtained by J. Arturo et al. [23].
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Figure 9. Solar collector efficiency [23].
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As the efficiency of the system is determined, the temperature of the hot water in the
storage is calculated using the heat equation, Q=msAt. Water from the storage is as-

sumed to be drawn in the evening, night and the following morning.

Since the suitable water temperature for domestic hot water is 35°C-40°C, the final tem-
perature for heat release is set at 40°C in the calculation. No heat is to be drawn from
the system unless the water temperature exceeds 40°C. The water temperature of the
storage tank is calculated for each day using heat equation. In the calculation, the entire
tank volume is set to attain identical temperature, determined by the available solar irra-
diation and ambient temperature. The complex phenomena of temperature stratification,
stagnation and mixing are not considered in this study. The temperature of the water in
the storage tank is found to have a significant effect on the circulation flow rate of water
in the glass tubes. The density gradient of water rises as the temperature rises in the
tank with a decline in the viscosity of the water in the storage and hence, further driving
the natural circulation of water. [24]. Detailed calculations of heat output can be found in
Appendix 3.

Table 3. Excess heat from SWH system’s hot water production.

Month Water DHW Temp. | Temp. | Heat Effi- Flow Excess
vol- temp. max min loss ciency I/h heat
ume(l) kwh n kWh

January 300 40 65.4 29.1 17.51 0.75 9.6 149.52

February 300 40 77.5 28.8 14.82 0.73 11.3 194.22

November | 300 40 73.4 54.4 14.37 0.75 13.6 247.12

December | 300 40 59.7 33.2 17 0.74 8.2 129.24

Total 720.1

Table 3 exhibits the results obtained from the SWH system’s output calculations. Energy
output for November is almost two folds larger than that of December. December has
the lowest energy output, followed by January. However, December and January are the
months with the highest heating demand. The average temperature of the water in the
storage remained above 53°C for all winter months. The daily water temperature in the
storage remained below 40 degrees Celsius for two days in December and January, and

for one day in February. The heating required to maintain the water temperature at 40°C
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during those days was obtained from an electric water heater installed in the storage
tank. The heating supplied by electrical heating during such days was deducted from the

net available energy for space heating from respective month in the calculation.

Table 4.  Available heating power.

Month Avg. Sun- | Avg. Heat- | Available | Number | Average Avg. Heat-
light ing hours heat kWh | of days kwh/d ing Power
hours h/d (Wid)

January 10.6 13.4 149.52 31 4.82 359.94

February 11.25 12.5 194.22 28 6.94 555.2

November | 10.82 13.18 247.12 30 8.24 625.19

December | 10.43 13.57 129.24 31 4.17 307.22

The average daily heating power output available from a SWH system for the winter
months according to the calculation is shown in table 4. The available heat for each
winter month can be seen in table 3. The sunlight hours for each day of the month are
considered as the same as the average of that month. Heating hours in the simulation
are the time from sunset till sunrise. The number is obtained by subtracting the average
sunlight hours from the 24 hours of the day. The average heating power output for a day
is calculated by dividing the available heat with the number of days in that month and
heating hours for the day. The heating power output is given in watts per day. This heat-
ing power output is added to the building as space heating in the simulation in chapter
8.2.

6.2 Heating Demand Calculation

Heating demand calculations are computed for the simulated building using PHPP 8.5
version, an excel sheet developed by the Passive House Institute (PHI). PHI is an inde-
pendent research institute behind the development of an internationally recognised pas-
sive house concept, a performance based energy standard in the construction sector.
The excel sheet is an easy to use and reliable planning tool for low energy and energy
efficient buildings. It can be used to calculate the energy balance of both a new building
and a retrofit building. It can be used for various types of construction, building categories

and building locations. [25.]

metropolia.fi/en Metropolia

University of Applied Sciences



19

For this thesis, calculations are performed based on a user input weather data. In the
absence of climate data for the studied location, climate data were loaded manually from
climate data obtained from MFD and NASA Langley Research Centre (LaRC) Power
[18; 21]. The input for climate data for heating demand calculations is presented in figure
10.

CLIMATE DATA Solar radiation + Ambient lemperature

Building

Climate buiing Standort 1 H

Wonthly datar

........

Figure 10. Climate data input for heating demand calculation [18; 21].

In the thesis, the monthly space heating demand is calculated for the simulated building
with indoor winter temperature set at 16°C. Thus, the interior temperature is 4°C lower
than that of the passive house standard. The occupancy number in the calculation is 20
in contrast to the 12 based on the passive house standard. The floor to ceiling height in
the calculation is 2.4 meters instead of the 2.6 meters of the passive house standard.
The location and elevation of the weather station, and the building’s altitude above sea
level are also listed.

The data input used for area calculations can be found in Appendix 4. Since more than
half of the space in the simulated building is occupied by living spaces, the entire floor
area is considered as treated floor area. The input used for window sections can be
found in Appendix 5. There are twenty-nine windows in the building with twenty-four win-
dows with same dimension and layout. Windows of similar dimension on same facade
are listed together. Five small bathroom windows are separately listed for calculation.
Adequate shading from adjacent buildings is also taken into account with higher estima-
tion in the calculation to represent dense urban scenarios. Thus, a factor of 0.5 for win-
dows on the west facade and 0.3 for windows on the east facade is listed for the calcu-

lation.
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Although a ventilation unit was not included in the calculation, the air change rate is taken

into account. The air change rate in the calculation is 1h with the building volume of 950

m? and room height 2.4m. Wind protection coefficients are also listed in the calculation.

The thermal quality of the building elements is quantitatively analysed by calculating the

U value. The higher the U value is, the more transmission loss there is. Hence, the ther-

mal quality of the element is poor or vice versa. The thermal transmittance or U value for

various building elements can be found in table 5. The U values were calculated with

dimensions as guided by the national building codes [26; 27]. Since, common building

materials are used in the building elements, their thermal conductivities are obtained
from the PHPP guidelines [28].

Table 5. U values for all building elements.

Building Ele- | Composition Thickness (mm) Thermal conduc- | U values

ment tivity (W/mK) (W/m23K)

Exterior wall | Brick+2x Render+2x 230+2x13+2x1 0.58, 1.2,0.22 1.674
Paint

Roof Paint+ Render+ RCC | 1+13+127+64 0.22,1.4,2.3,1.2 | 3.907
slab+ Screed

Slab on Stone+ sand+ Brick+ 100+100+55+75+5 | 0.7, 0.25, 0.58, 1.185

ground RCC+ Screed 23,14

Window Wood + Single pane 101+6 0.75 5.8
tinted glass

Door Wood 60 0.12 2

Floor Render +RCC slab 13+102+76+1 1.2,2.3,1.4,0.22 | 3.183
+Screed+ Paint

Internal wall | 2x Paint+ 2 Render 2x13+115+2x1 1.2,0.58, 0.22 2.046
+Brick

Column RCC +2xRender 270+2x13+2x1 2.3,1.2,0.22 3.143
+2xPaint

Beam RCC +2xRender 230+2x13+2x1 2.3,1.2,0.22 3.325
+2xPaint
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Higher U values for building elements, as seen in table 5, represent poor thermal quality
of a building envelope. The materials used in construction are found to have a higher
thermal conductivity. In the absence of insulation or insulating technique incorporated in
the wall construction, higher heat loss is evident. Similar U values were found by Tri

Ratna et al. in their case study [29].

The heating demand is calculated with both an annual method and a monthly method in
the PHPP excel sheet. The annual heating method calculates the energy balance using
the heating period while the monthly method performs the energy balance for each
month of the year. The results obtained are comparable and very similar as the calcula-
tions are based on the same climate data. [28.] From the climate data it was established
that heating is required from November till February. Hence, the monthly method was
used to analyse the heating demand and energy balance.

Detailed heating demand calculations of the simulated building based on monthly data
can be found in Appendix 6. The energy balance obtained from the calculation can be
seen in figure 11 below. Significant portion of heat is lost from the exterior walls and
roof. The heat gain from the windows is much higher than the heat loss from windows.
Specific heating contributed for one fourth of the total heat gains. Energy loss from the
floor from slab is negative, implying that the ground temperature remained higher than

the ambient temperature.

Energy balance heating (monthly method)
120

ONon useful heat gains
B Exterior wall - Ambient

B Roof/Ceiling - Ambient

®mFlger slab / Basement ceiling

@

Heat flows [kWhi(m?a)]

S
o

20

Losses Gains

Figure 11. Summary of energy balance.
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The space heating demand, obtained from the performed calculations, for each month

is presented in figure 12. The total heat gains are represented with yellow while the heat-

ing demand is indicated by grey. The maximum heating demand can be seen for January

while the heating demand for March is close to zero. 11.7 kWh/m? of heating is required

in January and 3 kWh/m?in November. No heating is required from March till October.

Thus, only November-February is considered in further calculations henceforth.
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Figure 12. Monthly heating demand from January to December.

Figure 12 reveals the heat gains and heating required for the simulated building in a year.

The information in figure 12 is presented in tabular form along with the specific heating

demand for the winter months in table 6. The heating demand for the winter months in

the study is listed below in table 6.

Table 6. Heating demand for winter months.
Month Heating demand | Heat gain Spec. heating Total Spec. heat-
kWh/m2 month kWh/m2 month demand ing demand
kWh/m2 month kWh/ month
January 23.6 14.9 11.7 950
February 20.7 14.5 6.1 495
November 17.8 14.8 3 245
December 18.8 14.3 4.5 365
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The heating demands of the simulated building for the winter months obtained from the
heating demand calculation performed for the sample building are shown above in table
6. The specific heating demand is to be supplied by mechanical heating, which is usually
an electric heater in the KMC. The total specific heating demand in kWh for a month is
calculated by multiplying the specific heating demand with treated floor area, which is 81

square meters per each flat.

7 Evaluation Parameters

7.1 Thermal Comfort

The Operative temperature in a living space is defined as the combination of average air
temperature and mean radiant temperature from surrounding surfaces. It is a common
way to measure the indoor thermal comfort as it combines the radiant and conductive
heat transfers, providing a better criterion to describe the indoor thermal comfort than air
temperature alone. [30.] In this thesis, indoor comfort is defined on the basis of the op-
erating temperature indoors because it describes the change in comfort rather than a

mere change in air temperature.

