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This research proposes the renovation of a case study project - a cluster 
of residential buildings in Södermalm, Stockholm - based on the integra-
tion of energy simulation and climate engineering to introduce the idea of 
adaptive resuse. The focus has been on solar analysis and daylight utiliza-
tion with the goal to improve both the living quality of the interior and solar 
harvesting on the exterior for an optimal generation  utilization of energy.

The research, therefore, has been conducted in collaboration between 
students of architecture and energy engineering, and Teknikmarknad, a 
practice-orientesd entiy at KTH, for support regarding technical issues. 
Stockholmshem, the property owner, has also been directly involved for 
specific iformation on the future plans and proposals. Another informative 
collaborator has been the Critical Design Studio at the school, who has 
conducted a thorough research on the social aspects of the neighborhood 
and conducted many interviews with the residents on the new proposal 
plans of the change and how they see it. The final contributor in this re-
search has been S-Solar, a developer as well as a manufacturer of solar 
panels; a Swedish world leading solar energy company with an extensive 
experience in developing solar thermal systems and technology. Prisma® 
thermal collectors were chosen during the energy calculation and simula-
tion process from the mentioned developer.

The exploration has tried to create new sustainable and architectural val-
ues and qualities to the existing façade design through transforming and

redesigning in order to develop an energy efficient building envelope with 
improved insulation and environmental qualities.  The façade design grants 
the envelope the capability of controlling the incidence of daylight, gen-
erating better insulation and resulting in an overall lower energy demand. 
Furthermore, the project looks into redesigning the apartments’ interior to 
generate better spatial qualities by this new building envelope. 

This investigation has also enabled the possibility of further investment and 
research on a smart envelope; envisioning a kinetic design, solar tracking 
system, for a higher efficiency in solar gains and a sustainable approach to 
indoor climatic conditions.  The envelope design has been tested through 
analyzing tools and energy calculations, prototyping and scaled-models. 
A key aspect in the project has been the evaluation of an interdeciplinary 
approach from the early stages of the design to envision and formulate a 
design strategy that clarifies the technical aspects and desin opportunities 
on both ends which could be transferable to similar developmens and fu-
ture practice.

 
What and Why

One quarter of Sweden‟s existing housing stock was built during the post 
war and late modernist period of 1965-74. Over one million units of housing 
were built during this ten year span, which came known as “The Million Pro-
gram Era” and to achieve the require level of production, the whole process 
was highly rationalized and policy driven with fabrication being to the fore. 

Linjalen, Today (2014)

Although the buildings involved in the current case project was not a part of 
the Million Program, it was built during the same period and with the same 
construction methods and according to the same policies. But obviously 
these bodies of architecture should be altered today to fit the contemporary 
needs of its residents. 

About the Current Status of the Project 
Rosenlundsparken is an elongated inner city park in Stockholm, surrounded 
by residential buildings of varying character. City Planning has established 
a proposed detailed plan as a new development for the north-west part 
of Rosenlundsparken, enabling approximately 200 homes, including pre-
school and some meeting spaces on the ground floor. Some modifications 
will thereby be made to the houses and the general layout of the neighbor-
hood. 

Design Objectives

This project not only suggests a way of preserving Linjalen by simply read-
justing these buildings or applying technology to them, but rather a way to 
create a hybrid facade between architecture as an autonomous discipline 
with the compliment of technology. 

The technology will act as a supplement to the design and will therefore 
be integrated in such a way that it heightens awareness of both the tech-
nology and the design. A large part of the focus has been put on the fa-
cade, interior planning and slightly the urban plan in order to achieve this. 

