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Abstract 

The interest in hybrid power plants as a means of overriding the 

inconveniences associated to stand-alone solar power plants is growing 

woridwide. Within the domain of central receiver system (CRS) technology 

this growlng interest In hybridization has resultad In the emergente of a 

new strategy which aims to  overcome the obstacles that are preventing 

CRS technology to move from demonstration into commercialization. m e  

new strategy is based on two key concepts: fue1 hybridization, and 

technological restraint. This paper describes the rational behind this 

strategy and presents two concrete examples of i ts applications in  the 

European context: the APAS SOLGAS Study (feasibility study for a CRS 

cogeneration plant) and the Colón Solar Project (repowering and solar 

hybridization of an existing conventional power plant). 



0. Introduction 

During the last few decades there has been a reasonable level of activity in the field 

of solar central receiver technology. Most of this activity has emphasized on research 

and development and demonstration projects. Recent developments, however, reveal 

a significant consensus in support of what has been referred to as a "paradigm 

shiW (11 affecting our perception of rational market penetration strategies for solar 

thermal technologies in general, and central receivers in particular. 

The new consensus can be defined in terms of two key concepts: fue1 hybridization 

and technological restraint. Complementing the solar power supply with fue1 makes 

the solar systeiii iiiore profitable since tlie opuration of tlie hybrid iiiay be continuous 

and adapt to the demand, without the need to use costly thermal storage systems. In 

addition, technological restraint, ¡.e , the use of well proven and reliable components 

operating in benign regimes, contributes to the perception of solar thermal technology 

as reliable and sound, in a way that any innovative technological breakthrough 

pushing operational and materials limitations is not likely to do. 

The ongoing shifi opens new financia1 opportunities and makes it more likely for 

central receivers to make a contribution to fue1 savings and the mitigation of the 

atmospheric impact of industrial activities in the near future. 

1. A new marketing strategy for CRS technology: The SOLGAS concept 

Recently, growih of environmental concern as well as economic considerations are 

propitiating the active involvement of electric utilities in the field of solar thermal 

power generation. This involvement is causing a change on solar thermal power plant 

design goals and on the attitude towards hybridization. For long time, the 

predominant view towards hybridization of solar power plants has been to consider it 

as a necessary evil at best -just as a convenient way to mitigate the economic 

disadvantages that an almost all-solar thermal power plant has when compared to a 

conventional one. This has led to hybrid power plant designs, perhaps, too solar 

oriented and not attractive enough from an investment point of view. Under the new 

scenario the rationale for hybridization has changed. Solar energy is now perceived 

as a factor contributing to mitigate the undesired effects of the use of conventional 

fuels for power generation, by reducing fue1 consumption and, consequently, 

increasing the plant fossil fue1 conversion efficiency and diminishing the emission of 

pollutants. 

However, challenges arise when trying to specify criteria for what is inherently a 

hybrid and a compromise. Is there an optimal solar fraction? How does one quantify 

externalities? Undue emphasis in economic optima and quantification misses the 

point altogether. Local optimization of individual options may lead to global disaster. 

Wliat is needed is a sensiblo approach that incorporatos comrnon sense. Since the 

last four years, european electric utilities such as Sevillana, Endesa, and 

Electricidade de Portugal (Portugal), engineering and manufacturing companies such 

as PROET and ABENGOA, and energy related public institulions such as the Spanish 

Renewable Energies lnstitute (IER), the German Aerospace Establishment (DLR), the 

Andalusian Energy Agency (SODEAN), INETl and ZSW have participated in the 

formulation of such an approach and are propitiating the adoption of a new marketing 

strategy for solar central receiver technology based on a novel concept of Solar 

Power Plant: the SOLGAS concept. 

