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Figure 2 Costs and savings by Energy Efficiency Measures
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In the following sections is a brief description of technical solutions. 

 

                                                 
2
 Energy Heritage. A guide to improving energy efficiency in traditional and historic homes, 

Changeworks Resources for life and Edinburgh World Heritage, 2008. 
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1.2.1 Pipeworks insulation 

Insulating pipeworks, ducts, boilers, hot/cold water tanks would reduce loss of 
heat generated for conditioning the building and provide hot water. Picture below 
shows a tank insulation, which should be applied all around but not between the 
tank and the room.  

 
Figure 3 Insulation of a water tank.
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This solution usually has not any visual impact and then should be systematically 

pursued when intervention on existing buildings are planned. 

 

  
Figure 4 Insulation of an extract duct (sx) and of pipes and cistern (dx).
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3
 Energy Conservation in traditional buildings, English Heritage, June 2007. 

4
 Thermal Insulation avoiding risks, BRE (C. Stirling), 2002. 



EUROPEAN COMMISSION - FP7 3ENCULT 

Internal insulation and moisture transport 
 

Report Ref | Issue | 21 March 2011  

J:\70000\77315-94 3ENCULT\04 INTERNAL PROJECT DATA\4-05 REPORTS\110331 D3.2\3.2.1 INTERNAL INSULATION\WP3_D3.1_20110321_P05_INTERNAL INSULATION AND 

MOISTURE.DOCX Pagina 5
 

1.2.2 Roof insulation 

Next step after insulating pipeworks is roofs’ insulation, which is an extremely 
cost-effective solution to reduce energy losses and CO2 emissions. 

Insulation should be installed throughout rather than partially. In fact, partial 

insulation would be the worst case scenario, causing cold bridging and 

condensation forming, thus damaging and deteriorating the building components: 

timber rot due to condensation and moisture forming on the ceiling below the loft 

are the most frequent issues. 

1.2.2.1 Pitched roofs 

 
Figure 5 Typical double pitched roof construction.
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Insulation should be installed directly above the top floor ceiling. If ceiling joists 
are present, insulation should be placed in between.  

In attics used for accommodation, insulation can only be installed on the 
underside of the rafters. Insulation in between rafters is risky and should be done 
very carefully, as it could cause mould developing between insulation layer and 
vapour breathing barrier. When applying insulation below rafters, micro-
ventilation should be guaranteed to avoid condensation forming below roof slates. 

Loft insulation is the most basic and usually the cheapest and easiest insulation 
measure, saving up to 20% of heating energy. Thickness should be around 250 
mm to obtain a reduction from 2.3 to 0,15 W/mK, which would be the expected 
target set by Public Bodies in UK. 

In pitched roofs it is fundamental to maintain the ventilation around the eaves, to 
avoid moisture building up below slates. Therefore, any additional insulation 
should not compromise the ventilation. 

 

                                                 
5
 Energy Heritage. A guide to improving energy efficiency in traditional and historic homes, 

Changeworks Resources for life and Edinburgh World Heritage, 2008. 
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Figure 6 Ventilation options in the roof space
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Figure 7 Cold pitched roof incorporating a vapour membrane 

 

                                                 
6
 Thermal Insulation avoiding risks, BRE (C. Stirling), 2002. 
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Figure 8 Loft insulation.
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Most common materials for loft insulation are soft insulating quilt, which can be 

made of mineral fibre and natural materials (cellulose fibre, sheeps’ wool, hemp, 

cotton). Blown or loose fill insulation is also used, as mineral fibres and cellulose 

fibres. Natural materials are usually more appropriate in listed buildings, due to 

their tendency to breathe; besides they are more sustainable, having a lower 

embodied energy. Non permeable materials (like foil-backed insulation and 

membranes) must be avoided.  

In the next section, some possible insulation materials are listed. 

 

1.2.2.2 Flat roofs 

Warm deck 

The insulation is placed above the roof deck, but below the weatherproof 

membrane. Ventilation is not required since the insulation is bedded on a 

continuous vapour control layer. This method is used above timber, concrete and 

metal structural decks. 

This insulation method is appropriate when the weatherproof membrane of a 

concrete or timber warm deck flat roof has failed and needs to be renewed or 

where the membrane is in good condition, but the insulation needs to be upgraded. 

For timber flat roofs, the method may also be used to replace a cold deck 

construction where only the structural joists are in a satisfactory condition. 

                                                 
7
 Fit for the future. The green homes retrofit manual – technical manual, Housing Corporation, 

June 2008. 
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Technical Risks: 

• Fatigue of weatherproof membrane; 

• Insulation damaged by heat during construction; 

• Fire spread from a melting or burning weatherproof membrane and 
combustible insulation; 

• Condensation within the construction; 

 

Inverted Warm deck 

The insulation is placed above the weatherproof membrane. It is protected from 

UV degradation and held down against wind uplift by edge restraint. The method 

can be used above concrete, metal and timber structural decks. Concrete decks are 

capable of supporting a ballast layer of paving slabs. With lightweight decks, that 

cannot carry heavy ballast, use a permeable sheet topping to restrain tongued and 

grooved insulation boards to create a fully interlocking layer. 

  
 

Technical Risks: 

• Increased heat loss due to rain cooling 

• Condensation through chilling of lightweight metal decking 

• Degradation of the insulation 
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• Abrasion of the weatherproof membrane 

 

Cold deck 

The insulation is placed at ceiling level with a void ventilated to the outside 

between the insulation and the deck. It should be considered only for timber 

construction. With increased levels of insulation it may prove impractical to 

achieve the desired thermal performance and the required ventilation without 

increasing the depth of the joists by additional battening. The preferred option is 

to provide a warm deck flat roof. The cold deck roof should not be an option in 

the temperate, humid climate, where sufficient ventilation may not be achieved. 

