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01_GENERAL INFORMATION_HOME FOR LIFE

General concept introduction

Study case n°2: Home for Life

Home for Life represents in many ways the aspirations of homeowners in the early 21st century. It is home to the 
Simonsens,a family of  ve, with a large, undivided living space on the ground  oor and individual rooms above. Home 
for Lifeis the  rst of six buildings in Europe to be constructed as part of the Model Address Home 2020 experiment.
Home for Life is an active house producing more energy than it conumes. With an expected energy surplus of 9 kWh/
m2/year, it takes Home for Life approx. 35 years to produce the same amount of energy that was used to produce its
materials, and by that time, the house will have returned more to nature than it has consumed. Over the long-term,
thetherefore, the house will be an asset for rather than a burden on the environment.

AART Architects
VELFAC, VELUX Group, Aart
Architects and Esbensen
Consulting Engineers, Engineering
College of Aarhus,
Alexandra Institute, Aarhus
SSchool of Architecture,
Danish Building Research
Institute, Municipality of
Aarhus
KFS-Boligbyg
VKR Holding
New construction
DDetached house
2008
Lille Elstedvej 5, 8520, Lystrup,Denmark
200.0 m2

1 housing

              Architects:
                 Partners:

            Contractor:
             Developer:
   Type of project:
      Building type:
                  Project Year:
   House Address:
                         Area:

Number of units:      
FIGURE 1.1

FIGURE 1.2
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Home for Life was developed by the VELUX Group 
and VELFAC in cooperation with aart arkitekter and 
bensen Consulting Engineers. The house is the 
result of an interdisciplinary project to incorporate 
the issues of energy, comfort and visual appeal into 
a holistic entity in which these parameters supple-
ment each other and give the best possible quality 
ofof life in the home and its surroundings. the idea 
was to creat a carbon-neutral building that would 
beneet from solar energy, both actively by produc-
ing electricity and solar heat and passively by bene-
-tting from the heat of the sun. 
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01_GENERAL INFORMATION_HOME FOR LIFE

ZONE 1 IS LOCATED ON THE GROUND FLOOR WITH A TOTAL AREA OF 65m2

ZONE 2 IS LOCATED ON GROUND FLOOR AS A DOUBLE HEIGHT SPACE COVERING A SURFACE OF 27m2 

ZONE 3 IS LOCATED ON FIRST FLOOR (ON TOP OF ZONE 1) THAT COVERS 72m2

HOME FOR LIFE CONSISTS THREE THERMAL ZONES:

GROUND FLOOR PLAN

SECTION A.A SECTION B.B

FIRST FLOOR PLAN

N

FIGURE 1.4FIGURE 1.3

FIGURE 1.6FIGURE 1.5
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01_

The TRNSYS Simulation Studio is a part of the whole software, in which 
is possible to set the different simulation parameters.
Importing the .idf  le as "3D building project", setting the orientation 
and position, the weather  le and the boundary temperature.

The model was divided in three different Thermal zones, 
as speciied in the building informations. Every thermal 
zone has similar thermal features.
For each surface of the different thermal zones it has For each surface of the different thermal zones it has 
been set up the boundary conditions, if adjacent with 
other surfaces,or in contact with exterior. This allows to 
the program to understand the behaviour of the 
different zones relating to external temperature.

The modelling phase is the  rst one in the simulation The modelling phase is the  rst one in the simulation 
process and is important that the 3D building has a 
good precision,to have reliable results. While modeling 
the building a lot of checks were made to avoid errors. 
For this reason the model has been exported several 
times in "Simulation Studio", verifying it was free of 
faults.

To explain the modelling process are here reported by 
screenshot. 
The  rst step is to use the Trnsys3D plugin for Sketchup.

In this screeshot is possible to see the building 
completely modeled. Thanks to the plugin it was 
possible to assign speciic informations of the building 
to each technical element, walls, roofs,  oors and 
windows, created in Sketchup as a simple surface.

