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I'n tune with the growing awar enessregar ding the environment, the demand for insulation
in windows and glass ceilingswill rise. The SUNICON ener gy ceiling is designed to meets
thisdemand, even if its solar collecting deviceis not taken into account.

Currently, it isvery difficult to capture a large share of the greenhouse market, dueto low
priceson existing structures, the subsidizing of energy for heating, and the lack of
standardsregarding insulation and maximum ener gy consumption. But attitudes can
change. New standardswill no doubt belaunched as soon asthey ar e technologically and
economically feasible. Our construction, though expensive, can be payed off over a period
of time with the money saved on energy, and may help to set a new standard for an
international market. Thisisindicated by the resultsof SINTEF's simulation of
SUNICON'sceiling in a greenhouse. (See point 5.)

In the short term, there appearsto beroom for theintroduction of SUNICON roof and
ceiling structurein the current market for greenhouses used as centersfor biological
resear ch. In such centersthereisagreat need for precise control over light, temperature
and ventilAtion so the price becomes secondary.

Within the same market nicheis sewage treatment plants where a year -round tropical
environment can be an attractive feature. Thereisa significant number of such projects
taking place.

Another market is concerned with glass roofsover indoor baths and swimming ar eas
wher e year-round tropical environmentsfor exotic plants offer a great attraction. Existing
structures of thistype have especially high heating costs, asthe air temperature (25-30 C)
must be kept above the water temperatureto reduce the spread of humidity from the water
surface.

In general, such facilities also consume lar ge quantities of hot water for showering. A large
quantity of thishot water could be obtained from the solar-collecting beams of the
SUNICON structure.

In the last decade, adding greenhouses or indoor gardensto existing structures has become
very popular. These areas often have higher prices per areathan ordinary living space.
However high heat loss and over heating have limited their utility value. The SUNICON
construction has such good control over heat lossthat these areas can beintegrated into
buildings as fully-climatized, valuable ar ea without expanding the buildings original floor
Space.

SUNICON'sceiling can beinstalled over afully-climatized living area without requiring
any expansion of the space. The heat loss factor would grow, but this could easily be
compensated by the new direct sunlight introduced to theroom. In fact, if actively used,
ener gy absor ption from the sun can greatly help to decrease heating costs. | nvestments
would hardly be profitable solely as an energy consideration, but thisisnot the reason
most proprietorsdemand for such living areas.



Fig. 2

Greenhouses or sun
rooms can be
integrated as fully
climatized spacesin a
dwelling.

The long-range future market for glass ceilings, in which the active solar collection device
will play animportant role, depends on the development of energy prices, CO2 taxes, and
subsidization politics. Everything indicates an escalation in CO2 taxes to the extent that the
use of fossil fuels will become more expensive, and alternative renewable energy sources will
look more attractive

It isof course uncertain asto when this development will lead to breakthroughs for active
solar heating devices. but awarness about the expected devel opment has led to the planning
and building of experimental projects all over the world, and this represents a significant
market. The SUNICON structure, with its unique combination of functions can capture
substantial shares of this market and adapt to a market that could some day reach impressive
dimensions.

Particularly interesting experimental projects in which our combination of functions can be
utilized:
Housing with glass cellings that can serve simultaneously as heaters for both
living space and tap water.

Greenhouses that export heat to buildings existing in its direct vicinity. A special
bonusisthat thisis a greenhouse that can also support organic waste recycling and
deliver heat to the building where the waste originated.

Sports arenas, exhibition halls, and factories with glass ceilings and heat distribution.
Glass covered gardens and streets where socia areas are combined with energy centers for

adjacent buildings (fig.3)
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An especially promising variety of the last concept is glass roofing and ceilings that deliver heat
to absorption cooling unitsin tropical and subtropical climates. This could become very big
market for the SUNICON structure. Seen in the context of current demographic trends, the need
for cooling systemsis much larger than that for heating systems. The difficulty of finding a
replacement for freon in conventional electric cooling systems has led to renewed interest in
absorption cooling. Such a system requires more energy, but this extra energy may well be
compensated for with inexpensive low-temperature heating from solar collectors, and it does not
require high-priced electricity like conventional systems.

Glass covered streets
can be designed asa
combination of
communal space and
source of heat and
cooling for buildingsin
the direct vicinity.

Fig. 3

4, DESIGN AND TECHNOLOGY
The SUNICON Structure has the following built in functions:

Support for glass roofs.

Solar protection and the regulation of daylight.
Nighttime insulation.

Acoustic regulation

Solar heat absorbtion.

Heat distribution.

PV integration in building construction

QTP oo

Solar heat absorbtion can be used to heat living space and tap water in cold climates.
In warmer climates, the SUNICON ceiling can be used to heat tap water and can also operate air
conditioners.

The structure and important modes of operation are schematically illustrated in figure 4.