It is usually not possible to upgrade the thermal insulation value of an existing 

cold deck roof. The preferred option is to convert it to a warm deck flat roof. 

Technical Risks: 

• Condensation within the roof 

• Condensation at thermal bridges 

1.2.3 Floor insulation 

In typical houses and buildings, ground levels floors account for around 15% of 
total heat loss. Additional insulation can be installed either on “ground built” 
surfaces or suspended timber floors. 

Floor insulation can be very effective and the target U-value should be around 0.6 
W/m²K for basement floors form the usual 3.5 W/m²K before of intervention. 

 
Figure 9 Continuity of floor insulation.

8
 

1.2.3.1 Installation from below 

Installation of soft insulation from below of suspended timber floors, where joists 
are exposed, would be easier. Insulation should be fitted between floor joists. A 
net will hold them in correct position. 

                                                 
8
 Thermal Insulation avoiding risks, BRE (C. Stirling), 2002. 
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Figure 10 Typical insulation between joists applied from below.

9
 

1.2.3.2 Installation from above 

Floorboards must be lifted to access installation space and then re-laid. Particular 
care should be taken with old wide hardwood boards, with tongue and groove 
edges. These boards should be retained as much as possible, as they provide better 
insulation than butted floorboards. In suspended timber floors, thinner insulation 
could be used, as a layer is usually already present below floorboards. Either 
battens (fitted to the side of joists) or plastic net must be installed before of laying 
the insulation. 

 
 

     
Figure 11 Insulation between joists installed from above. Timber supported (left) or 
plastic net support with side battens (right).

10
  

                                                 
9
  

10
 Energy Heritage. A guide to improving energy efficiency in traditional and historic homes, 

Changeworks Resources for life and Edinburgh World Heritage, 2008. 
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2 Moisture Transport 

2.1 Internal insulation and moisture 

When adding insulation to a modern structure, it is routine to check the 

construction for interstitial condensation. If it is predicted, a further calculation 

should be carried out to see how serious the build up of moisture at the 

condensation plane is likely to be, both in its own right and by putting any 

materials, like timber, present at risk of decay.  

2.2 Fabric changes 

Changes to the fabric of a building in order to reduce heat loss can alter its 
moisture transfer mechanisms, including the ability of the fabric to ‘breathe’. 
Three important aspects of moisture transfer contribute to maintaining the balance 
of moisture content found in many historic buildings: 

• permeability: the capacity to allow water vapour to pass through; 

• capillarity: the ability to mop up or wick away water as liquid; 

• hygroscopicity: the tendency actively to draw moisture from air and store it. 

 

If too much moisture accumulation is predicted, the normal solution in a modern 

building is to introduce a high-resistance vapour-control layer on the warm side of 

the insulation to prevent the water vapour diffusing out into the structure.  

Even if a calculation shows that condensation by diffusion will not occur, caution 

is still needed. If there are air gaps or cracks through the structure (as there often 

are around the edges and at joints), moist indoor air can ex-filtrate quickly and 

directly to the cold structure, by-passing the vapour-control layer and creating a 

risk of localised interstitial condensation. Great care must therefore be taken to 

seal any insulation on the warm side against bulk air movement. 

However, even if the insulation and the vapour control layer are installed 

successfully, there can still be problems in a traditionally constructed building. 

The vapour-control layer intended to prevent moist indoor air from diffusing into 

a modern wall also blocks the low-vapour-resistance ‘breathable’ path for 

structural moisture to escape internally. This can lead to increased dampness and 

even decay. 

When selecting insulation materials for older buildings, a further degree of safety 

can be provided by using materials which are hygroscopic, e.g. natural 

insulation materials such as sheep’s wool and cellulose fibre. These can absorb 

some excess moisture without leading to condensation or decay, and release it 

when conditions are more favourable. 

 

2.3 Vapour barriers 

For older structures, it is therefore important that new insulation does not disturb 

the moisture balance significantly. One way to achieve this is to control interstitial 

condensation not by using a high-resistance vapour-control layer (e.g. a 
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polyethylene membrane), but by adding a layer of much lower vapour resistance - 

sufficient to prevent the interstitial condensation, but not enough to destroy the 

ability of the fabric to ‘breathe’. 

A simple rule of thumb for initial consideration is that the vapour resistance 

inside the likely plane of condensation (which is normally where the internal 

insulation meets the external fabric) should be at least five times ‘the resistance 

between this point and the outside of the building. 

 

 
Figure 12 Typical section showing points for vapour resistance checking.

11
 

 

2.4 Breathing walls and connections 

Traditional buildings, including most historic buildings, tend to be a solid-wall 
construction, built primarily with porous fabric that absorbs moisture, but also 
allows it to evaporate readily. This would be the ability of the building fabric to 
'breathe'. So, “breathing wall” does not mean that air exchanges occur through 
walls, because building materials basically do not “breathe”. Also the idea of 
having hygroscopic materials that themselves alone are able to regulate moisture 
air content is not founded, as air humidity can be regulated to a limited extent by 
interior surfaces, which may help reducing peak levels. Besides, insulation 
materials often do not participate to these processes as they are covered by other 
layers. 

An old building uses evaporation and ventilation to reduce the moisture in the 
walls to an acceptable level, i.e. one that does not cause decay, mould growth, or 
damage to decorations. Evaporation and moisture buffering effect are useful just 
to reduce peak levels of moisture content in old construction, but a dry 
environment can only be achieved by a conscious design and exploitation of 
ventilation. 

 

 

                                                 
11
 Guide to building services for historic buildings. Sustainable services for traditional buildings, 

CIBSE, November 2002. 
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Figure 13 Comparison of air movements and moisture transfer in new and old 
buildings.