DESIGN HyPOTHESIS AND COLLABORATION OBJECTIVES

“The architect is in a very real danger of losing his grip in competition with the engineer, the scientist and the builder un-
less he/ she adjusts his/  her attitude and aims to meet the new situation.” (Gropius W. 1962)
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The first step in the investigation of choosing a platform for the geometry 
to investigate the different solar panels’ possibilities and limitations. These 
would include: technical details and specifications of the panels, the avail-
able information of the already installed panels in other projects, the main-
tenance issues and possibilities of future developments. 
The second was to develop the façade design, keeping the previously 
gained information as one of the main drivers behind it. The strategy taken 
for this stage of the process was to first make a geometrical test platform 
based on the information gained in the previous step.
After testing various geometries for shading, angles and surface solar gains, 
due to it efficiently corresponding with the design criteria. The chosen ge-
ometry was then assessed with the first tests being conducted on a fixed, 
flat triangulated façade envelope. The tests resulted in further development 
of the geometry, creating a more complex system with better efficiency. 
A parametric system was thereafter created, which achieved the desired 
flexibility in the façade system; by being able to adapt to the design and 
calculation results accordingly. 
There are different technologies which can be used when utilizing solar 
radiation. An investigation between PV-panels and solar thermal collectors, 
shows that the thermal collectors is a wiser investment and perform better. 
The new design was then tested by the use of a quadratic efficiency model. 
The new design improves the heat collection rate of the panels and also 
shows great potential for a better economic situation. Tests were performed 
with multiple different tracking strategies, however all estimated on a single 
square meter.  

The ultimate goal with the calculations, the last step, was to evaluate and 
compare if this facade system could be a relatively sustainable solution for 
its structure in comparison to a more common solar panel envelop (while 
focusing on; energy demand, financial gains and indoor climate comfort for 
both liquid-based (solar heating) and PV (electricity) solar panel systems 
that have also been compared. 
The design was especially advantageous on the buildings eastern wall, 
which is directed towards the east by northeast.  Even without any sort of 
tracking system, just by placing it at its ultimate position away from the wall, 
it managed to improve its yearly collection rate by 214 %. The design also 
managed to make the eastern façade a viable economic option. A classic 
design against the wall would result in a financial loss, however the new 
design suggested in this project shows the potential of a financial gain.  

This design strategy led the investigation to a more in-depth analysis of the 
geometrical behaviors’ impacts. It also guided the project into the area of 
choosing materials for creating the desired architectural qualities of light 
penetration and shading patterns in the designed spaces of the new enve-
lope. The consideration was made also according to the user defined con-
trolled environ that is, in this case, the sense of habitation and the habitants. 

Illustration of the proposed design on one of the buildings of Linjalen residential complex

The missing dialogue On articulating the masses and the necessity of connectivity

METHODOLOGy
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View from MagnusLadulasgatan towards Rosenlundsparken

On articulating the masses to generate conictivity 
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MASS ARTICULATION
 
- REMOVING (to connect) 
- ADDING UP (to create new typologies and compensate the loss) 
- COVERING WHEN NEEDED



Introduction 
 
“Having abandoned the discourse of style, the architecture of modern times 
is characterized by its capacity to take advantage of the specific achieve-
ments of that same modernity: the innovations offered to it by present-day 
science and technology. The relationship between new technology and new 
architecture even comprises a fundamental datum of what are referred to as 
avant-garde architectures, so fundamental as to constitute a dominant al-
beit diffuse motif in the figuration of new architecture.”[olà-Morales I. 1997]

Architectural designs in the future may no longer be based on the best fit-
ting structural solutions for a given material with more or less known proper-
ties, but by a reverse process that tailors an appropriate material and strat-
egy with graded, unique characteristics to a chosen form and performance. 
[Plaz N., 2012 ]

Looking into Sustainibility and Solar Panels

Sustainability is an inevitable design issue of architecture in the 21st century 
and the argument is both spiritual and practical. 
Technology is the big driver of architecture’s sustainable future. New tech-
nologies based on solar cells, intelligent facades, breathing walls, thermal 
mass and natural ventilation are being tested and developed by designers 
and engineers. The new order of sustainability, translated to the macro and 
micro levels, influences every decision. There are three key forces in this 
liberating new world for design and construction [Edwards B., 2005]: 

- the use of technology as a system
- the broadening of sustainability agendas beyond the issue of energy con-
servation; and
- the interaction between people, space and technology within a sustain-
ability paradigm

