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From the European Solar-Shading Organization

Solar and daylight management as an essential
concept in the energy performance of buildings

The importance of solar
shading for our future
Solar shading in energy efficient buildings
As an integral part of the building envelope in energy performance
buildings, solar shading has evolved from a “component” to a “concept
of solar and daylight management”.
Performance Shading Solutions should be integrated by the architect/
builder as an essential concept in the design of sustainable buildings.

Why do we need a building envelope?
“The building envelope plays a key role in determining levels of
comfort, natural lighting and ventilation, and how much energy is
required to heat and cool a building.”
(OECD / IEA 2013 Technology Road Map – energy efficient building envelopes)

Progression of building envelopes
from old stock to future technology
The IEA Technology Roadmap emphasizes the importance of dynamic
solar control in transforming construction to zero-energy buildings.

Nearly-zero energy buildings imply both
dynamic solar control and natural daylight.
Dynamic solar control avoids overheating
Nearly-zero energy buildings have an increased need for cooling to
combat overheating, even in low seasons, due to high insulation and
airtightness. Climate change reports and EPBD recommend solar
shading as one of the most energy efficient solutions available.
(Sources: Overheating in low energy buildings; the influence on solar shading by Per Heiselberg, Aalborg
University, Denmark – Knowledge for climate, climate proof cities, Knowledge for climate research programme –
EPBD Recast, EU Directive 2010/31/EU)

Capturing natural light saves energy
30-40% of electric energy in a typical office building is spent on
lighting. Solar control management, using blinds and shutters, can use
natural light to reduce the requirement for artificial lighting by up to
80% and ensure solar gains for passive room heating.
(Sources: GLES (Guide to low energy saving) BBSA report 2013
– Keep Cool Project, report on summer comfort, 2010)

To meet the 20-20-20 targets, the industry needs to focus on
refurbishment of old buildings to replace ineﬃcient glazing with
dynamic solar shading solutions.
This will deliver cooling energy savings of around
40% and heating savings of 18%.

Outside view and daylight
systems improve wellbeing
“Maximum colour spectrum daylight”
– not just daylight – is essential for
general wellbeing.
With outside views:
• mental function and memory
improve by 10-25%
• Call processing is 6-12% faster
and hospital stays are 8.5%
shorter
With daylight:
• Students learn 20-26% faster
and have 5-14% higher test
scores
• workers are 18% more
productive
• retail sales increase from
15-40%
Solar shading combined with clear
glazing ensures the quality of daylight,
only changing it to diffuse light, by
guaranteeing the full spectrum of visual
daylight and the best Colour Rendering
Index (CRI).

Dynamic shading systems can
outperform static glazing systems
with the ability to vary both solar
gain and thermal loss through the
positioning of solar shading.
The full dynamic range of solar
transmittance is very high for shading.
Extremely low g-values can be achieved
by using dynamic shading devices
without adverse colour rendering of
transmitted light or an adverse effect on
the glazing temperature.
(A business case for green building, WGBC report 2013)

From the European Solar-Shading Organization

Solar shading and its CO2 footprint
Shading is cost efficient delivering
energy savings of up to 60 times
its CO2 footprint over a 20-year
lifespan. The results show that 86%
of CO2 emissions come from the
extraction of raw materials and the
production of primary products.
Only 0.5% is created during
manufacturing. Assuming a lifespan
of 20 years, up to 11% is created

during the operational phase, while
transport and disposal accounts for
2.4%.
In the course of its lifespan,
a
venetian
blind
creates
approximately 150kg of CO2
emissions. However, the external
shading
it
produces
saves
over 8,500kg of CO2, a 57-fold

improvement. Other types of
external shading, in particular
external roller blinds and screens
with various types of solar shading
fabrics, will have a better energy
saving and carbon footprint record,
as they usually generate much
less CO2 during their production
process.

The Würzburg Schweinfurt Institute in Germany calculated the CO2 footprint (carbon footprint) on behalf of the Greenhouse Gas Protocol of the World Resources Institute (WRI) and the
World Business Council for Sus-tainable Development (WBCSD). The calculations were based on a motorised, standard external venetian blind with 80mm slats, 1.2m x 2.0m big.

Dynamic shading solutions for energy efficient buildings - 2014 Study

Cooling energy savings

Conclusion

 Dynamic solar shading leads to
mean cooling energy savings of
more than 36% when averaged
across all glazing types and
climate conditions in Europe.
Cooling energy savings are
higher for facades orientated
between south east and west,
with mean cooling energy
savings rising to 59%. The
highest cooling energy savings
of 65-70% are achieveable on
south west facades.

The ES-SO 2014 study clearly demonstrates the impact solar shading solutions
can have on energy savings.

 With the best performing
external shading products,
solar energy or g-values can be
reduced to values as low as 0.02
for all types of glazing.

