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Description of the technology

There is a growing interest in the use of highly-
gla ed fa ades in commercial buildings. With 
origins in Europe the trend is expanding to 
all over the world, linked with the concept of 
hi-tech, modern design, daylighting and energy 
savings ( ee et al., 2002). Commercial buildings 
usually have high internal loads, due to 
information system equipment and the number 
of occupants (Duska et al., 2007), and short 
daily use of eight hours per day. 

The heat gained or lost through the gla ed 
façade depends on the physical properties 
of the material (conductivity, absorption, 
re ection, and transmittance) and on the 
environmental conditions. These factors 
determine the glass surface temperature 
and the amount of heat transferred between 

the occupants and the building through 
convection and radiation (Anderson et al., 
2011). Thermal comfort conditions are also 
in uenced by the distance between the glass 
surface and the occupants, the si e of the 
gla ing, the occupants  clothing and the 
activities undertaken within the building. In 
Mediterranean climates (Csa, with mild to 
cool wet winters, Cha arra et al. 2011) these 
buildings have a limited heating demand for 
most of the cold season. 

Where Electrically eated lass (E ) has 
been integrated into the façade, the exchange 
area between the environment and the heat 
source is across the whole e tension of the 
gla ing. Thus the total radiant energy emitted 
by the E  to satisfy the heat demand is the 
result of the E  unitary power multiplied for 
the whole fa ade area, which achieves a low 
increase between the mean radiant surface 
temperature and the internal temperature, 
with a consequent reduction of the energy 
consumption. With the temperature of the 
gla ing near to the comfort range, the low 
radiant asymmetry temperature (less than 10°C) 
( yons and Arasteh, 2000) ensures thermal 
comfort and PPD (Predicted Percentage of 
Dissatis ed) and PMV (Predicted Mean Vote) 
decrease rapidly ( gure 1) (AS RAE, 2001) 
(Olesen and Parsons, 2002). This means an 
improvement with respect to a normal double 
gla ing.

In addition, operating at similar comfort levels, 
the internal air is kept at a lower temperature 
than what is necessary with traditional heating 
systems (around  – 5 C) I  lass (201 ), with 
consequently energy saving. This means that 

Electrically heated glass in Mediterranean climate
The study of Electrically eated lass (E ) is important due to the increasing use of highly-
gla ed fa ades in commercial buildings. The use of this technology can be considered a different 
approach to the growing interest in contemporary design of transparent buildings, which does not 
neglect the occupants  comfort and the sustainability aspects associated with natural daylighting 
and energy savings. Commercial buildings located in the Mediterranean Regions consume 
signi cant amounts of energy for cooling, but require limited heat in winter due the high internal 
gains from appliances and the mild weather. At the same time, the signi cant role of radiant 
temperature in ensuring thermal comfort makes it especially convenient to use E  during winter 
season in gla ed fa ades.
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by maintaining the temperature of the glass 
surface near or slightly higher than the comfort 
level (usually 30°C), the indoor air temperature 
can be maintained to a lower level, saving 
around 8  of energy consumption per year for 
each air degree lowered in the room  
(Amunarri , 2013).

In summer, when the heated layer is turned 
off, the low Solar eat ain Coe cient (S C) 
of a low-emissivity glass pane can reduce the 
heat gains from solar radiation thus decreasing 
the cooling demand, especially in hot regions 
where the solar radiation is high, and achieving 
more energy savings in the year balance of 
the building. The value of this effect depends 
on the orientation of the façade, and it is more 
important in the South. 

The E  can be considered as part of 
the building envelope as well as part of 
the service system ( a Ferla et al., 200 ). 
The main component of this technology is 
the low-emissivity glass, which is used in 
common re ective gla ing for its high optical 
transmission at visible wavelengths and 
effective re ection near infrared and infrared 
(i.e., heat) wavelengths. It is also known as 
Transparent Conductive Oxide (TCO), and its 
properties are the result of a combination of 
an extremely thin primary metal and a second 
band-width o ide semiconductor material 
( ranqvist and ultaker, 2002). There are 
several different types of TCO, one of the 
most common used in a variety of industrial 
application is the Indium-Tin O ide (ITO). When 
electric power is inducted into the glass pane 
the TCO layer operates as semiconductor, 
producing heat radiations due to resistance 
according to oule s law ( erhardinger, 
2003). The main material utilised in the E  
technology, the low-emissivity glass, can be 
de-metalised as typically happens with TCO 
and thin lm solar cell materials during the 
recycling process using a very simple method. 
This minimises waste and produces other 
marketable products. (Palit schl and oser, 
2012  Palit schl et al., 201 ).

