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ABSTRACT: For 2030, Spain has set ambitious targets for increasing intermittent renewable electricity generation. 

Concentrated Solar Power (CSP) plants have the capability of store solar energy during operation allowing a 

reduction of the external support to renewable generation to cover the demand. A model has been developed for the 

estimation of the impact of a CSP deployment by substituting the targeted solar photovoltaic generation in the 

country. The results indicate that biomass can play a role in the extension of energy storage in CSP plants and 

providing the residual external support needed to balance the demand. 
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1 INTRODUCTION 

 

The energy transition in the power grid has led to an 

increase of photovoltaic (PV) solar and wind penetration 

along Europe [1]. This increase is reaching a point where 

curtailment will play an important role unless energy 

storage is put in place. Energy storage for long-duration 

periods, long-duration storage, has been studied for grids 

with a high VRE penetration [2, 3]. Concentrated Solar 

Power (CSP) plants are an alternative to PV solar plants 

in regions with a high direct normalized solar irradiance 

(DNI) [4]. Three technologies are commercially available 

(Figure 1).  

In Southern Europe, the solar irradiance is enough to 

include concentrated Solar Power (CSP) plants in the 

mix. However, CSP plants have not been considered in 

most countries, being the exception Spain where 50 

commercial plants (ranging from 50 to 1 MW installed 

capacities). Typically, CSP plants have associated storage 

capacities of up to 6 hours using molten salts, oil or 

steam-based storage. 

 

 
 

Figure 1: Technologies for CSP plants. Commercial 

technologies are in bold. 

 

For 2030, Spain has set some preliminary targets for 

wind, solar PV generation [5]. These targets are shown in 

Table 1. For the expected deployment of intermittent 

renewable energy (i.e. wind and solar), more than10% 

curtailment can be expected. Regarding the targets, CSP 

generation is not a part of the future renewable electricity 

mix, which would remain as it is today (2.3 GW of 

installed capacity covering only 1.5% of annual 

electricity demand). 

 

Table I: Targets for wind and solar PV generation in 

Spain for 2030 [6] 

 

Technology Official Targets 

GW (%) TWh (%) 

Solar PV 47 (32) 88 (27) 

Wind 31(21) 70(20) 

 

The aim of this work is to provide a preliminary view 

of the potential role of biomass in scenarios where CSP 

would be included in the future renewable electricity mix. 

Therefore, two scenarios have been developed (Table 2). 

 

Table II: Scenarios in the study 

 

Technology Scenario 1 Scenario 2 

GW TWh GW TWh 

Solar PV 23 16 15 30 

Wind 31 70 47 94 

Solar CSP Compensating the reduction of Solar PV 

 

 

2 METHODOLOGY 

 

The analyzed grid is composed of all generating 

technologies in Spain. Data for 2016 is used for demand 

and the generation of all technologies but for wind, PV 

and CSP. A model for the balancing of renewable 

generation in each scenario. For the model, whereas the 

demand and other renewable technologies (i.e., hydro) 

remains unaltered for all analyzed systems (2016 data), 

the wind and PV generation profiles are scaled-up to 

meet the targets in Table II. The model considers that the 

net demand will be cover preferentially by the CSP plants 

(i.e., the model does not consider current or future rules 

for the Spanish’s TSO). The intra-hour matching of 
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demand (involving short-duration storage) is excluded 

from the study. VBA and spreadsheets have been used 

for the implementation of the model. 

 

 

3 RESULTS 

 

 The results for each scenario are shown in Figures 2 

and 3. The figures show that if negligible storage is used 

(< 2 hours) in CSP plants, the needs for external storage 

would be same as for the case of Table I, i.e., 53 TWh of 

external support. In both scenarios, the coverage of the 

net demand by fresh CPS, i.e., direct power production 

from solar irradiance without any intermediate storage, is 

limited (15-20 %). Energy storage is the key factor in the 

reduction of the external energy support. For scenario 1, a 

minimum external support of 19 TWh is achieved for 12 

h storage). For Scenario 2, the external support can be 

reduced to 8 TWh thanks to the higher share of wind 

energy in the electricity mix. 

 

 
 

Figure 2: Results for Scenario 1. 

 

 
 

Figure 3: Results for Scenario 2. 

 

 The (very) high storage needed to reduce the external 

support (twice the current capacity in CSP plants) is not 

possible with current storage technologies (e.g. molten 

salts). Therefore, new storage technologies are needed.  

Particularly we believe that the (partially) decoupling 

of energy storage from the solar irradiance, avoiding the 

storage to (completely) follow the day/night cycle, is a 

solution. Biomass can contribute for this decoupling 

allowing the extension from 6 to >12 hours of energy 

storage.  

 Even if the extension of the energy storage is solved, 

a minimum external support would be still needed. 

However, biomass is currently an option for external 

support in CSP plant in Spain (biomass boilers). 

 

 

4 CONCLUSIONS 

 

 The preliminary study has shown the biomass a 

future development of CSP plants in Spain. Biomass can 

play a role in providing external support to CSP plants, 

e.g., avoiding the use of natural gas boilers, and also 

allowing the extension of energy storage periods in CSP 

plants. 
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