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Refurbishment of existing buildings is a neglected area, in as much as most attention is focused 
on new buildings where there is much work on low and even zero energy buildings and many 
high profile demonstrations.  But in most European cities there is a vast stock of existing 
buildings, some of them of important architectural value. If governments’  targets for reduction in 
CO2 emissions are to be achieved, renewable technologies should be considered for this existing 
stock. REVIVAL is an energy demonstration project supported by the European Commission 
under the THERMIE programme. There are six refurbishment demonstration sites in five EU 
countries. The project aims to demonstrate that refurbishment is a viable option for procuring 
comfortable and energy efficient buildings. Contribution from renewables is represented in 
almost all of the sites involved, with technologies ranging from PV, solar water heating, 
absorption cooling and the use of phase change materials for night cooling. The project, now in 
its third year, will produce valuable conclusions on the problems encountered in the application 
of the above technologies on existing buildings and the contribution these technologies can 
make in energy efficient retrofitting. 

Refurbishment, Retrofitting, existing buildings. 

 

Introduction.   
The existing building stock in Europe 
dominates energy use in buildings simply 
because of the number of older buildings and 
the slow rate of replacement.  Refurbishment is 
frequently seen as the answer, bringing 
existing buildings up to modern use standards 
without loosing historic facades and disrupting 
communities.  Refurbishment can be seen as 
the environmentally friendly option, compared 
with the energy and materials use involved in 
demolition and rebuilding. So far so good, 
insulation can be improved, out of date 
heating, cooling and ventilation equipment 
replaced, lighting replaced with new controls, 
maximum use of daylighting and thermal mass 
can be made and sometimes a building built for 
natural ventilation can be made to provide 
good comfort conditions without installing full 
air-conditioning. But can renewable energy 
sources be included in the refurbishment 

design and works to a level that is being 
considered, and even required, for new 
buildings? 
 
REVIVAL is an EC supported project that 
includes the energy efficient refurbishment and 
monitoring of six existing non-domestic 
buildings in five European Countries. 
Renewables energy sources are included and 
this paper considers not only those included 
but also why more are not included and how 
this situation could be improved. 
 
The Energy Performance of Building Directive 
(EPBD) brought renewables into the frame of 
new buildings, with the requirement to 
consider the “ technical, environmental and 
economic feasibility of ……..decentralised 
energy supply systems based on renewable 
energy” . Although there is no specific mention 



of this for refurbishment of existing buildings, 
several countries are including similar 
requirements for all buildings requiring 
planning permission in their implementation 
legislation.   
 
REVIVAL is a project that starts to address the 
general lack of information, experience and 
examples of energy efficient refurbishment.  
The integration of renewables into all buildings 
during both construction and refurbishment, 
and as later additions, is an area that must be 
addressed much more fully. Legislation and 
incentives for renewables in buildings at 
national and local levels exist in a piecemeal 
fashion across Europe, mostly related to new 
buildings, notably: the solar ordinance in 
Barcelona for solar water heating; the German 
feed in tariffs, the Greater London Authority 
10% renewables planning policy in UK, and of 
course the different EPBD implementation 
regulations.  

The pros and cons of renewables in 
refurbishment. 
Renewables are incorporated into buildings for 
a number of reasons, - to be fashionable, as a 
bold statement, to reduce energy costs, to 
implement an organisation’s policy, as a 
requirement of legislation, or even due to the 
driving force of an involved enthusiast. They 
will not be incorporated without effort from 
some quarter. 
 
The renewable sources applicable to buildings 
are normally considered as: 

·  Passive solar measures 
·  Solar water heating 
·  Solar absorption cooling 
·  Photovoltaic  (PV) panels 
·  Ground sourced heating and 

cooling 
·  Small wind turbines 
·  Biomass heating or cogeneration. 

 
Whilst all can and are applied to existing 

buildings, this is not normally as straight 
forward as with a new building designed and 
built from scratch.  There are several reasons 
for this.  Finance for refurbishment is often 
more limited than for new build, it is not so 
prestigious, cutting budgets for “extras”  such 
as renewables. Also a renewable source can be 
seen as a new addition, not required to bring 
the building up to date according to the brief of 
the refurbishing agency. Existing buildings 
frequently require quite expensive energy 
conservation measures, particularly wall and 
roof insulation, and any energy conservation 
budget will be spent on this first, as these 
measures are likely to be more cost effective.  
Existing buildings usually have higher energy 
use than new buildings and thus the 
contribution from a renewable source may not 
seen as significant enough to include. 
Conservation or preservation orders on 
architecturally important buildings and historic 
areas, may restrict the changes that would be 
necessary to install renewables, particularly 
solar systems, PV and solar water collector 
panels. And the design of the building may not 
be suitable for renewables compared with a 
new building that can (and should) be designed 
at concept stage to incorporate renewables. 
 