12
 

 

In contrast, many modern insulation techniques include impervious vapour control 

layers, designed to stop moisture from indoors diffusing out through the insulation 

and leading to interstitial condensation. However, if these same impervious layers 

are used in a traditional building, they can trap the moisture already in the wall 

and stop it evaporating, making the wall damper and more prone to decay. 

                                                 
12
 Building Regulations and Historic buildings, English Heritage, March 2004. 
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Figure 14 Typical moisture movement in an old building.

13
 

 

In older buildings there is a dynamic equilibrium between absorption and 
evaporation. To keep the fabric reasonably dry and the internal environment 
healthy, extra indoor ventilation is required to remove the moisture that 
evaporates. Further moisture is driven off when the building is heated, so any 
extra heating may also require more ventilation. 

 
Figure 15 Moisture control in old buildings at wall to ground connection.

14
 

 

                                                 
13
  

14
 Guide to building services for historic buildings. Sustainable services for traditional buildings, 

CIBSE, November 2002. 
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2.5 Hygroscopic insulation materials 

Most of insulating materials are not hygroscopic, so they cannot absorb moisture 

and they are given a water repellent treatment; they also do not support any 

capillary action. Anyway, some hygroscopic and capillary active materials are 

present in the market. 

 

Cellulose fibre 

As listed above, one of the most interesting materials and innovative materials to 

be used for internal insulation is cellulose fibre. It comes from scrap paper + 8-

20% of powdered boric salts, which improve reaction to fire. Boards are produced 

mixing paper with fibres and binders, pressing them together in steam. Density is 

30-80 kg/m³ for a thermal conductivity range of 0.040-0.045 W/mK. 

 

 
Figure 16 Scrap recyclable paper: raw material for cellulose fibre production. 

 

Cellulose insulating materials are open to diffusion and can compensate humidity. 

Typical application for flakes is filling voids between joists of roofs and timber 

stud walls. Application is made with a spray on and compacting process; then the 

cellulose has to dry-up and harden. The layer can then be plastered. The selection 

of plaster must consider the properties of cellulose fibres materials. In fact, it is a 

capillary active, which allows for water vapour transportation in its fibres; 

therefore the plaster layer should improve air tightness, provide water tightness, 

but any obstacle to vapour transport would be reduce the effectiveness and 

deterioration of insulation. 

 

         
Figure 17 Cellulose flakes spray application (left) and roof sprayed insulation (right). 



EUROPEAN COMMISSION - FP7 3ENCULT 

Internal insulation and moisture transport 
 

Report Ref | Issue | 21 March 2011  

J:\70000\77315-94 3ENCULT\04 INTERNAL PROJECT DATA\4-05 REPORTS\110331 D3.2\3.2.1 INTERNAL INSULATION\WP3_D3.1_20110321_P05_INTERNAL INSULATION AND 

MOISTURE.DOCX Pagina 16
 

 

However, sprayed-on solutions should be carefully used as they prevent proper 

inspection and compromise the re-use and recycling of adjacent materials. 

 

Calcium Silicate Foam 

A comprehensive list of performance for Calcium Silicate is contained in the table 

provided by Remmers. 

Calcium Silicate Foam Boards are produced from calcium and silicon oxide, with 

few parts of cellulose (around 6%), which improves the flexibility of boards and 

the stability of the edges. Boards are produced putting the mixture in autoclave, 

under action of pressure and steam. Finally, an open cell, rigid foam is obtained, 

which is processed to achieve hydrophobic properties. Density is high; typical 

range is 200 to 300 kg/m³. 

Insulation properties are not extreme (0.040-0.045 W/mK), but boards have a 

good mechanical resistance in compression and dimensional stability. Most 

important feature is their capillary action, which allow moisture absorptance, 

storage and release, which makes it one of the most viable solutions for internal 

insulation. In contrast with usual internal insulation materials application, a 

vapour barrier should not be installed. 

Weak point about the use of this material is high energy demand for its 

production, even if raw materials are available in large quantities. 

 

Cork Boards 

Historically, cork has been used since the 2
nd
 century. Cork boards are 

manufactured from cork oak and sometime from recycled cork. Cork is grounded 

to form a granulate and expanded in autoclave; granulated cork (3-10 mm) is then 

pressed in blocks. Granulates are bound with resin released from the cork itself 

during the pressing process. Products could also be impregnated by adding some 

bitumen. 

 

 
Figure 18 Use of cork boards for roof insulation 

 

Cork has good sound and thermal insulation properties (100-200 kg/m³; 0,045-

0,060 W/mK); it is impervious with respect to air and water, but allows for 

diffusion. In fact it does not age or rot and does not provide nutrients for insects. 
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A critical point from the ecological point of view is the relatively limited stock of 

cork oak tree and sometimes the very long transport distance, as it comes mainly 

from Mediterranean Europe. Cork grows slowly and the risk of “overharvesting” 

is high. Except for the impregnated one which can only be reprocessed, cork is 

recyclable, used for loosening soils or composted. 

 

Sheep’s wool 

Insulating material comes from pure sheep wool, which is sometime obtained 

from recycled wool. Some additives (sodium salt, urea) protect the wool against 

moths and insects. Thin batts (less than 100 mm) are often reinforced with 

polyester fibres and natural latex milk. 

Sheep’s wool has good insulating properties (0,040-0,045 W/mK), is hygroscopic 

and rot-resistant. It can absorb up to 30% of its weight in moisture and release it 

quickly. It is also used as impact sound insulation infill between structural 

elements. 

 

 
Figure 19 Internal insulation with sheep’s wool boards in between studs. 

