


• Solar protection: Static & Dynamic

• Efficient envelope

• Free-cooling & Night purging

• Natural ventilation and thermal mass, ceiling fans

• Direct and/or indirect or two stage evaporation 
cooling

• Mechanical ventilation systems

• Radiant cooling (slab, ceiling panels)

• High performance cooling systems (chiller, cooling 
towers, hydronic systems)

• Hybrid cooling systems

• Other systems



• Objectives
– Compare different shading strategies

• Static shading

• Dynamic shading
– Internal

– In-between

– Double skin

– External

» Fabric

» Lamella/venetian

» Others

– Impact on daylighting



• Impossible to get very efficient static 

solar protection especially on East West 

orientations



• The use of high performance solar 

protection systems combined with high 

inertia and natural ventilation allow to 

reduce significantly the cooling 

requirements even in some of the Indian 

climates



Interior blinds

SHGC > 40%



External movable 

blinds

SHGC < 10%



Movable blinds 

inside double 

facade elements

SHGC < 12%





• Split to take into account the different 

orientation of the high and lower part



• Extrait de la présentation séminaire IDP

– France jalousies

– Films

– Golconda 

– Safal

– ….





Wood Shutters



Only shading system





Fresque Rue de la martinière Lyon



A verifier
L’appellation de store vénitien tient son origine de 
la ville de Venise. Cette origine est due au fait que 
les Vénitiens ont toujours pour habitude de 
voyager à travers le monde afin de commercer. Et 
c’est justement au cours d’un de ces voyages en 
Perse, qu’ils découvrirent le store perse qu’ils 
s’empressèrent d’importer via Venise.
Après l’avoir ramené dans leur pays, ils se sont mis 
à exporter vers la France ce symbole de confort et 
de raffinement vénitien au cours du XVIIIe siècle. 
Les Français de cette époque rebaptisèrent d’abord 
ce qui allait devenir le store vénitien, du nom de 
« persiennes ». Ceci, en raison de la première 
origine du store vénitien, la Perse.
Mais, c’est en premier lieu en Amérique que le 
store vénitien connaîtra sa plus grande popularité 
et deviendra un élément incontournable de 
décoration. C’est John Webster, un anglais, qui le 
premier le rapporte aux États-Unis en 1767. Les 
peintures de cette époque faisant apparaître des 
stores vénitiens en sont le témoignage.
Puis, c’est John Hampson, qui lance 
l’industrialisation du store vénitien aux États-Unis 
en 1841. C’est également à lui que l’on doit 
l’invention du système d’orientation synchronisée 
des lamelles des stores vénitiens. C’est donc au 
XVIIIe et au XIXe siècles, grâce à ces hommes que 
sont créés les modèles de stores vénitiens qui 
rappellent les stores vénitiens que nous 
connaissons de nos jours.
Il faut préciser que le store vénitien est devenu un 
des symboles de l’habitat américain au moment où 
il apparaît pour la première fois dans la décoration 
d’une des célèbres tours new-yorkaises. Cela s’est 
produit en 1933. Cette année-là a eu lieu la 
construction du RCA Building (Radio Corporation of 
America) et, Rockefeller décide de doter ce gratte-
ciel non seulement de la climatisation centralisée 
mais aussi de stores vénitiens. http://www.so-
stores.com/store-venitien-definition/

http://wiki.answers.com/Q/When_were_Venetian_blinds_invented

December 11, 1769 - Edward Bevan patented Venetian blinds in London, England.

August 21, 1841 - The first U.S. patent for a venetian blind was issued to John Hampson of New Orleans, 
LA on a "manner of retaining in any desired position the slats of Venetian Blinds"; first U.S. installation 
of Venetian blinds supposedly was in 1761 in St. Peter's Church, Third and Pine streets, Philadelphia, PA. 