Rijal et al. 2010 found in their study of seasonal and regional thermal comfort in tradi-
tional vernacular houses that local residents were satisfied with indoor temperatures that
were out of the average range of international thermal comfort standard. Since the dif-
ference between the indoor and outdoor temperature remained small, many residents
get accustomed to the climate quickly, and felt comfortable. Residents also attributed
their adaptation to the climate to a gradual shift in weather from summer to winter or vice
versa. Clothing, housing type and the internal heat gains have prominently contributed
to the comfort rating of the indoor climate. The daily mean indoor temperature was found
to be 11.5°C in the winter in the Bhaktapur district. Rijal et al. also identified the neutral
temperature for thermal comfort indoors. For the winter season, 15.2°C was determined

as a level when most people felt comfortable. [31.]
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Since the climatic condition of Bhaktapur is almost identical to that of the KMC [32], the
data for the thermal comfort study from Bhaktapur is taken as standard for the analysis
in this thesis. Rijal et al. carried out a research in a traditional building with a higher
thermal mass, lower conductivity and more solar penetration. Whereas, the simulated
case in the KMC is a building with higher thermal conductivity, lower thermal mass and
lower solar penetration. For these reasons, the daily mean indoor temperature in the
thesis is set at 11°C, and the operative temperature at 16°C for indoor thermal comfort.

Thus, the operative temperature is to be maintain at and above 16°C for the study.

IDA ICE 4.8 was used for the analysis of the operative temperatures in the building. IDA
ICE is a dynamic multi-zone simulation application developed by EQUA, used to study
the energy consumption and indoor climate of buildings, tunnels and energy systems.
Various climate data, building and energy standards, special systems and languages are
available to make simulations precise and accurate. [33.] In the thesis, the building en-

velope is modelled in the simulation software as shown in figure 13 below.

Figure 13. On the left, zone model and on the right, fifth floor zone layout, in IDA ICE.

The first floor is modelled as a single zone, zone 6, and floors 2-4 are modelled as a
single unit, zone 5. Since a single family unit is studied, a single flat on the fifth floor is
selected in order to reduce the transmission losses of heating. Thus the fifth floor is di-
vided into four zones for a comparative study. Zone 1 comprises two bedrooms along
the northern facade, zone 2 is modelled to cover a bedroom, an open kitchen and the
living room along the southern fagade, zone 3 consists of the bathroom and hallway, and
zone 4 is the stairwell.
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7.2 Space Heating Demand

In the thesis, the space heating demand is used to analyse the energy saving potential
of building envelope modifications, compared to the space heating demand calculated in
chapter 6.2. Table 6 is used as a reference value for the analysis. The heating demand
of the simulated building is calculated for the building envelope modifications with zero

days of operative temperature below 16°C during the simulated period.

The heating demand of simulation models with zero days of below 16°C operative tem-
perature during the simulated period is subtracted from the heating demand obtained in
chapter 6.2 to determine the energy saving potential of each such modification. Such
difference is shown as kwWh/m2. The energy savings in terms of change in heating de-
mand is calculated by multiplying the change in space heating demand by treated floor
area (81m?). The energy savings are shown as kWh per annum. The energy saving
number in kWh is taken as the representation of the magnitude of improvement in ther-

mal envelope.

8 Simulations

8.1 Reference Model, No Heating

In order to quantitatively measure the impact of added space heating, a reference model
is required. In the thesis, reference model is simulated with no supplied heating in the
building. The reference model is called a base model. For the base model simulation, all
heating is disabled, and the climate data for the KMC are included. The U values and
other thermal properties of all building elements of the simulated building are aligned
with the heating demand calculations. Unlike the thermal properties, internal heat gains
are underestimated. For instance, heat gain from home appliances and cooking are
abated. Only a heating load simulation is carried out, overheating, cooling load and en-

ergy demand are not simulated.
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Table 7. Operative temperature of the zones in the base model.

Month Zone 1l Zone 2 Zone 3 Zone 4 Zone5 Zone 6
November 21.61 22.46 22 22.4 22.86 20.77
December 15.86 16.63 16.19 16.54 17.24 15.63
January 14.77 15.5 15.05 15.44 16.05 14.44
February 19.14 19.8 19.46 19.79 20.02 17.8
Average 17.78 18.53 18.12 18.48 22.86 17.11

Table 7 gives the average operative temperature of the zones in the base model simu-
lation from November to February. The data from table 7 is used as reference data in
the analysis. In table 7, it can be seen that the average operative temperature for zone
1 remains the lowest among the zones on the fifth floor. Zone 2 on the fifth floor has the
highest average operative temperature. The variation in the operative temperatures of
the zones on the fifth floor in the base model is shown in figure 14 below. The lowest
operative temperature is found for zone 1, followed by zone 3.

From 01/11/2018 to 28/02/2019

MNowv Dec Jan Feb
?460 ?660 ?sbo BObO 8260 8460 8660 8860 9060 9260 9460 9660 9860 10060
>—— Operative temperature, Deg-C =
= Operative temperature, Deg-C (Zone 2
F— Operative temperature, Deg-C (Zone SF
— Operative temperature, Deg-C (Zone 4

Figure 14. Mean and operative temperature variation throughout winter months.

The operative temperature in the different zones in the simulation of the case building
changed from hour to hour of the day. During the mid-afternoon, the operative tempera-
ture in the building remained on the higher end as indicated by the colour spectrum in
figure 15. The operative temperature slides downwards as the night falls and is at its
lowest in the early morning hours. Figure 15 illustrates the variation in operative temper-
ature with time.
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Figure 15. Operating temperature variation with time.

Zonesl and 2 are simulated as inhabited. Therefore, they require a higher thermal com-
fort. The mean and operative temperatures of zones 1 and 2 are shown in figure 16. The
operative temperature remains below the set limit of 16°C for thermal comfort for almost
the entire January in both zone 1 and zone 2. However, the operative temperature in
zone 1 is much lower than that in zone 2, resulting in a higher level of discomfort in zone
1. The average operative temperature for zone 1 is 17.99°C and for zone 2 is 18.63°C.
Likewise, the minimum temperature in zone 1 drops to 14.98°C while for zone 2 it is

15.6°C. Hence, zone 1 is chosen for the simulation of heating and is studied further.

“c A
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Figure 16. Mean and operative temperature comparison of zone 1 and 2 plotted together.
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From the simulation data it can be seen that the temperature within the building envelope
drops below the set comfort level for a short time. Nonetheless, the time is significant
enough to create discomfort and a need for mechanical heating. Therefore, excess en-
ergy obtained from SWH system is introduced to the thermal envelope as space heating
in order to improve the thermal comfort of the building and to reduce the energy needed
for space heating. The effect of the added space heating in zone 1 and its surrounding

zones is discussed in chapter 8.2 below.

8.2 Heat from SWH Overproduction as Space Heating

To analyse the impact of the added heat from the SWH system on the thermal comfort
of zone 1, further simulations in IDA ICE are performed. During the second phase of
simulation, all the variables are kept identical to the base model simulation. Only a heat
source is added with month specific heating power. Heat is supplied to zone 1 and sim-
ulations are carried out. The results are discussed and compared with the simulation

results for the base model.

Simulations are carried out for November 2018 - February 2019. However, detailed data
analysis is performed for December and January only, as the change in operative tem-
perature is noticeable during that period. Moreover, the operating temperature remains
above 16°C for November and most of February. Figure 17 shows the full simulation

period with the sub division of the simulated period in green.
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Figure 17. A representation of simulation period division.
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December is the month with the least heat output available for space heating, in 2018.
With 307 Watts of heating supplied to zone 1 each day. A comparison of the base model
simulation and heated zone simulation is shown in figure 18. The comparison shows that
the thermal comfort in zone 1 improves slightly for the base model (marked in magenta)
to the heated model (marked in blue). Before the introduction of heating, the operative
temperature in zone 1 wavered around 16°C for more than 25 days. On the other hand,
with heating, the temperature dropped below 16°C for only 13 days. Overall, the opera-

tive temperature rose at least a degree.
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Figure 18. Increase in operative temperature in heated zone 1 against non-heated zone 1 for
December.

A similar pattern can be observed in figure 19, representing January. Total of 360 watts
of heat is supplied each day to zone 1. Blue indicates the simulation with added heat
while magenta represents the base model. After the addition of heat, the operative tem-

perature increases by 1-1.5°C in January.
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Month: January 2019
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Figure 19. Shift in operative temperature after adding heat to the thermal envelope.

An almost similar temperature pattern is observed till mid-February. After that, the oper-
ative temperature starts to quickly ascend above 16°C. Furthermore, the heating output
from the SWH system is much higher in February than in December and January. No-
vember has the highest heating output with almost 625 watts a day, while the space

heating demand is lower in November.

Table 8. Summary of the simulation results for heated and non-heated zonel.

Month Base model After heating

Min Max Avg. | Days<16 | Min Max Avg. Days<16
December 12.72 | 18.53 | 15.86 | 13 14.04 19.91 |17.21 6
January 11.59 | 1853 | 14.77 | 25 13.18 19.92 16.24 15

Table 8 provides a summary of the simulation results for the added heating in zone 1
and the base model. Overall, satisfactory improvement in the thermal comfort of zone 1
is found for the coldest month of the year. The operative temperature in zone 1 increased
by 1 -1.5 degree Celsius. Moreover, the number of days with an operative temperature
below 16°C is reduced by half in December and by more than one-third in January with
the added heating. The minimum and average operative temperatures for both months
improved by about one degree. The average operative temperature increased by 1.04°C
and 1.24°C for December and January, respectively. The introduction of heating to zone
1 also increased the temperatures in the zones around it by a very small margin. The

added heating also reduced the gap between the operative temperatures of different
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zones on the fifth floor. Most importantly, the number of days with an operative temper-

ature below 16°C is reduced from 38 days to 21 days during the studied duration.

