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A new type of combined solar collector and glass roof structure has been developed in
Norway. The system uses heat-absorbing girders fitted with moveable, reflective flaps
which are controlled automatically according to the prevailing conditions. Its feasibility is
being demonstrated in an experimental greenhouse.

Tra n s p a re n t
solar collectors
by J Gunnarshaug, Norway

The PV façade.

Ordinary glass roofs create climate-control and
energy consumption problems in the areas below
them. This is because of extreme variations in
solar radiation and ambient air temperature,
combined with the relatively poor insulation
capacity of the glass cover. These problems are

I n t ro d u c t i o n usually solved through permanent or variable
shading, natural ventilation or mechanical cooling,
and extensive artificial heating during cold weather
and cold nights. The new transparent glass roof
structure solves these problems in a unique way.
Features include active and passive solar
collectors, daylight source, variable solar shading,
night insulation, and large, load-bearing girders.
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The new roof st ru c t u re has large, extru d e d -
aluminium gird e rs with a black coating which
absorbs solar radiation. Pipes inte gra ted in th e
g i rd e rs are connected to circulation pumps and
a heat sto ra ge fa c i l i t y. Hinged flaps are
a t ta ched to both sides of each gird e r. These
h ave skins made of thin aluminium mirro rs ,
enclosing a core of insulating material, such as
m i n e ral wool or foam plastic. The flaps are
i n te rc o n n e c ted in such a way that it is possible
to move the flaps on each side of a gird e r
i n d e p e n d e n t ly.

The new st ru c t u re has th ree main opera t i o n a l
modes. During ove rc a st or cold we a ther with
m o d e ra te direct solar radiation, the flaps are
positioned in parallel with the gird e rs. In th i s
position, the roof opera tes as a passive solar
c o l l e c to r. Tra n s p a rency is as high as in an
o rd i n a ry glass roof, except for minor absorption
by the mirro rs. The position of the flaps is
t r i g ge red by ambient and interior te mp e ra t u re
s e n s o rs, and by monitoring the solar ra d i a t i o n
(see fi g u re ) .

During st rong solar radiation, the flaps are
a c t i va ted and move out from the gird e rs when
the interior te mp e ra t u re below the st ru c t u re
e xceeds a pre-set th reshold. An ast ro n o m i c a l
c l o ck, or a cluster of solar cells with diffe re n t
o r i e n tation, keeps tra ck of the sun’s position
and helps the control system to choose th e
optimal position of the flaps. Genera l ly, th ey
a re positioned to re flect direct solar ra d i a t i o n
o n to the gird e rs and diffuse radiation into th e
space below the roof. The heat ge n e ra ted on
the gird e rs by direct radiation, and indire c t ly
f rom the flaps, is tra n s p o rted to a heat sto ra ge
facility just like an ord i n a ry active solar
heating syste m .

During cold nights and cold days with negl i g i b l e
solar radiation, the flaps are positioned at 90°
to the gird e rs to provide additional ro o f
insulation. The rims of the flaps are lined with
rubber ga s kets to prevent air circ u l a t i o n
b e t ween the upper and lower sides. This
position is also trigge red by ambient and inte r i o r
te mp e ra t u re sensors, and by monitoring th e
solar ra d i a t i o n .

The new structure

Modes of operation.

a) Cold weather and
sparse radiation

b) Warm weather and
high radiation

c) Cold nights
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Two prototypes of the new roof structure have
been built. The fir st, a small roof on an office
building, aimed to develop and test the mechanical
components. The second was an experimental
greenhouse with a floor area of 250 m2 and a
single-glazed saddle roof of 290 m2, which slopes
30° with one half facing south.

Located to the north of the experimental
greenhouse is an ordinary greenhouse with the
same floor and roof area, roof and wall sheets, to
serve as a reference point for monitoring. Surplus
heat generated in the south-facing girders of the
experimental greenhouse is accumulated in a
storage tank situated between the two
greenhouses and is delivered to each greenhouse
when heat is required. During the summer, excess
heat is exported to an adjacent heating plant
which provides heat to local school buildings and
commercial greenhouses.

Monitoring of the greenhouses’ heat consumption
and production started in 1998. From 13 August
to 13 November, the reference greenhouse
imported 16,015 kWh, compared to 10,170 kWh
for the experimental greenhouse. This corresponds
to a 36.5% saving. This dif ference in heat
consumption is due to the combined ef fect of the
night insulation and the collected and accumulated
solar heat. The monitoring uncovered some air
leakage between the flaps in the night insulation
position and a weakness in the fluid circulation
system. With these repaired, the savings are
expected to be much higher.

O r i g i n a l ly, the new st ru c t u re was developed fo r
l a r ge-span glass ro o fs above court ya rds, st re e t s ,
o ffice buildings, superm a r kets and educational
buildings. In these applications, it is expected to
be comp e t i t i ve because the high, st rong gird e rs
replace the primary steel st ru c t u re. Excluding th e
c o st of the moveable flaps, the new st ru c t u re may
be cheaper than an ord i n a ry large glass roof. In a
cold climate, the night insulation function pays fo r
the additional cost of the moveable flaps within a
few ye a rs. In hot, sunny climates, the value of th i s

Fu t u re potential

The pro t o t y p e s
function may be low or negligible; howeve r, th e
st ru c t u re may be comp e t i t i ve if the gird e rs are
used to provide heat for absorption cooling. Solar
absorption cooling can be a suitable option,
because peak solar radiation and cooling needs
a l m o st coincide, so minimal heat sto ra ge is
re qu i re d .

The st ru c t u res of ord i n a ry commerc i a l
greenhouses are extre m e ly cheap comp a red to
a rch i te c t u ra l ly-designed glass ro o fs, mainly due to
sta n d a rdisation and mass production for the large
greenhouse market. If the new st ru c t u re is to
c o mp e te in this market, it will have to be
sta n d a rdised and mass-produced in a similar way.

The new st ru c t u re may comp e te with ord i n a ry
o p a que ro o fs in buildings where the value of th e
variable control of daylight and solar heat
o u t weighs the additional costs. Seve ra l
i n ve st i gations have shown that a high day l i g h t
l evel without overheating can incre a s e
p roductivity and product quality in fa c to r i e s
and wo r ks h o p s .

In sports halls, a high daylight level with o u t
gl a re helps both comp e t i to rs and specta to rs. In
l a r ge, gl a s s - c ove red football stadiums, where
s h a d ows can prevent proper grass deve l o p m e n t ,
the new st ru c t u re may be especially suita b l e
because the flaps can be ta i l o red and contro l l e d
to re flect direct solar radiation onto the play i n g
a rea. A stadium equipped with this type of ro o f
could also be a big exporter of surplus heat.

The ultimate application of the new st ru c t u re
could be as a large, tra n s p a rent communal ro o f
a b ove st ru c t u ra l ly independent buildings below.
The solar energy, collected in the gird e rs and
combined with seasonal heat sto ra ge, may make
the whole st ru c t u re and compound of buildings
s e l f - s u fficient in heating and cooling. If th i n - fi l m
PV cells are atta ched to the gird e rs, th e
st ru c t u re could even provide some of th e
electricity consumption in the buildings.

For more information contact the CADDET
Norwegian National Team at Rud.


