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1. Abstract

Solar energy, in its various forms of passive solar, active thermal and photovoltaics, will be
more and more used by architects in their buildings. Computer tools to simulate the thermal
behaviour of buildings and solar systems are mostly used by engineers and thermal energy
experts, while only some architects use these tools.

The goals of this project were twofold:

- combine in one tool the building energy model and all passive and active “solar” gains (win-
dows, thermal collector, photovoltaics), allowing the user to optimise his project by testing
complete solar variants at once.

- simplify the user interface, by reducing the need of data by providing “intelligent” default
values for solar systems and building elements, to broaden the use of this tool to the archi-
tects community

Each of the 3 project partners reached their projected goals with very satisfactory results:

Vela Solaris have produced a “Polysun inside” module that has been designed and used for
this project within LESOSAI-P. The design of this module has allowed it to be also used with
other computer simulation programs.

E4Tech has successfully launched the 7. release of LESOSAI, which includes both the
“Polysun inside” module and the newly developed “wizard” to ease and simplify the work of
entering a building in LESOSAI, mainly addressed to architects.

The LESO-PB has coordinated the whole project and developed the ergonomic concept and
the graphical interface of the new “wizard” for LESOSAI described above. The new concept

includes recommendations collected from a user’s survey designed and conducted with the

help of E4Tech, within this project.

2. Project goals

Solar energy, in its various forms of passive solar, active thermal and photovoltaics, is more
and more needed to allow substitution of non-renewable energy in buildings and reduce the
impact of the buildings to the environment.

Computer tools to simulate the thermal behaviour of buildings, as SIA380/1 tools, include
today passive solar gains but have crude or none implementation of active solar thermal. On
the other hand solar thermal system simulation tools are very specialised and accurate, but
not well linked to building models.

Both tools are mostly used by engineers and thermal energy experts either to check the
compliance with (SIA) Norms or to dimension the solar thermal system. Only some architects
presently use these tools.

The goals of this project were twofold:

- combine in one tool the building energy model and all passive and active “solar” gains (win-
dows, thermal collector, photovoltaics), allowing the user to optimise his project by testing
complete solar variants at once.

- simplify the user interface, reducing the need of data by providing “intelligent” default values
for solar systems and building elements, to broaden the use of this tool to the architects
community.

Two leading software programs were used to implement these ideas (LESOSAI and POLY-
SUN), resulting in an enhanced tool (LESOSAI 7) which empowers architects to consider
solar systems in an early planning stage based on automatic performance calculation of the
solar system through POLYSUN.

Furthermore, the project results include the publication and discussion of the default values
and recommendations as well as the modification of POLYSUN allowing it to be adapted as
a plug-in for other software programs.
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The global goal was to increase and facilitate the use of the various forms of solar
energy in buildings, especially for architects, by providing the software tools needed.

3. Organization of the report

This project implied a close collaboration between 3 different entities.

To reach the desired goal(s) in due time and within budget, one main issue was the determi-
nation of working packages each institution could conduct independently, and the way to
coordinate these works:

The LESO conducted a comprehensive survey of architects’ softwares and identified users’
interface strategies that could be used for the new interface. The new interface strategy was
then globally defined and the graphical concept chosen and implemented

E4Tech and LESO collaborated in elaborating and conducting a web survey among LE-
SOSAI users, and established a concatenated wish list from the results, with various priori-
ties and feasibilities. E4Tech implemented the wizard developed by LESO and modifications
that were requested by users. The Polysun module was implemented as to work both from
the wizard and from LESOSAI proper.

Vela Solaris concentrated on developing an “enclosed” part of code, called “Polysun inside”,
and its interface with the “client” software. Together with E4Tech, they established a list of
interface parameters to be transmitted, list that was the key to a clear separation of work.
As this work was done mostly in parallel and with fewer interactions for the GUI, this whole
part, written by Vela Solaris, has been kept as a separated report.

4. Lesosai user’s survey

To understand the needs of their users, E4tech had a long list of wishes of Lesosai custom-
ers that was collected during the last 10 years.

To have a better picture of the present situation of Lesosai, a questionnaire was prepared
and mailed to more than 400 customers. Around 40% of them answered, showing the inter-
est of the clients for the project and their will to have an impact and participate.