 

Sheep’s wool is a natural product, but it is affected by a quite energy consumption 

of cleaning agents and flame retardant; besides, in the event of fire, the keratin in 

the wool would cause toxic substances to be released. 

 

Wood Fibres 

The raw material for wood-fibre insulating materials comes from long-fibre 

softwood and sometimes also hardwood (waste products). Boards are treated with 

boric acid to provide fire resistance and maybe and also with bitumen for 

hydrophobic treatment (not to be used as internal insulation!). Wood is broken 

down to in chips and then turned into a pulp in autoclave before pulverisation. 

Fibres are then mixed with the binder and pressed to form boards. Binder is either 

latex or wax emulsion.  

Wood fibres boards have good thermal and sound insulation properties (0,040-

0,090 W/mK). They are open to diffusion. Light wood-fibre products have better 

thermal insulation properties, can absorb moisture and release it quickly, but tend 

to swell. They also have good resistance to mould and insects. 
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3 Open issues and guidelines for the project 

• Investigate possible weak points of internal insulating materials in respect 
with conservation issues. 

• Assessment of capillary active products behaviour and properties in 
different climate conditions. 

• Check suitability of other natural low embodied carbon materials for 
internal insulation and moisture transport. 

• Development of improved and “historical-friendly” application 
techniques, mainly in joints and connections. 

• Installation and sealing techniques. 



 

Deliverable D3.1 Discussion Basis for Multidisciplinary Workshop  
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1 General 

The refurbishment of existing building stock is due to be a key growth area in the 
decade commencing 2010. Many envelopes are performing poorly thermally or 
are overheating due to increased internal heat gains. The physical fabric of the 
cladding is degrading structurally. Buildings are looking tired and in need of a 
refreshed image. Besides, refurbishment of an existing structure has potential cost 
and sustainability advantages over complete demolition and rebuild. Many new 
materials are now available. 

• Building Physics Informed Design 

The first question in a building refurbishment is to understand how the 
existing building performs; what are its strengths and weaknesses and 
where it has fallen short previously. The skills of the Building Physicist 
can pinpoint the reason for high energy bills, uncomfortable conditions or 
condensation and advice on corrective measures and strategies for 
improving the façade’s performance. New designs for upgraded facades 
can then be modelled in a similar way, to quantify improvements and 
assess benefits against build costs. This approach informs decision 
making.  

• Sustainability 

Sustainability must be integral to the process, considering the longevity of 
the materials used and the energy efficiency of the façade from the initial 
stages onwards rather than, being an after thought.  

• Materials 

Materials specialists with conservation expertise should be involved in the 
process: metallurgists, glass specialists, geologists, ceramics, plastics and 
concrete experts. 
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2 Windows refurbishment 

Windows typically account for only 10-20% of heat losses of a building. Anyway, 
it usually is one first building elements to be improved in a refurbishment 
operation. The appearance is a significant factor in shaping the overall character 
of the building and this can drive the choice of the improvement options available 
for historic buildings. 

 
Figure 1 Components of a typical sash and case window

1
 

 

2.1 Windows improvement 

Typical timber frame single glazed window may have a U-value as 5.5 W/m²K 

Improvement measures can be the following: 

• Adding draught proofing; 

• Adding secondary glazing: U-value lower than 2.3 W/m²K with low-e 

glazing; 

                                                 
1
 Energy Heritage. A guide to improving energy efficiency in traditional and historic homes, 

Changeworks Resources for life and Edinburgh World Heritage, 2008. 
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• Adding wooden internal shutters: U-value lower than 2.2 W/m²K (night 

time solution; 

• Replacing the window with modern double/triple glazing: U-value lower 

than 2.2 and 1.0 W/m²K respectively. 

2.1.1 Adding draught proofing 

Heat losses also occur through gaps between windows and its frames. There is a 
wide range of draught proofing technology available, which usually do not arise 
any issue for historic buildings. A typical system consists of narrow insulating 
strips: plastic, neoprene in a carrier, carrier-based tubular brush strips or mastic 
gun-applied sealant. 

A more complex system consists of fitting draught proofing in channels integrated 
in the window frame. This usually involves removal and dismounting of windows. 
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Figure 2 Possible applications of additional draught proofing systems.

2
 

 

2.1.2 Secondary glazing 

Secondary glazing has less impact on visual appearance than replacement with 
DGU or TGU and is usually accepted from a building conservation viewpoint if it 
does not cause any damage to internal materials and finishing.  

                                                 
2
 Energy Heritage. A guide to improving energy efficiency in traditional and historic homes, 

Changeworks Resources for life and Edinburgh World Heritage, 2008. 
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Weak points of this solution are the following: 

• Intrusion into the room and loss of usable space; 

• Increase of visual distorsion due to the double reflection effect visible 
from outside. 

• Need of integration with eventually present curtains and blinds. 

 

     
Figure 3 View of secondary glazing installation from inside

3
 

 

Besides, visual impact must be minimised using a complementary style for the 
secondary window/glazing. The secondary window is usually installed internally 
with the aim of reducing both radiated heat loss and air leakage. Some examples 
are shown in the image below. 

                                                 
3
 Energy Heritage. A guide to improving energy efficiency in traditional and historic homes, 

Changeworks Resources for life and Edinburgh World Heritage, 2008. 
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Figure 4 View from outside: visible secondary glazing (left), reflections and visual 
distorsions (centre), secondary glazing without intermediate frames (right).

4
 

 

2.1.3 Replacement 

In case of replacement two main components should be considered: glass and 
frames. 

Frames 

DGU and TGU have wider and thicker frames than the single glazing unit they 
replace. In some cases DGU can be fit into existing timber frames, depending on 
the original dimensions and remaining spaces for rebates. 

