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Abstract – A new full-scale laboratory has been erected at Lund university in 2004. The main goal of the 
laboratory is to find cost-effective solutions which reduce the electricity use in offices and residential 
buildings. The facility contains four rooms for testing building components, especially glazing and 
shading systems. The roof has a platform for testing solar components and solar systems, both solar 
heating and photovoltaic systems. The four test rooms are placed in a climatic chamber, a guard ,which is 
temperature controlled. The rooms are constructed of homogeneous insulated sandwich panels with low 
thermal mass and no thermal bridges and have removable façades towards south. The rooms are 
identically two and two: One pair is designed for studies of visual and thermal comfort and have modern 
office ventilation and lighting systems. The other room pair is designed for detailed studies of the energy 
performance of i.e. solar shading systems. The heating system of the laboratory is based on a combination 
of a ground source heat pump and solar thermal collectors. Both high temperature and low temperature 
solar collectors can be connected to the system to produce hot water or recharge the ground source 
borehole. Separate collector test loops will also be installed for investigation of solar thermal and hybrid 
PV-T collectors. Operating temperatures from below the dew point of the air to high temperatures (90°C) 
can be simulated in these systems. A building automation system together with a traditional logger system 
will be used for both long-term and short-term monitoring.  
 

 
1. INTRODUCTION 
 
A new full-scale laboratory has been erected at Lund 
University, Sweden, during the fall of 2004 and will be 
completed during the summer of 2005. The building has 
been financed through a grant to the Division of Energy 
and Building Design by the Delegation of Energy Supply 
in South Sweden (DESS).  

The main goal of the laboratory is to find cost-effective 
technical solutions which can reduce the electricity use in 
both offices and residential buildings. Some of the 
measures that can be evaluated are: 

 
1) New window systems with variable sunshade and 

daylight performances 
2) Solar thermal systems for hot water production 
3) Energy-efficient appliances 
4) Heat pumps, both ground source and air-to-air 
5) New solar collector designs 
6) Hybrid photovoltaic - thermal collectors 
7) Grid connected PV systems. 
8) Improved storage and system technology for active 

solar systems. 
 

The laboratory is a 220 m² free-standing building in one 
story, and contains four south facing guarded rooms for 
the testing of building components, especially glazing 
and shading systems, see Figs. 1 & 2.  

The building is also prepared to house two smaller test 
boxed placed on top of each other. These will replace the 
earlier twin-boxes that were used for determination of g-
values of shading devices in the Solar Shading Project. 
(Wall & Bülow-Hübe, 2001 and 2003). 

The roof has a 120 m² platform for testing solar 
components and solar systems, both solar heating and 
photovoltaic (PV) systems. A small combi-system is 
installed in the building for student laboratory work 
(under-graduate and graduate courses) and demonstration 
purposes. It will have four permanently installed solar 
panels from Borö on the solar roof connected to a 750 l 
hot water storage tank. This tank is used to produce both 
domestic hot water (DHW) and low-temperature water 
for space heating. 

A larger storage tank (1300 l) will be used for 
component testing of solar panels. 

 
 

Figure 1 Floor plan of the laboratory. 
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Figure 2 Section through the laboratory. 
 
 
2. DESCRIPTION OF THE LABORATORY 
 
2.1 Test rooms 

The four test rooms are placed in a climatic chamber, a 
guard, which is temperature controlled. One pair of the 
rooms is designed for dynamic calorimetric testing of 
façade elements or components (calorimetric rooms), for 
example shading devices and advanced façade systems. 
The other pair of rooms is designed to be ordinary office 
rooms, to be able to bring in test subjects to evaluate 
certain aspects of the visual or thermal climate (daylight 
rooms).  

The rooms measure 2.7 x 4.0 x 3.1 m (w x l x h), which 
is representative of typical single person office rooms. 
The south wall is removable, faces the outdoors, and is 
directed due south, see Figs. 2 & 3.  

The rooms are constructed of homogenous vacuum-
glued sandwich panels made on a core of 120 mm 
extruded polystyrene with a surface of 0.5 mm steel plate. 
This assures a construction with extremely low thermal 
mass and no thermal bridges. Thermocouple piles 
measure the temperature difference between the inner and 
outer surfaces of the sandwich panels in evenly 
distributed points, see Fig.4. In this way, the heat flows 
through the interior parts of the envelope can be 
accurately calculated. The rooms were pre-fabricated in a 
factory and mounted directly into the façade opening, like 
a chest of drawers, see Fig 5. 