All three influence architectural culture; by introducing the idea of reuse 
and recycle, considering the source as well as the use of materials, and the 
health of buildings’ occupants. This new thinking requires new technolo-
gies; borrowed from industries, alternative technologies and in collabora-
tion with other specialists and developers which broadens and freshens 
perspectives and new ideas on differen ends. One example could be the 
psychological impact of buildings on the habitants; environments influence 
health- both physical and psychological, and the healtier buildings are, the 
more productive they become. Productivity, technology and sustainability 
are being recognised as an important package of interactions, and Green 
buildings pay, not just in terms of energy conservation but in health promo-
tion and social cohesion, too [Edwards B., 2005].

View from Rosenlundsparken

Solar Panels

Despite all the disfavoured limitations of solar panels, such as rigid struc-
tures and size limitations, there are a variety of refurbishment situations in 
which the opportunity to integrate solar panels could be considered as not 
only a moment to add architectural value but also a beneficial investment. 
Conditions such as:

- Failure in the façade or roof that requires intervention.
- Need to improve the façade or roof performance.
- To make the building more tarractive to tenants.

In this project, all these conditions were somehow relevant for the reconsid-
eration of the facade system. The resulting design has tried to propose a 
modular system for a defined geometry. Many layers of technology, energy, 
light and space has been explored; such as investigation on incorporating 
these ideas into design, and at the same time finding ways of conducting 
technical supplements to them.

Light and Shadow

Light and architecture have been profoundly related since the beginning of 
time. This relationship; beginning with the light emanating from fires in the 
cave dwellings, has comprised a deeper and much more integral interde-
pendence than is frequently understood. 
The relationship of light and architecture has continuously been made evi-
dent by the dialogue between society and light. This can either be a literally 
translated relationship with architecture, or the formal, spatial and material 
qualities of architecture of the present. 
This project, beside focusing and dealing with the functional issues of solar 
panels, has tried to benefit from the façade system to create desired archi-
tectural qualities of light and shadows interplay within the interior while also 
studying different material choices and the effects on economy and desired 
light effects.

Computing Architecture
The context of design becomes an active abstract space that directs from 
within a current of forces that can be stored as information in the shape of 
the form. Formal complexity is often intentionally sought out, and this mor-
phological intentionality is what motivates the processes of construction, 
operation and selection.” [Lynn G., 1999] 
The rising use of performance simulations in architectural design is mainly 
due to the increase of computing power and the maturing of the simulation 
tools despite the fact that some challenges related to performance simula-
tion accuracy, which is influenced by different relative and non-relative fac-
tors, are still under investigation and practice. 

CONCEPTS AND INTERESTS ON THE ENVELOPE DESIGN
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BUILDING ENVELOPES (An Integrated Approach) 

Today, being unprepared for the overwhelming growth and rapid changes, 
architecture in many cases fails to address contemporary situations. Many 
buildings are no longer engaged in reconciling and embracing structural, 
environmental, aesthetics, and more importantly, configurational aspects of 
the bulding. They have therefore lost their original integrated character and 
became more independent entities.
But how could the cnfigration or reconfiguration of these entities can come to-
gether within a specific context?From the overall design, form, performance 
and structure t functional and spatial interir qualities. Matthias Sauerbruch- 
a partner in the renowned Anglo-German practice Sauerbruch Hutton who 
has written often about the delight of integrating design with pragmatics of 
performance- recently stated, “Sustainability and bad design are contradic-
tions in terms. It is the quality of architecture itself that contributes to both 
personal well-being and longevity of the built environment.”[Sauerbruch M., 
2009]
‘So much of a building’s quality of life, delight, and performance depends on 
the initial stages of the design process, and these elements must therefore 
be considered as an overview to the building envelope design. A building’s 
design team, choice of materials, fabrication, performance and life-cycle 
analysis, all play a part in the creation of an integrated, sustainable build-
ing envelope [Lovell J., 2010]; an outer skin that generates and/ or saves 
energy for the building.
“A building envelope is an active threshold; “A zone in which change oc-
curs”[ Addington N. and Schodek D.,2005].