3D BUILDING MODEL 7



The envelope technologies in this study are divided into constant technologies (less effective on performance) and 
varied technologies. The three elements that are constant in this study are: Partition Wall and horizontal slabs, since 
they perform only as a division between two internal zones. Ground  oor slab, since it performs between an 
internal zone and ground which has a roughly constant temperature throughout the year.  

FIGURE 1.7

FIGURE 1.8

TABLE 1.1

TABLE 1.2

FIGURE 1.10

FIGURE 1.9
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The envelope technologies in this study are divided into constant technologies (less effective on performance) and 
varied technologies. The three elements that are constant in this study are: Partition Wall and horizontal slabs, since 
they perform only as a division between two internal zones. Ground  oor slab, since it performs between an 
internal zone and ground which has a roughly constant temperature throughout the year.  

FIGURE 1.11

FIGURE 1.12

TABLE 1.3
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01_ VARIED ENVELOPE TECHNOLOGIES

Horizontal Slab base case properties 

External wall Case1 light properties 

ENVELOPE TECHNOLOGIES_LIGHT PROPERTIES

In the following pages three main strategies will be implement onto two most affecting parts of the envelope, External Wall and Roof 
technologies. the three technologies are default basecase, light case and massive case. in all three the thermal transmission has been tried to be 
kept constant so the other variables could be compared and the best performing technology in terms of attenuation, time shift, decrement 
factor, and  nally Periodic Thermal Transmittance (Yie) could be recognized. 

In the following pages three main strategies will be implement onto two most affecting parts of the envelope, External Wall and Roof 
technologies. the three technologies are default basecase, light case and massive case. in all three the thermal transmission has been tried to be 
kept constant so the other variables could be compared and the best performing technology in terms of attenuation, time shift, decrement 
factor, and  nally Periodic Thermal Transmittance (Yie) could be recognized. 

BASECASE PROPERTIES

FIGURE 1.13

FIGURE 1.15

FIGURE 1.14

FIGURE 1.16

TABLE 1.4

TABLE 1.5
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01_ VARIED ENVELOPE TECHNOLOGIES

Roof base case properties 

Horizontal Slab base case properties 

External wall Case1 light properties 

ENVELOPE TECHNOLOGIES_LIGHT PROPERTIES

LIGHT PROPERTIES

FIGURE 1.17

FIGURE 1.18

FIGURE 1.20

FIGURE 1.19

TABLE 1.6

TABLE 1.7
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01_VARIED ENVELOPE TECHNOLOGIES

Roof Case1 light properties 

ENVELOPE TECHNOLOGIES_MASSIVE PROPERTIES

External wall Case2 Massive properties 

Roof Case2 Massive properties 

MASSIVE PROPERTIES

FIGURE 1.21

FIGURE 1.22

FIGURE 1.24

FIGURE 1.23

TABLE 1.8

TABLE 1.9
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01_ENVELOPE COMPARISION

It is visible in the following charts that the Time shift behavior of the Massive technology is much higher when 
implemented in the External wall position, but the behavior changes when it comes to the roof technologies and the 
lighter technology shows a higher Time Shift characteristic.

In the following charts we compare parts of the envelope technology that has the most effect on the house’s thermal 
behavior. In this comparison chart it is visible that, as intended, the Massive Properties Technology as higher thermal 
mass characteristics in regard to the other two cases and it has the possibility to sink in more heat that the other two 
technologies.

In this comparison chart it is visible that the thermal transmission value for all of the proposed technologies, as intended, 
are pretty much  xed

FIGURE 1.25

FIGURE 1.27

FIGURE 1.29

FIGURE 1.26

FIGURE 1.28

FIGURE 1.30
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FIGURE 1.31

FIGURE 1.33

FIGURE 1.32

FIGURE 1.34
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And  nally we can compare all three cases in terms of Yie in the above charts.