Table 9. Operative temperature of each zone before and after heating.

Zones Avg. Operative temperature

November December January February

Before After Before After Before After Before After
Zone 1 21.61 22.1 15.86 17.21 14.77 16.24 19.14 20.41

Zone 2 22.46 22.39 16.63 16.71 155 15.59 19.8 19.83

Zone 3 22 22.05 16.19 16.53 15.05 15.45 19.46 20.04

Zone 4 22.4 22.4 16.54 16.84 15.44 15.79 19.79 19.76

Zone 5 22.86 22,77 17.24 17.29 16.05 15.11 20.02 20.02

Zone 6 20.77 20.71 15.63 15.64 14.44 14.46 17.8 17.79

Table 9 lists the obtained operative temperatures from the simulation for each zone be-
fore and after the introduction of heating. From the table it can be concurred that a sat-
isfactory improvement in the indoor thermal comfort of the heated zone is accomplished.
The average operative temperature for zone 1 in January has risen above 16°C with a
minimum of 13.18°C. Hence, the potential of providing space heating from excess en-
ergy of an oversized SWH system is realised with a satisfactory improvement in the ther-

mal comfort of the heated zone.

Despite the improvement of the thermal comfort in the heated zone, the operative tem-
perature in the heated zone of the simulated building is found to be below the set limit of
thermal comfort for twenty-one days during the simulated period. Likewise, the change
in the operative temperature and improvement in thermal comfort in non-heated zones
is negligible over the monthly data. Therefore, thesis deemed that the excess heat avail-
able from a SWH system is insufficient to maintain the thermal comfort at the set level
throughout the studied period. Therefore, an alternative approach of building envelope
modification is studied.
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9 Building Envelope Modifications

It was seen in chapter 8.2 above that the space heating supplied from the overproduction
of SWH system is inadequate to maintain the operative temperature at the set level of
thermal comfort. Therefore, alternative proposals are made to insulate different building
elements. The insulation that is used in the modification simulations is a 50 mm rigid
polystyrene foam. As the simulation only provided space heating to a specific zone on
the fifth floor, all the modifications are also defined for the fifth floor only. The specified
heating output for each month from table 4 is used unless mentioned otherwise in an
alternative proposal. The parameters for simulation are identical to those in the heated
model simulation in chapter 8.2 unless mentioned otherwise. In order to maintain the
operative temperature at and above 16°C, the following alternatives are considered and

simulated to analyse their performance:

Insulated floor

Insulation of External walls

Insulation of Roof on zone 1

Insulated roof

Insulated roof, floor and interior walls
Insulation of roof and north wall of zone 1
Insulation in external walls and roof of zone 1

Insulation in north wall of zone 1 and entire roof

© 0 N o bk~ wDdE

Insulation of all exterior walls and roof

9.1 Insulated Floor

A 50 mm insulation is added to the floor on the fifth floor and a simulation is carried out
with identical parameters as those in the heated model simulation. The results are also
identical to those of the simulations from the heated model. No visible change is docu-
mented for the simulated period. The average operative temperature remains at 16.24°C
for January and 17.21°C for December. Furthermore, fifteen days in January and six

days in December have operative temperatures below 16°C.
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Since the impact of added insulation does not affect the outcome of the simulation, the
effect of insulation on the floor is deemed negligible. Hence, the modification is consid-

ered an unsuitable option, and further alternatives are modelled and simulated.

9.2 Insulation of External Walls

Simulations are performed with a 50 mm insulation on all external walls on the fifth floor
and the heating specified in the simulation in chapter 8.2 for the simulated month. Alt-
hough, the operative temperature increases slightly due to the insulation, there are still
sixteen (12+4) days during the simulated period when the temperature drops below
16°C. The results obtained for December can be found in figure 20. The simulation with
insulated external walls is represented in green, followed by the simulation with heating

only in blue and the base model simulation in magenta.

Month: December 2018
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Figure 20. Operative temperature with insulated exterior wall compared with base models

From figure 20 it is clear that the operative temperature in the simulation has risen above
the set temperature of 16°C. Similar observations are also made for January. The aver-
age operative temperature is 16.69°C with a minimum of 13.98°C in January. Likewise,
the average operative temperature is 17.6°C with a minimum of 14.66°C in December.

Adding insulation on the external walls improves the indoor thermal comfort, but cannot
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maintain the operative temperature throughout the period. The temperature oscillated in
unison with the temperature of the heated simulation with a dismal increase. Hence,

other alterations are proposed and studied in the following chapters.

9.3 Insulation of Roof on Zone 1

To improve thermal performance of the building, the next simulation is run with added
insulation to the roof in zone 1. The results of the simulation are satisfactory, six days in
January and three days in December have an operative temperature below 16°C. The
average operative temperature is 17.24°C for January and 18.2°C for December. The
added insulation in the roof of zone 1 reduced the number of days with operative tem-
peratures below 16°C by half in December and January compared to the simulation in

chapter 8.2.

Though the added roof insulation in zone 1 performs excellently, the modification cannot
maintain the operative temperature throughout the winter at 16°C. Therefore, further

modifications, discussed below, are needed.

9.4 Insulated Roof

In the sixth simulation, insulation is added to the entire roof and the simulation is carried
out with the heating option being the same as described in chapter 8.2. The building
envelope performs efficiently after the modification. The change in the operative temper-

ature for December can be seen in figure 21 marked in green.
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Figure 21. Operative temperatures with insulated roof compared to base models

The average operative temperature in the simulation with the insulated roof is 17.45°C
and 18.42°C for January and December, respectively. Four days in January and one day
in December have an operative temperature below 16°C. Moreover, the added insulation
reduces the heating demand for the winter months. The specific heating demand for
January fell from 11.7 kWh/m?to 9.5 kWh/m?. Likewise, the specific heating demand for
December is reduced by more than a half to 2.1 kWh/m2. Overall, a reduction of nearly
400 kWh of heating annually is achieved with the installation of insulation on entire roof.
However, the results indicate that the roof insulation alone is not enough to maintain
good thermal comfort in zone 1 throughout the winter. Therefore, further modifications

and simulations are carried out.

9.5 Insulated Roof, Floor and Interior Walls

The next simulation is modified by adding insulation to the floor, interior walls and the
entire roof on the fifth floor. The results of the simulation do not show any noticeable and
verifiable change compared to results obtained with only insulated roof, discussed in the
previous chapter. The effect of added insulation on the internal walls and the floor is

therefore insignificant.
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As discussed in chapter 9.1, the effect of added insulation on the floor is inconsequential.
The same is true for added insulation on the internal walls. Thus, the modification with

roof, floor and internal walls insulation is deemed futile.

9.6 Insulation of Roof and Northern Wall of Zone 1

For the following simulation, the wall on the northern facade and the roof in zone 1 are
insulated. The specific heat output of the simulated month is added to Zonel. All other
parameters are identical to those of the heated model in chapter 8.2. The results of the
simulation of this alteration gives better results than the previously discussed adjust-
ments. The average operative temperature is 17.91°C for January and 18.79°C for De-
cember. Only two days in January fell below the set operative temperature limit of 16°C.
Detailed operative temperatures for the month of January can be found in Appendix 7.
When 50 m? of insulation is added on the north wall and roof of the heated zone, the
heating demand decreases by 2.5 kWh/m? to 22.8 kWh/m? annually, saving 200 kwh of
heating energy each year.

Overall, the results obtained from this adjustment are substantial, and this may be the
best alternative in when comparing to the added cost of insulation to the added energy
savings for existing buildings in the KMC. However, an alternative solution that can pro-
vide a stable thermal comfort throughout the winter is still desirable. Therefore, more

simulations are run.

9.7 Insulation in External Walls and Roof of Zone 1

In this simulation, only the external walls and the roof of the heated space, zone 1, are
insulated. The simulations are carried out with identical parameters to those of the
heated mode in chapter 8.2. The simulation results suggest that this alternative maintains
the operative temperature throughout the simulated period at set level of 16°C success-
fully. The average operative temperature in January is 18.21°C and in December

19.06°C. According to the simulation, the minimum operative temperature for January is
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16.19°C and for December 16.72°C. The operative temperature for each day of January

for all the zones can be found in Appendix 8.

Adding 60 m? of insulation on the exterior walls and the roof on zone 1 decreases the
heating demand by 3.1 kWh/m?, to 22.2 kWh/m? annually. Annually, 250 kWh of heating
energy savings are obtained for the household on the fifth floor in the simulation.

The alternative with the insulated external walls and roof maintains the operative tem-
perature at a set level of thermal comfort successfully for the studied duration. However,
in order to determine the optimal modification and to study the change in thermal comfort

in adjacent zones, some other alternatives are also studied.

9.8 Insulation in North Wall of Zone 1 and Entire Roof

A simulation conducted with an insulated roof and north wall on the fifth floor produces
a significant improvement in the operative temperature of zone 1. According to the sim-
ulation, the operative temperature stays above 16°C in both January and December. The
average operative temperature for January is 18.15°C, with a minimum of 16.11°C and
for December 19.04°C with a minimum of 16.72°C. The modification successfully main-
tains the operative temperature at and above 16°C throughout the simulated period. Sim-

ulated operative temperature for each zone for January can be found in Appendix 9.

The addition of 100 m?of insulation on the northern wall on the fifth floor and on the entire
roof also decreases the building’s specific heating demand. The specific heating demand
is reduced by a quarter with this alteration in the building envelope. The space heating

demand for each month after the alteration is shown in figure 22 below.
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Figure 22. specific heating demand for building envelope alteration in chapter 9.8

The performance of the simulation model with the insulation added to the northern wall
of zone 1 and the entire roof is analysed with the operative temperature and specific
heating demand. The modification with insulation on north wall of zone 1 and on the
entire roof improves the indoor thermal comfort while reducing the monthly specific heat-
ing demand. The operative temperature increases by almost two degrees and the heat-
ing demand reduces by 5.8 kWh/m? annually. The saving is almost 470 kWh of heating
energy annually for the residents of the fifth floor of the simulated building.