Autres site:

http://www.ehow.com/about_5084089_history-venetian-blinds.html

http://www.gemini-blinds.co.uk/news/blinds-history/

http://www.so-stores.com/store-venitien-definition/
http://wiki.answers.com/Q/When_were_Venetian_blinds_invented
http://www.ehow.com/about_5084089_history-venetian-blinds.html
http://www.gemini-blinds.co.uk/news/blinds-history/




Interior blinds

SHGC > 40%



External movable 
blinds

SHGC < 12%





Shading day-lighting system











Assembling

Cutting

Drilling 

Wooden slats



Assembling

Fabrication 1

Drilling 

Lamella blinds in 
operation



Assembling

Robotised
forming

Drilling 

3rd generation 
movable blinds 
fabrication





• External movable lamella 

blinds

• Tests in 1979 in 

Switzerland

Solar Heat Gain Coefficient
Glass (4-12-4) SHGC = 0.72 – effect 
of external movable lamella blinds

Only glass

White closed
45°

Alu closed

Dark closed 
45°

Grey closed
45°

Inside glass 
surface 

temperature



• 20050511 Si 382-1 Einl Gesamtdoku.pdf

Silver lamella 
integrated

White 
lamella 
integrated

White lamella 
profiles outside

Silver lamella 
integrated

White 
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integrated

Brown lamella 
profiles outside

White lamella 
profiles perf. outside
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• SHGC → 12%

• VLT = 15%

• Not yet an 

optimal 

solution

• Glare ?

• Daylighting ?



• In between glasses 

solar protections

• SHGC varies with 

incidence angle



• Study undertaken to obtain a better understanding of how the 

DesignBuilder simulation program calculates the energy consumption of 

complex building models with different solar control systems in Indore, 

India





Table 1: Window-Wall Ratio 

  Total 
North (315 to 45 
deg) 

East (45 to 135 
deg) 

South (135 to 225 
deg) 

West (225 to 315 
deg) 

Gross Wall Area [m2] 519.4 66.5 193.2 66.5 193.2 

Window Opening Area 
[m2] 207.76 26.6 77.28 26.6 77.28 

Window-Wall Ratio [%] 40 40 40 40 40 

 
Table 2: Thermal Zone Description: geometry 

  
Area 
[m2] 

Conditioned 
(Y/N) 

Volume 
[m3] 

Gross Wall Area 
[m2] 

Window Glass Area 
[m2] 

BLOCK2:OFFICE.2 353.69 Yes 1237.9 196.81 73.5 

BLOCK2:OFFICE.1 353.69 Yes 1237.9 196.8 73.5 

BLOCK2:RECEPTION 107.82 Yes 377.37 62.9 23.48 

BLOCK2:SERVICES 125.79 No 440.26 0 0 

BLOCK2:OFFICE.3 107.82 Yes 377.37 62.9 23.48 

Total 1048.8   3670.8 519.4 193.95 

Conditioned Total 1048.8   3670.8 519.4 193.95 

Unconditioned Total 0   0 0 0 

Not Part of Total 0   0 0 0 

 



• Scenario 1: Window overhangs and fins
• Scenario 1 & 1bis: overhangs and fins

– This model includes 600mm deep overhangs and fins for every window (Figure 6). The glazing system is a 

clear double glazing (Table 4).

Figure 6: Scenario 1: Window overhangs and fins



Table 1–Glazing systems thermal and optical properties used in simulations (frame and dividers not incl.) 

  
Scenarios 1, 3, 4, 5, 

6, 7 
Scenario 2 

  Double glazing: clear Double glazing: tinted 

 Thickness [mm] 6 / 13 / 6 6 / 13 / 6 

Tsol Solar transmittance at normal incidence 0.603 0.081 

Rfsol Front side solar reflectance at normal incidence 0.114 0.094 

Rbsol Back side solar reflectance at normal incidence 0.114 0.328 

Tvis Visible transmittance at normal incidence 0.781 0.101 

Rfsol Front side visible reflectance at normal incidence 0.142 0.094 

Rbsol Back side visible reflectance at normal incidence 0.142 0.380 

Tir Infrared transmittance at normal incidence 0.0 0.0 

Emis F Front side emissivity 0.84 0.84 

Emis B Back side emissivity 0.84 0.51 

U U-value [W/m²-K] 2.670 2.366 

g g-value 0.705 0.206 

 





• Idf files ….