A main difference compared to other test cells, for 
example the PASSYS test cells (Vandaele and Wouters, 
1994), is that the rooms are placed in a large climatic 
guard in order to minimize heat flows through the side 
walls, floor and ceiling. All thermal losses should be 
through the replaceable façade. The “adiabatic” walls and 
the homogenous wall construction was a specific 
requirement to assure a very high quality of the 
calorimetric measurements. The cells are therefore 
expected to be better than the PASSYS cells. 

 

 
Figure 3 Picture of the south façade of the laboratory. 

 
The initial design of the removable façade is a fully-

glazed façade with a thermally broken aluminium frame 
and six window lights. Four of the lights can be opened, 
the two in the middle are side-hung and the top ones are 
bottom-hung. All four rooms are initially equipped with 
80 mm exterior motorized venetian blinds with grey 
lamellas. See Fig 3.  

 

>0.15  m constantan wire
parallel with surface

>0.4  m copper wire
parallel with surface

circuit board 
laminate

Ø 0.5 mm constantan 
wire

Ø 0.5 mm copper wire

The long distances parallel 
with the surfaces for the wires 
in the thermocouple pile 
ensures that the temperature 
disturbances from heat transfer 
in the wires are negligible

 
 

Figure 4 Thermocouples are mounted under the surface of 
the wall elements to measure the heat flow through the wall. 
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Figure 5 Mounting of the test rooms. 

 
2.2.1 Calorimetric rooms 

In the room-pair for calorimetric measurements the 
steel surface plate is glued directly on the polystyrene in 
the walls and ceiling. The floor surface is made of a 9 
mm anti-slip phenolic-coated plywood. The windows are 
double-glazed with a solar control glazing from 
Pilkington (6 mm HP Brilliant 66 - 15 argon - 4 clear 
glass), with a centre of glass U-value of 1.1 W/m²K a 
total solar energy transmittance (g-value) of 0.34 and a 
visual transmittance of approx. 67%.  

The air in the rooms is circulated in a closed loop. A 
fan and duct unit is placed inside the room and the air is 
diffused via a textile hose placed diagonally across the 
room., see Fig. 6. To keep the temperature constant, heat 
is either removed by an air-water heat exchanger placed 
in the room or supplied by an electric heater placed 
directly after the fan system, see Fig. 7.  

The specifications for the calorimetric rooms were: 
 

• Air temperature range: 16-27°C 
• Precision of temperature control: ±1°C  
• Heating power: 0.6 kW 
• Cooling power: 2.7 kW 
• Air tightness: 0.2 ach at 50 Pa and airtight façade 

module 
 

 
Figure 6 Air-distribution hose in the calorimetric rooms.  

 

 
Figure 7 The HVAC system in the calorimetric rooms 
showing the heat exchanger (fan-coil), fan and electric heater.  
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The indoor air temperature, the cold-water flow and 
inlet and outlet temperatures as well as the electricity use 
in each room is measured continuously by the building’s 
own monitoring system, supplied by Siemens (Desigo 
Insight). The flow diagram from this system is shown in 
Figure 8. 

 
Figure 8 Flow diagram of the HVAC system in the 
calorimetric rooms from the user interface of the building 
automation system. 
 
2.2.2 Rooms for daylight and thermal comfort studies 

The room-pair for comfort studies was designed to 
have some thermal mass in order for the thermal response 
to resemble that of ordinary offices rooms (i.e. to dampen 
indoor temperatures swings). Therefore, 100 mm of 
concrete was cast on top of the floor surface. In the walls, 
a 4 mm plywood is incorporated between the inner steel 
surface plate and the polystyrene core to provide better 
rigidity for flexible mounting of bookshelves etc.  

The windows are double-glazed with a low-e glazing 
from Pilkington where the low-e coated glass is mounted 
as the outermost glazing with a centre of glass U-value of 
approx. 1.2 W/m²K a total solar energy transmittance (g-
value) of 0.59 and a visual transmittance of approx. 80%.  

The rooms have initially been equipped with a modern 
office ventilation system, with motorized flow-controlled 
supply air terminal devices from the company 
Lindinvent, Fig 9. However, other types of supply air 
terminal devices can quite easily be tested. The flow rate 
through the devices can be controlled between 5-50 l/s 
and the air can be distributed with an inlet temperature of 
down to 15°C without thermal discomfort. The device 
has a built-in presence sensor. A hand-held computer 
(Palm) can be used to read the air flow and change the 
settings of the presence detector. However, the flow is 
normally controlled and monitored by the building 
automation system.  

Heating is provided with freestanding direct electric 
heaters connected to a wall plug. 