From the obtained simulation results it can be concurred that the proposal of adding 50
mm insulation on the entire roof and northern wall on the fifth floor is sufficient to maintain
the operative temperature at the set level of 16°C throughout the winter. The alteration
discussed in chapter 9.8 produces a uniform operative temperature in and around the
heated zone on the fifth floor. The average operative temperature for all zones on the
fifth floor is above the set limit. However, to substantiate the findings of chapter 9.8 as

an optimal modification, one further alteration is studied.

9.9 Insulation of All Exterior Walls and Roof

In final simulation, all the exterior walls and the roof on the fifth floor are insulated. With
the insulated walls and roof, the quality of the thermal envelope improves. With the im-
proved thermal envelope, a simulation is carried out with all other parameters identical

with the heated model simulated in chapter 8.2.
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Table 10. Improved U values for insulated building elements.
Building | Composition Thickness Thermal con- U values Insu-
Element (mm) ductivity (W/m?3K) lated
(W/m K) Before | After area
m2
Exterior | Brick+2x Ren- | 230+2x13+2x | 0.58, 1.2, 1.674 0.494 74
wall der+2x Paint+ | 1+50 0.22, 0.035
Insulation
Roof Paint+ Ren- 1+13+127+64 | 0.22,1.4,2.3, | 3.907 0.594 81
der+ RCC +50 1.2,0.035
slab+ Screed
+ Insulation

Table 10 shows the changes in U values with the addition of insulation to the whole
exterior walls and the roof. As shown in table 10, the thermal property of the walls and
the roof is improved significantly. This should improve the thermal comfort in same pro-
portion. Adding insulation to the exterior walls and the roof reduces the thermal loss
significantly.

The results obtained from the final simulation show a significant change in the operative
temperature. The average operative temperature for January in this simulation is
18.54°C, with a minimum operative temperature of 16.79°C, implying that the operative
temperature remains above 16°C throughout the month. Similar results are obtained for
December where the average operative temperature was of 19.38°C and a minimum
operative temperature of 17.33°C are registered. The operative temperatures for the ar-
rangement in the final simulation is indicated with green line in figure 23. The blue line

represents the heated model simulated in chapter 8.2.
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Figure 23. Operative temperatures for December and January with all exterior walls and roof in-
sulated

The operative temperature remains above 16°C in the heated zone for the entire simu-
lation period. If the supplied heat were to be withdrawn, the operative temperature would
fall below the 16°C limit for 2-5 days in the winter. Hence, the combination of insulated
exterior walls and roof with the excess heat from the SWH system as heating can reduce
the need for any other form of mechanical heating during cold winter days. The operative
temperature for December and January in this simulation can be found in Appendix 10.

Table 11. Operative temperatures results.

Month Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6
January 18.54 16.73 17.11 17.25 15.91 15.05
December 19.38 18.01 18.28 18.39 17.09 16.23
T<16 Jan.days | O 9 7 6
T<16 Dec.days | O 2 0 0
No | January 16.21 16.52 16.39 16.63 15.72 14.97
He
at | T<16 11
December | 17.57 17.89 17.78 17.96 16.97 16.2
T<16 3
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Table 11 provides a summary of the results obtained from the simulation in chapter 9.9.
The average operative temperature for January and December remains above 16°C on
the fifth floor. However, for nine days in January and two days in December the temper-
ature in zone 2 stayed below the16°C limit. In zones 3 and 4, the temperature fell below
16°C for seven and six days, respectively, in January. In zones 5 and 6 the operative
temperature stayed below 16°C for almost the whole of January. Table 11 also docu-
ments the operative temperature for all zones when heating was withdrawn from the
system. When heating was removed, the operative temperature in all zones fell, and the
days with an operative temperature below the set limit of 16°C increased by 14 days in
zone 1, concluding the importance of the supplied heat for maintaining indoor thermal

comfort.

In chapter 9.9, 155 m? of insulation is added to the building envelope. Adding insulation
on the whole external wall and the roof on the fifth floor also reduces the space heating
demand from 25.3 kWh/m?to 17.5 kWh/mZ2. The final arrangement saves 7.8 kWh/m?in
space heating, amounting to 630 kWh of energy annually. The modification in chapter
9.9 attains the highest energy savings and highest average operative temperature on

the fifth floor of the simulated building among the simulated modification models.

10 Determination of Optimal Modification

In order to determine the optimal modification, the modification models are analysed and
compared based on the operative temperatures and the energy savings. From the alter-
native modifications, insulation of roof and northern wall of zone 1 (9.6), insulation in
exterior walls and roof of zone 1 (9.7), insulation in north wall of zone 1 and entire roof
(9.8) and insulation of all exterior walls and roof (9.9) produce a desirable outcome.
Hence these alternatives are compared on the basis of average operative temperature

in and around the heated zone, area of added insulation, and energy savings potential.
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Table 12. Comparison of desirable modification models based on defined parameters.

Insulated area Zone | Zone | Zone | Zone | Zone | Zone | Insu- Energy

1 2 3 4 5 6 lated kWh/
area(m? | yr.

Insulation of roof 17.91 | 15.68 | 15.84 | 16.06 | 15.72 | 14.97 | 50 220

and northern wall of

zone 1

Insulation in exterior | 18.21 | 15.7 1591 | 16.13 | 15.75 | 14.98 | 60 250

walls and roof of

zone 1

Insulation in north 18.15 | 16.59 | 16.8 16.56 | 15.85 | 15.03 | 100 470

wall of zone 1 and

entire roof

Insulation of exterior | 18.54 | 16.73 | 17.11 | 17.25 | 15.91 | 15.05 | 155 630

walls and roof

Table 12 summarises the findings of chapters 9.6 - 9.9. From the table, it can be con-
cluded that the alternative with insulation in north wall of zone 1 and entire roof produced
the highest energy savings ratio of 4.7 to insulated area. Moreover, the modification also
maintains the average operative temperature of above 16°C on the entire fifth floor. Like-
wise, it also maintains a uniform temperature across the fifth floor. Furthermore, the tem-
perature difference of the heated zone and the coldest zone is lowest at 1.59°C, thus

potentially minimising cold draughts.

Based upon these findings it can be concluded that the alternative with insulation in north
wall of zone 1 and entire roof is an optimal alteration combined with heating provided by
excess energy from SWH system overproduction. Any improvement in the thermal com-
fort in zone 1 is reflected to the surrounding zones as well and a uniform temperature on
all zones are obtained. Thus, the alternative in chapter 9.8, insulation in north wall of
zone 1 and entire roof is the most desirable alternative for a typical household in the
KMC.
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11 Results

The calculation of the overproduction of the studied SWH system established that least
energy is available for December and January when the heating demand is at its highest.
Nonetheless, 307 and 360 watts of heating power was available for each day of the
respective month. The heating was dispensed over a period of thirteen hours each day. A
daily average of 4.2 kWh and 4.8 kWh of heating was available in December and Janu-
ary, respectively.

The heating demand calculations exhibit the necessity of an additional heating of 25.3
kWh/m? annually. The poor thermal quality of the building elements was determined from
the U value calculations. The transmission losses from the building envelope was also
found to be high. Only four months in a year required heating. Most heating was required
for January and February. Most of the heat losses occurred through the external walls

and roof.

Simulations performed on the base model illustrate the temperature variation within each
zone of the simulated building at different hours of the day. The minimum temperatures
were recorded during the early hours before sunrise. The highest temperatures were
observed during the mid-afternoon. The mean temperatures indoors were found to be in
the same range as assumed on the basis of literature, that is, 11°C. On the fifth floor, the
lowest average operative temperature was found in zone 1 on the northern facade. When
the entire building was considered, the lowest operative temperature was seen on the

first floor.

With the added heat from the excess energy from the SWH system, the operative tem-
perature in zone 1 increased by 1-1.5°C. In addition, the operative temperature of the
surrounding zones rose. Most importantly, the number of days when the operative tem-
perature in the simulated heated zone was less than 16°C were reduced by half in De-
cember and by more than one-third in January. Overall, the heating supplied from the
SWH system improved the thermal comfort in the heated space. Although, the result
obtained was satisfactory, the operative temperature was not kept at the set level of 16°C

for twenty-one days during the simulated period.
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The modification simulations showed that the effect of insulation added in the floors and
internal walls on the thermal comfort was insignificant. Adding insulation on the entire
roof had a better effect than insulating all the exterior walls on the fifth floor. Days with
an operative temperature below 16°C were fewer with an insulated roof than with insu-
lated exterior walls. Furthermore, the temperature variations were smaller with an insu-

lated roof than with insulated external walls.

When insulation was added on the north wall and the roof of zone 1, the simulation gave
as a result good thermal comfort in zone 1. Only two days of the entire simulated period
had a temperature below the set limit of 16°C. The modification is suitable to heat a
specific zone in the KMC in order to ensure satisfactory thermal comfort with minimal

insulation.

The thermal comfort was maintained above the set limit of 16°C by three of the simulated
alternatives: insulation in exterior walls and roof of zone 1 (9.7), insulation in north wall
of zone 1 and entire roof (9.8) and insulation of all exterior walls and roof (9.9). Among
these three models, the one with insulation in north wall of zone 1 and entire roof (9.8)
outperformed the other two models. It was able to maintain the average operative tem-
perature above 16.5°C not only in zone 1 but also in all adjacent zones on the fifth
floor. On the other hand, insulation in exterior walls and roof of zone 1 (9.7) was only
sufficient to maintain the operative temperature in the heated space. The average oper-
ative temperature in the adjacent zones was below 16°C. When all exterior walls and the
whole roof was insulated (9.9), the result was a highly desirable thermal comfort indoors,
with an average operative temperature above 16.7°C in all zones on the fifth floor
throughout the simulated time. However, as the project requirement was a minimal insu-
lated area and the highest ratio of energy savings to added insulation, the alternative
where insulation was added on the whole roof and north wall of zone 1 (9.8) produced a

better thermal comfort output than the other two models.