The basic guidelines of the SOLGAS concept are the following: 

Hybridization 

e Maximum thermodynamic efficiency (combined cycle and cogeneration) 

Central receiver system technology 

e Technological restraint 

The emphasis of the concept on solar thermal technology 1s clearly justified there is 

growing evidence that most of the environmental problems we encounter--e.g , global 

1 warming, nuclear waste, depletion of the ozone layer--are just different aspects of the 

energy problem, that is, the result of the generalized use of non-renewable energy 

sources. Thus, any rational attempt to solve this problem should be based on the 





intended to compete with cheap fuel, resulting in.a lack of market, leading in turn to 

unfocused R8D 

One way out of this vicious cycle is to define hybrid central receiver systems which 

are, and are perceived as, technologically reliable, and which make economic sense. 

The SOLGAS concept ensures system reliability by using the solar receiver just to 

'boil" water, ¡.e., it sacrifices the CRS capability to achieve high exergy solar radiation 

efficiency in favor of increased system reliability. 

As formulated, the SOLGAS concept should not be considered as the optimum 

approach to ensure market penetration of solar thermal concentrating technologies; 

rather it should be intended as one initial step towards that end. II offers the 

possibility of transforming the above mentioned vicious cycle into a 'virtuous" cycle: 

the elimination of technological risk and the use of fossil fue1 to increase system 

economic performance leads to financing opportunities, this results in increased 

market penetration, as more systems of this types are constructed and operated more 

experience 1s obtained, this focuses R&D, consequently technology irnproves, which 

in turns lowers technological risk. 

Naturally, in this context there is no reason to set upper or lower limits for the solar 

participation of the hybrid system. What is important is to break out of the vicious 

cycle and initiate the virtuous one. 

2. SOLGAS concept application fields 

There exists an advantageous context for the development of solar thermal 

technologies in Europe, supported by. the European Union policies in favor of 

Renewable Energies, Cogeneration and development of the Mediterranean Region. 

In this context, it is necessary to identify the best possible applications of the 

SOLGAS concept. 

The market study performed by the ZSW in the frame of the SOLGAS Project 

identified two major areas where the SOLGAS can be applied: cogeneration in the 

industry and seawater desalination. A third field of interest, where some of the basic 

guidelines of the SOLGAS concept can be applied, is the repowering of existing 

thermal power plants. 

The European Commission is prornoting cogeneration as a means of saving energy 

and deferring the costly investments needed to build large power plants. The fact that 

energy is consumed as both work and heat in many industries makes it also a rational 

energy production system. The characteristics of come cogeneration systems. 

singularly those based in the use of the Brayton-Rankine combined cycle, make it 

ideal for the application of the SOLGAS concept. The Brayton cycle is fueled with 

natural gas, whereas the energy from the solar system. together with that of the 

exhausts of the gas turbine, is used lo produce steam for both the steam turbine and 

the industrial process. 

The growing demand of freshwater in the Mediterranean countries, together with the 

lirnited availability of this good in the region, make seawater desalination another field 

of tremendous potential during the next few decades. The SOLGAS concept can be 

applied to thermal desalination technologies, where the waste heat from the SOLGAS 

plant can be used as input to the desalination process. 

Finally, the repowering of existing thermal power plants with solar systems based on 

the SOLGAS concept has been identified as a promising field of application. The 

addition of the solar system increases the power plant efficiency, thus extending the 

life of the power plant deferring the need for new, large investrnents. 

3. SOLGAS activities in Europe 

3.1 The APAS-SOLGAS study 

The work carried out within the framework of this study has focused on defining a 

concept of solar hybrid plant (the SOLGAS concept) that makes sense from both a 

theoretical and a pragmatic point of view. 

Rather than developing the concept in general terms the work has concentrated in 

developing a project for a specific plant. After analyzing the different alternatives of 

1 hybrid cogeneration solar energy-natural gas systems and defining the basic 
1 

1 characteristics of a SOLGAS Plant as a hybrid combined cycle cogeneration pplnt 

based on Central Receiver Technology, thorough analyses of the Andalusian region 

. and of Portugal were carried out to identify appropriate locations for a 'first-of-kind" 

i SOLGAS plant. 