Heating energy savings
 Reducing night u-values by
closing shading devices has a
positive impact on space heating
requirements for all European
climate types.
 The reduction in u-values is 55%
for single and 40% for uncoated
double glazing (assuming low
permeability closed shades for
EN 13125 Class 3 and 3/4).

 Solar shading refurbishment can achieve reductions of 17 Mtoe energy
savings and 40 Mtoe CO2 for heating; these figures are 35 Mtoe energy
savings and 85 Mtoe CO2 for cooling.
 Shading is a mature technology engrained in local building culture and
habits where it is often a present and visible part of buildings all over
Europe.
 Dynamic solar shading solutions are an essential concept in energy
performance buildings, in order to avoid the risks of overheating due to the
evolutions in building construction and climate change.
 The combination of external and internal dynamic solar shading is essential
for energy savings and healthy indoor comfort for both refurbishment and
new buildings.
 Shading is cost efficient delivering energy savings of up to 60 times its CO2
footprint over its 20-year lifespan.
The challenge faced by the building sector in order to achieve the target of
40% CO2 savings by 2030 and 80% CO2 savings by 2050 is the development of
innovative smart control systems which will effectively regulate the operation
of integrated solar shading, glazing, natural ventilation, HVAC and lighting
systems within a common framework.
The industry needs to undertake the mission of user education: raising
awareness of the correct way to use energy-efficient building solutions while
delivering the desired indoor environment.
Solar shading is much more than a component. A performance shading
solution is a concept that combines solar and daylight management.
Architects and builders should integrate it as standard in all designs for both
new sustainable buildings as well as refurbishments.
By doing so, we will have a major impact on the 20-20-20 targets and help our
planet.

From the European Solar-Shading Organization

Using the energy balance approach to assess the energy
performance of windows

ESSO Position Paper
November, 2018

By 2050 energy
consumption for cooling
is expected to increase
sharply between 150%
to 600% globally.1
EPBD | Eshading
SSO Positioon
n Paper
Dynamic
glazing can keep more
than 90% of the heat
outside.

The assessment of the energy performance of glazed areas in the building envelope
is often based on insulation properties, i.e. the thermal transmittance (U-value) of
windows. The U-value alone does not include for the significant impact of solar gains.
In reality, windows are also exposed to heat gains, which can be a significant advantage
in the heating season, but present a risk of overheating in summer when there is no
dynamic solar shading/protection strategy used to reduce the solar factor or g-value of
windows in order to avoid/minimize active cooling.
Therefore, adopting a dynamic energy balance2 approach would give a more accurate
picture of the performance
— 3 —of windows in their specific environments.
November 2018

Because it considers solar gains from windows, the energy balance approach takes into
account free solar heat during the heating season, as well as overheating prevention
strategies during the cooling season. Dynamic (moveable) shading has the advantage to
be able to lower the g-value of the window to 0.10, which means that shading on glazed
implementing
areasguidelines
can keep more than 90% of the heat outside.
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with
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Consider using the energy balance3
overheating on southern,
Thanks to the use of
Member statesfor
should
consider using
• Shading
as a minimum requirement to prevent
methodology
determining
the the energy
eastern and western
oriented
energy
balance
overheating on southern,the
eastern
and western
oriented
3 methodology
cost
optimal
solutionsfor
fordetermining
windows the costwindow
balance
optimal façades
window
façades
methodology,
shading
with
dynamic
shading.with dynamic shading.
solutions
for windows
 Dynamic shading on glazing

• Dynamictotal
shading on glazing
achieving a minimum
total
on windows
in Europe
The energy balance of a window
achieving a minimum
g-value
of
0.15
to
reject
heat
effectively
from
windows
to the use
of the energy
balance methodology,
isThanks
the balance
between
the heat
g-value of 0.15 to reject heat
can achieve 22% energy
gains
(g-value)
effectively
windows
shadin
g on windand
ows ithe
n Euheat
rope closses
an achieve 22%
energy from
• Dynamic
shading with natural ventilation (night cooling
savings and reduce
(U-value)
by opening
windows)
savings anof
d raedwindow,
uce 137.52using
Mt/yr of CO2 em
issiDynamic
ons in
shading
with natural

buShading
ildings4. as a minimum
requirement to prevent

ventilation (night cooling by
opening windows)

137.52 Mt/yr of CO2
emissions in buildings4.

Dynamic (moveable) shading is smartly used in closed or open position to maximize the benefits of heat rejection in
summer while
in winter
minimizing
the heating
needs
as itorpermits
the heat gains
during daytime
and to of
give
an rejection
Dynamic
(moveable)
shading
is smartly
used in
closed
open position
to maximize
the benefits
heat
inadditional
summer insulation
while in winter
minimizing
the heating needs as it permits the heat gains during daytime and to give an
layer during
the night.
additional insulation layer during the night.

