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Abstract 

A 10 kWe Parabolic Dish – Stirling engine system was installed at the Seville Engineering 
School in early 2004. This system is one of the Country Reference Units of the EnviroDish 
project, consisting in the installation and operation of several such units, based on the 
EuroDish system, in different countries aimed to gathering reliable O&M data that help to 
improve and fine-tune the technology. The Seville Country Reference Unit is connected to the 
grid under the Special Regime for power generation, which establishes credits to power 
generation based on renewable energy sources.  

The Seville Country Reference Unit has been in operation since March 2004, accumulating 
1671 operation hours and 7.8 MWh of electricity production until August 2005. This paper 
summarizes the results of 18 months operation, with emphasis on O&M aspects and lessons 
learned during this period 
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Introduction 

The 10 kW parabolic dish - Stirling system installed at the premises of the Sevilla 
Engineering School (ESI) is one of the five Country Reference Units of the EnviroDish 
project [1], consisting in the installation and operation of several such units, based on the 
Eurodish system, in different countries aimed to gathering reliable O&M data that help to 
improve and fine-tune the technology. The Centre for New Energy Technologies (CENTER), 
as local partner of the project, financed part of the system –with subsidies from the 
Andalousian Regional Government and support from Endesa Distribución (regional utility) 
and Solúcar (Abengoa)- prepared the required infrastructure and is responsible for the 
operation and maintenance of the system, with support from DLR* and SBP†. In addition to 

                                                 
 
* Deutsches Zentrum für Luft- und Raumfahrt e.V. (German Aerospace Center) 
† Schlaich, Bergemann und Partner, GbR. 
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the Envirodish project objectives, the parabolic dish represents an opportunity to extend 
activities of CENTER in the field of solar concentrating systems to this technology, especially 
well suited for a new scenario with a growing importance of distributed energy resources. 

The ESI Country Reference Unit is connected to the grid and sells the electricity to the local 
utility in the frame of the Spanish Special Regime, which rewards electricity generation from 
renewable energy resources. 

Brief system description 

The main elements of the 10 kWe Eurodish system installed in the ESI-Seville (Seville 
Engineering School) are the concentrator, the tracking system and supporting structure, which 
rely on a ring-shaped foundation, the SOLO 161 Stirling engine with a tubular receiver, the 
alternator and the air-cooled cooling system and the control system. The concentrator is 8.5 m 
in diameter, made up of reinforced glass fibre and thin glass mirrors. The supporting structure 
consists of a ring truss, suspended in a turn table, rolling with 6 wheels on the ring-shaped 
foundation. The tracking system uses two drive arches –elevation and azimuth- each equipped 
with a servo-motor, gear box and roller chain. The control system consists of a control PC and 
local microcontrollers communicated by a dedicated field bus (Interbus). A complete 
description of the system and predecessors (DISTAL I and II) can be found in [2], [3] and [4]. 
Maintenance instructions for the SOLO V161 solar unit are given in [5]. 

 

Figure 1. EuroDish system schematic (Source: [2]) 
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Operation and Maintenance of the ESI Country Reference Unit 

The ESI Country Reference Unit (CRU) was installed in early 2004 and started on March 9, 
2004. In August 2005 the system had produced more than 7000 kWh during 1500 operational 
hours. Two different periods can be considered: 

Period 1. Start-up, tuning and modifications. This period extends from the system 
installation until the end of December 2004.  

Period 2. Routine operation. This period started on January 3rd, 2005 and is expected to 
continue until December 2006.  

System Maintenance 

Maintenance tasks can be classified into periodical or routine maintenance tasks and 
exceptional maintenance tasks. Most of the exceptional tasks were performed during the first 
period. 

Periodical Maintenance Tasks 

The main routine maintenance tasks are: hydrogen storage refilling, concentrator cleaning and 
checking of oil and coolant levels at the Stirling engine.  