The core of the structure consists of vertival supportive beams that also serve as solar absorbers. The
height of the beamsis roughly half of the distance between them.
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b) Warm westher and high radiation

c) Cold nights

SUNICON Glass Roof
and Energy Celiling.
M odes of operation

Fig. 4




On each side below the beams, shading panels are suspended in such away that they are
ableto rotate from a parallel to aright angle position in relation to the beams. The panels are
designed according to different local climates and fire regulations, aesthetic, optical and
acoustic requirements.

In climates with cold nights or winters, it is better to construct the panels as sandwiches with
aluminium mirrors covering cores of foam plastic or mineral wool (figure 4). The visible
side of the panels can have a complete or partially diffuse reflecting surface if the
transparency of the structure is secondary and more diffuse light is desired. This surface can
also be perforated for sound absorption in a core of mineral wool.

When less emphasisis placed on fire safety and aesthetics, for example in acommercial
greenhouse, the panels can be made of vacuum metalized plastic foam.

In some hot climates, where night insulation might not be required, the panels can be
constructed of laminated glass with a mirror surface between the glass plates (figure 8).

All panels on the same side of the beams are connected in seriesto actuators, so that the
panels on each side of the beams can be independently controlled according to the position
of the sun.

Positioning of the panels can be done manually, or automatically with the help of digital
devices connected to temperature sensors as well as to a sensor that identifies the actual
position of the sun. Alternatively, an astronomical clock could be used to chose the right
position of the panels according to the position of the sun. Another possibility is to both
activate and control the panels with gas cylinders and memory metals to avoid motors,
sensors, and electronics.

Structure with 270mm high aluminium beams and panels with aluminium
mirrors that encapsulate cores of insulation.



Structure with panels of laminated glass mirrors for climates where night insulation is
neither important nor necessary.

The three main operational modes for the panels are asillustrated in figure 4. During
periods with reduced solar radiation that not cause overheating of the space below, the
panels are positioned parallel to the beams (figure 4a). Most of the light is then
directly transmitted or reflected down below the ceiling.

During periods of strong solar radiation (figure 4b) which could damage plants or overheat the
spaces below, the panels are moved outwards to reflect the surplus direct radiation on the beams.
However, diffuse radiation can pass through into the spaces below. The surplusradiation is
absorbed by the beams and transported away by means of acirculating fluid or air in the
integrated pipes or ductsin the beams. Alternatively, the heat trapped between the glazing and
the panels could be dumped by the means of ventsif the heat can not be used.

During cool nights (figure 4c), the panels are moved to a position at righet angels to the beams.
In this position they will act as night insulation. They are sealed with rubber gaskets to prevent
condensation in the spaces between the panels and the glazing.

Visual and aesthetic considerations will restrict the thickness and thereby the effectiveness of the
insulation within the panels. A thickness of 30mm, which allows for awidth of 80mm when the
panels are closed against the beam, is but slightly wider than the beams in conventional glass
roofs, and a U-value up to 0.6 W/m2 can be achieved from the entire structure

5. PERFORMANCE

The energy-saving performance of the structure has been simulated by the HVAC section of The
Scientific and Technical Research Foundation of the Norwegian Technical University (SINTEF).
The object of the simulation was alarge commercia greenhouse with a 8000m2 floor areaand a
serrated glass roof. The slope of the glazing was 45° with the same area facing the north and
south. The solar absorbing beams were oriented along an east/west axis. Hence the solar
radiation was absorbed solely on the south side of the beams. The U-value of the glazing was 3.0
W/m °C for ordinary double glazing and double PMMA-PC plates. The uncontrolled air
infiltration was |OOOmM3/h corresponding to 1.25 mJh m2 floor area or 0.4 volume changes/h
when the height of the space below the ceiling was 3 meters. The panels were activated when the
air temperature below the ceiling exceeded 25 C. When the temperature exceeded 27 C,
ventilation windows on the roof were opened. The absorbing beams of the structure were coated
with an anodized selective black layer; =0.9, =0.15.



Climatic data of areference year for Copenhagen (550N) and Trondheim (630N) were used.

When the minimum room temperature was set at 20°C, the night insulation reduced the need for
auxiliary heat by 270 and 200 Kwh/m floor space in Trondheim and Copenhagen respectively.

The extraction of surplus heat from the beams was simulated as a function of the mean
temperature of the circulating liquid in the beams. In the Trondheim's climate, the extracted
annual levels of heat were 550, 420, and 340 kwh/m floor area when the mean liquid
temperatures were 20, 30, and 40 C respectively. The corresponding valuesin Copenhagen's
climate were 650, 520, and 420 kwh/m .