It is the very moment that a building’s presence can be introduced to the 
city; the most unmediated part fo a building that communicates openly to 
the outside world. It is responsible for, among other things, modulating be-
tween outside and inside conditions to achieve comfort for the living space.

The façade is a theatrics; it is the moment in which the three dimensional, 
volumetric and spatial conditions can be reduced to two dimensional sur-
faces and compositions. It is the moment that architecture communicates 
and performs.  About 35% of a building’s construction budget is usually 
spent on its envelope and it is a good place to passively and actively con-
trol energy consumption [Lovell J., 2010].The façade can be emancipated 
from the structure, program or organiztion and at the same time represent 
any or multiple of those. It embraces several different tasks from expressive, 
communicative, figural, visual and aesthetic qualities to environmental, con-
figurational and functional ones. 

The light and shadows interplay within the interior spaceds creates depth 
to the shadows and gives these replicas dimension, in addition to, the pen-
etration of light into the more core spaces within the floor plans. 
The angles of the extended walls give the intruding light a new face and 
quality, letting it to slip on its slopped surfaces or sit on many others, and 
generate different shades in different corners, becoming more playful and 
vivid.

Kitchen and Dinning room  (July 21st, !5:45pm)

Dinning Area with Balcony  (July 4th  2:30pm)Livingroom  (August 5th  17:00pm)

The existing dinning area 

CONCEPTS AND INTERESTS ON THE ENVELOPE DESIGN
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Solar Panels’ Positioning and clustering
(focusing on corners and edges to get the 
maximum light penetration and creating 
the freedom of choice to position the open-
ings freely and based on the interior need 
of each space

Facade’s Elements’ Geometry and Formation

Light conditons of the East Facade (March 21st)Light conditons of the Wes Facade (March 21st)

Facade Framework

The designed envelope of this project has been tested and examined 
upon, with respect to the history and identity of the buildings, on three 
criteria (from an architectural point of view):

- Transformation
- Structure
- Cladding

The computational framework is formed on two main drivers:
 1. Façade analysis:

- Daylight and seasonal aspects on energy harvesting
- Spatial needs and qualities 
- Individual and group functions and interactions of the solar panel

modules (Responsivness Proposal) 
2. New building expansions 

- Light and shadow interplay (design-based analysis) 

FACADE ELEMENTS AND SOLAR PANEL ARRANGEMENTS

Exisiting Sheer Walls and slabs Proposed modifications Facade structure

Structural Analysis and Proposal
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DIAGRAMS OF THE PLAN CHANGES

SECTION B_B   1/150

After having the overall configuration of the building 
according to the users and spatial qualities added, 
I was thinking how these panels can become a part 
of that design, so I very selectively consider the 
moments in the section and plan that provides ca-
pacities to have different environmental conditions 
defined by redesigning and reconsidering the in-
ner context of the apartment planning and also by 
the two diverting paths this envelope created for me 
spontaneously which are:

1. The spatial qualities they create with various light 
conditions they can add by their geometry
2. The newly created spaces can provide the men-
tioned dialogue, of inner and outer connectivity and 
interaction, within a larger scale by opening more 
exterior views and creating different range of spac-
es and qualities (panels, balcony types) 

So my working platform as an integrated façade is 
taking into account:
• Creating new spatial qualities of light penetration
• Providing more room and balconies with different 
characteristics to envision the idea of adaptability 
of the design

Opening the view and creating more glazing Creating balconies

Moving the verti-
cal access of the 
building from the 
core to the facade 
to both enrich 
the facade by the 
movement it will 
hold within itself 
and also to en-
courage residents 
to use the stairs 

Creating more interior space (expansions)

Opening the kitchen:
- enlarging the living room 
space
- increasing light penetra-
tion into the kitchen
- creating more interaction 
in the living area
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PLANNING CONCEPTS (The Interior Changes Overview)

Overlaid changes of the plan’s core arrangementExisting plan’s core arrangement

Highlighted changesDesigned plan including exploded extension wall and facade structure

Revised Plans_ 1/50Floor plan 1/200

By using the benefit of façade structure and surfaces; and their flexibility and adapt-
ability to their newly admitted context the buildings parts were changed in accordance 
of two different approaches: 

1. Putting focus on the interior awareness rather than the absolute beauty of the 
exterior. 
2. Selecting the moments that could excavate or add parts or spatial diversity to the 
building. So by keeping the rhythm and dialect between these four buildings while 
connecting them together, a new language was generated between this new com-
position and the existing landscape, neighborhood and the park.