. Once the plant site was selected, al1 its relevant features were analyzed, such as the 

characteristics of nearby natural gas and electricity networks, nearby land availability, 

and industrial consumer process heat requirements. Additionally, a complete 

meteorological Design Year was defined for the cite, representing the yearly evolution 

(in the form of instantaneous values sampled every 5 minutes) of the most relevant 

meteorological parameters, such as direct and global horizontal irradiance, ambient 

temperature, wind speed, and wind direction. Its appropriateness to represent a 

typical meteorological scenario for the SOLGAS site was checked, and comparisons 

with on-site measurements verified the accuracy of its direct radiation estimates. 

Based on the information on the SOLGAS Plant site and on the process heat 

requirements of its industrial process heat consumer specific economic and 

technological goals, a specific SOLGAS Plant and its detailed design were 

established and optimization undertaken. 

After this, a complete computer model of the final SOLGAS plant was developed and 

used to analyze several key aspects of the plant, such as solar receiver behavior 

under transient conditions or heliostat field performance. Using this model, the plant 

behavior under severa1 operational strategies was tested. Based on the results of 

these simulations, an economic analysis was carried out to determine the best 

operating strategy for the SOLGAS Plant and the economic pararneters of the plant 

as an investment. Finally, the possible environmental impact of building and operating 

the plant was assessed. 

In parallel, the market potential of SOLGAS concept in the Mediterranean region was 

assessed and market strategies for different SOLGAS plant configurations defined. 

Figure 1 shows the block diagram of the SOLGAS Plant. The power block is a 

combined, Brayton-Rankine cycle. The gas turbine is a 24 MW ABB GTlO turbine, 

using natural gas as fuel. The hot exhaust gases from the gas turbine are used for 

steam production and superheating in the heat recovery boiler. Part of the stearn 

produced in the heat recovery boiler is supplied as process heat to ERTISA, while a 

dual pressure steam turbine with controlled extraction to process produces up to 15 

MW of additional electric power with the rest of the steam. , 

The solar system is used to produce 50 Uh saturated steam at 106 bar in design 

conditions. The high pressure feedwater is pumped to the solar system from the low- 

pressure economizer outlet. The saturated steam generated in the solar system is 

mixed with the steam from the high pressure drum and led to the superheater of the 

recovery boiler. 

The main components of the solar system are the collector subsystern (heliostat 

field), the tower and the receiver subsystem. 

The collector subsystem consists of 553 heliostats (66 m2 each and 308 m. foca1 

length) distributed in 22 rows. Layout follows a radial staggered distribution. The 

configuration is a North field with a maximum radius of 405 m. 

The receiver system consists of a tubular, cavity-type receiver, 7 x 6 m aperture, a 

steam drum, pumps and piping. The receiver system is placed on top of a steel tower, 

93 m high. Within the scope of this work, the saturated steam solar central receiver 

and the heliostats were specifically designed for this SOLGAS Plant. Figure 2 shows 

a 3D view of the SOLGAS Plant central receiver system. 

The operational analysis of the SOLGAS plant verified the highly flexible operability 

of the SOLGAS plant under the realistic boundary conditions of the selected site. The 

Sankey diagram in Figure 3 shows the annual energy flows in the SOLGAS plant foi 

one of the operational strategies simulated within the operational analysis 

The main objectives of the economic analysis of the selected design for the SOLGA: 

/ Plant was to determine which was the best Operational Strategy for the plant from ai 
1 

! economic perspective, and to assess the plant economic viability based on it 

characteristics profitability parameters as an investment. 

Contrary to the approach adopted in other economic assessments of solar p o w ~  

plants, in the economic assessment of the SOLGAS Plant the levelized cost of th 

j electricity produced by the plant does not play an important role. In fact, it plays n 

role whatsoever. This is due to the cogeneration nature of the SOLGAS plant: th 

significant influence of variable steam extraction on the plant's electricity productic 

makes it senseless to compare the levelized electricity cost of this plant wi 

corresponding electricity costs of a generation or even a cogeneration plant. 