The need for auxiliary annual heat was calculated to 62 kwh/m2 when the minimum temperature
was 20 C and night insulation was used in Trondheim. If this heat was supplied by seasonal heat
storage for the solar heat absorbed by the beams with 80% heat recovery, only 80 kwh/m would
have to be used to heat the greenhouse. The remaining 260-470 kWh/m2 is surplus heat and can
be used to supply other buildings or activities.

FUNCTIONAL VALUE

On the basis of these performances, it is possible to estimate a functional value of the structure,
that is, how high the price can be without exceeding the annual costs of an ordinary glass roof
structure in the prevailing climate.

Suppose the price of energy is 0.5 SEK ($0.06 /kwh. Future energy prices are of course highly
unpredictable, but everything indicates that taxes on C02 emissions from fossil fuels can only
increase. 0.50 SEK/kwh is surely a conservative estimate. With 7% real interest and alife
expectancy of 20 years, the night insulation function by itself can motivate an additional
investment of approximately 1350 and 1000 SEK/m2 in Trondheim and Copenhagen
respectively.

In addition, savings on an installed effect can be considerable. The installed effect of the heat
distribution system can be reduced by approximately 100 W/m2 floor area because of the night
insulation function. If the price per installed watt is SEK 2,0 (= $0,24), these savings will amount
to SEK 200/m2 (= $27,4 Im).

The night isolation also acts as a solar shield. The value of this function can by approximated by
comparing it to conventional shading devices, approximately SEK 200/mz ( $24/mz2).

Altogether, the solar shielding system has a functional value of 1750 and 1400 SEK/m2 ( $300
and $200/m2 ) for Trondheim and Copenhagen respectively.

The value of the collected solar heat in the beams depend on how much of this heat is useful and
on the additional investmentsin piping, heat storage, heat distribution systems, pumps and
control equipment, when compared to conventional heating systems. Assuming that all of the
solar heat is collected in a seasonal heat storage system, and that 20% of the heat is lost through
this storage, and if additional investments reduce the value of this collected heat from 0.50 SEK
($0.06)/kwh to 0.30 SEK, the value of the collected heat can justify an additional investment
between SEK 800 and SEK 1300/m ($95 and $155/m2 ) in Trondheim's climate This figure
depends on the temperature level of the usable warmth. The total functional value of SUNICON
s structure over more conventional glass roofs is somewhere between SEK 2500 and SEK 3000
($300 and $360) in Trondheim' climate.

In lower latitudes, the value of the night insulation naturally decreases, but that iseasily
compensated for by a higher yield of collected solar heat.
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The Sunicon-system
A list of some advantagesto notice

A Light reflection

Low-angle sunlight effectively exploited

IITumination of enclosed outdoor areas and streets.

[llumination of yards and light shaftsin tall buildings

(increases the value of inner rooms)

4. Elimination of illumination fixturesin the ceiling

(increases lighting flexibility in areas with multiple uses: warehouses, stores/offices,
factories, garages, exhibition halls etc. A typical example is a sports hall that can be darkened
for use as auditorium or theatre)

Controlled blend of sunlight and artificial light.

Reduced energy cost for illumination.
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B Shading

Exploitation of diffuse light without extra heat from direct sunshine.
Good lighting without bleaching or ageing of fabrics, furniture, paint, plastics etc.
Adaptation of lighting to the physiological needs on people, animals and plants.

wWwNE

C Exploitation of solar heat

=

Automatic light control facilitates the use of climate shells for dwellings and barns.
Climate-controlled outdoor areas allow reduction in apartment size and local sewage
purification by root-zone infiltration.

3. Climate shells are anatural part of modern concepts such as "green cities' and "urban

agriculture’.

Temperature control by removal of excess heat reduces water loss due to air circulation.

Reduced ventilation in greenhouses means a more economical exploitation of added carbon

dioxide.

6. Surplus heat can be used elsewhere or exploited for cooling, possible in combination with a

heat pump.

The additional heat and night insulation reduces costs for externally supplied energy.

Temperature equalization is achieved by heat storage (floor, beams, tank, salt, damp earth,

rock etc.) (diurnal, weekly or seasonal storage, depending on local conditions and needs)

9. Temperature control in more or less closed agricultural systems allows a synergistic effect
between the photo synthetically produced oxygen on one side and the carbon dioxide from
breakdown of organic materials on the other. (Hydrobotanic water purification can be
expected to increase as awareness of its potential spreads)

10. In self-contained agricultural systems, emissions of foul-smelling and toxic gases that can be
liberated during composting of toxic chemicals can be reduced.

11. Reduced strength and insulation requirements for buildings under large climate shells.
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D Supplementaition possibilities

Lo

Surplus heat easily be used in new buildings

2. The side surfaces of the aluminium beams provide an optimal placement of solar cells that
will allow a cascade exploitation of sunlight.

3. Control programs for the panels can be developed from simple astronomical and

climatological systems to advanced physiological programs for special purposes
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