From the study it is established that an oversized SWH system offers a potential for the
utilisation of overproduction into space heating during the winter in the KMC. The added
heating produced a desirable change in the indoor thermal comfort of the heated space
validating the hypothesis of this study. However, the energy of overproduction alone was

shown to be insufficient to maintain the thermal comfort at a desirable level throughout
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the winter. Nevertheless, when combined with a suitable building envelope alteration, it
was able to maintain the thermal comfort at a desirable level in the heated space. With
the proper alteration, it was also able to maintain the thermal comfort at a desirable level
in all the adjacent zones on the fifth floor of the simulated building. Of the nine alterna-
tives simulated, four arrangements met the desired requirements. They are listed below

with the one using least insulation first.

Insulation of roof and northern wall of zone 1 (50 m?)
Insulation in exterior walls and roof of zone 1 (60 m?)

Insulation in north wall of zone 1 and entire roof (100 m?)

0w N PR

Insulation of all exterior wall and roof (155 m?).

The alternatives with the least insulation added to the building, insulation of roof and
northern wall of zone 1 (9.6) and insulation in exterior walls and roof of zone 1 (9.7)
produced a satisfactory result. The combination is an optimal solution if only a small
single space is to be heated with minimal insulation. Since it is desirable to have a good
thermal comfort in all living spaces, only alternatives in chapter 9.8, insulation in north
wall of zone 1 and entire roof and chapter 9.8, insulation of all exterior wall and roof,
delivered an enticing result. The modification on chapter 9.8, insulation in north wall of
zone 1 and entire roof (3) was found to be the optimal modification. The model could
maintain a desirable thermal comfort in the heated space and also improve the thermal
comfort in the surrounding zones with less insulation added. Furthermore, the tempera-
ture difference between the heated and non-heated space was lower than with insulation

of all exterior wall and roof in chapter 9.9.

12 Discussion

The results obtained in the thesis validate the potential of the use of excess energy from
the overproduction from an oversized SWH system. This free energy can be used to heat
spaces during the winter. However, the space heating obtained is not alone enough to
heat the space to a comfortable temperature. Although additional heating is required to
maintain a warm indoor temperature, the number of heating hours is minimised with the
added heat. In this thesis, heating is supplied over the entire length of heating hours and

over a large area (33.8 m?). The heating can be designed to supply heat over a shorter
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period to effectively provide sufficient heating for small spaces. Furthermore, the heating
method might affect the performance of the system, the performance of an underfloor

heating system in low temperature is higher than that of wall mounted radiators.

In this thesis, a number of assumptions were made. Some complex losses of the SWH
system were not considered. At the same time, internal gains were underestimated, and
diffuse radiation was neglected. With this conservative approach in calculations, the find-
ings of this study can be taken as the minimum guaranteed potential of the system. Fur-

thermore, the simulations were performed a number of times to validate the outcome.

The simulated building is a row house, attached to another building on its northern and
southern facades. This was not taken into account when studying the thermal comfort in
the thesis. If the adjacent buildings are considered in the simulation, the thermal comfort
of the building improves by 0.5°C. Likewise, the north and south facades were kept ex-
posed to the ambient air in the heating demand calculation to overestimate the heat
losses. If the north and south facades were calculated as exposed to indoor temperature,
the heating demand of the building was found to reduce by 1 kwWh/m? annually. The effect

of shadings was also considered sufficiently in the heating demand calculation.

The possibility of enlarging the collector area during the winter is vital in increasing the
heat output. The increased output can bring a substantial increment in the thermal com-
fort indoors during the winter. If a large system is installed primarily for space heating
during the winter, it is recommended to consider the potential to downsize the system for
the summer. Challenges of excess overproduction are not discussed in the study. Only
excess production during winter is studied. In the summer, when the demand is much
lower, the overproduction is much higher. Hence, the challenges of overproduction

should not be neglected.

No economic or technical analysis was carried out to measure the feasibility and applica-
bility of the proposal. This thesis aimed to explore and analyse the mere potential of the
system. Furthermore, potential modification on the existing structure were studied. The
modifications combined with the added heat were studied to analyse the suitability of a
SWH system’s excess energy to maintain the thermal comfort at a set level during the

winter.
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Before integrating the excess production of a SWH system to space heating, it is recom-
mended to ensure the existence of overproduction in the SWH system. An undersized
system is not sufficient to provide any space heating. The hot water demand has to be
considered before deciding the overproduction. A SWH system’s output usage priority

has to be set. In the study the priority was to provide domestic hot water.

The findings of the thesis can be taken as a reference for experimentation of space heat-
ing systems. The thesis explores space heating potential from the excess energy of an
oversized SWH system. Space heating experiments can be carried out in order to verify
the findings of the study. An experimental verification of this study can explore a new
potential for space heating in the KMC. The findings can be equally beneficial for new
and existing buildings if space heating is to be integrated in the building.

The outcome of this thesis can be further studied together with other systems for space
heating. For example, water heating from photovoltaic systems can increase the energy
output of the system for heating. Likewise, the overproduction could be integrated with
heat pump systems. A number of studies have been done for a SWH system combined
with a heat pump in various regions of China. Furthermore, the available heating output

could be studied in a comparative study of floor heating and wall heating.

13 Conclusion

The potential of supplying space heating from the overproduction of a SWH system has
been analysed and found to deliver a satisfactory improvement in the thermal comfort of
the heated zone. The rational is guaranteed to improve the thermal comfort of the space
over the entire heating period. However, the heating supplied only this way was not able
to maintain the thermal comfort of the heated space throughout the studied period, im-
plying that the proposed rational is not a viable source of heat supply in the conventional

term.
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However, when the heating was supplied with a strategic insulation of the building enve-
lope, it was possible to maintain the thermal comfort of the heated space throughout the
winter. Moreover, proper insulation of the building envelope could also improve the ther-
mal comfort of the non-heated zones adjacent to the heated zone. Simulations performed
in the study demonstrated that the necessity for mechanical heating can be minimized

by improving the thermal envelope of the building.

The results obtained in the study provide a reference for the expected change in the
thermal comfort in buildings in the KMC when using such heating application as an over-
sized SWH system. The overproduction of the SWH system can be used in the existing
buildings of the KMC to improve the thermal comfort of the heated zones and to reduce
the number of heating days in the winter. This thesis could also be used to design a
heating system to provide periodic or scheduled heating in small spaces.

To provide a reliable heating source, the findings of the thesis can be studied in combi-
nation with other heating sources. Furthermore, different heating systems for heat supply
could be investigated further to identify a suitable heating method for the area. Internal
heat gains could be considered adequately, and an actual reduction in the space heating

demand could be investigated by experimentation.

Therefore, it can be concluded that the excess heat from SWH systems is not sufficient
enough to heat an entire apartment. However, it is sufficient enough to heat a specific
space in order to maintain a good thermal comfort when minimal insulation is added.
Moreover, when insulation and heating are added strategically, the excess energy of a
SWH system is found to be sufficient to maintain the thermal comfort of an apartment for

most of the winter with minimal external heating required for only few days in the KMC.
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Appendix 1
1(1)

Average daily ambient temperature in the KMC from November - February

2M Temperature at 2 meters
TS Earth skin temperature

Date T2M TS Date T2M TS Date T2M TS Date T2M TS
20181031 16.32 14.68 20181201 11.80 10.60 20190101 8.67 542 20190201 1055 9.16
20181101 16.26 15.01 20181202 11.25 10.03 20190102 8.07 512 20190202 1020 8.51
20181102 15.39 14.22 20181203 11.18 953 20190103 6.98 4.87 20190203 1050 8.43
20181103 14.35 13.36 20181204 1169 9.77 20190104 7.60 5.26 20190204 11.09 8.7
20181104 14.22 12.74 20181205 11.22 9.80 20190105 878 6.14 20190205 11.65 9.03
201811056 14.23 12.98 20181206 10.59 9.75 20190106 892 6.78 20190206 1169 9.88
20181106 13.52 11.82 20181207 942 8.01 20190107 6.68 5.10 20190207 10.78 9.70
20181107 13.09 1117 20181208 9.98 7.88 20190108 836 6.31 20190208 10.05 10.01
20181108 13.40 11.09 20181209 10.19 8.1 20190109 843 6.68 20190209 6.01 448
20181109 13.58 11.29 20181210 1031 7.98 20190110 818 5.83 20190210 6.54 4.68
20181110 13.16 11.84 20181211 9.88 8.07 20190111 820 6.28 20190211 945 7.20
20181111 13.35 11.95 20181212 999 841 20190112 870 6.24 20190212 1012 7.99
20181112 13.67 12.58 20181213 967 8.18 20190113 9.08 6.49 20190213 11.94 9.55
20181113 13.22 12.52 20181214 8.89 7.69 20190114 823 6.39 20190214 1298 11.14
20181114 13.19 12.52 20181215 967 7.24 20190115 837 5.88 20190215 11.08 10.17
20181115 13.32 12.85 20181216 10.72 7.22 20190116 9.90 6.34 20190216 9.06 8.01
20181116 12.72 11.60 20181217 11.82 819 20190117 9.88 7.38 20190217 891 8.38
2018 1117 12.06 10.75 20181218 9.04 6.96 20190118 9.09 7.05 20190218 9.78 852
20181118 11.82 10.19 20181219 8.36 6.30 20190119 911 6.87 20190219 9.77 942
20181119 11.76 9.95 20181220 9.87 6.79 20190120 971 754 20190220 11.85 9.87
20181120 12.28 10.01 20181221 9.08 6.32 20190121 1043 8.12 20190221 13.50 11.44
20181121 1216 9.97 20181222 8.89 6.1 20190122 1066 8.86 20190222 1521 13.62
20181122 12.66 10.65 20181223 1035 7.33 20190123 9.00 9.00 20190223 13.33 12.64
20181123 13.68 11.36 20181224 996 7.35 20190124 863 825 20190224 1273 1.9
20181124 13.00 10.74 20181225 891 6.20 20190125 8.80 8.39 20190225 10.61 11.02
20181125 13.60 10.74 20181226 8.05 514 20190126 830 8.37 20190226 1054 10.80
20181126 13.81 10.94 20181227 596 3.72 20190127 872 8.19 20190227 9.76 10.05
20181127 1341 11.00 20181228 566 3.58 20190128 746 7.9 20190228 6.85 6.85
20181128 13.82 1113 20181229 615 349 20190129 6.24 5.03