in summer

In closed position, solar
shading keeps excessive
heat outside, reducing the
internal temperature and
the need for active cooling.
D u r i n g t h e da y

in winter

At night time solar
shading in open position
allows natural ventilation.
D u ri n g t he ni g ht

Solar shading in open
position lets free solar
energy in, thus less
energy need for heating.
D u r i n g t h e da y

In its closed position, solar
shading provides extra
insulation helping to
reduce heat losses.
D u rin g t he nig ht

11 Technology Roadmap Energy Efficient Buildings, IEA 2013
2 Revising the Energy Performance of Buildings Directive: Opening up the potential of windows, Sept 2018
3 Considering the energy balance corresponds to the EPBD Annex 1 where the calculation methodology shall include “ the positive impact of passive heating, passive solar systems and
solar protection, local solar exposure conditions and natural lighting”
4 “Cost Efficient Solar Shading Solutions in High Performance Buildings”, Sonnergy Report 15/498 October 2015

ES-SO, the European Solar-Shading Organization, is the European umbrella of national solar shading and roller
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Environmental
and Energy
Saving Benefits
from solar
shading
- 2006 - V1.1

Environmental and Energy Saving Benefits from solar shading
For the study commissioned by ES-SO, the energy demand reduction and the corresponding
reduction in CO2 and oil consumption due to solar shading are quantified by using building
simulations. These are numerical simulations of the heat transfer in buildings under real climate
conditions, using realistic user comfort demand conditions. Obviously, the thermal behavior of a
building is the result of quite a number of parameters: the climate, the façade, the glazed surface,
the roof and floor construction, the orientation of the building, its use, and many more. In this study,
the simulations are in accordance with European and ISO standards and have been calculated for
a set of representative combinations of the parameters. This allows a reliable conclusion about the
energy demand reduction from solar blinds and shutters for the existing building stock in the EU-25.
The variable parameters result in 256 different possible scenarios. From these, twenty-four (24) were
selected in such way that the results allow the comparison of the effect of all the parameters on
the energy demand for heating and cooling. For each case, two calculations are done: one without
blinds or shutters, the other with (controlled) blinds or shutters.
A realistic assumption was made about the required level of temperature expected by the user. For
the heating season in the residential application, a target temperature of 20°C has been assumed
from 8 am to 22 pm, seven days a week, while in summertime allowing 24°C for the same period.
For the office conditions, the wintertime temperature has equally been assumed at 20°C from 9 am
to 6 pm, five days a week, while allowing 24°C in summertime. For both the residential and office
situation, outside the time limits mentioned a temporary increase to 30°C could be possible. The
assumed internal temperature scheme implies that besides heating, cooling is part of the building
simulation.
The results of the 24 scenarios, each time with and without solar shading device, have then been
converted into global, EU-wide figures, as percentages and in absolute figures of potential energy
savings and reduced oil consumption.
The relative savings, in %, for the four climates areas have been graphically represented as follows:

Conclusion
Solar shading devices, preferably controlled, mobile and
automated, will make the solar transmittance through the
windows dynamic and adaptable. In that way, both the cooling
energy demand in summer and the heating demand in winter
can be substantially reduced, by making good use of free solar
gains, when they are welcome – in winter – while avoiding
overheating in summertime.
This scientific study of ES-SO shows that, with a number of
reasonable assumptions, the feasible energy savings and carbon
emission reduction from solar shading are very significant. The
study also shows that solar shading is useful – needed – in all
seasons and all climates. In the northern countries, with their
long summer days and low standing sun, solar shading helps
to take optimum advantage of the great quantities of free
solar energy striking the windows. In the southern countries,
solar shading helps to block the excess solar heat, reducing
substantially the need for large air conditioning installations.

 External blinds and shutters
show a much better
performance when it comes
to reducing the cooling
demand.
 Even for north-west
orientations, the reduction of
cooling demand is important
 The thermal transmittance
of the window (the U-value)
has little effect on the cooling
energy demand.
 The effect of shutters on the
heating demand is higher in
residential buildings than in
offices, because of the longer
heating periods in houses and
apartments and the greater
internal heat gains in offices
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Roller Shades in Residential Buildings
- Version 3.0, July 2012

White Box Technologies, Yu Joe Huang
- Version 3.0,
July 2012

THE MODELING OF THE
ROLLER SHADES

The Impact on Energy Use and Peak Demand of
Roller Shades in Residential Buildings
Figure 8. Page 1 of detailed city report for roller shades in Washington DC