• Trnsys files



WindowMaterial:Glazing,
Glass_60008,             !- Name
SpectralAverage,         !- Optical Data Type
,                        !- Window Glass Spectral Data Set Name
0.006,                   !- Thickness {m}
0.101,                   !- Solar Transmittance at Normal Incidence
0.093,                   !- Front Side Solar Reflectance at Normal Incidence
0.415,                   !- Back Side Solar Reflectance at Normal Incidence
0.111,                   !- Visible Transmittance at Normal Incidence
0.093,                   !- Front Side Visible Reflectance at Normal Incidence
0.375,                   !- Back Side Visible Reflectance at Normal Incidence
0.000000,                !- Infrared Transmittance at Normal Incidence
0.840000,                !- Front Side Infrared Hemispherical Emissivity
0.510000,                !- Back Side Infrared Hemispherical Emissivity
0.900000;                !- Conductivity {W/m-K}

Construction,
1001,                    !- Name
Glass_60008,             !- Outside Layer
1002,                    !- Layer 2
3;                       !- Layer 3



• Energyplus inputs
WindowMaterial:Blind,

BLIND WITH LOW REFLECTIVITY SLATS,  !- Name
Horizontal,              !- Slat Orientation
0.025,                   !- Slat Width {m}
0.01875,                 !- Slat Separation {m}
0.001,                   !- Slat Thickness {m}
45.0,                    !- Slat Angle {deg}
0.9,                     !- Slat Conductivity {W/m-K}
0.0,                     !- Slat Beam Solar Transmittance
0.2,                     !- Front Side Slat Beam Solar Reflectance
0.2,                     !- Back Side Slat Beam Solar Reflectance
0.0,                     !- Slat Diffuse Solar Transmittance
0.2,                     !- Front Side Slat Diffuse Solar Reflectance
0.2,                     !- Back Side Slat Diffuse Solar Reflectance
0.0,                     !- Slat Beam Visible Transmittance
0.2,                     !- Front Side Slat Beam Visible Reflectance
0.2,                     !- Back Side Slat Beam Visible Reflectance
0.0,                     !- Slat Diffuse Visible Transmittance
0.2,                     !- Front Side Slat Diffuse Visible Reflectance
0.2,                     !- Back Side Slat Diffuse Visible Reflectance
0.0,                     !- Slat Infrared Hemispherical Transmittance
0.9,                     !- Front Side Slat Infrared Hemispherical Emissivity
0.9,                     !- Back Side Slat Infrared Hemispherical Emissivity
0.050,                   !- Blind to Glass Distance {m}
0.5,                     !- Blind Top Opening Multiplier
0.5,                     !- Blind Bottom Opening Multiplier
0.5,                     !- Blind Left Side Opening Multiplier
0.5,                     !- Blind Right Side Opening Multiplier
,                        !- Minimum Slat Angle {deg}
;                        !- Maximum Slat Angle {deg}

1001,                    !- Name
2001,                    !- Name

BLIND WITH LOW REFLECTIVITY SLATS,  !- Outside Layer
3,                       !- Layer 2
1002,                    !- Layer 3
3;                       !- Layer 4



• TRNSYS model

• End of solar protection



• Objectives

– Assess influence of parameters like

• Building tightness

• No insulation, insulation 

• Color of the façade (absorption, emissivity)

– Influence on heat transfer (uncontrolled heat gains)

– Influence on temperature of the air layers along the 

façade (heating of air before entering building for 

natural ventilation strategies)