20181129 14.05 12.23 20181230 8.69 4.82 20190130 810 6.06

20181130 13.06 11.69 20181231 891 530 20190131 10.09 8.05
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Appendix 2

1(2)

Daily Solar Insolation on the KMC: November 2018 - February 2019
Solar insolation incident on 2 horizontal surface
Date KWh/m2/day Date KWh/m2/day Date KWh/m2/day Date KWh/m2/day
20181101 502 20181201 34 20180101 4.5 20180201 378 20190301 6.00
20181102 502 20181202 3n 20190102 380 20180202 483 20190302 448
20181103 493 20181203 358 20190103 407 20190203 508 20190303 445
20181104 5.06 20181204 353 20190104 402 201902 04 512 20190304 575
20161105 498 20181205 29 20180105 397 20190205 506 20190305 5.3
20161106 509 20161206 416 20190106 421 201802 06 467 201903 06 6.05
20181107 505 20181207 375 20190107 265 20190207 0.85 20190307 6.20
20181108 49 20181208 403 20190108 417 20190208 269 20190308 548
20161109 474 20181209 399 20130109 395 20190209 345 20190309 593
20181110 431 20181210 416 20180110 345 20180210 533 20190310 6.28
20181111 446 20181211 420 20190111 KRK] 20190211 478 201903 11 6.39
20181112 444 20181212 410 20190112 400 20190212 484 20190312 6.40
20181113 423 20181213 406 20180113 437 20190213 5.15 20190313 6.54
20181114 422 20181214 39 20190114 438 20190214 284 201903 14 441
20181115 414 20181215 430 20190115 432 20190215 296 20190315 502
20181116 4.56 20181216 433 20190116 439 20190216 325 201903 16 6.57
20181117 454 20181217 181 20180117 403 20180217 44 20190317 6.56
20161118 430 20181218 179 20180118 432 20190218 423 20190318 507
20181119 383 20181219 403 20190119 403 20190219 395 20190319 6.00
0181120 424 20181220 379 0190120 439 20190220 535 20190320 6.16
01812 386 0181221 389 20180121 456 20180221 545 20190321 6.52
0181122 432 0181222 345 0180122 385 20190222 543 20190322 6.59
008123 440 0181223 417 20190123 12 20190223 559 20190323 6.84
0181124 40 0181224 421 20190124 457 20190224 KRK] 20190324 6.74
0181125 443 20181225 426 0190125 366 0190225 5.08 20190325 593
20181126 435 20181226 397 20180126 2.9 201902 26 5.88 201903 26 410
0181127 439 0181227 374 0190127 3n 20190227 2.9 20190327 6.92
20181128 41 20181228 379 20190128 433 20190228 34 20190328 6.55
0181129 425 0181229 432 0190129 41 20190329 493
20181130 343 20181230 430 20180130 4.9 20190330 357

20181231 431 20190131 K] 201903 31 6.19

L]
metropolia.fi/en Metropolla

University of Applied Sciences



Appendix 3

1(2)
SWH system output calculation
SWH system output calculation for December
Collector efficiency 0
Tube length  1899mm Jan 0.75 g:
Tube diameter 58mm Feb 0.73 0.6 . .
Specific hea 4200 J/KgC Nov 0.75 3 &
Water storag 300 litres Dec 0.74 n 05 -
Nunber of ¢ ] .
Absorptivity  94% 03
Tin=Temperature of the infet water 02
Tenv= Tempearure of the environment 01
Efficiency (n)= (Tin -TENV)/G 0 1
Aperture area 2= 4973 0 0.005 0.01 0.015 0.02 0.025 0.03
Normalised area = Aperture area x efficiency x absorbtivity (T Tew /6
Aperture area m)= 7.38 (75% of TSA considered) #Experimental u BA model 4 VPT model
Storage area 3.6/1=3 d=036 0.68
Loss 0.5 W/m2K
heat loss hour 10 5=4200 d=Q/ms  |for 3001 (x-40) Available he Heat loss
Air temperal Temperature at TZM — Kwh/m2day m2 Kwh (max)  ms(J/oC) ms (kWh)wh(max)/ms fi hot water) ~ Twater dt Q=msdt kWh
10.9 113 349 417 34244388 1427991 1260000 0.35 40.799742 52599742 400 12599742 4.4099098 0.5076
9.8 1125 in 44 15.067531 43050088 54.300088 14300088 5.0050307 0.5175
9 1118 358 4.6 14.588109 41680312 52.860312 12860312 45011093 0.51876
9 11.69 353 411 14.416887 41191107 52.881107 12881107 45083873 0.50938
9 1122 295 363 12430713 35.516322 46736322 67363224 23577128 0.51804
9.2 1059 416 484 16.574284 47355097 57.945097 17.945097 62807838 0.52938
9.2 942 375 443 15.170264 43.343611 352.763611 12763611 44672639 0.55044
12 998 403 471 16.129107 46083162 56.063162 16.063162 5.6221067  0.54036
14 10.19 399 4,67 15.992129 435691798 35.881798 15881798 55386292 0.53638
18 1031 416 4.84 16.574284 47.355097  57.665097 17.665097 61827838 0.53442
6.6 988 42 488 16.711261 47746461 57.626461 17.626461 61692613 0.54216
6.6 999 41 478 16.368817 4676805 36.75803 1675805 5.8633175  0.54018
6 967 4.06 474 16.23184 46376685 36.046685 16.046685 5.6163399  0.54594
6 889 391 459 15.718174 44909069 53.799069 13799069 4.8296741  0.55998
58 967 43 4.98 17053703 48724872 38394872 18304872 64382052 0.54594
38 10.72 433 301 17156438 49018395 59.738393 19.738395 6.9084384  0.52704
8 11.82 181 249 8.5268526 24362436 36182436 3817564 0.50724
8.8 904 179 247 84583638 24166754 33.206754 67932462 0.55728
57 836 4.03 471 16129107 46.083162 54.443162 14443162 50551067 056952
9.8 987 379 447 15.307241 43.734976 53.604976 13.604970 47617414 0.54234
9.9 9,08 389 437 13.649685 44713387 33793387 13793387 4.8276833  0.55636
56 889 345 413 14.142932 40408378 49.298378 9.2983778 3.2544322  0.55998
6.2 1035 417 485 16.608528 47452938 57.802938 17.802938  6.2310282 0.5337
6 9.9 421 489 16.745506 47844302 57.804302 17.804302 62315037 0.54072
58 891 4.26 4.94 16.916728 48333508 57.243508 17.243508 6.0352277  0.55962
3.5 8035 397 4.65 15.92364 45496115 53.5346115 13546115 47411404 05751
44 596 374 442 13.136019 4324577 49.20577 920577 32220195 0.61272
33 5.66 379 447 15307241 43734976 49.394976 9.3949755 3.2882414  0.61812
3l 6.15 432 5 17122194 48920554 35.070554 15070554 5.274694  0.6093
28 869 43 498 17.053705 48724872 57414872 17414872 6.0952052  0.56338
3 891 431 499 17.08795 48822713 57.732713 17732713 6.20644% 055962
16.9893

-
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Appendix 3

2(2)
SWH system output calculation for January

30 6@ 4B 50 34005 1759 25378103 50275786, 58945786 18345786 663051 05634
I T Y 16381775 2557688 16805071 SAGT0TL WETSOTL SXGIAS  OSTATA
T R T 16371% 44281 18490847 SS4T0847 15470847 SALAT96A 059436
I VYT T 16798261 2518003 0950 5550 55503 SSR606 0S8R
P Y 1662475 25181 7401 5627914 1629914 SETTMY 05619
T T T 174576% | 26.170587! 9819133 5879133 18795133 65796965 05594
W e 285 1206331 18054083 BA%6 4108966 soseons [ R 000
68 8% 4 4% 17318888 5364 o408 518448 178448 6248679 036352
60 a4 3 4m 16555311 21883 7300887 55730887 15730887 SS0SB106 056806
6 6 i o B89 206558 23684 47547824 TSR 26417386 05726
W o w4 15791753 BEBIS 1955 533195 B39 46658 0574
8w P 16728846 50798 1796104 56496704 16496704 STTIRIE) 05634
1 a4 sm 18013011 27003051 SLAGSTS 6054574 2055745 71910009 055656
T T Y, 104718 270558 SLS6909 59796909 19790909 6988 057186
8w 4w s 1783475 2674296 096929 59339929 19339929 6766951 056334
6 9 4m s 18085 27101109 SLEGT. 6156072 USGT TSAUSL 05418
T T 16839%8 234065 B0%1%4 57974194 11974194 62905678 054216
8 4w s 1783475 2674096 0969929 60059929 005999 70109751 055638
T T T T 1683066 25234065 1BOISH 57204134 12049 604678 055602
1w 4w s 180845 27101109 SLEGT2 613072 NI 740052 0540
T T T 186747 1591602 308 63779848 BIIE 83067 0536
66 0% 3 4 1620839 129758 16309054 56969054 1636954 5RO 0581
6 R IET 70455515 10561887 0130147 93047 -osssss [ N
60 8@ 45 59 18707154 28043631 BUN1L 6207011 RO TTTE 056466
88 88 3% 44 15548803 830892 HABIL RIBI2 BISIS) 4608030 05616
T T Y 1079394 16181019 N2 N1998 ossous [ R
5§ em o 4s 15757046 BI6E S008 RINR 1374030 48090461 056304
S 146 4B 5 e 26794935 SLOBN%2 58529092 18529092 6485183 058572
55 6% 4 4@ 1711065 25650097 e S 5455 529065 00768
1 8 4% 5 2060733 007782 SIS 65416379 BAGT 88T 051
T Y 140563% 1S Q6181 50251831 10251131 35678958 053838

