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— 21 Table 5: GA optimization of cost function terms
E 2h..” Term Before after optimization Improvement
ol LIRS I
- 1ol . f 1.927/1.798 %
g 7l SFn 13.3%/ 22.3% +67%
Z 18k : 2 Etot 18’168/ 16'573kWh -8.8%
0 10 20 30 40 50 Price 8'361/ 10732 +28%
Generations [-]
Figure 8: Cost function minimization with GA 0.6
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Figure 10: Sensitivity of the optimal solar fraction
Generations [-] (a), total energy consumption (b) and price of instal-

Figure 9: GA convergence of system parameters tdgtion (c) related to a 10% increase of collector size
wards 13.4v% (a), towards 905 | (b), and towards U1+ {ank volumedz, and APU rated powefs

17.2 kW (c) paramete);. The optimal PSO valueﬁopt’PSO and
converges toward an optimal value 6PPLCA = ijpt’PSO have been used for this analysis
f13.4n7, 904, 17.2kWg

opt,PSO
A slight difference in the optimal parameters ob- S - Af/f,
tained for the tank volume and the size of the APU U A9, j90PPSO
can be noticed. However, this does not influence '
significantly the cost function values, thus provingThe sensitivity results are shown in Fig. 10 for each
that both algorithms converge to a similar solution.output. The sensitivity of the solar fracti@y is de-
Nevertheless, more than 45 generations are needgitted in Fig. 10 (a) where it can be seen that an in-
for a stable solution highlighting a twice slower con-crease in collector size as well as an increase in tank
vergence than the results obtained by using the PS@®lume have a positivefkect on the solar fraction.
algorithm. However, an increase in APU size in the vicinity of
the optimal solution does noftfact the solar frac-
tion, as Fig. 10 (b) shows. The size of the collec-
A sensitivity analysis has been performed in ordettor and the tank volume influence in a similar way
to investigate the relative influence of each paramthe total energy consumption as a consequence of a
eter on the optimal solution. The variation of eachgreater amount of solar energy exploitation capabil-
output fj is measured after a 10% increase in eaclity, whereas with an increased APU size, the value

APU rated power [kW]Tank vol

(7)

5.3. Sensitivity Analysis
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of Etot increases as a result of a larger consumptio®sFn Solar fraction

of heating oil. Figure 10 (c) shows that the increasg=;ut Total energy consumption
in collector size has the greatest relative influence

on the cost of the installation. The tank volume hasGreek Letters

a slightly smaller influence, while the influence of

. . . Acceleration factor
the APU size in all measures is relatively low.

Inertia

6. Conclusions and Outlook
vy  Random factor

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! ~ Particle index

used, a detailed analysis has been carried out on thje  Cost function term index
performance of the Particle Swarm Optimizationk
algorithm when it is applied for solving this prob- -
lem. The results are comparable to those obtained ~ Initial
with the more common Genetic Algorithm. When opt Optimal
the implementation féorts and the computational

power demand are considered as well, the PSO isReferences
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