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1. Introduction

Early-stage projects of solar heat plants rely on annual simulation models to inform decision-
making processes, underscoring the critical need for accurate predictions of solar plant energy
yield. To address this, a methodology has been developed to enhance the precision of heat
production estimates in annual steady-state modeling by integrating dynamic effects through
a heat-up factor. Parameters for a heat-up correction factor are derived from fully dynamic
simulations of parabolic trough fields designed to supply process heat at 390 °C.

2. Methodology

The solar heat plant simulation is conducted with DLR’s dynamic model Virtual Solar Field
(VSF). This tool uses a high temporal and spatial resolution of DNI data to simulate the solar
field control strategy and obtain close to realistic results [1]. Then, a methodology to estimate
a heat-up factor to use in a quasi-static model is presented. The quasi-static model in our case
is the DLR in-house tool YACOP (Yield Assessment Calculation and Optimization Program).
The two models are simulated with weather conditions for 12 different days in Julich, Germany.

The 12 days are classified by the use of three indexes: the mean, the standard deviation,
and the maximum value of the absolute difference of consecutive DNI data from a minute step
(t) and the previous step (t-1) for the time duration of the start-up. The days are divided into
two categories, called “Clouds” and “High Variable DNI (HVDNI)” by the ranges shown in Table
1. The initial temperature of the simulations has been varied between 130, 180, 230, and 280
°C respectively to represent different initial states of the field at the beginning of the start-up.

Table 1. Variability indexes for the classification of the days in temporal variability of DNI.

Categories ADNIag[W/m?] | ADNIsia[W/m?] | ADNImax[W/m?]
HVDNI 2-21 1-34 3.6 -137
Clouds 40-114 36.6 —118 137 - 424

2. Results

The differences between the two models for the DNI categories are measured in terms of the
required start-up energy and are depicted in Figure 1. The energy and the duration of the
start-up are always higher in the fully dynamic simulation (“VSF”). The cause of this is that the
controllers active in VSF lead to temporary defocusing of parts of the collector field to respect
the maximum gradient temperature of 5 K/min. Another effect is that under real conditions
represented by VSF, the mass flow enters and leaves the solar field after the recirculation
temperature limit of 280 °C is exceeded. Thermal energy is thus lost for the solar field start-up
but used for heating other parts of the system. In contrast, YACOP operates as a closed
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system without collector control and energy extraction before the final thermal state of the field
has been reached. The contrast between the two models is higher in Clouds days.

To include the dynamic effects a heat-up factor is introduced for the quasi-static model. The
heat-up factors are illustrated in Figure 2. Clouds days require a larger coefficient and the
variance between the coefficients for the different days is also high. The heat-up factor for the
HVDNI days can be calculated directly as the percentage difference between the energy of
both simulations. These methods also apply for the Clouds days with initial temperatures 100
°C lower than the recirculation setpoint. For the Clouds days with a higher initial temperature,
the heat-up factor has to be increased between 0 and 17% over the percentage difference
between models.

(a) HVDNI 1-Eyacop/Evsf (b) Clouds 1-Eyacop/Evsf
0.55
0.50 0.50
0.45
0.40 _ 040
% 035 uf
% 030 3 030
025 ;
% 020 5 020
0.15
= =
0.05 0.00
0.00 :
280 230 180 130 280 230 180 130
Initial temperature (°C) Initial temperature (°C)

Figure 1. Difference in energy start-up in dynamic and quasi-static model, (a) HYDNI and (d) Clouds.

(b) HVDNI (a) Clouds
180 1.80

1.60 1.60

1.40 2 1.40 ﬁ -
1.20 i 1.20

1.00 1.00
280 230 180 130 280 230 180 130

p factor

Heat up factor

Heat

Initial Temperatures Initial Temperatures

Figure 2. Heat-up factors for the different DNI temporal classifications.

The findings show that the heat-up factor is dependent upon various factors, including
initial temperature, the DNI conditions, the heat capacitance of the installation and the chosen
control strategy. For projects in early stages with limited data availability, the values of the
heat-up factor derived from this study may serve as an initial approximation. Nonetheless, as
projects advance and more information becomes available, it is advisable to conduct dynamic
simulations to refine the estimation of annual energy production with greater precision.
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