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Abstract

Managing thermal loss is a key topic that needs further investigation as it has a direct
link to reducing the energy load in buildings. One of these thermal loss management
methods can be the use of shading devices. Dynamic thermal models normally used
at the early stages of the building design can play an important role in the decision-
making process regarding the use of shading devices. This paper presents the results
of a real-world study assessing the potential of using a sealed cellular blind as a
passive energy conservation method, where the real-world results are compared with
the simulated results generated with EDSL Tas. During the real-world study, a positive
impact of having blinds was seen whereby the window surface temperature increased
and office heating energy consumption was lowered. EDSL Tas was able to predict a
similar trend of results for the window surface temperature but not for the energy
consumption. This was mainly due to the inability of the software in demonstrating the
effect of infiltration of the blind.
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1. Introduction

The built environment sector contributes to more than 60% of global energy
consumption and statistics indicate that more than half of carbon dioxide is emitted
from buildings (1,2). Taking this proportion into consideration, it is clear that the focus
should be on reducing building energy consumption levels (1,2). As part of the Climate
Change Act 2008, the UK committed to reducing carbon emissions by 80% in 2050
compared to 1990 levels (1) which was amended in 2019 to 100% making the UK a
“‘Net Zero Emitter” (3). Despite this pledge, the Climate Change Risk Assessment
report in 2017 and also the Sixth Carbon Budget 2020 highlighted that the UK had very
few guidelines in place for existing buildings to enable them to adapt to higher and
lower temperatures (4,5). Therefore, action is needed to find innovative ways to reduce
heat loss in existing buildings and make the existing stock of UK buildings more climate
resilient (6). One of the key improvements that can be made towards the energy
efficiency of buildings especially during winter is balancing the reduction in heat loss
(which includes having more efficient insulation and a considerable reduction in
infiltration) with the benefits of solar gains received by a building (7).

There are various methods to reduce heat transfer from buildings including glazing
optimisation such as vacuum glazing, gas-filled glazing, triple vacuum glazing and
multilayer glazing; methods for frame optimisation can also make a difference in
thermal retention within a building (8,9). One method which has been investigated in
various studies is the use of shading devices which can act as an extra layer of
insulation for windows resulting in reduced heat loss whilst maintaining solar gain when
needed. Although the impact of shading devices on thermal retention has been
investigated in many studies, the majority have been heavily reliant on simulation
results or experimental research studies that have been conducted in very controlled
laboratory-like settings which are not always representative of the real-world conditions
(10-12).

Despite various studies showcasing the benefits of shading devices use in buildings
whether through simulated results or controlled environment experiments(10-14), they
seem to be less prevalent in UK buildings compared to their more widespread use in
Europe which can be due to many factors (15). One of the key factors that has limited
the use of shading devices is their limited consideration at early design stages when
dynamic thermal models are developed. It is optimal to include shading devices from
early design stages to realise the greatest benefits. It is essential then to ensure the
integrity of these models and building energy software programs and that the input
data used by the building designers are as close as possible to real-world performance.
There have been very few studies conducted that highlight the differences between
simulated results and real-world values; however, in 2018, a research paper compared
the real-time data, measured from a London apartment using various shading devices,
with the simulated results generated by IES VE. Although this research study focused
on overheating it highlighted discrepancies between the simulation and reality (16) and
highlighted the ever-existent disparity between simulated results and real-world
results.
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This paper focuses on the comparison of results between the dynamic thermal models
of a shading device when using EDSL TAS and real-world results of an actual installed
shading device in relation to heat loss (window surface temperature and energy
consumption), which ultimately illustrates how shading devices are an effective method
in tackling heat loss in buildings. Within this test, the selected shading device was an
internal sealed cellular blind installed on a single glazed window. This paper included
a sensitivity analysis on the simulated software results in relation to the shading device,
in addition an assessment of the impact of glazing temperature on occupants’ thermal
comfort was conducted. The findings ultimately raise the question of whether the gap
between simulated and real-world scenarios can be made smaller to promote more
effective use of these devices.

2. Real-world Data Collection

The test room was situated in an east facing (110°) office, located on the 7" floor of
the London South Bank University Tower Block, situated in central London, UK
(51.4978° N, 0.1012° W) (Figure 1).

- S

Figure 1: Aerial photograph of Tower Block, London South Bank University.
The red square shows the location of the test room. North is the top of the
photo. Google Maps 2021.