On the other hand, renewables can be attractive 
during refurbishment.  Renewables may be the 
only way to offset fossil fuel energy use where 
traditional factors such as insulation or 
daylighting cannot be improved. Biomass 
heating can provide a large renewables 
contribution to the higher heating load in an 
existing building.  On the passive side, older 
buildings that have higher floor to ceiling 
heights and heavyweight construction, can be 
refurbished for natural ventilation using night 
cooling, and thus avoid air conditioning,. 
 
There are numerous opportunities to 
incorporate renewables into refurbishment, but 
a site specific, proactive and opportunistic 
approach is required. 



Renewables in REVIVAL 
REVIVAL was not initiated as a renewables 
project, maybe not surprising as the project 
was designed some five or six years ago. 
Projects do however incorporate both passive 
renewable measures such as natural 
ventilation, shading and night cooling, and 
active renewable components such as solar 
water heating, solar absorption cooling and 
photovoltaics. 
 
In Greece the “KAT”  hospital is being 
refurbished by DEPANOM to reduce energy 
consumption with improvements to the 
building envelope using external insulation, 
low energy glazing, improvements to the 
mechanical services, an innovative BEMS and 
local lighting controls. These measures are 
supplemented by renewable energy uses 
including high efficiency absorption chillers 
coupled to parabolic solar collectors built on 
stilts, which will in addition create a shaded 
car park.  Among passive measures is an 
innovative external curved shading system 
with horizontal blinds, designed to protect the 
south facing, historic curved façade whilst 
maintaining its architectural form. 
 

 
Illustration 1: The KAT Hospital in Athens, Greece. 
 
Also in Greece, the Ministry of Finance 
building is being upgraded to reduce the 
extremely high energy consumption. The 
offices were created in the early 1990s from a 
disused factory building and are being 

upgraded with a new local radio control system 
on the air conditioning, other small HVAC 
changes and to use night cooling.  Both 
thermal and visual comfort have been a 
problem and solar gain will be controlled by 
using new architecturally designed external 
shading.  An array of 20 square metres of semi 
transparent PV is being provided in addition. 
All works must be carried out with the building 
continuing to operate. 
 

 
Illustration 2: The Ministry of Finance building, Athens, 
Greece. 
 
In the UK, at Stevenage just north of London, 
the local Council offices are being refurbished 
whilst maintaining occupation. The 
improvement works cover a number of energy 
saving modifications such as lighting controls 
and HVAC improvements, but in the naturally 
ventilated part of the building passive cooling 
using the thermal mass in the ceilings is being 
enhanced using phase change materials 
activated by local fans.  The packs of phase 
change material placed on racks in the ceiling 
void are cooled at night so that cool air can be 
circulated in daytime as necessary.  Solar water 
heating is also being provided to supply hot 
water for the toilets and domestic office use. A 
full feasibility study was carried out on the 



Stevenage building which used very detailed 
hot water consumption monitoring and energy 
usage information to inform the design 
process. The new 30 square metre evacuated 
tube solar panels and auxiliary gas boiler, will 
provide an annual CO2 emissions reduction 
estimated at  66% of the present system, which 
uses an electric storage system.  
 

 
Illustration 3: The Stevenage Borough Council building 
in Stevenage, United Kingdom 
 

 
Illustration 4: The Lycee Chevrolier building in Angers, 
France. 
 
In France the large Chevrolier School site in 
the Region Pays de la Loire is undergoing a 
comprehensive refurbishment programme 
which includes many renewable components. 
Extensive solar shading is being provided, with 
passive and mechanically assisted ventilation 
in the classrooms. A PV roof is being provided 
on a new atrium which serves to reduce 
thermal losses from adjacent buildings and to 

provide a space where the pupils can mix. The 
atrium is constructed with a glass roof between 
a new building and the main existing building 
and will include a 120 square metre PV array. 
 
In Florence, Italy, a listed building is being 
refurbished to provide offices for a new 
hospital. The objective of the refurbishment of 
the old Meyer Hospital building is a design 
based on the principles of energy efficiency, 
but within the historic architectural context. 
Works also included a new connection 
between the existing block and the new 
hospital building and a new “greenhouse” 
space as general reception hall for the whole 
complex. The south facing part of the roof of 
the greenhouse is constructed using semi 
transparent PV panels that both shade the 
space and provide a peak of 30kW of 
electricity. The dramatic context of the green 
house provides an impressive demonstration of 
the use of PV. 
 

 
Illustration 5: The Meyer Hospital Administration 
Building in Florence, Italy. 
 