The most important results were:
Fig. 1 Evaluation de la qualité ergonomique du programme pour les différentes phases du projet ?

(all users)

Avant-projet Mise a I'enquéte Projet

31% 31%

v v

25% 25%

u Confortable Acceptable maaméliorer sans réponse
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Fig. 2 Evaluation de la qualité ergonomique du programme pour les différentes phases du projet ?
(architects only)

Avant-projet Mise a I'enquéte Projet

” 36% 36%
24%

u Confortable Acceptable maaméliorer sans réponse

Fig. 3 Est-ce que vous aimeriez disposer d'une version du programme avec entrée simplifiée des

données pour évaluer rapidement plusieurs variantes dans la phase d'avant projet?

M Oui
= Non

sans réponse

Fig. 4 Dans quelle mesure le programme vous aide-t-il a utiliser/dimensionner les systémes d'éner-
gie solaire suivants?

Solaire passif ECS solaire Combi ECS + chauffage

B OK maaméliorer sans réponse W OK maaméliorer sans réponse mOK maaméliorer sans réponse

All these answers showed clearly that an improvement in Lesosai, in particular for the pre-
project, was needed.
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5. Existing programs survey and strategy

A comprehensive survey of existing programs in the same domain provided several insights
on the way architects used to work with softwares, and on specific approaches to make them
comfortable when entering data in a familiar way.

A pre-selection stage covering 22 programs led to the extensive analysis of 7 softwares,
thoroughly described in the Annex 1 document: “Analysis of 7 Energy in Buildings softwares”.

Following this stage and after all partners had “digested” the information collected in the doc-
ument, the global strategy for the wizard was defined.

To reduce the work in the pre-project phase it was decided to limit the number of data to be
introduced for the building and for solar systems. As Lesosai and Polysun are both multilin-
gual programs, the wizard had to be multilingual as well

It was decided to use as many default values as possible, values that can be changed and
adapted within Lesosai in a second stage but that can be realistically estimated at the pre-
project level. For examples lighting scenarios, envelopes constructions, door compositions
etc. were offered as simple choices, from which all the detailed values were inferred.

All the data that had to be transmitted, both ways, between LESOSAI and POLYSUN, were
also defined at this stage.

The 2 diagrams here below (Figs. 5 & 6) show the extensive analysis and simplification work
that has been necessary to generate the wizard ergonomy.

BATIMENT SIA 2031

Fig. 5 Lesosai 6 Flowchart (shown only for its complexity)
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WIZARD SIA 2031

it

n l =] == = — wocaux

Fig. 7 Lesosai 7 wizard flowchart (shown only for its simplicity)

6. Interface description

This chapter does not present an extensive description of all screens and screens configura-
tions that may appear, but is rather an insight on the principles that were applied and the
graphical concept behind.

The best way to get a comprehensive feeling of an interface ergonomy is to use it!

All the screen prints were taken when working under the SIA2031 standard.

Performance requirement are not always an easy topic for an architect, therefore this screen
was divided into 3 easy steps, energy usages (heat, domestic hot water,...), country selec-
tion, and finally performance standard to comply with (every standard is explained on the
right):

1. PERFORMANCE REQUIREMENTS
EVALUATE PERFORMANCE: 2 3
[ Envelope 1
v & 8 Building thermal energy. For
i izE g certification. Rational utilisation of
[~ Domestic Hot Water (DHW) N - energy
I Cosing s
-~
[~ Light @ Italy -~
 Ventation Type o wrk
[~ ECO New building Z|

Fig. 8 Performance requirements
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As another point that can be difficult to assess on the pre-project, particularly when sitting at
the office, is the shading from mountains and building, some standard situations are pre-
sented that can be easily selected by the user:

2. POSITION

Atitude of building site I—O [m]

Counteys IFrance EI
Climate (location): [Muthouse (METEONORM) -
Context: IVillage centre EI
Low Mean High
@ - c

Fig. 9 Localisation

In the pre-project phase usually only the general form of the project is chosen; to accelerate
the geometry build, pre-selected forms are proposed:

Fig. 10 Building general geometry
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In the following screen, dimensions information to complete the definition of the building
form (length, width, height, roof,...) is entered.