29
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03_SHADING_BERGAMO

Climate Analysis

Total Solar Radiation

Amibient Temperature 

Carpet Chart

Relative Humidity

Ralation between : T and RH

Ralation between : T and Solar Radiation

Max and Min Standard Deviation of  T
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FIGURE 2.1
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FIGURE 2.2

FIGURE 2.3

FIGURE 2.4
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FIGURE 2.5

FIGURE 2.6

FIGURE 2.7
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FIGURE 2.8

FIGURE 2.10

FIGURE 2.12

FIGURE 2.9

FIGURE 2.11

FIGURE 2.13
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FIGURE 2.14

FIGURE 2.15

FIGURE 2.16 FIGURE 2.17

2 20



FIGURE 2.18

2 21



FIGURE 2.19

FIGURE 2.20

FIGURE 2.21
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FIGURE 2.22

FIGURE 2.23

FIGURE 2.24
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FIGURE 2.25

FIGURE 2.26

FIGURE 2.27
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FIGURE 2.28

FIGURE 2.29

FIGURE 2.30
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03_SHADING_BERGAMO

Passive Strategies Diagram

Baseline

Free Run Simulation

Automation Ventilation Scheme

Ventilation Trnsys Model

Ground Pump Heat Exchanger

Ventilation Optimization

Shading Automation Scheme

Shading Trnsys Model

Shading Optimization

Solar Collector Trnsys Model

Solar Collector Optimization

BIPV
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03_PASSIVE STRATEGIES

Optimisation Schedule Automation

Sh
ad

in
g 

Ph
as

e 
3

Ve
nt

ila
ti

on
 P

ha
se

 2
Ba

se
lin

e 
Ph

as
e 

0
Te

cn
ol

og
y 

Ph
as

e 
1

FIGURE 3.1
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FIGURE 3.3

FIGURE 3.2
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FIGURE 3.4

FIGURE 3.5

FIGURE 3.6
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FIGURE 3.7

FIGURE 3.8

FIGURE 3.9
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FIGURE 3.10

FIGURE 3.11

FIGURE 3.12

31



FIGURE 3.13
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03_AUTOMATION VENTILATION
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03_AUTOMATION VENTILATION
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03_AUTOMATION VENTILATION
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TRNSYS Model: Type150-3
This component models a "sticky" controller where the outputs are set to the input values from a user-deened previous timestep. For exam-
ple, the user could decide to have the outputs to another component be based on the zone temperatures from the previous hour or even 
from the previous day.The stickiness is set by the number of timesteps and not based on the number of hours.

TRNSYS Model: Type 168
Natural airrows through openings are dependent on the effective opening area and the difference in air pressure inside and outside a build-
ing. The Type 168 models natural ventilation through openings like operable windows. It considers innltration, controlled ventilation and 
 ushing events, and provides two models to determine the maximum volumetric  ow rate through an opening. Note that both models do 
not account for the effect of wind pressure on natural ventilation.

Prof:Graziano Salvalai

03_PASSIVE STRATEGIES_VENTILATION TRNSYS MODEL

TRNSYS Model: Type 515-2
The Heating and Cooling Season Scheduler utility programs (Type515.exe and SeasonsScheduler.exe) and their companion component 
Type515 are used in conjunction with one another to input a heating/cooling season schedule. A heating/cooling schedule denotes which 
portions of the year when heating or cooling (or both) equipment may be utilized.

TRNSYS Model: Type 1669
This component returns a control signal between 0 and 1 that is related to the current value of an input as compared to a user deened min-
imum and maximum value.

TRNSYS Model: Type 31-2
This component models the thermal behavior of  uid  ow in a pipe or using variable size segments of  uid.  Entering  uid shifts the position 
of existing segments. The mass of the new segment is equal to the  ow rate times the simulation timestep.  The new segment's temperature 
is that of the incoming  uid. The outlet of this pipe is a collection of the elements that are pushed out by the inlet  ow.  Thisplug--ow model 
does not consider mixing or conduction between adjacent elements. A maximum of 25 segments is allowed in the pipe. 