The roller shades plus
the window glazing are
considered as a single
assembly with a combined
Solar Heat Gain Coefficient
(SHGC) or Shading Coefficient
(SC), as used in DOE-2.
Phifer Incorporated asked
laboratories to measure the
combined optical and solar
properties of their products
placed in front of various
types of windows, such as the
three window types selected
for this analysis, and at various
sun angles.
For this study, the measured
SHGCs for the roller shade
and window assembly
at different sun angles
(typically 0, 30º, 45º and
75º) are compared to the
SHGCs for the glazing alone,
and effective SHADINGFRACTIONs derived.
In order to extend these
SHADING-FRACTIONs to all
sun angles, regressions are
done against the sun angle to
produce quadratic equations
that are then used in the
DOE-2 simulation as fractional
multipliers to a SHADINGSCHEDULE that reduce the
amount of solar gain entering
the building.
There are in total 15 equations
for the five roller blind fabrics
combined with three types
of windows. To illustrate this
procedure, Figure B.1 shows
the measured data for a
Black/Brown fabric with an
Openness Factor (OF) of 25%
at three angles converted to
Shading Fractions by dividing
by the measured SHGC by
the glazing SHGC. Figure
B.2 shows the quadratic
equations that are developed
by regression analysis.
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White Box Technologies, Yu Joe Huang

The Impact on
Energy Use and
Peak Demand
of Roller Shades
in Residential
Buildings

Figure 9. Page 2 of detailed city report for roller shades in Washington DC

- Version 3.0,
July 2012
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White Box Technologies, Yu Joe Huang

The Impact on
Energy Use and
Peak Demand
of Roller Shades
in Residential
Buildings

Figure 10. Page 3 of detailed city report for roller shades in Washington DC

- Version 3.0,
July 2012
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The Impact on
Energy Use and
Peak Demand
of Roller Shades
in Residential
Buildings

Figure 11. Page 4 of detailed city report for roller shades in Washington DC

- Version 3.0,
July 2012
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The Impact on
Energy Use and
Peak Demand
of Roller Shades
in Residential
Buildings

Figure 12. Page 5 of detailed city report for roller shades in Washington DC

- Version 3.0,
July 2012

Pages 31 through 280 contain the 50 city reports for awnings, and pages 281 through 530 contain the 50
city reports for roller shades. These are part of the final report, but to avoid unnecessary clutter, the
tables are kept as separate PDF files available for download from PAMA.
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The regression relationship of heating load, cooling load, annual
energy consumption load and the WWR in different orientations.

Sustainability 2021, 13, 6138
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In this study, the window orientations are divided into south, north and east, and

In this study, the window
orientations
are divided
into south,
north and
east, and
Figures
19–21 illustrate
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Figure 20. Relationship between WWRN and building energy consumption for the three building types.
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Figure 21. The relationship between WWRE and building energy consumption for the three building types.
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Table 10. Heating/cooling energy consumption on the south side of the three building types.
Table
Table 10.
10. Heating/cooling
Heating/cooling energy
energy consumption
consumption on
on the
the south
south side
side of
of the
the three
three building
building types.
types.

Building Type
Building
Building Type
Type

Detached House
Detached
Detached House
House

WWRS
WWR
S
WWR
0.20 S
0.20
0.20
0.25
0.25
0.25
0.30
0.30
0.30
0.35
0.35
0.35
0.40
0.40
0.40
0.45
0.45
0.45
0.50
0.50
0.50
0.55
0.55
0.55
0.60
0.60
0.60

Heating (kWh)
Heating (kWh)
(kWh)
Heating
1412.31
1412.31
1412.31
1378.48
1378.48
1378.48
1345.49
1345.49
1345.49
1313.23
1313.23
1313.23
1282.01
1282.01
1282.01
1252.51
1252.51
1252.51
1223.07
1223.07
1223.07
1195.12
1195.12
1195.12
1168.50
1168.50
1168.50

Cooling (kWh)
Cooling (kWh)
(kWh)
Cooling
723.99
723.99
723.99
749.84
749.84
749.84
776.16
776.16
776.16
803.55
803.55
803.55
832.25
832.25
832.25
862.14
862.14
862.14
893.42
893.42
893.42
925.00
925.00
925.00
957.20
957.20
957.20

Total (kWh)
Total (kWh)
(kWh)
Total
2136.30
2136.30
2136.30
2128.32
2128.32
2128.32
2121.64
2121.64
2121.64
2116.78
2116.78
2116.78
2114.26
2114.26
2114.26
2114.64
2114.64
2114.64
2116.49
2116.49
2116.49
2120.12
2120.12
2120.12
2125.70
2125.70
2125.70

Energy Consumption Per m−2
Energy Consumption
Consumption Per
Per m
m−2
−2
Energy
118.03
118.03
118.03
117.59
117.59
117.59
117.22
117.22
117.22
116.95
116.95
116.95
116.81
116.81
116.81
116.83
116.83
116.83
116.93
116.93
116.93
117.13
117.13
117.13
117.44
117.44
117.44