Having the overall configuration of the building according to the users and spatial 
qualities added, spontaneously moments were created in the section and plan that 
provided capacities to have different environmental conditions defined by redesign-
ing and reconsidering the inner context of the apartments planning. The two diverting 
paths this envelope created spontaneously are:

1. The spatial qualities they create with various light conditions by their geometry
2. The extra rooms and balconies for the apartments with different characteristics 
and enough flexibility to be defined in various ways; which also envisions the adapt-
ability of the design. 
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Facade Isometric and joint detail

Panels Installation Detail

The intention of this research is to explore and examine the initial relation 
between building spaces, façade and the daylight that besides creating 
spatial values would lead to an efficient pattern for utilizing solar panels 
and result in improved comfort and energy harvesting. The investigation 
will be examined mainly through computational modeling and analysis. 
It will also use scaled- physical models, to visualize a designed façade 
system as a renovation proposal on a case project with specified materi-
als and limitations. 
The research has been conducted under close collaboration of students 
of architecture and energy engineering to formulate a design strategy 
that clarifies the needed technical support and design opportunities for 
an optimal design.
While any ordinary project today can add environmental supplements as 
design external justification, choosing this work strategy enabled condi-
tions for the design that resulted in engrained sustainable solutions in the 
genes of the building.

FACADE DETAIL AND PROJECT CONCLUSION
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Heat Transfer
Knowledge regarding how heat can be transferred from one object or sub-
stance to another is fundamental when in order to understand solar pan-
els, both photovoltaic-cells (PV-cells) or thermal collectors. Heat can be 
explained as particles’ motion or vibration. Heat transfer can therefore be 
categorized into the three following categories; convection, conduction or 
radiation. All three operates according to the second law of thermodynam-
ics; that heat always moves from a warmer object to a colder one. It is there-
fore important to remember that even though different materials have differ-
ent characteristics, which affect the heat transfer rate, they are all governed 
by the temperature difference (Ekroth and Granryd 2008).

Surface and the Sun
The sun can be likened to a black body with a temperature of 5800 Kelvin, 
spreading heat throughout the solar system through radiation. The amount 
of heat which reaches Earth’s atmosphere is roughly 1367 W/m2, the value 
of the received heat changes however as the Earth moves around the sun 
in its elliptical orbit. The intensity of the radiation is also reduced as it goes 
through the atmosphere. Some of the heat is absorbed by the clouds and 
the air and some of it is reflected away. Solar radiation is usually divided 
into two parts, direct/beam radiation and diffusive radiation. Beam radiation 
is the radiation coming directly from the sun and diffusive is the radiation 
that for example is the result of reflections to the ground or radiation through 
clouds. The sum of both is usually called global radiation. The average heat 
per square meter in Sweden is around 950 kWh/m2 per year (Krothapalli 
2011).

TECHNICAL INFORMATION

Figure 1 shows the different angles, that directly impacts a solar panels performance (Gajbert 2008).

The performance of an object which is trying to use the sun’s radiation will 
be directly affected by how it is directed towards the sky and also by the 
sun’s motion in relation to the object for every time step (Duffie and Beck-
man 2006). The different angles that demonstrate this are illustrated in Fig-
ure 1.
The important final angle, which governs the heat or electricity production of 
the solar panel, is the so called incidence angle. This angle is the difference 
between the direction of the panel’s surface normal and the sun’s current 
position. It is calculated by the use of the angles in Figure 1. A short expla-
nation of how this is done is that both the sun and the panel are compared 
to the horizontal axis of the Earth and how each of the objects relates to the 
southern direction (Spelling 2012).