14621
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Appendix 4

1(1)
Area Input for heating demand calculations
: i im] im] |
Treated floor area 1 |Treated floor area 5 [x(] 9.00 10.00 |+ 9.00 )=| 4050
North windows 2 |North windows 0
East windows 3 |Eastwindows 29.3
South windows 4 |Sout windows Please complete in Windows worksheet only! 0
West windows 5 |Westwindows 5.1
Horizontal windows 6 |Horizontal windows 0
Exterior door T |Exterior door 1 {x(] 1.00 210 |+ )- = 21
1 |Nerth wall 8 |Exterior wall - Ambient 5 |x(| 9.00 217 |+ 176 |)- 0.0 = 889
2 |South wall 8 |Exterior wall - Ambient 5 [x(| 9.00 211 |+ L7 |)- 0.0 = 889
3 |Bast wall 8 |Exterior wal - Ambient 5 |x(| 10.00 211 |+ 234 ])-| 23 =| 615
4 |West wall 8 |Exterior wall - Ambient 5 |x(| 10.00 211 |+ 27 |)-] 3.1 = 6
§ X + )- 0.0 =
6 |Floor 4 [x(] 9.00 10,00 |+ )- 0.0 = 3600
7 [Roof 10 |Roof(Celing - Ambient 1 [x(| %.00 10.00 |+ )- 0.0 =1 00
§ |floor 11 |Floor slab /Basement ceiling 1x(] 9.00 10.00 |+ )- 0.0 = 900
9 X + )- 0.0 =
10 [BeanEast 8 |Exterior wall - Ambient 5 |x(| 10.00 0.23 |+ )- 0.0 = 115
11 |Beam Hest 8 |Exterior wall - Ambient 5 |x(| 10.00 0.23 |+ )- 0.0 = 115
12 |Beam North 8 |Exterior wall - Ambient 5 [x(| 9.00 0.23 |+ )- 0.0 = 104
13 [Beam South 8 |Exterior wall - Ambient 5 |x(] 9.00 0.23 |+ )- 0.0 = 104
14 |Column East 8 |Exterior wall - Ambient 20 |x(| 2.40 0.21 |+ )- 0.0 = 10
15 |Column West 8 |Exterior wall - Ambient 20 (x(| 2.40 0.21 |+ )- 0.0 = 130
16 |Column North 8 |Exterior wal - Ambient 15 |x(] 2.40 0.2 |+ )- 0.0 = o
17 |Column South 8 |Exterior wal - Ambient 15 |x(] 2.40 0.27 |+ )- 0.0 = a7
.
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Appendix 5

1(2)
Data input for windows sections
Quar Dectin Deviaton from | | ‘-’Ull'll'ﬂl Oritu-taliun‘ Vi e Sclecton from 'Areas’ | Seleeton rom ‘Companents' Selection from ‘Companents' P(irpen- i Trames | Yousagn i
fity e worth mflm:nfmlmm s worksheet worksheet worksheet d",”].” n (o) | )
the horuntal radifon - i
Degrees Degrees n i Sort: AS LIST Sort: AS LIST < | W) | Wierk) | Wik
North windows 0 90 Noth 1830 ¢ 1310 lNerthwal $10d Singe lazng Slud PH-FRAMES: averagethermalgg.  0.87 § 5.80 ¢ 075 & 0.040 | 1
South Window 80 90 T 1 O T 920d Singe lazng Slud PH-FRAMES: averagethermalge  0.87 { 5.80 ¢ 075 : 0.040 | 1
14 iHest window n 90 West 1830 ¢ 130 dWestwl $10d Singe lazng Slud PH-FRAMES: averagethermalgg.  0.87 § 5.80 ¢ 0.5 ¢ 0.040 | 1
10 {East window %0 L) East 1830 ¢ L3N0 wtwll 920d Singe lazng Slud PH-FRAMES: averagethermalge  0.87 ¢ 5.80 : 075 : 0.040 | 1
5 iBast window %0 L) East 0.700 & 1.200 3astwal $20d Singe lazng Slud PH-FRAMES: averagethermalgg.  0.87 { 5.80 ¢ 0.5 & 0.040 | 1
Shading for windows
Horizon Reveal Overhang

Height of the shading

Horizontal distance

‘Window reveal depth

Distance from glazing

‘Overhang depth

Distance from upper
glazing edge to

Additional reduction

Additional reduction

object edge to reveal overhang factor winter shading |factor summer shadin;

m m m m m m %o %

byt hari OReveal Ugeveal Dunver hver Tuther Tuthers

0.100 10% 0%
14.00 0.00 0.06 0.100 1000% 0%
14.00 4.00 0.06 0.100 30%
14.00 2.00 0.06 0.100 30% 0%
14.00 0.06 0.100 50%
[ |
M li
. .
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Appendix 6
1(1)

Detailed calculation for heating demand, monthly basis

{This page displays the sums of the monthly method over the heating period)

Climate: } Standort |

-
Interior temperature: §

Building: 1 Building type: H
Spec. Capacify: o EWh-'{m’KI Treated floor arca A'”:E\.
per o
Temperature zone Area U-Value Month. red. fac. Lt} treated
ot Wim k) KKhia floor area
A 3038 017 b L.og | 18 35.73
B * 1 L.og *
EA LD * 1 L.og | 18 15.74
t B LD * 1 L.og | -3 -1.38
EA * 1 L.og *
P A * 1 L.og *
P X 1 .75 *
PA 44 1 Lon e 18 11.32
PA 1l 1 Lon e 18 019
PA 1 Lon * .00
L ] 100 1 .00 H
HI | ] L.on 1 oo
JE— EWhima)
Transmission heat losses Qr ol 25356 I I 626
A, Clear room height
Effective m m
air volume 'y, H 45 H 2.40

N

T e

Effective air change rate Ambient nV,e ..
Effective air change rate Ground nV._g :.
Yy
o
Ventilation losses ambient ), ' 72 498
Ventilation losses ground Q,, ' 72 t oo

Ventilation heat losses Qy

mwall aes | [ 7

Reduction factor

Q. night'weekend
EWh'a EWhia SAVINE EWh'a EWh'mia)
Jr— RN -
Total heat losses Q. { {10 w0 | | ees
Orientation Reduction factor e-Value Area ilobal radiation
of the area See "Windows' sheet {perp. radistian}
.00 * * [0
.06 * * 35.1
.00 * * [0}
1.07 . . 9.3
.00 * * [0}
EWhimia)
Available solar heat gains (g Total 27639 6.2
Length Heat. Period Spec. Power g A
kb/d W m EWhia EWhimia)
Internal heat gains Q, 024 * * L 3082 | 7.6
KWhia EWhimia)

Utilisation factor heat gains by,

Heat gains Qg

Annual heating demand Gy

Free heat ()

Ratio free heat to losses

"W iy

ot o= ms || sz
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Operative temperature of all zones obtained from simulation

Appendix 7
1(1)

Variables
Date | Operative temperature, | Operative temperature, Deg-C | Operative temperature, Deg-C | Operative temperature, Deg-C | Operative temperature, Deg-C | Operative temperature, Deg-C
Deg-C (Zone2) (Zone3) (Zone4) (Zone3) (Zone )
20190101 1701 134 13.96 1402 1366 1355
20190102 1601 1257 134 1309 1304 1291
20190103 157 13,07 1326 1334 133 1289
2019-01-04 1396 1403 13.96 1428 140 1318
20190105 162 1447 144 1459 1431 1353
2019-01-06 1647 1476 140 1486 1457 1382
20190107 1669 1485 1485 1304 147 1375
2019-01-08 16.88 1498 1494 13 1491 1389
2019-01-09 1706 151 151 1343 1503 1401
201901-10 1743 1507 1507 1349 1504 1409
201901-11 1731 151 1556 1602 1574 1473
20190112 1871 17n 1729 1175 1763 16.63
201901-13 1939 1784 177 1805 1782 168
201901-14 N4 19.08 1894 19 1893 1789
2019-01-15 028 1814 1853 1847 18.09 1749
2019-01-16 192 16.03 168 1671 1633 1636
20190117 1854 1559 16.18 16.15 1387 1378
2019-01-18 1852 16.14 16435 1674 1628 1396
201901-19 1854 1613 1638 16.63 164 1391
20190120 186 1633 163 167 1643 1371
20190121 1817 1531 158 1398 156 1476
2019012 1763 1488 1518 1339 149 142
2019013 114 1459 1487 13.08 1468 1397
2019-01-M 1739 153 133 1361 1337 1431
2019-01-25 1803 16.58 1636 1684 1641 15309
20190126 195) 1875 184 1869 183 1706
20190127 197 177 18.06 179 1751 16.53
20190128 1874 1365 1628 1632 1578 1312
2019011 1807 il 1553 1377 154 1436
20190130 179 1547 1564 1393 1549 14.68
20190131 179 1581 15487 1619 157 14.68
mean 1791 15,68 1584 16.06 157 1497
mean;744.0 13318 116688 117870 119504 11694 11402
min 137 1297 134 139 130 1285
max 028 19.08 1894 193 1893 1789
L]
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Daily operative temperatures of January from simulation

Appendix 8
1(1)