2.1. Layout and Construction

Figure 2 shows the room and window geometry where the height of the room is 2.66
m (3.03m without the suspended ceiling).
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Figure 2: Room and window sizes. Please note that the sizes in this picture are
not to scale

The ceiling, flooring and all internal party walls were all connected to other rooms/parts
of the building with only one exposed external wall. Table 1 presents the construction
elements of the test room which are all based on assumptions and observation.

Table 1: Construction elements of the test room.

Building Element Description

Floor Concrete floor

Ceiling Suspended ceiling

Internal wall Concrete wall without insulation

External wall Concrete block with precast concrete panels
Door Plywood- 20 mm thickness

Window Single glazed window with aluminium frame

2.1.1. Shading Specification

The shading device used in this test was an internal sealed cellular blind with a side-
channel to reduce the air permeability of the blind through the perimeter gaps which
refers to the gap between the blind and the window reveal. The cellular structure has
three insulating air layers enabling a more energy-efficient setup (17) (Figure 3). Visible
reflection of this blind was 0.63, solar reflection was 0.57 and both visible and solar
transmissions of this blind were zero.
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Figure 3: Cellular dimout blind. Left: cellular structure of the blind.
Right: representing the blind when it is sealed using side channels

2.2. Methodology

The real-time data collection process was conducted for the duration of 22 nights
where the main data collection occurred overnight (17:00 to 08:00 the following day).
The real-time data collection was split into two scenarios, one being 11 nights with the
blind installed (extended) and the other 11 nights without the blind present (blind drawn
up) where no individual was present in the room. According to CIBSE Guide A, the
recommended comfort criteria for offices in winter is 21-23 °C (18). As this test was
conducted during March 2021, the heating setpoint was set at 24 °C to increase the
temperature difference between internal and external environments.

2.3. Measuring Parameters and Equipment

2.3.1. Indoor Parameters

The window glass and blind surface temperature values were measured using
insulated thermocouples (type TX-1/0.3mm PFA). Sensors were installed on the
internal side of the window glass and blind to enable measurement of the average
surface temperatures. These thermocouples were all connected to a data logger
(Datataker DT500) with an accuracy of +0.16% (19). This data logger was then
connected to a laptop enabled with a data capture software where the data was saved
and formed a data monitoring system. In addition, using the same variant of insulated
thermocouples, the indoor dry-bulb air temperature was measured by three sensors
and three different heights in the middle of the room; the average of these values was
taken to represent the room air temperature and avoid the effect of stratification.
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Figure 4:Internal data monitoring system

Prior to data collection, the thermocouples and the monitoring system were calibrated
at 10-second intervals for temperatures ranging between 2°C to 40°C. This was
achieved via a temperature-controlled Grant W28 stirred water bath with a temperature
stability of £ 0.004°C which also included a built-in temperature controller and electric
heater. An equation was derived using the calibration results for each sensor. Utilising
the derived calibration equations of each sensor, the corresponding results were then
calibrated.

To maintain the internal room temperature, a 3kW thermostatically controlled electric
turbo convector heater equipped with a timer was utilised. This heater was connected
to an RS PRO power metering socket which had the capability to save the cumulative
energy consumption value in kWh with the resolution of £0.01 kwh.

To ensure correct identification of the uncertainty of each sensor, an uncertainty
analysis was conducted. Afterwards, the uncertainty analysis was performed for each
parameter using the uncertainty propagation law (20):

1 n
w0 =) /Zl(uaz

Where u(X) is the uncertainty of the sensors for location X and ur is the uncertainty of
the individual sensor in location X. So, the total uncertainty for glass surface
temperature measurement was +0.10°C, total uncertainty for internal dry-bulb air
temperature was +0.15°C and for blind surface temperature, this was +0.12°C.

2.3.2. Outdoor Parameters

Three sensors were installed on the weather station stand which includes a dry-bulb
air temperature sensor (rht+ probe with the accuracy of £0.2 °C), a solar radiation
sensor (CMP 3 pyranometer with the sensitivity of 5-20 mV) and an illuminance sensor
(SKS 310 pyranometer). This weather station was positioned outdoor, and the external
sensors located on the weather station were calibrated in advance by the manufacturer
and connected to a battery-operated Skye data logger (DATAHOG?2) to enable the
data to be saved (Figure 5).

