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1. Introduction

The SunDial is an advanced rotary Fresnel concentrator designed to offer cost-effective
industrial heat at medium temperatures in low and high latitudes [1]. There are two designs for
the SunDial: one with two tracking axes suitable for high latitudes (SunDial-HL), and the other,
designed for low latitudes, incorporates only azimuthal tracking (SunDial-LL). This study aims
to compare the SunDial with its primary competitor: the parabolic trough collector (PTC).

2. Performance of the solar collectors

A cost analysis of the SunDial revealed that the receiver, insulation, tracking motors, rotatory
joints, and the rails for rotation are the relatively most expensive components of the prototype.
To mitigate these costs, scaling up the collector size from 8x8 meters, as depicted in Figure 1
(a), to 16x16 meters was proposed. The SunDial 16x16 is then compared with the PTC, known
for being the concentrator with the largest installed capacity globally. Specifically, the Ultimate
Trough PTC model was chosen for comparison, as it shares similarities with the SunDial
regarding having the same evacuated tube as a receiver and a reflective area of comparable
size. The key parameters of both collectors are presented in Table 1.

Table 1. Parameters of the SunDial and the Ultimate Trough.

Parameters SunDial HL | SunDial LL |Ultimate Trough
Module reflective area [m?] 176 190 184
Module length [m] 16 16 24.5
Module width [m] 16 16 7.51
Absorber tube outer diameter [m] 0.07 0.07 0.07
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Figure 1. (a) SunDial-HL prototype, (b) Energy per reflective area for the SunDials and the PTC.
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Simulations utilizing the ThermoCycle [2] library and an in-house SunDial model [3] were
performed for both collectors, with the results summarized in Figure 1(b). Corinth, Greece, was
selected for the low latitude case, while lasi, Romania, represented the high latitude scenario.
The PTC was simulated in two possible orientations: N-S and E-W. It was observed that the
PTC exhibited superior performance in the N-S orientation in both scenarios. However, in the
E-W orientation, the results for the high latitude scenario were lower than the SunDial-HL.

3. LCOH analysis

The LCOH was calculated for a range of costs of the solar collector between 120 and 240
€/m?, considering an operational life of 25 years, a discount rate of 5%, a maintenance and
operation cost equivalent to 0.5% of the capital cost, and a balance of plant cost of 40 €/m?.
The energy production was standardized to 1 GWhl/year, allowing the determination of the
required number of SunDials and PTCs to be included in the initial capital cost assessment. It
was assumed that all energy generated by the collectors was utilized in the industrial process.

Figure 2 depicts the LCOH outcomes for the four scenarios. The results show that by using
solar concentrate technologies a lower LCOH can be obtained than with natural gas. According
to the literature, a reasonable price for PTC is around 200 €/m?, which resulted in an LCOH of
19 €/ MWh for the low-latitude location and 25 €/MWh for the high-latitude. To achieve
comparable LCOH values, the SunDial-LL would require a collector price of 120 €/m?, while
the SunDial-HL would need a price of 180 €/m?2. Our cost estimations indicate that the SunDial-
HL could be feasible, but the SunDial-LL would necessitate enhancements in cost or efficiency.
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Figure 2. LCOH vs cost of the collector per reflective area for the PTC and SunDials.
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