Glazing 

The current manufacturing process of glass panes differ significantly from those 

used in the past. So, modern glass has a more homogeneous and flat surface and is 

usually more reflective. Old style glass can be manufactured, but it cannot be used 

for assembly in double glazing units. 

A possible solution would be to save the replaced glass and use in new frames. 

2.1.4 Warm Edge Spacers 

Heat loss through perimeter ‘spacers’ used in the construction of traditional 

double glazed units, is a major contributory factor to thermal performance of 

glazing systems. ‘Warm edge spacers’ are products employing plastic or stainless 

steel alternatives to the usual (poorly performing) aluminium products, which are 

becoming more common in continental façade construction. 

 

                                                 
4
 Energy Heritage. A guide to improving energy efficiency in traditional and historic homes, 

Changeworks Resources for life and Edinburgh World Heritage, 2008. 
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Figure 5 Super spacer with improved thermal performance to reduce cold bridges at the 
glass edge. 

   

 

 

2.2 Window to wall junction 

Window to wall junction may cause several problems when replacing windows or 

external door frames, which have to meet the surrounding and existing masonry 

wall. 

It is of great relevance in refurbishments, when replacement windows are installed 

in an existing structural opening or when the internal plaster finish of the external 

wall is to be replaced with internal insulation. 

Technical risks: 

• Condensation and mould at thermal bridges 

• Increased heat loss due to air movement 

• Mould on reveals due to contact with thermally conductive window frames 

2.2.1 Condensation at thermal bridges 

If the continuity of the thermal line is interrupted, the internal surface temperature 

may fall locally below the dewpoint, resulting in condensation, causing mould 

growth and damage to wall decorations. 

When a window or door frame is set back behind the inner face of a dense outer 

masonry leaf, it should overlap an insulated closer by a minimum of 30 mm. 

 

 
 

In harsh exposure conditions, the frame has to be set-back for its full depth, to be 

aligned with the insulation layer. 

Wall construction shall have a minimum resistance of 0,45 m²K/W. Sills must be 

insulated as well. 
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At lintel, a minimum resistance of 0,34 m²K/W should be provided, when realised 

with a solid base plate; otherwise a perforated plate with a maximum thermal 

conductivity of 30 W/mK shall be used. 

 

 
 

2.2.2 Heat losses due to failing sealing 

Draughts and heat losses can be caused by the failure of the airtight seal between 

the window frame and the wall. Sealing strategy with a primary sealing on the 

outside and a secondary on the inside are: 

• l sealant pointing on the outside and expanding foam or plaster on the 

inside; 

• l impregnated foam strip on the outside and sealant pointing on the inside; 

• l sealant bedding on the outside and plaster adhesive on the inside. 
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Figure 6 Typical options for sealing strategy.

5
 

 

2.2.3 Mould forming on metal frames 

Metal and thermally conductive frames may have condensation suffer from 

surface condensation forming. If they are close to absorbent finishes such as 

plaster, it could be cause of mould growth at window reveals. 

 

 
Figure 7 Connection between metal frames and wall/plaster.

6
 

  

                                                 
5
  

6
 Thermal Insulation avoiding risks, BRE (C. Stirling), 2002. 
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3 Integration of shading system 

List of available products and shading devices for integration. Other suppliers are 

available for most of the listed solutions, providing products which are similar for 

technology and performance. 

3.1 Integrated slats 

3.1.1 Ecklite by Eckelt 

Eckelt has a series of standard integrated shading products named Ecklite.  

   

 

Ecklite SC integrates an electrically operated louvre within the cavity providing 
solar and glare control. The louvres and other integral parts are thereby 
permanently protected against weathering and are maintenance free. Typical 
performance are reported in the table below, referring to a low-e double glazing 
unit. 

 

Ecklite Evolution integrates two different electrically driven louvre blinds in the 

cavity. In the upper part of the glass one with a concave section for active light 

directing and in the vision area one with a convex section for efficient solar and 
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glare control. It is also possible to completely open the louvers in both areas to 

provide complete and free vision.  

 

 

 
 

Slats can be integrated in both Triple and Double glazing unit. 

 

 
 

3.1.2 Okalux: Lamella systems 

Okasolar insulating glass is a daylighting system without any moving 

components. It has direction-selective mirror profiles, which offer a compromise 

between protection and provision requirements. 

 



EUROPEAN COMMISSION 3ENCULT 

Windows and integrated shading devices
 

077315-94 | Issue | 21 March 2011  

J:\70000\77315-94 3ENCULT\04 INTERNAL PROJECT DATA\4-05 REPORTS\110331 D3.2\3.2.5 INTEGRATION OF SHADING SYSTEMS\WP3_D3.1_20110321_P05_WINDOW 

AND INTEGRATION OF SHADING SYSTEM.DOCX Pagina 12
 

       
 

 

Performance Okasolar W 

 
 

3.1.3 Glastech: Screenline 

Screenline is a sunshading and vision system controlled by manually operated 
lamellae Venetian blind installed in the space between the panes. The functional 
technique of the blind is to turn and / or to raise and lower the lamellae. Different 
spaces between the panes are possible, 20, 24 and 27 mm. 

Main technical features are the following: 

• The drive and handling of the lamellae blind are manually operated; 

• Colours: thirteen standard colours, special colours upon request;  

• Possible combinations with thermal insulation glass, sunshading and 
facade glasses, screen printed and sandblasted glasses. 

• Can be used with frames made of aluminium, steel, timber, timber-
aluminium and plastics. 
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ISO-Shadow is an insulating glass constructions with a lamellae Venetian blind 
installed in the space between the panes. The functions are sunshading and vision 
control just as one wishes by raising, lowering or turning the lamellae. The 
lamellae blind of ISO-Shadow travel from the bottom upwards. 