. The analysis was mainly based on the results obtained from the computer simulations 

of the SOLGAS Plant carried out for three different Operational Strategies, and on the 

cost estimates of the solar field and conventional power block. Table 1 summarizes 

the results obtained from the profitability analyses, including a series of profitability 

pararneters and subsidies required under each Operational Strategy to reach the 

minimum IRR required. 

This Table shows that the profitability parameters are more favorable under 

Operational Strategies which use more postcombustion to increase the generated 

power during peak hours (O.S. II) and peak and plain hours (O.S. 1). This last is the 

most favorable of the three, with a scarce margin as compared with O.S. II. 

As a consequence, the subsidies necessary to achieve the profitability required are 

likewise minimum under Operational Strategy 1 (1238 MPta). Consequently, this 

Operational Strategy is recommended. 

3.2 Colón Solar project (repowering) 

The Colón-Solar project applies some of the SOLGAS basic guidelines to !he 

repowering of an existing, Rankine cycle conventional power plant. The main 

objectives of this project are: 

Demonstrate the viability of solar energy integration in a conventional power plant 

O Evaluate the benefits that can be derived from the integration (increase of 

efficiency, reduction of pollutants, etc.) 

O Give a first step towards market introduction of the central receiver system 

technology . 

Gather experience about the operation of the central receiver system in a 

commercial, industrial environment, that can be used for future development of this 

technology. 

3.2.1 System design 

lntegration of the solar energy in the existing power plant is done by using a solar 

central receiver system to generate saturated steam for the Rankine cycle of the 

plant. Water is taken from the outlet of the economizer of the boiler and pumped to 

the solar receiver. The saturated steam generated there is returned to the boiler and 

mixed with the steam generated in the steam drum, in such a way that the total steam 

flow is superheated in the boiler up to the corresponding nominal temperature of the 

cycle. 

The integration of solar energy in the cycle unbalances the boiler. thus requiring 

modification of the existing equipment. The most significant modification consists of 

!he addition of a steam turbine in a typical "topping repowering" scheme. The exhaust 

gases from the turbine are introduced in the boiler in place of combustion air. The 

incorporation of the gas turbine increases the flow of circulating gases, reduces the 

theoretical combustion temperature and decreases the fue1 requirements for a given 

load. This leads to a reconfiguration of the heat flow distribution within the boiler in 

the sense that the amount of heat in the convection zone(where the superheater and 

the reheater are located) increases with regards to the heat in the furnace (where the 

evaporator is located). 

Other modifications (see Figure 4) are: the removal of the existing air heater at the 

boiler input; the addition of a high pressure economizer in parallel with the heat 

exchanger 5 and 6 and a low pressure economizer in parallel with heat exchangers 2 

and 3; the adaptation of the burners to burn gas or fue1 oil indistinctly; and adaptation 

of other equipment to operate under the new conditions. The project also requires the 

study of the extended lifetime of the existing equipment. 

The solar system is a central receiver system, designed to supply 25 MWth at the 

receiver aperture under design conditions. It must be remarked that the size of the 

solar system is restricted by the dimensions of the lot available at the Colón Solar 

plant site. Figure 4 shows the general layout of the Colón Solar plant. 

4. Conclusions 

The SOLGAS concept represents a significant contribution towards commercialization 

of central receiver system technology. While the APAS-SOLGAS project provided the 

theoretical basis for the SOLGAS concept, demonstrated that the concept makes 

sense from a technical and economic point of view, and showed the existence of a 

large potential market for it, !he ongoing !he Colón-Solar Project has identify a very 



interesting market niche for solar thermal technology, and 'shows a great potential for 

success, specially due to the leading role that the electric utilities are playing in its 

definition and implementation. The fact that it is one of the few solar power projects 

that is being promoted by the buyers (¡.e., the electric utilities) and not by the sellers 

of the technology, should increase its credibility and its chances to obtain the 

necessary funding support for its construction. 

The construction and successful demonstration of the Colon-Solar project will 

considerable speed up the market penetration of Central Receiver System technology 

and foster new possibilities for solar therrnal technologies in general. 
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Figure l. SOLGAS Plant Block Diagram 