Vartables
Date Operative temperature, | Operative temperature, Deg-C | Operative temperature, Deg-C | Operative temperature, Deg-C | Operative temperature, Deg-C | Operative temperature, Deg-C
Deg-C (Zone2) (Zone3) (Zone 4) (Zone ) (Zone §)
20190101 1738 13.26 14.08 1413 137 1356
20190102 1638 1259 1327 134 1307 129
2019-01-03 1619 13.08 1337 1364 1337 1286
2019-01-04 1635 1403 14.06 1437 14.06 1319
2019-01-05 1656 1449 1449 1467 143 1354
2019-01-06 1676 140 1476 1488 1436 138
20190107 1693 1478 1483 1302 1468 13
2019-01-08 1712 1497 1498 X 1491 1387
20190109 173 1513 1515 1548 1503 1401
0190110 1739 15.08 1313 1353 13.06 1409
20190111 1173 1573 13.62 16.08 1376 1473
2019-01-12 1883 1 174 1782 1769 1663
20190113 1953 179 178 1812 1788 1683
2019-01-14 032 1912 1899 193 1899 1793
2019-01-15 04 18.14 1833 183 1811 173
2019-01-16 1951 1602 16.85 1673 16.36 1637
0190117 189 15.56 1623 1622 1589 1579
20190118 1884 16.16 16.33 1681 1631 1597
01901-19 1886 16.13 1646 167 1643 1993
201901-20 1891 1633 1658 1678 1649 1573
2019-01-21 1855 1553 1589 16.06 15,63 1
101901-22 1806 14589 138 1048 130 142
01901-23 1767 1461 1497 117 1471 1398
019014 1776 153 1343 12 1541 143
2019-01-25 1832 166 1644 1691 1644 1531
2019-01-26 1961 1877 1849 1873 1834 1707
019-01-27 1989 171 18.09 179 1733 16.34
2019-01-28 19.09 13.66 1634 1638 153 1213
019019 1849 1513 1562 1583 1527 1457
201901-30 183 1548 1373 16.02 1332 1469
20190131 1831 1583 1396 1627 1373 1469
medn 1821 157 1391 1613 1373 1498
A s 11679 11802 119993 117150 111475
min 16.19 1209 1327 134 13.07 1286
max 204 1912 1899 193 1899 1793
L]
metropolia.fi/en MGtI’OpOl Ia
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Appendix 9
1(1)

Daily operative temperature of January from simulation

Date Memnar | Operative | Memar | Opemtive | Meanar Operative Meamair | Operative | Meanair Operative Meanair | Opesative
temperature, | temperafure, | temperafure, | temperavre, | temperature, | temperature, | temperafure, | temperste, | femperature, | femperafure, | femperanre, | temperafure,
DegC Deg-C | Deg-C(Zone2) |Deg-C (Zone 2) | Deg-C (Zone 3)| Deg-C (Zone 3)| Deg-C (Zone 4) | Deg-C (Zone 4) | Deg-C (Zone 3) | Deg-C (Zone 5) | Deg-C (Zone 6) | Deg-C (Zone 6)
0090101 1784 1741 1327 1341 16.19 162l 1594 164 1373 139 133 1362
20090102 1691 1643 1429 143 1513 154 1499 1306 1315 132 1279 129
20090103 1638 1611 A 1429 7 17 un 1481 1348 135 nn 9
0090104 1677 1631 1476 1481 1487 1487 1509 1313 1415 142 1312 LN
20090105 169% 1631 1309 1319 1514 1513 U 133 1436 144 1348 1338
0090106 1713 16.68 133 1536 1333 1536 154 1347 1436 1463 1372 138
20090107, 179 1684 1343 1552 153 1534 1563 1368 1468 1475 1338 AL
201901-08) 173 1709 157 1577 157 1573 158 1594 1493 JER 137 139
20090109 1769 15 139 1598 1591 1592 1617 1673 1508 1315 139 1403
00940110 1781 1736 1396 1603 1598 159 163 164 1513 132 140 1413
0094011 182 117 1643 1648 1632 1633 1678 168 1587 1588 un 1479
009401121 B4 189 179 179 174 174 180 1801 1781 178 1681 1672
20090113 2002 1957 1839 184 182 1821 183 1859 179 179 168 1687
00901-14] 2074 03 19 94 1902 1903 194 194 190 189 1797 119
00940113 2081 03 1878 1886 1914 1913 1903 1911 1804 1814 1741 1732
009401-16) 1989 1939 170 1729 181 181 178 1789 1638 1647 1633 164
009400-17) 199 1879 1633 1659 174 1738 i 172 1594 1603 151 jipd
009401-18] 198 187 1669 1674 114 1124 174 1741 1637 1643 1597 1604
009401-19) 1923 1878 1683 1689 1727 1727 174 174 164 16.3 1588 1597
009401200 1923 1881 1703 1714 1739 174 1748 1733 1643 1653 155 1373
00940120 188 184 167 1681 1711 1713 71 17 1361 1576 1432 1481
009010 1838 1793 1622 1633 1666 1668 1669 1677 1503 1515 140 4
0094013 1802 1738 1383 159 16.28 16.29 1631 1639 144 1486 1383 1403
009014 1818 Al 1618 1623 1634 1633 163 1656 155 135 1448 1438
009015 188 1831 1697 1699 1686 1686 1736 1736 1657 16.56 1536 1337
0901-26) 2013 1966 1848 185 1818 1818 1836 1857 184 183 1716 AV
00901271 2026 1983 1823 1836 1859 1861 184 1348 174 175 1639 1636
0094018 1933 189 1694 1707 177 1772 173 1738 1511 1547 1489 it
009019 1878 1834 1643 1653 1703 1T 170 1709 1527 134 1438 1461
20190130 1863 182 1648 16.6 168 168 169 1703 1557 1347 1436 147
0090131 1867 A 16.63 1673 1687 1688 1708 1713 1579 1587 1456 4
ez 186 1813 1632 16.59 1679 168 1691 1696 1578 1383 149 1303
meanfﬂ_() B | 135006 122913 123431 124914 14981 15774 126133 17 117950 110871 1171
min 1638 1611 A 1429 7 147 un 1481 1315 132 VAl 129
max 081 03 | 94 1914 1913 194 194 190 189 1797 179
metropolia.fi/en MGtI’OpOl Ia

University of Applied Sciences



Daily operative temperature from simulation

Daily operative temperature of December

Appendix 10
1(2)

Variables
Date QOperative temperature, | Operative temperature, Deg-C | Operative temperature, Deg-C | Operative temperature, Deg-C | Operative temperature, Deg-C | Operative temperature, Deg-C
DegC (Zone]) (Zone3) (Zone d) (Zone ) (Zone )
018-12:01 2098 0.4 2019 20386 19.4 1837
2018-12:02 0N 2019 2031 2034 1865 1782
2018-12:03 205 1975 1991 1991 183 173
018-12-04 021 192 1043 1939 176 1667
2018-12:03 200 188 19.03 1911 1748 1638
2018-12-06 1987 1858 188 18.93 174 164
W18-12:07 1078 1841 18.67 1878 174 1644
2018-12-08 193 18.12 1842 183 170 1622
2018-12-09 1932 1784 18.16 1829 167 1601
W018-12-10 1012 1738 179 18.04 16.33 1388
W018-12-11 1887 173 17.69 1714 1628 15.68
W018-12-12 1894 1741 1747 179 1681 160
W018-12-13 1929 178 180 1826 175 1632
W018-12-14 1942 1793 18.16 1839 1737 1643
W18-12-15 195 1797 18.26 1843 1726 1644
018-12-16 1976 182 1844 1876 1794 1726
W18-1217 1997 1844 187 189 1793 1703
018-12-18 M 183 1877 1902 1799 11
018-12-19 1997 1843 1879 18.89 1761 1673
2018-12.20 193 1779 182 1818 164 1536
018-12:21 182 1677 1732 1706 1462 1399
W018-12-22 1782 1632 1672 16.69 1502 1436
W18-12.03 3 158 1623 16.14 1447 JKRY)
018-124 174 1598 1621 1643 1533 143
W018-12-25 182 1679 16.89 1716 1687 15
018-12-26 1836 171 173 1741 16.76 15
018-12.27 1896 174 1763 1787 114 16.15
W018-12-28 19.66 18.18 1825 1875 1829 1708
W018-12-29 2033 1887 1901 1931 18.96 180
2018-1230 007 1848 18.89 18.88 1748 166
018-1231 1894 1737 1795 1112 1506 1463
mean 1938 1801 1828 1839 17.09 163
m““f“‘” 14173 133977 135991 136797 117134 10753
min 173 158 1621 16.14 1447 138
max 2098 0.4 2019 20386 19.4 1837
L]
metropolia.fi/en MGtI’OpOl Ia
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Daily operative temperature of January

Appendix 10
2(2)

Vartables
Date | Operative temperanure, | Operative temperarure, Deg-C | Operative temperature, Deg-C | Operative temperanuse, Deg-C | Operative temperature, Deg-C | Operative temperature, Deg-C
DegC (Zone2) (Zone3) (Zoned) (Zone ) (Zone 6)
20190101 1805 163 16.88 1662 1398 1363
20190102 1716 153 139 1373 1341 1302
20190103 1679 149 1541 1545 131 1298
20190104 1687 1506 1541 156 1432 1331
20190103 1699 152 155 1365 143 1362
20190106 171 1534 1567 1576 1468 1385
20190107 174 1548 158 1593 1479 1376
20190108 174 1566 159 16.16 1502 139
20190109 1759 1585 1613 164 13.19 1407
2019-01-10 177 159 1622 16.39 154 17
20190111 1806 1632 1632 1697 1592 1481
20190112 1907 1736 174 1801 1781 1673
0190113 191 179 1813 1855 17% 1689
20190114 039 1879 1893 1936 1901 179
20190115 04 187 1911 1907 1812 1751
20190116 1971 1776 1837 1814 1649 164
10190117 192 1717 1779 1739 16.09 1586
20190118 1916 1712 1762 1175 1631 16.06
20190119 1918 1718 1763 1778 1661 1601
2019:01-20 193 1729 1774 1746 1664 1579
2019011 1891 170 1753 1758 1383 144
2019012 1848 16.66 1714 1718 1522 143
2019:01-13 1812 1631 1677 1683 1494 1406
2019:01-14 182 1642 1676 16.96 1564 1462
20190125 1867 169 1712 1739 16.59 153
20190126 198 1804 1818 1838 184 114
0190127 003 1821 1862 1855 1757 1638
2019:01-8 193 1746 1804 179 1593 1517
2019:01-29 1886 169 1732 175 1549 1464
20180130 187 1687 1731 1745 1575 4n
20190131 181 169 1728 175 1594 un
ean 1834 1673 171 112 1591 15,08
me"“;744'0 131973 12458 17328 1813 118389 111992
tin 1679 149 1541 154 1341 1298
max N4 1879 1911 1936 1901 179
metropolia.fi/en Metropolla
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