1. SHAPE AND DIMENSIONS 2. HEIGHT
Dimension:  [m] Nb of storeys Above the ground fl 1 Z'ﬂ
L8 X1 x1 |0.00 y1 |0.00 Ground floor 1 Z
+— — ¥2 |0.00 3 Basement|0 'Z
o
y3 J0.00 2 @ Standard height  [m] [0.00

1 " Storey height [m]

First floor and folowing |0.00
Te Ground floor 0.00

o~
e e Basement 0.00

Orientation ;1 |0 ’Z Surface [m2] |0.00

Y1
o

3. COVER

I.:

- o &3]
o 1
& (000 [m

Fig. 11 Dimensions, storey & roof.

O-'Nw>

To define the external envelope of the building, over 80 different elements compositions (for
walls, floors, roofs) are proposed, depending on the desired quality for the building and the
situation of the component (against external, earth,...). All these elements are composed
from materials that can be easily changed/adapted when in the final project:

1. BUILDING THERMAL CAPACITY

Wood masonry Concrete  Metal -
. c € pid pid
Wall floor Roof
[W/m2K] Class A Class B Year 80° Year 30°
0.166 - & - P
External Internal 0.166 T o (o e
« o 0.135 e I ~ -

Fig. 12 Thermal capacity and insulation levels

The internal walls organization when in pre-project or in a retrofit situation are usually not
precisely known. In Lesosai, three kinds of situations are proposed according to the density
of the internal walls. This solution will be probably used in the future Minergie Eco label too.
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L1

—
L

T

¢+ Rooms (avg 48 m?)

Dissipated (1 m' / 4 m?)

Fig. 13 Wall densities

¢~ Rooms (avg 20 m?)
Mean (1m'/ 2.5 m?)

¢~ Rooms (ave 12 m?)
Important (1m'/ 2m?)

For energy calculation it is crucial to define which zones are heated and which are not, this
having a big impact on the results. In this screen, the user selects the part of the building he
works on and just clicks on the zones that are heated.

g A
) THERMAL ZONE CARACTERISATION [E=NIEn
4.1 THERMAL ZONE CARACTERISATION
Zone Name Heated zone
1. VERTICAL PLANE 2. HORIZONTAL PLANE
Select storey in the vertical cut: Define the surface in the storey zone:
Non allocated _} Whole floor
(from building) E—
/\\ Non allocated
(from floor)
selection legend
Partly Completety
Current zone l Surface  [m2] I 00
l Other zones |
Mixed zones |
Cut Scheme

3. CARACTERISATION

Building type

single-family house

Hot water needs

[l/day people]40

[~ Zone cooled

& cancel

Fig. 14 Thermal zones, per floor level
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Windows

The introduction of elements in the envelope can be really time consuming. This time has

been reduced thanks to the following features:

* the official thermal bridge catalog (Federal Office of Energy)
* a windows catalog
* a frames catalog

In the window screen, several key elements are presented in an attractive and easy to un-
derstand graphical way. Glazing type, frame, spacing, thermal bridge U and G values are

entered in one single screen.

The possible thermal bridges associated with each window types are proposed automatically

for selection.

WINDOWS
Component name: Iwindow

Number of Windows: 1

[~ Element database

Dimension: Length  [m] 1.5 Height [m] 1 u Gp SRR
wrmkg [
Glazing type: A[zvr 1.100 0.550 ]|
Frame kind: IPlastic 50 mm j
External store: lexternal: venitian store with moveable blade Ll
Frame fraction [#] 20 Cavity spacerbar: [m] 3.75
Linear coeff. v [W/m'K]| 0.07
Glazing Ug value: [W/m2K] 1.10
Uf frame coef.: [W/m3K] 2.50
l, ) ) , J , , , , , , Global U value W/mkK]|  1.10
0% 10% 20% 30% 40% 50% T i [ 1.es
PONTS THERMIQUES " Inexistant <b»5.3-A2</b> : <br>Linteau de fenétre, Cadre entre murs en Variations Minoratio...
) position médiane <br> Limit wall : 0.15/0.4 [W/m.K]
(4] 0.1 (Wimk] (@] O Valeursrées Limit floor /ceiling : Wood/Wood-metal/Plastic
—| (* Catalogue
(2) 0.1 [W/m-K] )
@) 013 wimkl O g
Ponts Thermiques !
1 1
2 2 LI | L‘ ’:l
a »

Fig. 15 Window definition / selection screen
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Thermal bridges

The new thermal bridges screen has been completely redesigned by integrating the BEW
catalog, hopefully bringing for the first time the possibility for architects to enter realistic
thermal bridges values, by simply indicating their location and type.