Page 6 of 17



CIBSE Technical Symposium, UK April 2022

Figure 5: External weather Station

3. Dynamic Thermal Model

An 8-floor building was modelled to simulate the closest condition to the test
environment (real-world case study) especially in relation to replicating how high up
the test room was from the ground (7th floor) (Figure 6). This allows consideration of
the influence of adjacent rooms and floors on the thermal behaviour of the test room.
To ensure a more accurate comparison, the geometry and orientation of the modelled
room are made the same as the real-world case study.

Figure 6: 3D model of the test room located on the 7th floor of Tower Block
modelled in EDSL Tas
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3.1. Construction Material and Properties

The construction properties and materials of the test room were assigned according to
the CIBSE TM 53, CIBSE Guide A and through observation as stated in Table 1 (21).
Table 2 showcases the thermal transmittance values of the building elements used in
the dynamic model.

Table 2: Thermal transmittance of the building elements used in dynamic
thermal model generated with EDSL Tas

Building Element U-value (W/m2. °C)
Internal floor/ceiling 1.11
External wall 0.60
Internal wall 0.59
Window (without blind) 5.81
Door 1.82

3.1.1. Shading Specification

Table 3 presents the input which the software package requires to enable modelling of
the shading devices in terms of solar gain and thermal performance. The reference to
‘input” data means it is either directly sourced from the shading manufacturer or
assumed by the modeller (22).

Table 3: Software input values for modelling shading devices

Input parameter Unit Values
Solar / Visual Solar transmittance - 0
properties Solar reflectance - External: 0.57
Internal: 0.57
Light transmittance - 0
Light reflectance - External: 0.63
Internal: 0.63
Thermal Thickness mm 20
performance — ~
properties Conductivity W/m.°C 0.04
Emissivity - External: 0.1
Internal: 0.1

Thermal conductivity and emissivity of the blind used in the test were not provided by
the respective manufacturers. The emissivity of the cellular blind, which is a ratio
between 0 to 1, was assumed as 0.1 which represents a low emissivity surface and
high thermal resistance (23). According to the European Solar Shading Organisation
(ES-S0), the default value for the conductivity of an internal single layer roller blind is
0.1 W/mK, as most materials are thin and of a similar thickness (24). However, as the
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blind used in this study was a multi-layer thermal insulating cellular blind with high
capability in reducing the heat transfer through the blind, the thermal conductivity was
assumed as the low value of 0.04 W/mK. When using EDSL Tas, the blind is
considered as a transparent layer within the window construction and the distance
between the blind and the window glass was specified as a layer of air with a thickness
of 100 mm.

3.2. Internal Gains, Infiltration and Heating System

Prior to the real-world test, the air permeability of the room was assessed through a
blower door test which provided the value of infiltration to be 1.89 Air Change per Hour
(ACH). As the window and door were closed during the test, the ventilation was
considered to be zero in the simulation. During the test, the room was unoccupied, and
the lights were all turned off. The monitoring system including a laptop and a data taker
were working 24 hours a day to store the captured data from the sensors.
Consequently, the equipment gain i.e. the internal monitoring system (laptop and data
logger) was assumed as 5 W/m? in the model (18).

The heating system used in the test room was an electric heater which was working
from 17:00 to 08:00 the following day to maintain the temperature at 24°C. The heating
system schedule and setpoint considered in the model were set to the same values as
the real-world case study.

3.3. Weather File

When comparing the simulation results with the real-world data collected during the
test, the simulation weather file needed to represent the real weather conditions during
the test period to reduce the discrepancies between the real and simulated
measurements. A custom weather file was generated using the real-time weather data
which were either measured on-site (located 10m far from the test room) or derived
from the nearest weather station measured by the Met Office (Kew Gardens, St
James’s Park and Heathrow weather station).

4. Results and Discussion

4.1. Real-world Case Study

4.1.1. Thermal Images

In order to better visualise the effect of a cellular internal blind on heat transfer during
the heating season, a thermal camera (model FLIR ONE PRO LT) was used to capture
infrared photos. Figure 7 and Figure 8 show the effect of the blind on the inside surface
temperature which increased from 13.6°C to 22.5°C (8.9°C difference). Considering
the average room temperature of 23°C, when there is no blind the difference between
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the blind surface temperature (window) and the room temperature is close to 10°C
which also highlights the importance of efficient thermal symmetry within the buildings.
CIBSE Guide A states if there is > 10°C difference between the vertical wall and the
internal room temperature then thermal discomfort will be experienced(18).