• Objectives

– Assess the potential of free-cooling/night 

purging with high energy efficiency

– Compare with natural ventilation



• Analysis by dynamic simulation for the 

24/7 case



• Baseline 

design



• Free-cooling
– Increase the 

fresh air 
shaft to 
bring 60% of 
the total air 
flow for 
cooling

– Exhaust
through the 
emergency 
staircase



• 24/7 building

• Baseline: 23°C cooling set point
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Shaft data Width 4.2 m

Depth 0.75 m

Area 3.15 m2

Perimeter 9.9 m

Duct length 36 m

Duct sheet area 356.4 m2

Sheet metal price 900 INR/m2

Duct cost 320'760           INR

Other costs per shaft 450'000           INR

Total cost per shaft 770'760           INR

Tenant data Nb_storeys 9

Saving on cooling 60 kWh/m2 floor area

Area 800 m2

COP 4

Electrical saving 15 kWh/m2 floor area

Electrical saving (yr) 12000 kWh/tenant

El price 10 Rs/kWh

Saving 120000 Rs/yr

1A + 1B nber of tenant 72 tenants

Total electricity saving 8'640'000       INR/yr

Total investment (approx) 6'166'080       INR

Payback 0.7 yr





• Objectives

– Assess the potential of natural ventilation for

• Hygienic air change

• Cooling at night

• Cooling during winter and day time

• Influence of thermal mass

– Assess the potential of improving the comfort 

with ceiling fans or other systems



• Take hourly data file, determine the 

duration of the potential



Thermal Mass



• Wind pressure

)( iaheat gHP  −=

( )aiaheat TTgHP −= 
or

Warm Air

Cool Air
Shade

• Stack Effect

Cp surface pressure coefficient

ρ density of the  air wind speed

wind speed

vapa CPPP
2

2


=−=

va

Natural Ventilation:



Natural Ventilation



• Space 3x3x3 m

• Vertical opening 0.3 m x 2 m

• Internal gains 300 or 600 W

• Calculation with

– CFD Flovent

– TRNSYS TRNFLOW

– Simplified equation



• 65000 mesh elements

• Detailed meshing at opening

• K-Epsilon with stratification



• Steady state simulation, constant 

temperature of 20 °C



• H2: hauteur de l’ouverture (m)

• A: surface de l’ouverture (m2)

• T: Différence de température intérieur-extérieur (K)

• T: Température de l’air moyen (degrés K)

• Cd: Coefficient de décharge (~0.6 – 0.7 pour une ouverture 

sans obstruction)

• g: champ gravitationnel (m2/sec)

• Q: Débit (m3/sec)
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• Simplified 

natural 

ventilation 

calculation

• General rule

../Day 2 2) Natural ventilation/Opening_natural_ventilation_single_sided_2e_heat_gain.EXE


Thermal storage

• The ability of a material to store energy is characterised by 

its specific heat (cp, J/kgK). The specific heat of a material 

is defined as the amount of heat necessary to raise a unit 

mass of the material by one degree. The heat that is stored 

in the mass of the material, m, for a temperature change, 

ΔT, is given by:

Intelligent Buildings Technology



Heat transfer

• Conduction - C

• Radiation - R

• Convection - C

Intelligent Buildings Technology



Heat transfer Conduction
• Conductive heat transfer is a process by which thermal energy is 

transmitted by direct molecular communication.

• It is the only mechanism by which heat flows in an opaque solid. 
Conduction in a translucent solid is accompanied by radiation, whilst 
heat transfer through stagnant gases and liquids takes place by 
conduction with some radiation. Convection enhances the thermal 
equilibrium process in moving fluids. The thermal conductivity k of a 
substance determines its ability to conduct heat.

• Conductive heat transfer with respect to buildings concerns the heat 
losses through the building envelope: the walls, windows and doors. 

• Heat transfer is caused by a temperature difference across the 
envelope, always in the direction of the temperature gradient, with 
energy entering the one surface at a higher temperature and leaving 
the other surface at a lower temperature. Therefore, buildings are 
generally affected by envelope losses in the winter and envelope 
gains in the summer.