,Q fmWizltemThermLin_caption[en] R ——— @M‘
THERMAL BRIDGE
= Component name: | [~ Custom values Nb element: [—1
g
= \v | (2)
o I F" (1 )
<« || »
| VERTICAL CUTTING |

[ 3.4-A1:
| Pied de facade, Sous-sol non chauffé,Facade avec isolation extérieure crépie
Limit wall : 0.15/0.4 [W/m.K]Limit floor/ceiling : 0.15/0.4 [W/m.K]

Variations Minoration/Majoration
Elément isolant de pied d... -
® no 0 F
O yes -0.05 E

Mur
® Brique de terre cuite 0
O Béton armé 0.3
Isolation jusqu'a sous nu ...

Length [m] 5 Linear coeff. w [W/m-K] 0.24

(3) U1: [W/m3K]  0.094

x Cancel

Fig. 16 Selection of thermal bridges locations and values
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Visual feedback

For the first time in LESOSALI, there is a visual feedback on the actual situation of the facade
part you are entering elements into, eliminating several potential mistakes.

Additionally, there is always the option to copy elements between fagades and between sto-
reys.

1. CHARACTERIZATION OF ENVELOPPES BY FLOOR

Height and
surface area of

+
0 +

COPY THIS CONFIGURATION

In the envekl. S g0 In the storel >

2. 3D VIEW 3. ENVELOPPE ELEMENT
a Elément | Surf/tong. | Nb [vatewru| psi |
g (. Window 1.5 1 1.1
~— ' 2] 5 1 0.24

- gl N\

Fig. 16 Visual feedback on fagade portion under work

If lighting and air conditioning are needed in the chosen standard, lighting schema defining
average rooms’ situations inside the concerned zone is possible.

3. LIGHTING
90% 75% ' 60% 90% 90% 25% 50% 75% 100%
- — e [ S—
60W () 60W L) 60W = 1w 20W e e s I
10m/Ww || g 10m/w || g 10mw || & 70m/w 75 Im/W
< Ll »
Fluocompacte Light. Color (walls, roof, floors) IAverage Ll
Lighting efficiency [%] 90
Power [W] 11 Presence detector Iautomatic switch on j
Lighting eff.: [lm/W] 70 High or workplace 0.75 [m]
Roof Dist: fm] 0 Typ of regulation: Imanual switching and automatic stop « Ll Lighting luminous 200 [ix]

Fig. 17 Lighting strategies and technologies ready to be selected
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Technical systems

The choice of technical systems is simplified in the wizard by using solutions inspired by a
mixed of Luxembourg and Swiss standards.

7. TECHNICAL SYSTEMS

i - 3: % al P

Heat Domestic hot water Cooling Ventilation Thermal solar Photovoltaic Solar

[~ No hot water

[~ As heating

Installation: ILow temperature boiler 35/28 °C Ll Not existant Wellinsulatec  Insulated ittle insulatic
o « o o

Energy agents IOﬂ j

Efficiency 0.909 [%]

Volume [m3] |5.0

Fig. 18 Selection of technical systems

The wizard has also included the new part, the screen dealing with Polysun Inside, again
drastically simplified when compared with the complete Polysun version.

i < = % al o

Heat Domestic hot water Cooling Ventilation Thermal solar Photovoltaic Solar
Simply annual calculation Polysun Inside
(" Without solar thermal (" Heating " DHW ¢ heating and DHW " DHW
Collector type: Panels quality
Glazed Kollektor j " cheap ' good " very good
[~ Swimmingpool