It should be highlighted that localised discomfort can be evident when an occupant
is positioned adjacent to the cold glazing through the process known as thermal (long
wave) radiant heat exchange. This could have a significant impact on an individual's
well-being in addition to the local air temperature.

|
SN

Figure 7:Thermal image captured with blind showing the blind area with a
surface temperature of 22.50 °C

Figure 8:Thermal image captured without blind showing the glass area surface
temperature of 13.60 °C

4.1.2. Real-world Results

Real-time data were collected for eleven days with a blind installed and eleven days
without a blind during March 2021 to illustrate the effect of the blind on energy
consumption and window surface temperature. Table 4 presents the wind velocity and
differential dry-bulb air temperature (internal and external) (ATin-out) in With and without
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blind scenarios which shows that there is no significant difference in the external
conditions between these scenarios.

Table 4: Descriptive analysis results of external condition

Blind Mean Std. Deviation N
ATin-out (C) With Blind 17.97 2.32 11
Without Blind 16.19 1.98 11
Wind (m.s™) With Blind 2.10 0.75 11
Without Blind 2.49 2.41 11

It was observed that energy consumption had been reduced considerably in the
presence of the blind (Figure 9). The results show that during the presence of the blind,
energy consumption was approximately 51% lower than when there is no blind (based
on the comparisons between the 11-day average energy consumption, with and
without blind).

Window / Glass Surface Temperature and Energy Consumption
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Figure 9:Energy consumption and window/glass surface temperature, while the
internal air temperature was maintained at 24°C during the night

For thermal comfort consideration purposes, the internal surface of the window was
assessed. This means that when there was no blind, the internal side of the glass was
considered as the window surface and in presence of the blind, the internal side of the
blind was considered as the window’s surface. So, the window surface temperature
was approximately 34% higher in the presence of a blind (warmer) which means the
average glass surface temperature (the glass behind the blind) was reduced by
approximately 34%. This means the blind has acted as an insulating layer (Figure 9).
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4.2. Dynamic Thermal Model Results

To investigate the results of the dynamic thermal model produced in EDSL TAS, the
hourly simulated results are compared with the real-world data from the case study. It
IS important to note that these values are analysed from 18:00 to 08:00 the following
day to allow overnight values to be considered. Although the heating system was active
/ operational from 17:00, the results are considered from 18:00 in both the simulations
and the real-world study to negate the impact of thermal mass within the first hour after
turning the heater on. This means the thermal mass of the elements within the room
are not adversely affecting the results and a more stable temperature is maintained.
Comparisons were made by using parameters such as surface temperature and
energy consumption against time plots and by considering the mean error (E) to
measure the errors (differences) between software predictions and real-time
measurements results as below:

E=37,(E)/n
In this analysis Error (Ev) is calculated as below:
E,=P,— M,

Where E: is the error at hour t(°C), Pt is the predicted value at hour t (°C), Mt is the
measured value at hour t (°C) and n is the total number of hours in the comparison
period (25).

4.2.1. Window Internal Surface Temperature

One of the parameters investigated was the internal surface temperature of the window
(°C), with and without a blind. In this section, as the blind is considered part of the
whole window system, the internal surface of a window in the presence of a blind,
represents the internal surface of the blind itself and when there is no blind, the internal
surface of the window is considered as the glass surface. Figure 10 presents the
simulated internal window surface temperature results in EDSL TAS and the real-world
measured values. To make comparisons between the modelled results and the real-
world data collected, the uncertainty of the real-world surface temperature
measurement was calculated as +0.10°C for the glass surface (without blind) and
+0.12°C for blind surface temperature (with blind) in Section 2.3. It is observed in
Figure 10 and Figure 11 that the predicted/simulated internal surface temperature of
the window with a blind reflected a similar trend to the measured values. When the
blind was extended the window surface temperature was higher than when there was
no blind present.
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Window Surface Temperature - Measured vs Simulated
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Figure 10:Window Internal Surface Temperature- Measured vs Simulated
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Figure 11:Window Surface Temperature Mean Errors

4.2.2. Energy Consumption

The energy consumption required to maintain the temperature at 24 °C during the test
period is simulated using the model generated by EDSL TAS. The cumulative energy
consumption was measured in the real-world setting with the resolution of +0.01 kwh.
As it is illustrated in Figure 12, the simulated energy consumption did not follow the
same pattern as the measured values. The differences between the simulated and
measured values are presented in Figure 13 which shows that the simulated values
have very little fluctuation and do not showcase the reduction in energy consumption
when a blind is extended the way the measured values highlighted.
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Figure 13: Energy Consumption Mean Errors

4.2.3. Sensitivity Analysis

A sensitivity analysis was performed to evaluate the effect of total room infiltration and
blind input parameters (shade to glass distance, shading emissivity and shading
conductivity) when they were altered (increased or decreased) within the software, on
the results from the simulated model including the window internal surface temperature
and energy consumption in the presence of blind scenarios.