The Royal Dutch Navy in the north of the 
Netherlands is refurbishing an old residential 
block to provide office accommodation for its 
own use.  This includes a complete new second 
façade that incorporates solar shading and 
enhances the mechanically assisted ventilation. 
The movement of air to and from the offices 
using the space between facades has been 



carefully designed.  The heating will come 
from the CHP based network already on the 
site which has spare capacity, though 
originally a ground sourced heat pump system 
was though most suitable for the site and was 
proposed.. A 100 square metre PV array is 
planned for the roof of the adjacent low rise 
building which is not shaded by the office 
block.  

 
Illustration 6: The “Albatros”  building, Den Helder, in 
the Netherlands. 

Conclusions 
Reducing fossil fuel consumption in existing 
buildings is usually dependent primarily on 
conventional energy conservation measures - 
insulation, particularly to windows, roofs and 
walls, new lighting and building services, and 
controls.  This is only right, as these measures 
can save more than 50% of energy use in most 
situations.  Most refurbishment projects, 
particularly where historic buildings are 
involved, take an opportunistic approach and 
many conventional energy conservation 
opportunities usually exist. Building integrated 
renewable energy sources tend to be less cost 
effective that energy demand reduction 
measures, and frequently generate relatively 
small amounts of energy compared to total 
energy used in the building. It is really only 
when the energy demand has been minimised 
that renewable sources can contribute a 
significant contribution to the building. 

If we consider passive measures as renewable 
sources, these can make significant 
contributions to heating, cooling and lighting 
demands.  REVIVAL buildings all include 
passive measures, particularly solar shading, 
using and optimising daylighting, night cooling 
using the thermal mass of the building and 
phase change material in one.  Solar heat gain 
as such is not addressed specifically, as most 
non-domestic buildings, sometimes with the 
exception of old schools and similar buildings, 
suffer primarily from solar overheating. 
Providing shading on historic facades requires 
careful design and may never be acceptable on 
sensitive facades. 
 
Active renewables (including PV) used in 
REVIVAL will supply a small amount of 
renewable energy and the choice of renewables 
varies between buildings, for a wide range of 
reasons.   
 
PV is the most common, being proposed for 
four of the six buildings.  There are often 
opportunities for using PV in existing 
buildings on flat or pitched roof and on atria 
roofs giving the dual function of shading and 
electricity generation.  There can be difficulties 
with preserved or listed buildings, and 
buildings in conservation areas where planners 
may think the change in appearance is 
unacceptable. 
 
Solar water heating could be used in almost all 
buildings but is not commonly considered for 
non-domestic buildings due to the low 
demand.  Only one REVIVAL building  
(Stevenage UK) is to install solar water 
heating, despite this being one of the more cost 
effective renewable sources, though the 
collectors at the KAT hospital in Athens can 
also be used to provide domestic hot water if 
appropriate. 
 
Solar absorption cooling is likely to become 
much more common, particularly in southern 



Europe as cooling demand rises and summer 
electricity demand exceeds available capacity. 
An early REVIVAL project in Lisbon, which 
did not proceed, used flat plate collectors for 
their absorption cooling and other projects in 
France are proceeding using evacuated tube 
collectors. The REVIVAL demonstration 
project is now the KAT hospital in Athens 
using parabolic plate collectors.  Large areas of 
collectors are required and these can be roofs 
or stand alone areas, in the case of KAT to 
provided shading for car parking. Architectural 
aspects may well restrict the use of solar 
absorption cooling in refurbishment depending 
on the scale of refurbishment. 
 
The other renewable energy sources applicable 
to buildings are not being use din REVIVAL. 
Ground sourced heating and cooling will not 
now be used and this may be due to the cost of 
ground works and the disruption caused.  
Biomass heating is also not represented in the 
six buildings, a situation that might well be 
changed had demonstration buildings been 
located in Austria or the Scandinavian 
countries.  No wind turbines, either stand alone 
of building mounted, have been considered for 
the REVIVAL buildings.  This is hardly 
surprising as there was no legal requirement 
for any of the buildings to achieve a renewable 
energy standard, and wind turbines are always 
an additional cost item.  
 
The use of (active) renewables in buildings is 
in its infancy in most of Europe, with the 
exceptions of solar water heating and wood 
heating in some countries. In refurbishment the 
use of renewables is virtually nonexistent.  
However, with global warming putting 
pressure to increase the use of renewables, and 
legislation changing to include the study of 
renewables in all buildings, this must be a 
growth market.  Renewable energy sources can 
be retrofitted to buildings, especially during 
refurbishment, and we now need this concept 
introduced into the refurbishment planning and 

design processes.  
 
We need to set targets for renewables. 10% 
renewable energy contribution to new 
buildings is seen as achievable in most 
developments. Due to the higher energy 
demand of existing, even refurbished, 
buildings, a similar target may often be 
impossible to achieve, certainly no REVIVAL 
building comes near to this.  Perhaps a target 
nearer to 5% could be set to stimulate more 
thinking and demonstrations in this vitally 
important area. 
 
For more information on the REVIVAL 
project please visit: http://www.revival-eu.net. 