Pannets number 8 ' > l > ‘ |

Surface [m?] 2 Total Area  [m?] 16 I!ﬂ >

Orientation (South=180) i, [°] 180
Slope (Vertical=90%) [*] 1 30

N

Fig. 19 Simplified interface for solar thermal
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[FPolysun 4.4 - SPF Yersion - SPF [ o =] 3]
Projekt Variante Resultate Kataloge BExdras ?

|E\ Projekt Projekt - Variante 2a: Raumheizung (Durchlauferhitzer) Velasolaris

@ Projekt Projekt —] ......................................................................... =
@ Projekt-Ubersicht i B Nnw o ;N
Standort - 3 ? :

I.:I
[#] Verbraucher

[€] Wintschattlichkeit @
== Varianten

2 8h:wWarmwasser (S
[=] 2a: Raumheizung (C
|2 2a: Raumheizung (T

[ vela Solaris -
1a: Warmwasser (Df= [ Variante - 2a: Raumheizung (Durchlauferhitzer) | Referenz- 2a: Raumheizung... |
Ik varmsassera) Resultate Variante - 2a: Raumheizung (Durchlauferhitzer)
2a: Raumhe!zung (2] Bezeichnung Symbol Einheit Jahr
2h: Raumhe.lzung ¢ Systemeffizienz £8ys 077
2c: Raumheizung (S Zusatzenergie an das System Qaux Kih 12385.3
2d: Raumheizung (5 Energieverbrauch lause Kiih 12060.2 R i BR
[0 8a: warmwasser (S Energiedefizit Qdef Kiih 140.8 2 ’
Sh: Warmwasser (S Endenergie an das System (Brennstoff und Strom) Etot Keh 15676.6 o I
D sc: ] i HE
8c: Warmwasser (S [«| Energieverbrauch 1] »|
0 8d:Warmwasser (S 2500
ge: Warmwasser (S 2000 a EE @ﬂ
Sﬁwarmwasser(So Simulation der Var = 1500 |
8g: Warmwasser (3 Simulation fertig: 2 1000
8h: Warmwasser (SC_ || Simulation der Var S
0 si:warmwasser (So| +| | Simulation ferti: 4 e

> Jahr  Jan  Feb M=z  Apr  Mal  Jun  Jul Aug Sep Okt Nov Dez
Projekt Projekt Energieverbrauch  Energieverbrauch Referenz-Variante Etot=15676.6 Kith
a3

Fig. 20 Polysun screen for specialists as a comparison

After completing these screens, the user can view the calculation results, prepare another
variant in the wizard or proceed to Lesosai 7.0 and fine tune the project.

For architects, when satisfied with one variant, they can transmit the completed wizard file to
their engineering department people or external specialist who can adjust the needed ele-
ment without re-entering the whole building:

YOU FINISHED THE WIZARD

WHAT DO YOU WANT TO DO?

&) 5

View result View project in Lesosai

Fig. 21 End of the wizard
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And the results in Lesosai 7.0 from Polysun Inside:

' h'

L) Calcul Polysun o | B (S
Modéle polysun:
Désignation symbole | Unité | Annuet |
Taux solaire: taux d'énergie solaire au systéme  5fn % 99
Energie solaire thermique au systéme Qsal kwWh 1170
Consommation énergétique total Quse kWh 189
Energie des générateurs thermiques au systé... Qaux kWh 11
100 -120
) -110 M Qsol
S0
----F100 | M SFn
80 - . too O ause
i B QAux

70 -80

60 - F7o

50 | -|-60

-=:F50
40 4
S

30 N 1 30

20 -} 20

101 L2210

01 -0
&3 Fermer
- A

Fig. 22 Results from Polysun Inside module

Concerning solar use, another important point in this project is passive solar. In this release,
the results for solar gains in the monthly and the hourly calculations have been improved. In
the case of the monthly data, a table reports specifically gained and lost energy through the
windows (particularly useful for SIA380/1 projects):