TRNSYS Model: Type 760
Type760 uses an effectiveness – minimum capacitance approach to model an air to air heat exchanger that transfers only sensible energy. If 
moisture transfer as well as sensible energy transfer between the exhaust and fresh air streams is important.Type760 includes  ve different 
control modes. In the  rst of these control modes, the outlet temperatures of the two air streams are completely uncontrolled. In the other 
four operation modes, the temperature of either the fresh or exhaust air streams is maintained either above or below a user deened set point.

TRNSYS Model: Type 646
Type646 models a supply air plenum. One inlet  ow of air is split up into as many as 100 individual streams whose mass  owrates are user 

speciied fractions of the inlet air  owrate. The limit of 100 inlet  ows can be modiied in the Fortran source code.

TRNSYS Model: Type 648
Type648 models a return air plenum. Up to 100 individual  ows of air are mixed together to determine the properties of the air exiting the 

plenum. The limit of 100 inlet  ows can be modiied in the Fortran source code.

TRNSYS Model: Type 997
This component models a series of  uid--lled, parallel, horizontal pipes buried in the earth.  The user may also specify a  ow pattern from 

one pipe to another.  This model allows the user to specify groundwater  ows through a horizontal layer of soil (user speciied thickness) and 

multiple soil layers.
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03_PASSIVE STRATEGIES_VENTILATION TRNSYS MODEL

SC.2. TRNSYS simulation model for ventilation
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FIGURE 3.14

FIGURE 3.15
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FIGURE 3.16

FIGURE 3.17
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FIGURE 3.18

FIGURE 3.19

TABLE 3.1
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Ventilation Automation 
TTo optimize the use of three different means of 
providing airrow to the building, it is required an 
automation system that decides when and how each 
system should work.  The three systems are Natural 
Ventilation, Ground Pipes alone, and Heat exchange 
system following Ground pipe system. 
TThe automation system takes into account the outlet 
Temperature of ambient air, GHPs, Exhaust air, and 
Operative Temperature of the zones and, by 
considering the Class B EN15251 comfort criteria, 
monitors the performance of the building hour by 
hour and chooses the best performing system.
asas you can see the automation alone causes the 
system to choose not the optimal option during the 
summer since it does not save the cooling energy 
from the morning hours which the building is 
performing in comfort conditions for the evening 
hours. it is visible in the chart of hourly temperature 
comparison of June 13th ((gure 3.23) and hourly 
veventilation  owrate ((gure 3.22) you can see that the 
use of natural ventilation causes the building to go 
very near the ambient T in the evening.

FIGURE 3.20

FIGURE 3.22

FIGURE 3.23

FIGURE 3.21
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By using a simple schedule during the summer which limits the 
use of natural ventilation during the peak hours of Ambient Air 
Temperature which in this climate is 10am to 4pm, it is possible 
to increase the performance of the system. 

FIGURE 3.24 FIGURE 3.25

FIGURE 3.26 FIGURE 3.27

FIGURE 3.28 FIGURE 3.29
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03_SHADING AUTOMATION SCHEME

FIGURE 3.30
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TRNSYS Model: Type 9c 
This component serves the purpose of reading data at regular time intervals from a data  le, converting it to a desired system of units, and 
making it available to other TRNSYS components as time-varying forcing functions. This component is very general in nature and can read 
many different types of  les. The data from line to line must be at constant time intervals.

TRNSYS Model: Type150-3
This component models a "sticky" controller where the outputs are set to the input values from a user-deened previous timestep. For exam-
ple, the user could decide to have the outputs to another component be based on the zone temperatures from the previous hour or even 
from the previous day.The stickiness is set by the number of timesteps and not based on the number of hours.

SC.1. TRNSYS simulation model for shading

Prof:Graziano Salvalai

03_PASSIVE STRATEGIES_SHADING TRNSYS MODEL

TRNSYS Model: Type 14h 
The pattern of the forcing function is established by a set of discrete data points indicating the value of the function at various times 
throughout one cycle. Linear interpolation is provided in order to generate a continuous forcing function from the discrete data. The cycle 
will repeat every N hours where N is the last value of time speciied. While the code of Type14 is entirely general, this version of the compo-
nent uses dimensionless units so that it too can be used in a very generic manner.