If local cooling will be necessary for any future 
experiments, this can be quite easily installed, since the 
cooling circuit in the building has been prepared for this. 
Further, the floor is also prepared for radiant floor 
heating/cooling by a tubing circuit placed in the middle of 
the concrete slab. 

 

 
Figure 9 Supply air terminal device in the daylight rooms. 

 
Each room has a suspended luminaire with 3 T5 (two 

up, one down) fluorescent tubes and a built-in daylight 
sensor.  

The temperature and flow of the inlet air, the room 
temperature, temperature and moisture content of the 
exhaust air, and the electricity use of the rooms, are 
monitored continuously by the building automation 
system, see Fig. 10. 

 
Figure 10 Flow diagram of the HVAC system in the daylight 
rooms from the user interface of the building automation 
system. 
 
2.3 Test facility for active solar systems 

An outdoor staircase leads to the solar roof which is 
mounted on top of the low-sloping roof of the building. 
The solar roof is somewhat narrower than the building, 
thus no railing is required for the south side, avoiding 
shading of the solar panels. It is constructed of floor 
grating which allows for a flexible mounting of solar 
collectors and PV-systems. See Fig. 11.  

Two storage tanks (750 l and 1300 l) donated from Borö 
Pannan AB are placed in room 116. The larger tank will 
be used for outdoor testing of solar collectors using a 
method described in (Fischer et. Al, 2004).  
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The smaller tank is used for providing space-heating 
and hot water for the building. It will be connected to 
permanently installed solar panels which will be used for 
student demonstrations of combi-systems.  

A ground source heat pump and a 135 meter deep 
borehole was donated from IVT Industries AB and 
Malmberg Water AB respectively. This system will also 
contribute to the energy supply of the building: The heat 
pump will be used to heat the building and free cooling 
from the borehole will be utilised to cool the large test 
tank. Both high temperature and low temperature solar 
collectors can be connected to the system to produce hot 
water or recharge the ground source borehole. 

Separate collector test loops will also be installed for 
investigation of solar thermal and hybrid PV-T collectors. 
Operating temperatures from below the dew point of the 
air to high temperatures (90°C) can be simulated in these 
systems. 

The details of the storage tanks and their connections to 
the roof installations will be described in a later paper. 

 

 
Figure 11 Axonometric view of the solar roof. 

 
2.4 HVAC system 

The building has a VAV (variable air volume) 
ventilation system and a rotary heat exchanger. A design 
requirement was that the SFP-value (specific fan power) 
of the ventilation system should not exceed 1.5 kW/m3s 
(yearly average). A refrigeration unit is placed on the 
solar roof, which utilises “free” cooling from the air as 
long as the outdoor temperature is below approx 5°C. The 
cooling unit is connected to a cold water storage tank 
(acc. tank) via a glycol-water heat exchanger, see Fig. 12. 
A cooling-water circuit then provides cooling wherever 
necessary, for example to cool the storage tanks for hot 
water from the solar panel testing on the roof or to cool 
the calorimetric rooms and ventilation air.  

 
Figure 12 Schematic drawing of the buildings cooling system 
from the use interface of the building control system. 

 
The laboratory has two parallel heating systems. A 

direct-electric heating system and a water-based system 
with radiators. The first was chosen because some rooms 
(e.g. climatic guard and calorimetric rooms) require a 
very strict control of the indoor temperature. However, 
since a decision was made to install permanent roof 
mounted solar panels, the water-circuit was introduced at 
a late design stage to provide a base load for the buildings 
energy demand when the solar panels delivered energy. 
Direct electric heating is then used in the ventilation air 
for the final control of the room temperature in the 
climatic guard. Even later in the project, a ground-source 
heat pump was given to the project. This will now be 
used together with the solar panels to provide space-
heating for the building in order to lower the electricity 
use.  

 
2.5 Weather station 
A weather station will be installed on the solar roof. 
Initially, it will measure the outdoor temperature and 
relative humidity, wind speed and direction, and solar 
radiation (global and diffuse horizontal, vertical south). 
Some extra solar radiation sensors will be available to 
measure the irradiation on an inclined plane, for example 
in direct connection to a solar panel to be tested. The 
weather station will be prepared for later expansion with 
illuminance sensors.   
 
2.6 Data acquisition system 

The building is equipped with a building automation 
system from Siemens (Desigo Insight). This mainly 
controls the HVAC-system, but is also used to control 
and monitor the temperatures and energy use in the 
calorimetric rooms and the daylight rooms. The data is 
stored in a database which is accessible through Internet . 
Some special requests were that the sensors used should 
be of a higher precision than is normally used for 
building automation, for example temperatures should be 
measured with an error of maximum ±0,5 K and 
electricity meters should be ±2%. Therefore, PT100 
sensors with 4-wire connection was applied. Another 
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special request on the system was also that all control 
parameters should be able to be changed by the user.  

