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• European Union energy neutral 
by 2050

• Green Deal
• Paris Agreement

EU BUILDING STOCK
not energy eficient energy efficient

Replacement rate of existing 
buildings by the new-build is 
only 1-3 %
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Reduction

Renovation
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Traditional renovation 
methods
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Prefabrication 
of retrofitting 
components
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Building envelope
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Research question

“How a prefabricated facade system for energy reduction renovation of residential 
buildings can be designed to be adjustable in different building typologies and climates?”
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Energy consumption and 
climate
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Building strategies in different climates

KOPPEN ECOFYS nZEB typology

Csa - Hot 
and dry 
climate 

Zone 1&2 - 
Temperate with dry, 

hot summer. 
(Mediterranean 

climate) 

Well-insulated building envelope 
with limited fenestration area; 
glazing with very low SHGC and 
shading from direct sunlight in 
summer; reflective or cool colors 
exterior envelope surfaces essential 
(colors with low heat absorption to 
reduce the solar load during the 
summer period) ; solar powered AC 
equipment can provide day-time 
cooling; thermal mass and lower 
night-time temperatures provide 
comfortable indoor conditions after 
sunset (nocturnal ventilation)

Dfb - 
Warm and 
humid 
climate 

Zone 3 - Temperate 
continental 

climate/humid 
continental climate 
without dry season 

and with warm 
summer; 

Moderately insulated building 
envelope with limited fenestration 
area having low SHGC and 
effective shading devices; green 
(vegetated) roofs and/or reflective 
exterior envelope surfaces are 
beneficial; since the removal of 
latent heat (water vapor) matches 
the energy required for sensible 
cooling, investing in sophisticated 
ventilation is essential to provide 
healthy and comfortable indoor air 
conditions without wasting energy. 

Cfb - 
Temperate 
climate 

Zone 4 - Temperate 
without dry season 
and warm summer 

Well-insulated building envelope 
with
 energy efficient fenestration
 (very low to low U-value, moderate 
to high
 SHGC- depends on glazing area); 
operable
 shading systems required to 
prevent summer
 over-heating; thermal mass and 
balanced
 ventilation with heat recovery is 
beneficial.
 Nocturnal ventilation

Dfc - Cold 
climate 

Zone 5 - Cold, 
without dry season 

and with cold 
summer. 

Compact building design with very 
well- insulated building envelope 
components; total fenestration area 
should be limited with very low U-
value and high  SHGC (solar heat 
gain coefficient); thermal mass and 
balanced ventilation with heat 
recovery is essential.

nZEB in EU
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Amsterdam

Athens 63
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Athens (warm climate) Amsterdam (cold climate)

1

Well insulated buildings to 

keep  the heat gain from 

people, lights and 

equipment inside.

Glazing should minimize 

conductive loss and gain

(minimize U-factor). Solar 

radiation has less impact in 

this climate.

2

For passive solar heating 

face  most of the glass area 

south to  maximize winter 

sun and add  overhangs for 

shading in the summer.

For passive solar heating 

face  most of the glass area 

south to  maximize winter 

sun and add  overhangs for 

shading in  the summer.

3
Operable wallls and shaded 

outdoors.

Well insulated buildings to 

keep  the heat gain from 

people, lights and 

equipment inside.

4

Double pane high

performance glazing with

Low-E on west, north and

east but clear in south for

 passive solar gain.

Sunny wind protected 

outdoor spaces can extend 

liv ing areas in cool months.

5

Good natural ventilat ion

can eliminate

air conditioning.

Low mass, well insulated,

tightly sealed construction

to prov ide rapid heat

buildup in the morning.

6

Shading to prevent

overheating during

summer, use passive solar

gain in winter.

High performance furnace

Warm Climate Cold Climate

Operable and movable surfaces for 

shading (overhangs, awnings, louvers)
Wind shields

Perforated surfaces

for shading and vantilation.

Heat recovery ventilator to

ensure indoor air quality for

super tight buildings.

Insulation Insulation

Glazing with low-E Glazing with very low U-value

Surfaces with high thermal capacity. Surfaces with high thermal capacity.

Passive functions Active functions

Operable and movable surfaces for 

shading (overhangs, awnings, louvers).

Room for ventilation ducts of the 

heat recovery ventilator.