• Drive of the lamellae blind by a high-quality and maintenance-free 24 V 
DC-motor; 

• Control: single or group controls, infrared remote control, temperature or 
sun light controller, time switches, BUS controls; 

• Colours of the lamellae blind: seven standard colours, almost all RAL-
colours available; 

• Possible combinations with thermal insulation glass, sunshading and 
facade glasses, screen printed and sandblasted glasses; 

• Can be used with frames made of aluminium, steel, timber, timber-
aluminium and plastics. 

 

ISO-Roll is an insulating glass with a foil roller blind for sun protection and glare 
protection installed in the space between the panes of 24 mm. The metal coated 
foils consist of multi-layer polyester and reflect direct and diffuse sun and energy 
radiation outwards. The total energy transmission rate (g-value) is reduced up to 
9%. The roller blind can be operated up and down and stops in every desired 
position. 

 

 

 

• Drive of the roller blind by a high-quality and maintenance-free 24 V DC-
motor; 

• Control: single or group controls, infrared remote control, temperature or 
sun light controller, time switches, BUS controls; 

• Foils and colours of the roller blind: foils in transparent or nontransparent 
design, colours silver – silver or silver – anthracite; 
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• Possible combinations with thermal insulation glass, sunshading and 
facade glasses, screen printed and sandblasted glasses; 

• Can be used with frames made of aluminium, steel, timber, timber-
aluminium and plastics. 

 

ISO-Daylight is an insulating glass with a redirecting lamellae Venetian blind 
installed the space between the panes of 32 mm. The outer pane of this light 
redirection system consists of white glass; thus an overall reflection ≥ 85% is 
achieved. Both the lamellae’s special geometry and the alignment of the lamellae 
as well as the special surface capture diffuse daylight and, over bright and 
reflective ceilings, redirect it further into the room depth of buildings – shadeless 
light is guided to workplaces. 

The lamellae are made of aluminium with a high gloss finished layer of metallic 
oxides on the top surface. In order to avoid disturbing an unpleasant reflections in 
rooms, the back of the lamellae is specially coated with a light grey surface – it 
blanks out high luminance and prevents multiple reflections almost totally. 

The lamellae blind is permanently down, the light redirecting lamellae can be 
built in either immovable with adjusted inclination angles or with an infinitely 
variable setting. However, to avoid glaring effects, the turning of the high 
reflecting lamellae’ top sides towards the room side is not possible. 
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3.1.4 Pellini: Screenline 

In the ScreenLine system, the blind (venetian, pleated or roller) is encapsulated 
within two glass panes. The movement of the blinds can be both manual or 
motorised and it occurs in a totally sealed environment. If manual, they can be 
controlled by knob, cord and magnetic removable control. This ensures protection 
against dirt, dust or weather conditions, and therefore does not require any 
maintenance. The magnetic components have a loss of magnetic attraction of 
around 2% per 100 years. 

The product choice is wide and the ScreenLine blind system is suitable for all 
types of framing systems. Blinds area available in three different typologies: 
venetian, pleated and roller. 

Venetian 

 

Pleated 

 
Roller 
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3.2 Integrated timber elements 

Okawood is an insulating glass with integrated timber blinds. The built up is 
similar to Okasol, except for the slats which are manufactured to obtain a timber 
grid. 
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3.3 Wire metal meshes  

3.3.1 MicroShade 

MicroShade™ is an innovative solar shading system for glass facades. It provides 

effective and environmentally friendly solar shading for buildings. It is made of 

micro-perforated stainless steel strips lamellas integrated in double or triple 

glazing units. 

 

          
 

The micro lamellas in the MicroShade™ strip filter the sunlight according to the 

same principle as ordinary blinds. Sunlight incident at low angles passes through 

the lamellas while solar radiation incident at high angles is effectively blocked. 

MicroShade™ solar shading is supplied pre-installed in the insulating glazing 

unit, which is fitted as a standard glazing unit. The solution is therefore suitable 

for renovation projects. The MicroShade™ strip can be installed in almost all 

types of two- or three-layer glazing with any choice of glass type. The windows 

can be provided with a g-value as low as 0.10, which corresponds to maximum 

shading. Main features: 

• A transparent strip with a transparent micro lamella structure with a 
standard height of 140 mm and is installed horizontally; 

• Same service life as insulating glazing units; 

• Same high shading effect as external solar shading; 

• No maintenance required; 

• Complies with EN 1279 regulations for insulating glazing. 

 

Performance with low-e glass 
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3.3.2 Okalux: Expanded metal mesh 

Okatech is an insulating glass with metal interlayer and can integrate many 

different designs of wire mesh, expanded metal or perforated metal sheet as a 

design element with variable functions. 

   
 

The material and the manufacturing process determine not only the aesthetics but 

also the function: 

• sun protection that can also be directionally selective, depending on the 

type of inlay used; 
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• partial through-vision; 

• heat insulation; 

• colour and textured shine. 
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3.4 Capillary systems (diffusing) 

3.4.1 Okalux 

Okalux is made of a capillary slab made of polymethylmetacrylate (PMMA), 
guaranteed UV-stable (light fast) and additional glass fibre tissue. The capillary 
slab diffuses direct sunlight and creates an even illumination of the room with 
daylight. Direct solar radiation into the room and thus hard shadows are 
prevented. Glare problems are significantly reduced. 

 

The capillaries prevent heat transmission in the inner cavity, not only with respect 
to convection but also in terms of heat radiation. 

The U-value of various different configurations depends on the control coating on 
surface 2, the outer cavity (8, 10 or 12 mm); the gas filling in the outer cavity 
(air/argon/krypton). 