This system will be supplemented with a data 
acquisition system for the special experiments which will 
take place in the building. Due to their flexibility, 
traditional loggers will be used for this purpose (mainly 
of the type CR1000 from Campbell Scientific). These 
will be installed at special logger stations placed for 
example between the calorimetric rooms and between the 
daylight rooms. The collected data will be automatically 
transferred via a local network to a main computer with a 
backup system. The main computer can be accessed from 
the outside via a VPN connection. 

 
 

3. PRELIMINARY MEASUREMENT RESULTS 
 
Until now, the building has only been test run and no real 
experiments have started. The work has been directed to 
trimming control parameters and making sure that the 
HVAC system performs according to the specifications. 
However, some preliminary diagrams will be presented 
below which are taken from the building automation 
system. 
 
3.1 Effect of external shading devices in daylight rooms 
The effect on indoor temperatures of an exterior venetian 
blind is demonstrated in the daylight rooms. During a 
very sunny day (May 13th , 2005) the venetian blind was 
retracted in room 106 while it was down and in a 
horizontal position in room 107, see Fig. 13. Direct 
sunlight was thus blocked from room 107, while a rather 
good view out was maintained, see Fig 14.   
 

 
Figure 13 View of the south façade of the daylight rooms on 
May 13th. The venetian blind is down in room 107 (right). 
 

 . 

Figure 14 Interior view from the daylight rooms.  
 
The inlet air flow was approx. 50 l/s in both rooms and 

the inlet air temperature was approx. 18-19°C. The design 
air flow is high in order to provide cooling. However, it is 
not designed to be sufficient for an unshaded room with 
the current glazing which has a rather high g-value (0.59).  

The indoor air temperature rises through the day, but 
significantly less in the shaded room. At 2:18 in the 
afternoon, the air temperature in room 106 was almost 
29°C while the shaded room was 22°C, see Figs. 15 & 
16.  

 

 
 

 
Figures 15 & 16 Temperatures in room 106 (no blinds) above, 
and room 107 (blinds horizontal) below. The indoor air 
temperature is represented by the white line. 
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These rooms have not yet been calibrated, and some 
questions remain to be investigated. For example, the 
temperature of the exhaust air was slightly lower than the 
room (between 1-2 degrees). This was observed in both 
rooms. Further, the inlet temperatures also differed 
between the two rooms (about 1 degree). Preliminary 
measurements (with separate thermocouples) of the 
temperature difference between the room and exhaust air 
indicates that significant temperature differences at 
different locations and for operative versus air 
temperatures are present. An explanation can be that the 
room sensor is influenced by long-wave radiation in the 
room (i.e. operative temperature), while this is not the 
case for the exhaust air sensor. Despite these 
uncertainties, the measurements still give a good 
indication of the effectiveness of the exterior blind. 

 
3.2 Temperature stability in calorimetric rooms 
The effectiveness of the cooling system in the 
calorimetric room is shown for the same day as for the 
daylight rooms, May 13th. During the night, the 
temperature swings a bit more when neither the cooling 
or the heating system has a large authority. During mid-
day, when there is a large cooling load, the indoor 
temperature is almost constant, with a very small 
deviation from the set-point of 20°C, Fig. 17. These 
results have been obtained after some adjustments to the 
flow in the cooling circuit and fine tuning of control 
parameters, a work which has not yet been completed. 

When this calibration has been completed, and the 
logger system has been set up, the first study will be to 
investigate the performance of internal shading devices in 
this full-scale room. Previous cross-comparisons between 
the twin-boxes and solar simulator in Lund have shown a 
larger deviation between obtained g-values for internally 
mounted shading devices than for exterior ones. Further, 
the difference increased with the absorption of the 
internal shading device. The air-movements around the 
shading device is probably a large contributing factor to 
this. (Wall & Bülow-Hübe, 2003). The effect of natural 
convection for different positions and hole areas of 
internal shading devices will therefore be in the focus of 
this work which is planned to start during the summer of 
2005.  
 

 
Figure 17 Data in room 108 (no blinds). The indoor air 
temperature is represented by the light blue line and the inlet 
temperature of the cooling circuit is given by the red line (left 
axis, °C). The black line represents the use of the heating coil 
and the green line is the opening of the valve for the cooling 
circuit (right axis, %).  
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