As shown in Figure 1, E  is composed of a 
low-e double pane gla ing ( lled with air, argon 
or krypton) with a TCO layer on the internal 
surface (face 3), which is electri ed and radiates 

towards the opposite face (face ), while a 
thermostat is used to regulate the temperature 
( a Ferla et al., 201 ). To reduce heat losses to 
the outside environment, face 2 is also coated 
with low-e layer, thus the e terior glass pane 
acts as re ector for the radiation emitted by the 
interior glass pane. The equations of thermal 
balance between interior and e terior are given 
by Moreau et al. (2008). Kurnitski et al. (200 ) 
have demonstrated that the e ciency of E  
is between 90  and 70 , with a U value 
oscillating from 0.5 to 2 W mK, depending on 
e terior temperature (of 10 C, 0 C, -10 C 
and -20 °C as illustrated in Figure 2.

The e ciency of the electrical energy use of 
heated windows is de ned as the proportion 
of the electrical heat output which is used to 
cover the heat losses from the window and 
from the heating of the room, and it is inversely 
proportional to the U-value of an unheated 
window. Also it is practically independent of 
the inner surface temperature of windows, and 
can be e pressed by a simple linear equation of 
U-value (Kurnitski, 200 ).

According to I  lass (a commercial brand 
system) and tests by aborelec in Belgium in 
1990, E  can produce energy savings of  
25 %, compared to a convection heating 
system (I  lass, 201 ). Another study by 
CEBTP in 1997 for I  lass asserts that in a 
room where the gla ed area is more than 1 3 of 
the total oor area, E  is recommended.  
This study con rms that with traditional heating, 
air has to be heated to 25°C for the occupant 
to experience a sensation of approximating 20 
C  with E , air temperatures of only 17.8 C 

provide a sensation of warmth of 22 C.  
The difference of 12.8 C to have same 
sensation results in a considerable energy 
saving (I  lass, 201 ). 

Impact of the technology

The embodied environmental impact of E  
is equal to a low-e double gla ing because it is 
using a standard product of building technology 
(low-e oat glass), although glass as material 
has signi cant environmental impacts due 
to the high energy intensity of its production 
process.

Figure 1 - EHG structure and variables used for 
the thermal balance equations

Figure 2 - Linear equation that expresses the 
efficiency of EHG, where U is the thermal 
transmittance of a referenced unheated window 
at specific outdoor temperature (Source: 
Kurnitski et al. 2004)

According to the International Energy Agency, 
in 2005 the global glass production was around 
130 million tons, oat glass production was 
about 43 million tons, and around 70 % of this 
production was for windows. About 0.5 – 0.8 
e ajoules of energy were used for the glass 
production worldwide, provided mostly by 
natural gas and fuel oil with an average energy 
use of 7 ton of product, giving an emission 
factor of 450 kgCO2 per ton of product 
(International Energy Agency, 2007).

In the EU the total CO2 emission for the oat 
glass production was around 6,500 kton with 

average emissions of 697 kgCO2 per ton of 
packed product (Standing Committee Of The 
European lass Industries, 2010). According 
to the National lass Association of Spain, in 
2011 the domestic emission for the production 
of oat glass was 520 kgCO2/ton (Pejenaute, 
2013).

The supply chain for the production and 
installation of E  technology is very similar 
to conventional insulating glass for the building 
sector. The production of low-e coating oat 
glass and installation of bas bar at the edge of 
the panes is undertaken by large companies 
such as A C, uardian, Pilkington and Saint-

obain lass. The assembly and electri cation 
it is done by national manufacturers. Onsite 
installation of the glass curtain wall (for large 
scale glass façades) or in case of small 
scale buildings it is usually done by regional 
contractors.

Secondary industries are involved in the supply 
chain such as electrical manufacturers (for 
electric power transformer) and domestic home 
systems (for thermal regulation by thermostat 
or microprocessor equipment).Thus the 
economic impact of the E  technology can 
be positive at a national and regional scale as 
several manufacturers and local companies 
are involved in the process of producing, 
assembling and installing the technology.
Social impacts could be positive due to the 
potential for local employment, and the use 
of skilled workers. igh quali ed workers 
are needed in large companies for industrial 
production, as well as in the medium si ed 
companies for the assembly. ow skilled 
workers are needed in local companies for the 
installation in the buildings.

Supply chain development

The adoption of E  in the building sector will 
use existing industries and local contractors, 
therefore enhancing existing supply chains. 
The type of glass required is available in Spain 
because large companies can provide the main 
material ( oat glass), and local manufacturers 
can provide the coating layers, the electrode 
bus bars, and assemble the system.
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Despite the fact that it could be generally 
available, the use of E  is not yet widespread 
among stakeholders because of lack of 
demand. In 2008 there were four companies 
trying to introduce E  in the building sector 
(Cytherm, Power-e, Termocristales and 
Eglass) but due to the economic crisis only 
one company (Control lass) e ists. These are 
collaborating with the Universidad Polit cnica 
de Madrid to test the E  performance in 
Madrid Region.

