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Rooftop concentrating solar thermal options for industrial heat
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Motivation

A number of recent studies have assessed suitability of Australian rooftop spaces for mounted
photovoltaic power systems, relevant to commercial and industrial customers. Examples of these
include the SunSPOT data resource[1], and the ANU study into low cost integration of
photovoltaics for Industrial Heat Supply [2]. This is consistent with government initiatives to
encourage industrial customers to decarbonise [3].

Industrial customers wishing to decarbonise might consider those data resources in their
decarbonisation plans, and find that the energy intensity of their thermal processes significantly
exceeds the power that could be generated by rooftop photovoltaics, and would turn to other
options for decarbonisation that did not employ locally sourced energy. This choice has flow-on
effects for electricity and gas supply networks, as well as the associated carbon footprints. In doing
so, the customer may have missed an opportunity to power their process using locally sourced
solar energy supplied in the form of heat.

The high coefficient of production of the heat pump means that the ‘photovoltaic electric to heat’
pathway has a clear advantage for industrial applications requiring temperature ranges of up to
around 150°C [4]. But for temperatures higher than this, or for additional opportunities where heat
pumps are not practical (beneficiation, drying etc), direct solar heating has some unique
advantages.

From the perspective of roofspace, perhaps the most relevant aspect relates to overall system
efficiency. A direct solar to heat process involving mirrors can potentially reach efficiency levels in
the range of 70% to 85%. This could be three times higher than the efficiency of the photovoltaic
pathway (typically <25%) due to the efficiency of photovoltaic panels, inverters and other electrical
converters that produce heat. For a given roofspace, a customer could generate at least three
times more heat via a direct concentrating solar thermal approach. It is also important to note, that
being inherently thermal, the direct solar heat system naturally integrates to low cost thermal
storage systems which can extend the utility of solar energy after sundown[5].

Addressing knowledge gaps

There are numerous examples of integration of concentrating solar technologies onto roofspaces
[6,7], but none relate to the types of roof commonly used in industry. It is unusual to find the
trafficable concrete roof structures in Australia that would readily accept solar equipment. More
common is a sheet metal roof, mounted to a steel truss frame structure which was not originally
intended to withstand the loads imposed by a retrofitted solar concentrator structure. Both static
(concentrator weight) and active (wind loads, overturning moments etc) loads imposed by this
equipment potentially compromise the building structure, and careful designs are needed to ensure
the system remains safe

The Building Code of Australia (BCA), as well as Australian Standards (AS) govern the design of

structures and inform the design conditions to which buildings must comply, including the relevant
load conditions as a function of cyclone classification, terrain, wind direction and so on. A general
review indicates that the placement of additional structures (like solar concentrator equipment) on
a building roof can be achieved without causing the net structural loads to exceed standard
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thresholds, with specific conditions around how the additions are designed and mounted onto the
roof. Critical design areas relate to:
e Designing for minimal weight, in order to minimise the imposed dead load
e Designing to spread imposed active loads over many attachment points such that fixture
stresses are not exceeded
¢ Designing to minimise overturing moments and induced bending on building roof structures
Designing to minimise atmospheric turbulence, wind resonances and early fatigue failure.
¢ Designing for a project lifetime, with safe and easy maintenance and low impact or risk in
case of damaging weather conditions.

While many of these lessons have been learned in the photovoltaic industry (and perhaps the
satellite communications industry), there are a number of unique opportunities and challenges that
relate to mounting an array of solar reflectors on a roof. These challenges prompt design
innovation which will be critical for realising the potential of this sector. The most outstanding
difference to those other applications is that the solar collectors are generally much larger,
providing a broader wind cross-section.

This paper discusses a number of strategies which may be used to facilitate compliance, while
avoiding the need for costly re-engineering of an existing building design. These strategies include
weather station integration with tracking operations, ‘fold-up’ options for high wind events, ‘tactile
drive systems’, ‘in-tension’ and array interconnection stabilisation schemes, in consideration of
their impact on the atmospheric boundary layer (ABL). Discussion is also given on the potential
impact of optical glare from solar concentrators, in an urban or industrial context, and the impact
this may have on solar receiver designs. Glare shields are an option, but come at the cost of
increased array shading and increased wind loads. Alternatives include the use of nonimaging
secondary reflector systems or optic fibre light transfer strategies.

Outcomes

The paper recommends that commercial and industrial customers should be provided with
information informing their options for sourcing heat directly from sunlight captured on their roof.
This includes integration of thermal resource assessments into the available online tools (such as
SunSPOT), and publishing a set of guidelines to assist solar developers. Those guidelines would
include information about the efficiency and availability of heat pump systems, and advice around
how to navigate the challenges of integrating concentrating solar thermal equipment into industrial
roof spaces. Australia has the potential to be a world leader in pioneering this space and the
opportunities it provides.
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