TRNSYS Model: Type 515-2
The Heating and Cooling Season Scheduler utility programs (Type515.exe and SeasonsScheduler.exe) and their companion component 
Type515 are used in conjunction with one another to input a heating/cooling season schedule. A heating/cooling schedule denotes which 
portions of the year when heating or cooling (or both) equipment may be utilized.
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03_SHADING_BERGAMO

SHADING AUTOMATION

The shadings over the transparent parts of the The shadings over the transparent parts of the 
buildings play an important role. They are directly 
affective on both visual comfort of the residence 
and the amount of solar gain inside the thermal 
zone. To enhance the performance of the building 
toward optimal exploitation of the both visual 
comfort and solar gain, an automation technology 
has been reached. has been reached. 
The automation as you saw on the schematic chart 
((gure 3.30) starts with a radiation control if the 
total radiation over the surface of the windows in 
the scheduled hours (6am to 12pm) is less than 800 
the Automation turns the shadings fully off (0%) on 
the other hand if the total radiation surpass 2200 
the system would totally shut down the shadings 
(100100%).
After that preliminary control the shading 
automation system is controlled hourly to reach the 
optimum comfort in three main steps.
First chart of the page ((gure 3.31) shows the 
annual hourly radiation values with indication of 
the upper and lower boundaries.

COMFORT EVALUATIONCOMFORT EVALUATION

To evaluate the comfort for each hour of the To evaluate the comfort for each hour of the 
analysis an equation has be imposed that as an 
outcome it will plot if the room is in comfort 
conditons, or colder than comfort range, or warmer 
than so. all comfort temperatures are taken with 
regards to ashrae 15251 standards and considering 
the ambient temperature.  As of here on, all positive 
or negative outcome in terms of comfort is or negative outcome in terms of comfort is 
considered the outcome of the mentioned 
equation for the last hour as decision base for the 
upcoming hour.

STEP ONE

To begin with, there has been done a total control 
of the comfort with 0%, 30%, 50%, and 80% shaded 
ratio and the optimal performance of the building 
in terms of comfort has been chosen for that 
operative hour inside the working schedule. In case 
of equal performance in terms of comfort the lower 
value of shading ratio has been chosen to provide 
better visual comfort. better visual comfort. 
In this page you can see how the shading control is 
operating in January ((gure 3.33).

Radiation limit optioneering
Overlaping the response curve for Overlaping the response curve for 
the higher and lower limit of the 
radiation control in terms of total 
loads imposed inside the building, 
it has been obtained the optimum 
values. 

It is visible in this chart the number 
of hours during the year that the 
radiation is in and out of the 
boundary of the shading control 
condition, thus how many hours in 
a year the system is operating.

FIGURE 3.31

FIGURE 3.32

FIGURE 3.33
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03_SHADING_BERGAMO

In the following chart ((gure In the following chart ((gure 3.34) the outlet of 
comfort is rendered with the values -1, 1, and 2 with 
-1 meaning the room being out of comfort for the 
last hour and temperature being lower than the 
comfort range adapted by EN15251 standards. 
similarly 2 means out of comfort but temperature 
being higher than comfort temperature range. and 
 nally outlet comfort equal to (nally outlet comfort equal to 1 exhibits the room 
being inside comfort temperature range for the 
past hour. It is visible in the  rst chart that the 
adaptive shading control is responding to the 
comfort outlet. for instance, it is visible that two 
times during the sixteenth of February the 
operative temperature inside the room has 
exceeded the comfort quality, hence a proper exceeded the comfort quality, hence a proper 
shading ratio has been imposed by the control 
system consluding in regaining the comfort 
condition for the next hours. 

The next two charts compare the adaptive shading 
operation for one week in the low solar radiation 
months of the year, in this case  rst week of the 
February, and one week in the high solar irradiation 
time of the year, in this case  rst week of May. 