Tracking the Sun
A way to maximize the production per square meter of solar panel is to track 
the sun’s position, which can be achieved by a tracking system. Tracking 
systems can be constructed and work in many different ways, around one 
or multiple axis. They do however always result in an increase of the invest-
ment cost. For example it costs around 2700 SEK for a single axis track-
ing system for one PV-panel (Windforce 2013). Different tracking strategies 
were tested in the program ScenoCalc version 3,1. The tests were done 
according to the weather in Stockholm on the thermal solar collector Prisma, 
manufactured by S-Solar. The results of these are presented in Figure 2.  

Figure 2 shows tests conducted on a thermal so-
lar collector, set in different angles and tracking 
methods.(Tracking on PRISMA  )

TRACKING ON
PRISMA®



THE RESULTS

The followings will present the results of the tests and calculations in a brief 
look. 

Comparisons between PV-Cells and Thermal Collectors
The first tests compare a typical standard silicon-based PV-cell positioned 
in Stockholm with two different specific thermal collectors (S-Solar’s Orbit 
for the roof tests and S-Solar’s Prisma for the facade tests). The same theo-
retical standard PV-cell is used for both the facade and the roof, however its 
angle of tilt is change appropriately (45 degrees for the roof and 90 degrees 
for the facade).  Figure 3 shows the results for every month of a typical year. 
The temperature of the thermal collectors is set to be 50 ℃.

The second tests were done in order to compare the two different technolo-
gies from an economical perspective and the net present value method. 
The pricing for the thermal collectors are for a hot water installations. The 
calculations for the PV-cells are done both with and without governmental 
aid. The results are shown in Figure 4. The differences in the lengths of the 
lines in the graph are a representation of the different life expectancies of 
the different technologies.

The Chosen type of Panel
The results in calculations and investigations, that is presented in the com-
plete report of this project, show that solar thermal collectors are in recom-
mended for use in Sweden, both from an economical and an energy per-
formance perspective. The PV-cells do perform better during the coldest 
months of the year, but that production is such a small portion of the total 
production that it doesn’t make any sever impact on the comparison. The 
NPV could have been improved for the thermal collectors if large scale sea-
sonal installations was used instead of a hot water systems, they did how-
ever still perform better than the PV-cells. Further tests will therefore only 
be done on thermal collectors and only on Prisma, as the tests are done on 
façade elements. 

Figure 4 shows the net present value for the different solar panels.

ENERGy

NET PRESENT VALUE

Figure 3 shows the results of collected amount 
of energy for different solar panels and positions.



Optimal Angle of Tilt
Tests were done on the tilt angle, at 50 % from the wall, in order to determine 
the ultimate tilt angle and geometry for heat collection. For a fixed panel in 
Stockholm it would be around 45 degrees.

The change in tilt caused by the movement of the panel was assumed to fol-
low a similar pattern to the existing geometry and design. That one follows a 
pattern which could be approximated as polynomial pattern of the second 
order. Therefore only 3 points are required for the tests, the edges (which 
are constant, due to the limitation caused by the building) and middle. Test-
ing this method on the project’s designed geometry resulted in a 1,01% dif-
ference on the western wall and 0,806% difference for the eastern one. The 
method is therefore deemed to be a good approximation of the design and 
will be used for the future tests.

The results for the eastern wall are shown in Figure 5. Early tests indicated 
that the ultimate tilt angle would be somewhere between 40 and 60 de-
grees. Additional tests where therefore conducted on this interval, no deci-
mal angles where however checked.
The results for the western wall are shown in Figure 6. Just like in the eastern 
wall’s situation additional tests were done on the area where the ultimate 
angle seemed to be, according to early tests.

Discussion
The tests during the whole process showed that both the collection rate and 
the economy for investing in a solar thermal panel is advantageous com-
pared to a PV-panel. It is however important to remember that the PV-panels 
does transform the incoming radiation to electricity and not heat. Electricity 
is usually considered a more noble form of energy. This means that one 
could not compare the two of them directly, which is why the economy of 
the two different sets of panels was also estimated. 