The Spanish national industry of oat glass has 
1,200 ktons capacity of production per year 
with 7 plants belonging to 3 companies (A C, 

uardians and Sant- obain),  500 million 
of turnover per year and 3,500 employees 
(Ministerio de Medio Ambiente, 2007). These 
gures show the relevant impact on the glass 

industry in the building manufacture and 
construction sector, particularly in the Spanish 
economy which depends signi cantly on 
construction activity. The importance of this 
technology lies in the novel approach, using 
normal products in a different way to solve 
problems emerging with the increase use of 
gla ed fa ade.

The impact of transportation could be 
signi cant because the supply of main material 
and the localisation of glass industries are 
established by international large companies. 
This part of the supply chain cannot be 
modi ed because it depends on other industrial 
factors. owever the impact of transportation 
could be reduced in the others stages as 
several regional manufacturers are producing 
glass for industry components and applications 
in the building sector.

Lessons learned

This case study shows that E  is an 
innovative technology of the building sector 
even though the components can be found 
in conventional products. The technologies 
can be employed in a different way, with a 
small change, to increase energy savings 
in buildings. Regarding the supply chain, it 
can be considered established as necessary 
glass factories and local manufacturers of the 
technological components are present within 
the Spanish building sector. 

Despite this, further research is needed to 
demonstrate the e ciency of the E  for 
commercial buildings in the Mediterranean 
climate, and more dissemination in order to 
improve the market acceptance. 

A barrier for the large scale adoption of E  
may be the initial higher cost for the installation 
in comparison to a conventional windows. 
Another barrier could be the commercial 
building market itself, because this sector is 
usually seeking low cost technology. At the 
moment there is no research or publication that 
shows if the energy savings in Mediterranean 
Regions can provide pay off the initial higher 
cost of implementation. Other barriers include 
mistrust due the limited knowledge of the new 
products among the stakeholders, especially 
when they are small local companies which lack 
e perimentation on a large scale for different 
buildings. This barrier could be overcome with 
close collaborations between the glass industry 
and the research sector, evaluating the energy 
saving of E  in different climate areas and 
considering the side effects and real impact on 
the energy demand of commercial buildings.
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Introduction

Staff at the Welsh School of Architecture at 
Cardiff University in the UK have designed and 
built Wales  rst low carbon energy-positive  
house. The Solcer House (Figure 1) is capable, 
over an annual period, of exporting more 
energy to the national electricity grid than its 
uses. The overall aim of the Solcer House is 
to optimise a whole building energy system 
by combining building integrated renewable 
energy supply, energy storage and reduced 
energy demand for both thermal and electrical 
energy. This case study focuses on the 
design and construction of the affordable and 
replicable Solcer House.

Building low carbon dwellings is generally 
perceived to be costly and di cult in the 
current economic climate. owever, the Solcer 

ouse has been built with market technologies 
that are affordable, available off the shelf  
and from local suppliers. The innovation is 
the combination of the components into a 

system and into the architectural design, 
to demonstrate how future houses can be 
built. The selected low carbon technologies 
are already available on the market but have 
been integrated into the building design rather 
than added using the conventional ‘bolt on’ 
approach. The project team hope to provide 
social and private housing sector with evidence 
that similar low carbon houses could be 
replicated at a regional scale at an affordable 
cost whilst stimulating the regional economy. 
Signi cant bene ts for home occupiers can be 
realised by delivering lower energy bills and a 
good quality indoor environment at a price that 
housing providers can afford.

Figure 1 – View of the Solcer House south 
elevation

The Solcer House has been built as part of the 
SO CER (Smart Operation for a ow Carbon 
Energy Region) research project. 

Systems based approach to replicable low cost 
housing: renewable energy supply, storage and 
demand reduction

Staff at the Welsh School of Architecture at Cardiff University have recently designed and 
constructed the Solcer ouse to demonstrate how a systems based approach, combining 
renewable energy supply, energy storage and reduced demand technologies, can be integrated 
into the design of a typical house whilst signi cantly reducing energy use and carbon emissions. 
The Solcer ouse is capable, over an annual period, of generating more energy than it requires 
whilst the construction costs of the house are within the limits of typical affordable home. Regional 
manufacturers, suppliers and installers of low carbon technologies have been used wherever 
possible to maintain competitive costs and stimulate local supply chains.
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