Each of the parameters were altered to better understand whether this alteration had
any impact on the surface temperature and energy consumption when compared to
the base model (without alteration). Once this comparison was performed, the
percentage of the variance of results (increase or decrease) compared to the non-
altered model was obtained. As an example, the room infiltration (ventilation heat loss)
which was measured to be 1.89 ACH during the real-world test (base-case model),
was reduced and set at 0.25 ACH i.e., the default value in the software to ascertain
the impact of this fluctuation on the simulated model in terms of window internal surface
temperature and energy consumption. This alteration was considered for the shading
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conductivity of the window as well whereby it was increased from 0.04 W/mK (base-
case model) to 2 W/mK. The alteration was then applied to both emissivity and shade
to glass distance (m) whereby emissivity was increased from 0.1 (base-case model)
to 0.9 and shade to glass distance was considered both at maximum (0.3 m) and
minimum (0.01 m) values in relation to 0.1 m (base-case model). This was investigated
in both with blind scenarios and as shown in Figure 14, the impact on this reduction
was only seen on energy consumption which varied by approximately 47% and no
impact on window surface temperature or heat loss was seen.

Reviewing the results in Figure 14 shows that altering shading fabric parameter values
such as conductivity or emissivity could affect the window surface temperature, which
is an element to consider when assessing thermal comfort. However, these elements
did not have a significant impact on energy consumption in the room in the model and
altering certain input values did not seem to have any impact on the results. For
instance, increasing the shade to glass distance for more than 0.1 m did not alter the
results in EDSL Tas.

Effect of parameters used in sensitivity analysis on window surface
temperature and room energy consumption in the presence of a blind

50%
40%
30%
20%
10%

|

Shading Conductivity  Shading Emissivity Shade to glass Room Infiltration
distance (m)

0%

Percentage of Variance

window internal surface temperature Eenergy consumption

Figure 14: Effect of parameters used in sensitivity analysis on window surface
temperature and room energy consumption in the presence of a blind

5. Conclusion

The results from the real-world study highlighted that using an internal sealed cellular
blind has the potential to reduce the energy consumption required to maintain the
internal dry-bulb air temperature at 24 °C from 17:00 to 08:00, by 51% in the presence
of a blind. Additionally, having the blind increased the window surface temperature by
34%. This increase had a positive impact on thermal comfort as due to the exchange
of long-wave radiation between the occupant (if present) and the window area, the
higher surface temperature can improve thermal comfort in colder seasons.

Results reached after comparing real-world measurements and values derived from
EDSL TAS thermal modelling of the shading device showcased that the model followed
the similar pattern of the real-world trend in relation to window surface temperature but
struggled to showcase the reduction impact of shading devices when a blind is
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introduced in relation to energy consumption. After conducting a sensitivity analysis on
the input data for the shading device modelling within EDSL TAS software, it was noted
that factors such as room infiltration (total room ventilation) have a more significant
impact on window surface temperature and especially energy consumption. The EDSL
TAS software was unable to specifically factor in and include the room infiltration
impact in the prediction and model, and therefore the presence of a blind did not reduce
the energy consumption as much as the real-world test. Due to the window surface
temperature value being relevant to a specific area of the test room (window) and
elements such as blind fabric or material playing a bigger role in altering window
surface temperature. Considering EDSL TAS is more suited and equipped to include
these factors (blind fabric/material) in its model, there was a closer match between the
thermal model and real-world measurements in relation to the window surface
temperature.

Further studies and investigation are essential to identify various elements that affect
the thermal retention capabilities of shading devices. This includes using different
types of shading devices and at different durations i.e., during the day where solar
radiation is taken into account. Also, a comparison of the results between the
measured real-time data and the predicted results of the thermal dynamic models is
essential to test the ability of software packages in modelling the shading devices
concerning thermal retention.

More extensive investigation into the effect of shading devices on heat loss both in
real-world settings and in simulated models is recommended especially with regard to
energy consumption because (for example) EDSL TAS was unable to predict the effect
of the blind similar to the real-world measurements. This can be tested with a different
type of heating system using various software packages with a focus on energy
consumption levels throughout the test.
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