The thermal collection rate of the thermal panel was increased severely by 
using the design presented in this paper. Tracking the sun according to the 
lowest possible incidence angle resulted in the best results. However the 
difference was very small compared to the other moveable design. This can 
be likened to the small difference between a multiple axis tracking system 
and an azimuth tracking system. One point of interest is the none-movable 
design placed at the best angle from the wall. Seeing how this system is 
fundamentally simpler than the other two new designs, yet still performing 
162 % better for the western wall and 214 % for the eastern wall. 

The eastern wall in itself is interesting. The wall is directed towards the east 
by northeast, an orientation where solar panels are not usually installed due

to the poor performance. The poor performance of the typical design on this 
wall is most likely the cause why the eastern wall’s relative performance in-
crease for each of the designs was much higher than for the western wall. In 
other words the eastern wall had a higher potential for improvement, which 
was realized by the utilization of the new façade design.

One important factor that was neglected in this study is shadowing. A clas-
sic design could be said to have no internal shadowing, no shadows be-
tween the rows of solar collectors. This could therefor affect the results rela-
tive to the base case as well as between each other of the new designs. 
However the exact implications have not been studied in this report and are 
unknown.

The ultimate tilt angle was not used in any further calculations, but shows 
how some minor changes in the design could potentially increase the pro-
duction. These changes were however not implicated in this study, but 
could be in the future. One question that does arise is how the ultimate tilt 
angle affects the ultimate distance from a wall.

The overall indication of the results is that the economical aspect of the sus-
tainability is improved by using the new design. The one that produced the 
best results was the none-moveable design at the best angle. This was caused 
both by the mark increase in heat collection and the little to no increase in in-
vestment. It was the only design that managed to successfully reach positive 
situation for the eastern wall. However it interesting to note that it was also the 
most sensitive one, caused by its lower performance in relation to the others.  

It is also important to note that no practical issues or system wide issues, 
such as pressure losses, control systems or structural integrity, were in-
vestigated in this report. All the calculations in this report work under the 
assumption that no substantial new problems would arise from the design.  

The ecological sustainability is improved by utilizing the new design. The 
results are directly proportional to the heat collection rate, due to the meth-
odology neglecting the required pumping energy. As such it shows a clear 
improvement in its ecological value. 

 
CONCLUSION
The conclusions made by all the work in this project are found here.
 
Architectural Conclusion
The intention of this research is to explore and examine the initial relation 
between building spaces, façade and the daylight that besides creating 
spatial values would lead to an efficient pattern for utilizing solar panels and 
result in improved comfort and energy harvesting. The investigation will be 
examined mainly through computational modeling and analysis. It will also 
use scaled- physical models, to visualize a designed façade system as a 
renovation proposal on a case project with specified materials and limita-
tions. 

The research has been conducted under close collaboration of students 
of architecture and energy engineering to formulate a design strategy that 
clarifies the needed technical support and design opportunities for an op-
timal design.

While any ordinary project today can add environmental supplements as 
design external justification, choosing this work strategy enabled conditions 
for the design that resulted in engrained sustainable solutions in the genes 
of the building.

Technical Conclusions
The calculations indicate that the newly designed façade can improve both 
the economical and energy performance of a solar installation. This means 
that the new façade does have the possibility of being a viable option for 
improving a structure’s overall sustainability. The versatility of the design 
results in both the possibility of moveable façade elements as well as the 
possibility of utilizing surfaces directed to the north. 

Calculations also show that it is in general most beneficial to utilize thermal 
collectors over PV-cells. The best solution from an economical view is to 
utilize the new façade design while not tracking the sun. 

Figure 5 shows how the annual collected heat varies with the tilt angles at 50% 
from the wall, for the eastern wall.

Figure 6 shows how the annual collected heat varies with the tilt angles at 50% 
from the wall, for the western wall.
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“Skin”

The skin we are in 
is first formed 

then stretched 
then dried and shrivelled 

then decomposed 
and eaten by worms. 

Lasting beauty is a legacy, 
not a face.

-- M. Hugo