Hydrogen storage refilling. The working fluid of the Stirling engine of the Seville CRU is 
hydrogen. The Stirling engine is based on a closed cycle and is not supposed to consume 
working fluid but some leakages occur during operation. As a result, the pressure at the 5-liter 
storage bottle of the engine drops approximately 20 bar/week, thus requiring a weekly 
recharge to recover the required pressure level (approx. 200 bar). More significant drops have 
occurred occasionally. In any case, hydrogen losses are more significant than those of other 
Eurodish systems [5]. Failure of the PL seal should be discarded as the origin of the losses: no 
significant amount of oil has been found into the cycle, which would be the case if seals were 
worn out. The origin of the leakages is still unknown.  

The engine storage bottle is recharged from a standard B50 hydrogen bottle, three of which 
have been consumed since the start of the dish operation in March 2004. 

Concentrator cleaning. The concentrator mirrors should be frequently cleaned to keep their 
reflectivity within acceptable levels. A possible cleaning procedure is to take advantage of the 
rain, moving the concentrator to a horizontal position, mirrors upward. Unfortunately, the 
effectiveness of this method relies on the frequency of rain, which has been very scarce 
during the last year. Washing the mirrors with pressurized water is an alternative, but the 
quality of the water available in the proximities of the system is not adequate to this purpose 
and there is no appropriate equipment for this task. Finally, it was decided to sweep the 
mirrors by hand, with the help of a brush, while a new cleaning mechanism is devised. 

Stirling engine oil and coolant levels checking. Both levels kept within limits during the 
whole year 2005. In addition to routine inspection, the buffer of the engine was removed after 
1600 operation hours to determine whether the amount of oil leaked from the oil pan into the 
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pistons was significant –what could result in obstruction of receiver tubes. The inspection 
showed that the amount of oil into the engine was acceptable. 

Solar sensor cleaning. There is a solar sensor at the front side of the engine which is used for 
the engine regulation. This sensor is usually washed by the rain, but sometimes it is advisable 
to clean it. 

Exceptional Maintenance Tasks 

Exceptional maintenance tasks include repair works to solve malfunctions of the system and 
adjustments or modifications deemed convenient to improve system performance. Most of 
these tasks (unless otherwise mentioned) were performed during period 1.  

Hydrogen recharging circuit 

 The thread of an adapter nut of the hydrogen recharging circuit was deformed and had 
to be replaced. 

 One of the manometers of the pressure-reducer used in the hydrogen recharging circuit 
broke down and had to be replaced. 

Tracking system / Motion controller 

 By the end of March 2005 (period 2) the control program showed a persistent error: 
“Elevation encoder / resolver mismatch”. After checking the encoder, the continuity of 
the wires and the connectors, an intermittent failure of the RJ-45 connector of the 
encoder cable was detected. The replacement of this connector solved this problem. 

 From the very beginning of the operation, Interbus errors forced to rearm the breakers 
located at the control cabin several times a week. The Motion Controller circuits were 
improved following the instructions of DLR / SBP. Interbus errors are now infrequent. 

 The failure of the elevation encoder in late 2004 caused a misalignment of the system 
and the consequent damage of the engine packaging by concentrated radiation 
(Figure 2). An improved safety check was introduced to the software to eliminate 
such failures. The engine packaging was successfully repaired.  

 The connection box of the emergency motor –which moves the concentrator to the 
stow position in case of malfunction of the servomotor- was found full of lubricant oil 
and water, with signs of corrosion in the cables (period 2). These were cleaned and 
some nuts and screws replaced, but the oil leakage at the gear box persists. 

Stirling engine package 

 One of the crossover valves for regulation of the hydrogen pressure in the engine, 
placed between the storage bottle and the engine, presented failures that prevented the 
engine to start due to high pressure. The valve failed after 285 operating hours. The 
valve was first replaced by one of the same characteristics, with the same life 
expectance, which was later replaced by a new, steel-reinforced one. 

 Replacement of the water-cooled cavity by a ceramic, non-cooled cavity. The system 
efficiency benefited from this replacement because: 1) the fraction of the concentrated 
solar radiation that is absorbed by the cavity decreases, and: 2) the heat absorbed by 
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the cooling circuit involved an increase of the cold side of the thermal engine and 
consequently a penalisation to its efficiency.  