 

 
 

Kapilux is an insulating glass with an integrated capillary slab. The type 

designation "–T" (left side) refers to a capillary slab made of transparent material, 

"–W" (right side) refers to white-tinted material. “WS” is a directionally selective 

sun protection system with individually orientable capillary axes. The capillaries 

do not only reduce heat losses resulting in U-values as low as 0.8 W/(m²K); with 

their forward-directed light diffusion, they also improve the in-depth illumination 

of the room. This effect is particularly valuable on overcast days and in rooms 

with side illumination. 
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Construction 

First gap: 8 mm filled in with gas according to Ug-value requirements 

Middle pane: float glass according to static requirements, but at least 4 mm; 

Second gap: cavity with insulating capillary-structured transparent insulation 

made of polymethylmetacrylate (PMMA), UV-stable. 

The capillaries diffuse the light and create an even illumination of the room with 

daylight. Close to the capillary axis, partial through vision is possible. 

 

 
 

Performance 

 

 

3.4.2 Okalux: Nanogel system 

Okagel is a light diffusing nanogel insulating glass able to offer high heat 

insulation levels. The translucent Nanogel, a nanoporous granulate offers a range 

of features: 

• light distribution into the room, independent of changing irradiation 
conditions together with glare protection; 
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• project-specific light transmission and total solar transmittance; 

• excellent heat insulation; 

• effect of depth when viewed from inside and outside 

 

Thermal insulation performance 
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3.5 Suspended low-e films 

‘Heat Mirror’ is a high performance solar film, that can be suspended in the cavity 
of a double glazed unit. The U-value range is from 1,20 W/m²K down to 0,46 
W/m²K, thus providing a performance level even better than a full triple glazing 
without the addition of the weight of an additional glass panel. Solar factor is 0,40 
to 0,27, with a light transmittance always around 0,50. 

Heat Mirror units are produced with a wide range of glass products including 
clear glass, tinted glass and low-e glass, with the benefits of film based coatings 
and glass based technologies to create high insulating performance and solar 
control. 

     

Advantages here include possible incorporation into ‘standard’ sliding door 
systems, which are designed to accept double glazed units, but cannot accept more 
highly performing triple glazed units, which are ‘fatter’ and heavier. Currently 
‘Heat Mirror’ is 2.0m width. The cost of a DGU with Heat Mirror is ~ 85-
120€/m2, according to the configuration. Up to now the system has been used in a 
few Middle East applications. 
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3.6 Laminated glass interlayer 

3.6.1 XIR film 

XIR Laminated Monolithic can be used in vertical, sloped, or overhead glazing 

applications. From curtain wall to monumental skylights, this technology offers 

several choices of energy-efficient glazing. XIR Laminated Monolithic can be 

fabricated in either flat or architecturally curved configurations. By using clear 

glass panes, a g-value of 0,48 with a Light Transmittance of 0,73 can be used. 

By using tinted glass as the inner lite, improved solar performance can be 

achieved. 

 

 
 

The current width of XIR film is 2.1m. In the next 4-5 years the width should 

increase up to 3.0m. 

XIR - Sentry Glass compatibility. It seems the two materials should not present 

any major problem in terms of compatibility, but Southwall has not carried out a 

formal test yet. Even if technically compatible, the real issue is being able to 

provide the required warranty. 

In a DGU, XIR laminated glass can provide improved performance and get g-

values as low as 0,33 with clear glass soft coating in face #3 (LT = 0,56). U-value 

can drop down to 1,66 W/m²K centre pane. 
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4 Light redirecting devices - Daylighting 

4.1 Plastic Film  

4.1.1 SerraGlaze 

Serraglaze is consists of two very thin sheets of acrylic ("PMMA" or p o l y m e t 
h y l m e t h a c r y l a t e ) incorporating microreplicated prisms bonded together 
to create microscopic air pockets (“lamellae”) that act as light helves set 
perpendicular to the faces of the sheet. 

 
 

    

The lamellae act like reflecting mirrors when light beams passing through the 
PMMA strike the surface of the lamellae at an angle greater than the critical angle. 
This is a result of the change of the refractive index from the figure of about 1.49 
for PMMA to the figure of about 1.0003 for air. The critical angle for these two 
materials (PMMA and air) is about 42 deg. This phenomenon is known as Total 
Internal Reflection (TIR) and the general behaviour of Serraglaze is that of a 
beamsplitter, the split ratio of which varies with incidence angle, as illustrated in 
the Figure. 
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At higher incidence angles than those shown in the figure, the ratio of redirected 
light to unredirected light becomes larger until, at an incidence angle of around 
55°, virtually all the light is redirected and none is transmitted unredirected. 

 

 

 

A Serraglaze panel is thin, about 1mm thick, and it is usually laminated between 
two sheets of glass using optical index matched adhesive and the edges sealed. 
This provides the necessary protection of the Serraglaze material against damage, 
dust and moisture. It is made on a bespoke basis using proprietary 
microreplication techniques by our licensed manufacturer in Germany. Serraglaze 
is manufactured in 250mm x 250mm panels and smaller panels can be supplied 
ready cut. To achieve the requisite size, a rectilinear mosaic of Serraglaze panels 
is made between layers of laminating adhesive that are in turn sandwiched  
between sheets of glass. The whole assembly is cured in an autoclave in the 
normal way. 
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4.2 Complex Prismatic devices 

4.2.1 Micro sun shield louvre 

This device can reflect direct sunlight from particular directions and allows 
diffuse daylight from the other directions through. The micro sun shielding louvre 
prevents the effects of glare from the sun and allows a maximum of 'cool' diffuse 
daylight to enter. The blocking/admission ratio area of the louvre in relation to the 
daylight hemisphere is the result of coupling the special construction with the 
correct setting of the louvre blades to the sun's orbit. 