FIGURE 3.34

FIGURE 3.35

FIGURE 3.36
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FIGURE 3.37

FIGURE 3.39

FIGURE 3.40
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FIGURE 3.41

FIGURE 3.43

FIGURE 3.44

FIGURE 3.42
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STEP TWO
It has been demonstrated in the  rst step of the 
automation that the shading works mainly based 
on the comfort outcome of the last hour controlled 
by the aforementioned equation. But this approach 
causes a problem that must be forseen. 
The risen issue relates to the hours of the day that The risen issue relates to the hours of the day that 
while using the maximum shading imposed by the 
system reaches the required comfort conditions, 
but this alerts system for false comfort allowing the 
automation to reduce shading for the next hour, 
which was originally a command to reach 
maximum visual comfort. But this reduction causes 
the room to again exceed the comfort temperature the room to again exceed the comfort temperature 
range.
To prevent such occasion, it has been imposed 
inside the equation another control by the means 
of surface temperatures on the outer layer of the 
Envelope, indicated as “Solar_Imdie” in the 
following charts. 
By a number of simulations it has been 
demonstrated that there exists a proportional 
relationship between the surface temperature of 
the outer layer and the average comfort operative 
temperature of the next hour inside the building, 
thus this value is chosen as the base for prediction 
of discomfort due to operative temperature higher 
than comfort range for the next hour inside the than comfort range for the next hour inside the 
thermal zone.
Such control is imposed by chosing average surface 
temperature more than 50°C as the top threshold 
above which the shading will only operate on 
maximum ratio even if the comfort outlet is 
plotting a wholesome result. 
Similar to the explanatory charts in the  rst step, 
the following three charts exhibits the operation of 
the adaptive shading in relation to the comfort 
outcome for the second week of February, Last 
week of June and First week of May.

FIGURE 3.45

FIGURE 3.46

FIGURE 3.48FIGURE 3.47
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FIGURE 3.49

FIGURE 3.50
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FIGURE 3.51

FIGURE 3.53

FIGURE 3.54

FIGURE 3.52
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STEP THREE
In this step, it has been tried to further optimize the 
performance by separating the operational 
controls of the vertical windows in from the Roof 
windows. 

For the case of the vertical windows the adaptive For the case of the vertical windows the adaptive 
control system is the same as demonstrated in the 
second step of the study.

You can see the annual ((gure You can see the annual ((gure 3.55) and second 
week of February performance of the Vertical 
Windows ((gure 3.56) in comparison to the comfort 
outlet ((rst controlling operation) and top vertical 
surface temperature threshold (second controlling 
operation) in the following charts.

FIGURE 3.55

FIGURE 3.56
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Although, In the case of the vertical windows, the 
same criteria of the last step is functioning, but for 
the roof windows the criteria has been further 
developed for higher efficiency and is as follows.

Again the comfort is the base of the criteria but Again the comfort is the base of the criteria but 
coupled with the surface temperature of the roof, 
indicated with t_surface_roof in the following 
charts. In the cases of the temperature rising over 
35°C the roof windows would be 30% shaded or 
more. In case of temperature rising over 40°C the 
roof shadings would be 50% or more. In case of 
Roof Surface temperature rising over Roof Surface temperature rising over 45°C or more 
the shaded ratio would be 80% or more. And  nally 
if the Surface Temperature of the roof rises over 
50°C or more the shading would compelety shut 
down and the roof windows will be fully covered.

It is exhibited in the following charts the hourly It is exhibited in the following charts the hourly 
operation of the adaptive shading system together 
with the comfort outlet ((rst controlling operation) 
and top temperature threshold in regard to each 
shading ratio imposed for the whole year and also 
the cases of second week of February and second 
week of May. 

FIGURE 3.57

FIGURE 3.58

FIGURE 3.59
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It is exhibited in the following charts how the 
shading control of the roof is operating 
independently from the vertical windows’ 
shadings. 