Perforated surfaces

for shading and vantilation.

Room for other electrical

instalations (PV etc.)

Insulation

Glazing with low-E and low U-value.

Surfaces with high thermal capacity.

Wind shields

7
Low pitched roofs and wide 

overhangs

Steep pitched roof with 

vented att ic over a well-

insulated ceiling

8

Window overhangs or 

operable sunshades

can eliminate AC

Extra insulation increases

occupants comfort by 

keeping indoor 

temperature more uniform.

9

Sunny wind protected 

outdoor spaces can extend 

liv ing areas in cool months.

Exterior wind shields can

protect from cold

winter winds.

10

Use high mass interior 

surfaces to store winter 

passive heat and summer 

night coolth.

Use high mass interior 

surfaces to store winter 

passive heat and summer 

night coolth.

11

Screened porches prov ide 

passive comfort cooling 

through ventilation in warm 

weather.

Vestibule entries to

eliminate drafts in windy 

sites.

12
Light colored building 

materials to minimize 

conducted heat gain.

Heat recovery ventilator to

ensure indoor air quality for

super tight buildings.
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 Poor energy performance
 Low to middle-rise 
 Αs flat a facade as possible
 Load-bearing structure in good condition
 Repetitive façade elements with similar floors and openings
 Built, based on industrialized construction methods 
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State-of-the-Art renovation 
systems

MORE-CONNECT

BRESAER

2nd Skin Project
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Evaluation of the 
renovation systems

MORE-CONNECT Main characterist ics key points limitations

Building type selection
Buildings with basic architecture
characteristic and repetitive floors
with as few differences as possible.

Easy to apply the same 
techniques in more than one 
building with small adjustments.

Limited choice of building 
type as it can be applied 
only to buildings with simple 
architectural structure.

Renovation Strategy Wrap-it, Replace, Add on

Intervention from the exterior of 
the building, leads to less
inconvenience for the occupants. 
(not for the replace)

Difficult to apply the prefab 
modules in the connections due 
to the unbalanced weight. Very 
precise measuring of the existing 
envelope.

Energy Reduction Measures
Mostly passive with the use of insulation.
When actives measures are applied
are heat pumps and PV panels

Εefficient in cold climates
because of the insulation and the 
windows replacement. 

Inefficient in warm climates due
to the lack of sun protection 
methods.

System structure
Wooden prefab façade modules, 
produced off-site based on techniques 
that are applied also in new builds. 

Sustainable material
due the low embodied energy.
Εasy to handle without special 
tools.

Wood is a heavy material and 
large cross sections are needed to 
support built-in windows, ducts, 
etc.

BRESAER Main characteristics key points limitations

Building type selection
Can be used in different diverse building 
types.

Application in most of the 
building types means a greater 
impact on the existing building 
stock

Not enough evidence to prove 
the applicability of the system 
(not real application)

Renovation Strategy Wrap-it, Add on
Intervention only from the exterior 
of the building, leads to less
disturbance for the occupants. 

On-site installation of the system, 
resulting in time consuming, 
which increases costs.

Energy Reduction Measures

Incorporates most of the necessary 
techniques to reduce the energy 
consumption of a building. Focuses on 
new technologies.

Effective in all climates, as it has 
components for every weather 
case.

The ability to integrate multiple 
techniques makes system 
management difficult and 
requires additional management 
tools for monitoring.

System structure

Lightweight standardized system which 
is configurable, easy to assemble and 
able to support all the different 
envelope components.

Easy installation maintenance 
and replacement of the system 
due to standardization.

Limited literature to access as the 
project is still in progress,

2ND SKIN Main characterist ics key points limitations

Building type selection
mid-rise buildings with typical features
(based on the current application 
example)

Has the potential to use these 
techniques in more buildings, with 
some adjustments.

Flatten the façade surface by 
demolishing protruding balconies

Renovation Strategy Wrap-it, Replace
Intervention only from the exterior 
of the building, leads to less
disturbance for the occupants. 

Encounter the renovation of the 
building as a project, making it 
more difficult to apply the same 
approach to other buildings.

Energy Reduction Measures

Incorporates the most common 
techniques for a cold climate. 
(insulation, heat recovery ventilation, PV 
panels

Efficient in cold climates as it is 
focused on the Dutch climate.