 

    

 

The 25 x 20cm louvre elements have a finish with ultra-pure aluminium within a 
high vacuum atmosphere. The next step involves connecting the louvre elements 
to larger units and cutting them to shape and size according to the building 
location and its architectural conditions. In order to protect the specular louvre 
from external influences (dampness, dust etc), the inlet is bordered with a special 
edge profile.  

Disc spacing SZR = 24 mm 

Total energy admission level g = 14% 

Light transmission directed LT = 0 - 55%  

Diffuse LT = 12 - 38% 

Colour rendering index Ra = 97 

Coefficient of heat transmission  U = 1,5 - 1,7 W/m²K 

Max. dimensions approx. 2,20x3,00 m or approx. 1,50x4,00 m 
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4.2.2 Combisol 

The CombiSol sun and glare protection louvre reflects direct sunlight from 
defined angles back outwards and allows diffuse daylight through from the 
remaining directions. 

The CombiSol louvre consists of two system components:  

• an exterior sun protection louvre; 

• an interior glare restriction louvre. 

The incoming daylight is only let through according to a defined, narrow angle 
spectrum (65° blocking), so that the glare effect of the glass surface is reduced to 
suit work activities with computer screens. The 7 x 15 cm louvre elements are 
given a specular finish with ultra-pure aluminium within a high vacuum 
atmosphere. 
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Disc spacing SZR = 24 mm 

Total energy admission level g = 12% 

Light transmission directed LT = 0 - 45%  

diffuse LT = 13% 

Colour rendering index Ra = 97 

Coefficient of heat transmission  U = 1,4 - 1,7 W/m²K 

Max. dimensions approx. 2,20x3,00 or approx. 1,50x4,00m² 

 

4.2.3 Prysm system 

The static prism system is a transparent sun protection system for glass roofs that 
prevents the solar gains from direct solar radiation and at the same time allows the 
exploitation of diffuse daylight. 

The main objectives are three: the minimization of solar heat gains in the summer, 
the control of glare without darkening the room, and the improvement of light 
distribution. 
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Sunlight protection is based on direction-dependent reflection and transmission 
with a pre-defined blocking and transmission span. The blocking area of the 
system reflects all incoming sunlight outwards. 

The prismatic system is set according to the progression of the sun across the 
hemisphere during the day. The 206 x 206 mm prism elements are firstly given a 
specular finish with ultra-pure aluminium within a high vacuum atmosphere. 

 

   
 

 

dimensions of prism elements 310x750x12 mm 

total energy transmittance rate g =< 12% 

light transmission 

- in horizontal in position  

LT = > 54% 

LT = 74% 
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5 Sustainability in Operation 

Even if it is not a focus point of the project, Sustainability in Operation should be 
considered while developing strategies and technologies for energy retrofit of 
historical buildings. 

The operation of facade elements such as shading and openings should be 
intuitive and inclusive. The facade is an essential element in creating and 
maintaining a comfortable environment within the building, in particular in the 
perimeter area. 

• Thermal comfort: surface temperature to be as similar as possible to the 
internal air temperature (low U-value of glass, frames), limit draughts, 
including downdraughts from the façade. Ensuring that replacement or 
upgraded cladding systems have optimum U-values and air tightness 
specification. The framing system design chosen is key to this; 

• Visual comfort: avoid glare due to excessive light and contrast, provide 
sufficient daylight levels to perform the tasks required within the building. 
Ensuring that incident solar energy does not lead to overheating of internal 
spaces. This is balanced with the desire for the increased use of natural 
daylight in occupied spaces, with the aim of reducing the use of artificial 
lighting for tasks in offices in particular; 

• Acoustic comfort: reduce noise transmission from outside-in and between 
floors and adjacent rooms. Acoustic is a subject which will not be 
developed in the project, but any choice regarding facades will have to 
take care of this. 

5.1 Built Using Sustainable Materials 

Embodied environmental impact is the impact of a product, system or process 
over its life cycle. Commonly referred to as ‘cradle-to-grave’ or ‘cradle-to-cradle’ 
assessment, Life Cycle Assessment (LCA) can be used to undertake an embodied 
environmental impact study. Key considerations include: 

• Reduce/ Reuse of materials, Cradle to cradle thinking; 

• Recycle 

• Embodied energy and environmental impact / responsible sourcing 

5.2 Climate Change 

Climate change will bring with it greater extremes of weather and with these, 
greater variation to the traditional parameters we design our façades to. The issue 
must be considered on a regional and location basis but greater extremes in terms 
of heat and cold, wet and dry, noise, wind and dust are to be expected. 
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6 Open issues and guidelines 

• Possible solutions and limitations for specific technologies; 

• Compatibility of modern technologies with conservation requirements, 
depending on projects, case studies and countries; 

• Adaptation/development of existing technologies; 

• Dedicated management of Lighting/Solar control devices to meet specific 
requirements of Conservation (cross to WP4); 

• Internal surface development and treatments to improve efficiency and 
effectiveness of natural lighting. 

 

 



 

 

Appendice A 

Atrium shading concepts 
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A1 Atrium shading Concepts 

A1.1 Clerestorey Windows 
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A1.2 Profiled roof light with PV panels 
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A1.3 Retractable or fixed blind 
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A1.4 Fixed or automated louvers 

 
 



EUROPEAN COMMISSION 3ENCULT 

Windows and integrated shading devices
 

077315-94 | Issue | 21 March 2011  

J:\70000\77315-94 3ENCULT\04 INTERNAL PROJECT DATA\4-05 REPORTS\110331 D3.2\3.2.5 INTEGRATION OF SHADING SYSTEMS\WP3_D3.1_20110321_P05_WINDOW 

AND INTEGRATION OF SHADING SYSTEM.DOCX Pagina A5
 

A1.5 ETFE translucent roof lights 

 
 