Speciically, the operation during  rst week of Feb Speciically, the operation during  rst week of Feb 
((gure 3.60), as presentative  of low radiation 
period of the year,  rst week of May ((gure 3.61), as 
presentative of moderate radiation period of the 
year, and last week of June, as presentative of high 
radiation period of the year, are presented. 

FIGURE 3.60

FIGURE 3.61

FIGURE 3.62
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FIGURE 3.63

FIGURE 3.65

FIGURE 3.66

FIGURE 3.64
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TRNSYS Model: Type 11b
This instance of the Type11 model uses mode 4 or mode 5 to model a temperature controlled liquid  ow diverter. In mode 4 the entire  ow 

stream is sent through outlet 1 when Th < Ti. In mode 5, the entire  ow stream is sent through outlet 2 under these circumstances

TRNSYS Model: Type 11h
This instance of the Type11 model uses mode 1 to model a tee piece in which two inlet liquid streams are mixed together into a single liquid 

outlet stream.

TRNSYS Model: Type 652
Type652 models a constant effectiveness / Cmin heat exchanger that is able to automatically bypass hot-side  uid around heat exchanger in 

order to maintain the cold-side outlet temperature above a user speciied, time dependent set point.
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TRNSYS Model: Type31
This component models the thermal behavior of  uid  ow in a pipe or using variable size segments of  uid.  Entering  uid shifts the position 

of existing segments. The mass of the new segment is equal to the  ow rate times the simulation timestep.  The new segment's temperature 

is that of the incoming  uid. The outlet of this pipe is a collection of the elements that are pushed out by the inlet  ow. 

Prof:Graziano Salvalai

03_PASSIVE STRATEGIES_Solar_Collector_TRNSYS MODEL

TRNSYS Model: Type 534
All of the TESS tank components, Type531, 532, 533, and 544 have different physical geometry, yet the subroutines have very similar physics. 
These subroutines model a  uid--lled, constant volume storage tanks with immersed heat exchangers. The  uid in the storage tank interacts 
with the  uid in the heat exchangers (through heat transfer with the immersed heat exchangers), with the environment (through thermal 
losses from the top, bottom and edges) and with up to two  ow streams that pass into and out of the storage tank.

TRNSYS Model: Type 110
Type110 models a variable speed pump that is able to maintain any outlet mass  ow rate between zero and a rated value. The mass  ow 

rate of the pump varies linearly with control signal setting. Pump power draw, however, is modeled using a polynomial. Pump starting and 

stopping characteristics are not modeled, nor are pressure drop effects.
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 TRNSYS Model: Type14h
1In a transient simulation, it is sometimes convenient to employ a time dependent forcing function which has a behavior characterized by a 
repeated pattern.  The pattern of the forcing function is established by a set of discrete data points indicating the value of the function at 
various times throughout one cycle.  Linear interpolation is provided in order to generate a continuous forcing function from the discrete 
data

Prof:Graziano Salvalai
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SC.3. TRNSYS simulation model for solar collector
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FIGURE 3.67

FIGURE 3.68

FIGURE 3.69

In this part simulations were done by Using TRNEdit 

(PARAMETRIC ANALYSIS)
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FIGURE 3.70

FIGURE 3.71

FIGURE 3.72

Typical scheme of the building ventilation 
system and solar collector
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FIGURE 3.73

FIGURE 3.74

FIGURE 3.75
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FIGURE 3.76

FIGURE 3.77

FIGURE 3.78
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FIGURE 3.79

FIGURE 3.80

FIGURE 3.81
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Active Production

   
  