4.1b Fenétres et portes-fenétres

n® |désignation Nb A Atot |inclin. |orient.| g. | Fs Uw Ug Uf Gains | Pertes
élém.| [m?] | [n?) [°] ] [1 |[[Wm?K] | [W/m?K] [[W/m?K] MJ] MJ]
0 Fenétre toit.1 1 246 246 0 S [0.540(085| 1.41 1.50 1.20 313681 | 126899
0 Fenétre sud 1 436 436 90 S [0.540(0.82| 1.20 1.20 1.20 || 413266 | 191414
0 Fenétre Heizkarper 1 656 | 656 90 S 10540]082| 1.20 1.20 1.20 62179 64796 o
0 Fenétre est 1 625 625 90 E [0.540(0.74| 1.20 1.20 1.20 384574 | 274389
0 Fenétre ouest 1 730 730 90 O (0.540(068| 1.20 1.20 1.20 | [ 438700 | 320486
0 Fenétre nord 1 3 3 90 N 105401090 | 1.20 1.20 1.20 1175 1317

Fig. 23 Gains and losses through windows

For the hourly standards (EN ISO 13790, SIA2031,...) a special screen has been added pro-
viding an easy way to analyze the yearly and monthly gains of a windows (the hourly option
is in form of a text file that can be exported):
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This table can help see which windows and which blind situations can provide heat in winter
while avoiding overload cooling in summer. In Lesosai 7.0 (outside this project) it is even
possible to mix the solar gains with natural ventilation through a window in a room (following

the SIA2028).

Finally, when the wizard part is completed, it is very easy to transfer the project in Lesosai

7.0. for further work.

Global changes can be made, for example by modifying the project database. In the screen
below, changing the U value data in the model will change all the green walls in the 3D pic-

ture:

‘_] Lesosai 7.0 (build 573)

File Variant Tools Options V

Project Tree Project Database I

¢ 4 H SIA (CH) 380/1 Verification ~

ew Licence management ?

- library
i) Heated zone
(i Unheated loft
(i Conservatory, unheated
£ Unheated zone
(77 Double-skin
() Basement, unheated
(&) Room
" Roof
0 wall
0 Wall
0 Walll
. Floor
o Intemal wall
(. Window
# Roller shutter box
§ Door

| Snerial sirfare

+

+

+

m

¢ Values from Library 0.135 4

_ Roof Wall Concrete ext Classe &

[~ _Radiation balance (optional)
[%1| 90.00
Absorption coefficient [¥] 90.00

Emissivity

Fig. 24 Library element change in Lesosai 7.0

Wall.1

v o
=, A D
3D display
EJ -> Walll
General data lédjacency I -
Orientation (South=180) 1 270.0 ll Type:
Slope (vertical=90%) r1 90.00 Remaining surface are:
Surface area [m?] 120.00 120.00 - R
Thermal Properties [> '<
[W/m3K] -
" Custom U value 0.300
(" Calculated U-Value (1] Name for report

Moreover, Lesosai 7.0 has also added many more improvements that aren’t described in this
report but can be tested by downloading the software.( www.lesosai.com)

As explained in the introduction, the last part of the report describing the activity of Vela So-
laris is contained in a specific part of the report, written by Andreas Witzig, with its own num-
bering and references, attached at the end of this document.
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6. Conclusions

The official release on September the 29™ of the new version of Lesosai 7.0, including the
“wizard” and the module “Polysun Inside” is the best proof of the project’s successful comple-
tion. Both industrial partners have reached their goals in improving their offer, while serving
the general interest in helping to make a better and increased use of solar energy and build-
ing efficiency. The LESO has brought an innovative way to help architects dealing with these
issues at an early design stage, when major decisions are taken. Diffusion of this concept will
be done at Conferences (PLEA 20011,...) and within IEA Task 41 “Solar Energy and Archi-
tecture”, to further spread this approach on an international level.

All three partners wish to thank the Federal Office of Energy to have made this progress
possible.
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http://lwww.velasolaris.com/vs2/files/presseinformation_dds-polysuninside.pdf

-- Presentation by Flavio Foradini at BiSol workshop in Lugano, 16-17 Nov. 2009 “Lesosai
7.0: Les outils de simulation dédiés aux architectes”

-- Presentation of the wizard concept and GUI, in “LESO Lunchtime Lectures®, by Marja
Edelman, EPFL Sept. 3.2010

-- Presentation by Flavio Foradini at EPFL in Lausanne, 29-09-2010 “Lesosai 7.0: official
release”
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