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Solar thermal electricity (STE) may be defined as the process by which collected
solar energy is converted to electricity through the use of some kind of heat-to-
electricity conversion device. STE probably has the greatest potential of any single
renewable energy process and it can be economically competitive with coal-
generated electricity if environmental costs are accounted for [1].

Although STE using renewable energy (energy from Sun) to produce electricity
its environmental impact is not equal to zero. To estimate such impact a life cycle
assessment (LCA) study has been conducted. The study has been divided in two
parts: 1) design of most appropriate STE system in terms of its overall efficiency,
cost effectiveness and environmental impact based on published in the literature
results [2, 3] and 2) estimation of potential environmental impact of the adopted
system in the frame work of LCA methodology. To estimate environmental impact of
the adopted STE the whole life cycle approach is adopted, taking into account: a)
production and assembly of components and b) operation and disassembly and
recycling of the STE unit (STEU). By chaining all processes the assessment of the
total impact on the environment and on energy and material resources demand can be
done over the whole life cycle of the STE system.

The major components of the system (shown in Figure 1) are briefly described
below:

1. Solar collector: two parabolic troughs working in parallel driven by tracking
device govern by control unit.

2. Receiver and Heat Transfer Fluid: the main feature of receiver is to covert the
energy of solar radiation to heat energy using a heat transfer fluid (HTF), which
transfers the absorbed energy further down to a device converting heat to mechanical
energy.

3. The feed pump: is pumping working fluid (water-ammonia mixture) back to the
receiver to close thermodynamic cycle.

4. A synchronous generator: the generator is seating on the scroll micro-turbine
shaft generates direct current (DC) (The DC is converting to alternate current (AC)
with voltage of 240V, which can be consumed on the spot or supplied to the grid).
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The functional unit for the study is assumed to be the STEU itself, i.e. a system
that produces an average of 3kW electrical energy from solar radiation. The overall
efficiency of the STE system is 20%. Hot water production (from the heat rejected
within thermodynamic cycle) is not taken into account as it requires additional
knowledge regarding its usage.

The list of materials required directly or indirectly for the life cycle of the
proposed STE system has been obtained through SimaPro8.0 modeling [4] based on
inventory data for Australian conditions. The dominating resources are metal ores
(iron, copper, bauxite), fossil fuels (coal, natural gas, crude oil) and commodities for
glass making (calcite, limestone, gravel) and some other miner resources mostly used
as alloying metals for steel making including stainless steel and for glass mirrors
coating (silver).
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Fig. 1. Schematic of the proposed solar thermal electricity generation unit.

Based on results obtained for the energy consumption, greenhouse gas (GHG)
emissions for the whole LCA of the STEU under consideration, and methodology
adopted in [5] the energy and GHG emissions payback time have been calculated.
Those figures are: 0.45 years and 1.95 years for the energy and GHG, consequently.

These figures show a great energy and environmental advantage of the system
(less than a year for energy and less than 2 years for GHG). Even including the
variability related to raw material eco-profiles and the uncertainties regarding
different life cycle steps, it has been estimated that in pessimistic scenarios, the
payback times are less than 4 years for the Australian conditions. It could be expected
that those figures would slightly higher for Ukrainian conditions.

Overall, obtained results state a positive qualitative judgment for the
environmental performances of the small scale solar thermal electricity production
system that is not sensibly influenced by all the study uncertainties.
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