Inefficient in warm climates due
to the lack of sun protection 
methods.

System structure

Prefabricated, floor height, sandwich 
panels, featuring new windows and 
integrated services pipes, are attached 
to a substructure that consists of 
wooden posts connected to external 
existing façade.

The installment of all the 
ventilation pipes in one sandwich 
panel with insulation helps to 
minimize the connections 
between the pipes on site.

Εach element has its own support 
system, the approach is closer to 
standard renovations.
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Climate and Energy analysis
+

Building Stock of Europe
+

Renovation strategies
+

State-of-the-Art renovation techniques
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opaque transparent
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opaque transparent

Part 3, function 1

STRUCTURAL FRAME PRINCIPLES



8-
18

 c
m

4-6 cm

20-60 cm

STRUCTURAL FRAME PRINCIPLES
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ENERGY REDUCTION ELEMENTS
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ENERGY REDUCTION PRINCIPLES

Insulation

Windows

Plasterboard

Roller blinds

Louvers

PV panel
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calculations simulations
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ENERGY REDUCTION PRINCIPLES

calculations simulations

Qheating=UxAxHDD x24x3600 [J]

Qcooling = Qtransmission + Qsun = UxAxCDD x 24 x 3600 
+ qsun x g x Awindow x t [J]

Heat transmission losses
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EVALUATION OF THE ENERGY 
REDUCTION ELEMENTS

ENERGY REDUCTION PRINCIPLES

calculations simulations

PDA

PVGIS

Energy reduction goal



Flat wall Facade Balcony

Qnew=Qsystem Qnew=Qexisting x a

a= Ue Ae/ (Ue Ae +Ui Ai) 
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EVALUATION OF THE ENERGY 
REDUCTION ELEMENTS

ENERGY REDUCTION PRINCIPLES

outside inside outside inside



[100x (Current Demand-New demand)/ Current demand] %
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ATTACHMENT SYSTEM PRINCIPLES



Façade Renovation System Module



Design specifications

Application in concrete wall
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Design specifications

Application in brick wall
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Design specifications

Application in balcony
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Netherlands, Amsterdam Location: Hoogoord, Year of 
Construction: 1968
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Part 4, case study 1

calculations simulations

Amsterdam
HDD: 2618
(base temperature 
18°C)

Exist ing wall
 U-value 
W/(m²K)

Current energy 
demand for 
heating of the 
exist ing wall  
(MJ) per m2

opaque surface 1,9 429,7
transparent  surface 2,5 565,4

Amsterdam
CDD: 199
(base temperature 
18°C)

Exist ing 
construction
 U-value 
W/(m²K)

Current energy 
demand for 
cooling of the 
exist ing wall  
(MJ) per m2

opaque surface 1,9 32,6
transparent  surface 2,5 42,9

AMSTREDAM Start time  6:00 Start date 1 June
simulation inputs End time 20:00 End date 30 August

Energy 
performance of 
the existing 
façade for a 
typical apartment

total 
surface 
area of a 
typical 
apartment 
(m2)

Heat 
transmitions 
per square 
meter during 
the heating 
season. (MJ)

Heat 
transmitions 
per square 
meter during 
the cooling 
season. (MJ)

Current energy 
demand for 
heating of a 
typical 
apartment due 
to the heat 
ransmisions.(MJ)

Current energy 
demand for 
cooling of a 
typical 
apartment due 
to the heat 
transmitions.(MJ)

Incoming 
solar energy 
for a typical 
apartment 
that ifluenves 
the cooling 
demand.(MJ)

Average 
total energy 
demand per 
typical 
apartment 
(MJ)

AMSTERDAM
WWR=0,54

opaque surface 24 429,7 32,6 10.313 782,4

transparent surface 13 565,4 42,9 7.350 557,7 10.404

total 17.663 1.340 1.806

Amsterdam
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Design Approach

Function

Characteristics

Orientation



Functions of the building envelope

• Common external hallway on sides (1), (3), (4)
• Private balconies on side (2)

• Vertical common circulation on sides (2) and (4)

Amsterdam
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• Common external hallway on sides (1), (3), (4)
• Private balconies on side (2)

• Vertical common circulation on sides (2) and (4)

Amsterdam



Side 1

Determination of the grid for the support system and the façade system modules on side (1).