64Page

CHAPTER 4
ACTIVE STRATEGIES

BIPV and General overview of Trnsys Model ...............................................Page 63
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 TRNSYS Model: Type568- BUILDING-INTEGRATED PHOTOVOLTAIC SYSTEM
TThis component is intended to model an un-glazed solar collector that has the dual purpose of creating power from embedded photovoltaic 
(PV) cells and providing heat to an air stream passing beneath the absorbing PV surface. The waste heat rejected to the air stream is useful 
for two reasons; 1) it cools the PV cells allowing higher power conversion efficiencies and 2) it provides a source of heat for many possible 
low-grade temperature applications including heating of room air. This model is intended to operate with detailed building models that can 
provide the temperature of the back surface of the collector (zone air/collector back interface) given the mean surface temperature of the 
lolower  ow channel. The Type 56 multi-zone building model in TRNSYS in one of these detailed zone models

Prof:Graziano Salvalai

03_PASSIVE STRATEGIES_BIPV and General Overview of Trnsys Model

SC.4. TRNSYS simulation model for general overview
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FIGURE 4.1

FIGURE 4.3

FIGURE 4.2

TABLE 4.1

TABLE 4.2 FIGURE 4.4
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05_ Final Outcomes 

In this chapter there has been exhibited all the  nal 
outcomes reached with a step by step comparison indicating 
the main improvements of each important quantity in this 
project.

Cooling and Heating Loads

First and one of the most important quantities related to the First and one of the most important quantities related to the 
 nal outcome of this energy optimization project are the 
heating and cooling loads. In the following charts it has been 
shown the monthly distribution of the said loads considering 
each of the six main steps toward the optimization of the 
building energy consumption. the steps being 1) after free 
run simulation which means the baseline project deenition 
2) after ventilation optimization using ground heat ) after ventilation optimization using ground heat 
exchanger and automation 3) after ventilation optimization 
using exhaust heat exchanger and automation 4) after 
shading optimization and automation 5) after BIPV 
installation without considering the active production 6) 
 nal connguration of the whole building considering also the 
active production.

FIGURE 5.1

FIGURE 5.2

FIGURE 5.4FIGURE 5.3

FIGURE 5.6FIGURE 5.5
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In the  rst chart ((gure 5.7) it has been exhibited the the 
 nal annual loads of cooling and heating for each of the 
steps aforementioned in comparison. The total effect of 
the optimization is quite clearly visible.

In the second chart ((gure 5.8) the same comparison has 
been done in consideration of the total sensible and 
latent heat in relation to each of the steps. 

And in the third chart ((gure And in the third chart ((gure 5.9) the optimization steps 
comparison has been broke down into months of the 
year.

FIGURE 5.7

FIGURE 5.8

FIGURE 5.9
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Total Loads Distribution

The following charts indicate a break down comparison of The following charts indicate a break down comparison of 
the total energy consumption in the building by different 
means, considering Cooling, Heating, Dehumidication, 
Equipments, Lighting  xtures, and domestic hot water. 
Although at  rst glance it might seem that the domestic hot 
water is consuming more energy than traditionally required 
but it worths mentioning that the energy consumed in this 
section is mostly used not by the domestic hot water itself section is mostly used not by the domestic hot water itself 
but the usage of hot water in the tank to provide heating in 
the building, which since it is mostly done by solar thermal 
collector is a much better choice than usage of active and 
auxiliary heating  xtures.

The six main steps toward the optimization of the building The six main steps toward the optimization of the building 
energy consumption. the steps being 1) after free run 
simulation which means the baseline project deenition 2) 
after ventilation optimization using ground heat exchanger 
and automation 3) after ventilation optimization using 
exhaust heat exchanger and automation 4) after shading 
optimization and automation 5) after BIPV installation 
without considering the active production without considering the active production 6)  nal 
connguration of the whole building considering also the 
active production.

FIGURE 5.10

FIGURE 5.11

FIGURE 5.13FIGURE 5.12

FIGURE 5.15FIGURE 5.14
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BaseLine/After Ventilation and Shading Comfort Analysis

FIGURE 5.19

FIGURE 5.20

FIGURE 5.22

FIGURE 5.23

FIGURE 5.24

FIGURE 5.21
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FIGURE 5.25

FIGURE 5.27

FIGURE 5.28

FIGURE 5.24

FIGURE 5.26

After Solar Collector and BIPV / Final Comfort Analysis
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