Intelligent Buildings Technology



Heat transfer Conduction

Intelligent Buildings Technology



Heat transfer Convection

• Convection is a process of heat transfer by the combined action of 
heat conduction, energy storage and mixing motion. 

• Convection is combined to fluids only and requires an external force -
either forced or natural (buoyancy)- to be present. 

• The rate of heat transfer depends on the temperature difference 
between the fluid and the surface and the convective heat transfer 
coefficient h.

• The convective heat transfer co-efficient is a function of 

1) the geometry of the system,

2) the velocities and mode of fluid flow, 

3) the physical properties of the fluid and 

4) possibly on the temperature difference. 

• The convective heat transfer is therefore not constant or uniform 
over the whole surface, although for all intensive purposes in building 
physics it is often considered to be so.

Intelligent Buildings Technology



Heat transfer Convection

Intelligent Buildings Technology



• Objectives

– Assess the potential of evaporative cooling 

techniques

• Direct

• Indirect

• Two-stage



C O N D E N S E U R

E V A P O R A T E U R
pompes eau glacée

pompes refroidissement

by-pass

départ eau glacée

Prétraitement air

collecteur centrale technique

retour eau glacée

Air extrait



• Objectives
– Assess the different strategies for mechanical 

ventilation systems
• All air systems

– Pressure losses

– Air distribution

» Mixed systems

» Ductless, displacement ventilation

• Heat recovery sensible/enthalpy

• Enthalpy wheel (DOAS) 
Fan coils

Radiant cooling



• Objectives

– Assess the potential for the application of 

radiant cooling strategies

• Humidity control strategies in the building

• Gain on temperature in the zone because of 

lower mean radiant temperature

• Impact on the HVAC system



Radiant Cooling

Suspended panel ceiling Capillary tubes Concrete core conditioning

Thermal energy is exchanged between the heat loads present in the space 

and the cool ceiling.



Heat transfer-Radiation
• All bodies emit radiation. Heat transfer via radiation 

occurs when a body converts part of its internal energy (a 
result of its temperature) into electromagnetic waves. 

• In buildings heat transfer due to radiation is most 
apparent with transparent elements, where a large 
amount of the impinging radiation coming from the sun is 
transmitted to the building material. 

• Radiative heat transfer can also contribute to the cooling 
of external surfaces through exposure to the night sky, 
wherin these surfaces emit net radiation towards the clear 
sky, or in the effect of discomfort associated with sitting 
next to hot or cold surfaces (i.e. cold windows).

Intelligent Buildings Technology



Intelligent Buildings Technology

Heat transfer-Radiation









• Objectives
– Compare different architecture of cooling 

systems
• Decentralised DX with dry cooler

• DX with evaporative cooling of the condenser

• Centralised chilled water system
– Dry cooler

– Hybrid coolers

– Cooling towers

– Potential for hydronic free-cooling

– Influence of temperature levels on the performance of the 
system

» Radiant panels, slab cooling (supply at 16-20 °C)

» dehumidification
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• Objectives

– Assess combination of previous strategies

• Natural ventilation

• Evaporative cooling

• Mechanical cooling

• Slab cooling

• High performance cooling system



panneaux 

rayonnants
ECS ventilation dalle active

CAD

chauffage

dalle active

dalle active

dalle active
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radiateurs

plafonds rayonnants

monobloc bureaux avec 

refroidissement adiabatique

monobloc locaux sous-sol

tour humide pour rafraichissement

dalle active





COP
Air: 4

Slab: 
6.5



• Cogeneration

• Trigeneration

• Potential application if genset have to 

run 24/24h



• Develop systematic comparison of 

combination of strategies at an early 

design stage



Indo-Swiss Building Energy Efficiency Project
Project Management and Technical Unit (PMTU) 21 of 21