Characteristics: 
Balconies without openings and 
flat wall façade, good orientation 
for energy generations from PV 
panels



Side 1

Part of the façade system on side (1), module type (1)

Sun-Hours analysis)

Determination of the grid for the support system and the façade system modules on side (1).

Characteristics: 
Balconies without openings and 
flat wall façade, good orientation 
for energy generations from PV 
panels



Side 1

Part of the façade system on side (1), module type (1)

Sun-Hours analysis

Determination of the grid for the support system and the façade system modules on side (1).

Electricity Production of a PV 
panel according to the 
building side

Characteristics: 
Balconies without openings and 
flat wall façade, good orientation 
for energy generations from PV 
panels



Side 2 and 4

Current facade

Support position

Façade modules

Characteristics: 
Balconies with openings and flat 
wall façade, good orientation for 
energy generations from PV panels



Side 2 and 4

Characteristics: 
Balconies with openings and flat 
wall façade, good orientation for 
energy generations from PV panels

Roller blinds

Louvers



Side 2 and 4

part of the façade system on 
side (2) modular type (4)

part of the façade system on 
side (4,) modular type (2) 



Side 2 and 4

Electricity Production of a PV 
panel according to the 
building side

part of the façade system on side (2) 
modular type (1) and (4).

part of the façade system on side 
(4), modular type (1) and (2)



Side 3

Maximum transparent surface

increase the percentage of the opaque part at the lower part of 
the modules without dramatically obstructing natural light
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Opaque surface of the system U-value =0.27 W/(m2K)

Transparent surface of the system  U = 1.3 W / (m2 K) and g-value = 0,2 

ENERGY SAVINGS

Energy savings due to the Passive design techniques  is  70%



Opaque surface of the system U-value =0.27 W/(m2K)

Transparent surface of the system  U = 1.3 W / (m2 K) and g-value = 0,2 

ENERGY SAVINGS

Energy savings due to the Passive design techniques  is  70%

Energy produced from PV panels 
for every apartment is 257 kWh 
which is 925 MJ

Energy produced from PV panels 
for every apartment is 257 kWh 
which is 925 MJ

79%









Greece, Athens, Location: Amfitheas 24-26, Construction 
year: 1974

ATHENS

Part 4, case study 2



Part 4, case study 2

calculations simulations

ATHENS

Athens
HDD: 1170
(base temperature 
18°C)

Exist ing wall
 U-value 
W/(m²K)

Current energy 
demand for 
heating of the 
exist ing wall  
(MJ) per m2

opaque surface 1,48 149,6
transparent surface 5,7 576,2

Athens
CDD: 1168
(base temperature 
18°C)

Exist ing 
construction
 U-value 
W/(m²K)

Current energy 
demand for 
cooling of the 
exist ing wall  
(MJ) per m2

opaque surface 1,48 149,3
transparent surface 5,7 575,2



ATHENS

functions of the building envelop 

1. Private balconies on all sides
2. Vertical common circulation on sides (2) and (4)



Side 1, 1b

ATHENS



Side 1, 1b

Side 2ATHENS



Side 4

Type 3



CRITICAL POINTS



Opaque surface of the system U-value =0.43 W/(m2K) )

Transparent surface of the system  U = 1.3 W / (m2 K) and g-value = 0,2 

Energy savings due to the Passive design techniques  is  73%

ENERGY SAVINGS

90%
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OVERVIEW

Information Search Process



OVERVIEW

Information Search Process Steps



STAGE 1



STAGE 2



Façade system parts. Dimensions Material

adjustable Fixed Standard Vary

1 Structure ✓ ✓
2 connectors ✓ ✓
3 insulation ✓ ✓
4 Plasterboard ✓ ✓
5 cladding ✓ ✓
6 windows ✓ ✓
7 PV panels ✓ ✓
8 Louvers ✓ ✓
9 Roller blinds ✓ ✓

OVERVIEW



REASEARCH QUESTION
“How a prefabricated facade system for energy reduction renovation of 
residential buildings can be designed to be adjustable in different building 
typologies and climates?”



CONLUSIONS and DESIGN LIMITATIONS

• On-Site modification

• Initial cost might be expensive

• High organizational and design requirements

• Modular design might be monotonous

• More accurate simulations are needed



Thank you!


