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Figure 8: Cost function minimization with GA
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Figure 9: GA convergence of system parameters to-
wards 13.4m2 (a), towards 905 l (b), and towards
17.2 kW (c)

converges toward an optimal value ofϑopt,GA =

f13.4m2, 905l, 17.2kWg.

A slight difference in the optimal parameters ob-
tained for the tank volume and the size of the APU
can be noticed. However, this does not influence
significantly the cost function values, thus proving
that both algorithms converge to a similar solution.
Nevertheless, more than 45 generations are needed
for a stable solution highlighting a twice slower con-
vergence than the results obtained by using the PSO
algorithm.

5.3. Sensitivity Analysis

A sensitivity analysis has been performed in order
to investigate the relative influence of each param-
eter on the optimal solution. The variation of each
output f j is measured after a 10% increase in each

Table 5: GA optimization of cost function terms

Term Before/ after optimization Improvement

f 1.927 / 1.798 -7%
S Fn 13.3%/ 22.3% +67%
Etot 18’168 / 16’573kWh -8.8%
Price 8’361 / 10’732e +28%
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Figure 10: Sensitivity of the optimal solar fraction
(a), total energy consumption (b) and price of instal-
lation (c) related to a 10% increase of collector size
ϑ1, tank volumeϑ2, and APU rated powerϑ3

parameterϑi. The optimal PSO valuesϑopt,PS O
i and

f opt,PS O
j have been used for this analysis

S i j =
∆ f j/ f opt,PS O

j

∆ϑi/ϑ
opt,PS O
i

(7)

The sensitivity results are shown in Fig. 10 for each
output. The sensitivity of the solar fractionS i1 is de-
picted in Fig. 10 (a) where it can be seen that an in-
crease in collector size as well as an increase in tank
volume have a positive effect on the solar fraction.
However, an increase in APU size in the vicinity of
the optimal solution does not affect the solar frac-
tion, as Fig. 10 (b) shows. The size of the collec-
tor and the tank volume influence in a similar way
the total energy consumption as a consequence of a
greater amount of solar energy exploitation capabil-
ity, whereas with an increased APU size, the value
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of Etot increases as a result of a larger consumption
of heating oil. Figure 10 (c) shows that the increase
in collector size has the greatest relative influence
on the cost of the installation. The tank volume has
a slightly smaller influence, while the influence of
the APU size in all measures is relatively low.

6. Conclusions and Outlook
In this paper a method for the optimization of a
solar thermal system has been presented. The sys-
tem investigated is a solar combisystem for a mid-
sized single-family house in Zurich, Switzerland.
While the optimization framework is in principle
independent of the type of optimization algorithm
used, a detailed analysis has been carried out on the
performance of the Particle Swarm Optimization
algorithm when it is applied for solving this prob-
lem. The results are comparable to those obtained
with the more common Genetic Algorithm. When
the implementation efforts and the computational
power demand are considered as well, the PSO is a
better algorithm for solving the problem presented,
especially since the PSO converges to the optimal
solution twice as fast as the GA. A collector size
of 13.7 m2 together with a tank volume of 1’010 l
and an APU of 9.7 kW, are the optimal sizes for the
main system’s components, which lead to a solar
fraction of 22.3 %, a total energy use of 16’573
kWh and a cost of the installation of 10’732e. The
sensitivity analysis of this solution confirmed that
the size of the collector has the greatest influence
on the solar fraction and the installation cost, while
for energy use and installation cost the influence
of the tank volume is significant as well. The size
of the APU has a relatively negligible effect on the
solution.
While the work presented takes into account the
main system components only, its continuation will
include all system parameter influences, targeting
the creation of parametric models capable of de-
scribing arbitrary systems. The final model is then
to be optimized with respect to the concurrent goals
of high simulation speed and maximum accuracy of
the results.

Nomenclature
p Particle position

v Particle velocity

w Cost function weighting factor

S Fn Solar fraction

Etot Total energy consumption

Greek Letters

α Acceleration factor

φ Inertia

γ Random factor

ϑ System parameter

Θ System parameter space

Subscripts and superscripts

i Particle index

j Cost function term index

k Iteration step

0 Initial

opt Optimal
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