 Adjustment of the of the receiver position relative to the concentrator focus. This 
adjustment is required to optimise the usage of the solar radiation concentrated by the 
mirrors.  

 One of the thermocouples placed on the receiver surface broke down in August 2005, 
showing temperatures around -100ºC. This thermocouple was finally disconnected 
(period 2). 

  
Figure 2. The pictures show the damages to the engine packaging caused by the 

malfunction of the elevation encoder. 
Control Program 

 Several improved versions of the control program have been installed since the 
beginning of the system operation. 

Structure 

 One of the wheels under the elevation bearing broke down; the polyurethane was split 
from the steel basis. This wheel has been replaced by a new one (period 2). 

 One out of four bolts which fix the engine to the structure was loosened due to 
vibrations, finally falling down to the ground. All washers have been replaced by 
safety locking washers to avoid this problem (period 2). 

System operation 

Period 1 – Adjustments and Modifications 

Operational results during period 1 were penalised by the need to make adjustments and 
modifications. This period can be subdivided into the following sub-periods: 

 Operation with the water-cooled cavity and defective encoder (April-October) 

 Operation with the water-cooled cavity, repaired encoder (November-December) 

 Operation with the Ceramic cavity (December) 
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A summary of the results of operation during period 1 is presented in Table 1.  It has to be 
noticed that the month of August is vacation at the University, therefore the poor results. 
Christmas Holidays are also the reason for the relative decrease of operating hours in 
December. It is worth to mention the significant increase in system efficiency after reparation 
of the encoder and a further increase after the installation of the ceramic cavity. 

Table 1. Summary of the results of the operation of the ESI Country Reference Unit 
during period 1 (March – December 2004) 
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 Operating 

hours (h) 
Energy 
(kWh) 

Peak Power 
(kW) 

Maximum 
daily efficiency 

(%) 

Average 
hourly energy 

(kWh/h) 
March 42.6 168.90 6.4 9.90 3.96 
April 35.1 159.63 7.2 10.85 4.55 
May 84.0 417.52 7.5 10.60 4.97 
June 50.7 194.12 6.4 10.50 3.83 
July 54.5 201.25 6.1 10.70 3.69 

August 5.5 4.00 3.2 7.80 0.73 
September 52.0 187.55 5.7 10.40 3.61 

October 55.2 223.64 6.7 9.22 4.05 
November 91.8 471.75 7.6 13.20 5.14 
December 49.3 325.58 10.2 17.90 6.60 
TOTALS 520.7 2353.94 - - - 

Period 2 – Routine Operation 

The system has been operated, when possible, in a routine way during labour days in this 
period. Although fully automated operation is possible, the absence of staff makes it advisable 
not to operate the system during weekends and holydays. 

The following parameters have been evaluated from 5-minute data recorded by the Eurodish 
Data Acquisition System: 
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 Time with DNI > 340 (t340, hours). The threshold direct normal irradiance (Ebn) to 
start operation is 340 W/m2. Once started the system continues operating even if the 
irradiance goes down this limit for short periods. It gives an indication of the potential 
operating time for the system under local irradiance conditions. 

 Available Solar Energy (H340, kWh). The integral of the product of the direct normal 
irradiance over the operating threshold by the effective aperture of the concentrator 
extended to a given interval of time. 

 Operating Time (top, hours): The time the system is in operation during a given 
interval of time. The system is in operation if the engine is working (RPM > 0). 

 Incident Solar Energy (Hop, kWh): The sum of the available solar energy during the 
operating time. 

 Electricity Generation (EG, kWh): Electric energy generated by the system during a 
given interval of time. 

 Peak Power (Pmax, kW): Maximum electric power achieved by the system during a 
given interval of time. 

 Gross Global Efficiency (ηgl0): Gross efficiency during a given interval of time, 
defined as EG / H340. 

 Gross Operating Efficiency (ηop0): Gross efficiency during a given interval of time, 
defined as EG / Hop. 

 Net Operating Efficiency (ηop): Gross efficiency during a given interval of time, 
defined as (EG – EP) / Hop, where EP are the parasitics (kWh). 

A summary of the monthly operational results is presented in Table 2. It is worth to notice 
that the operating time exceeds the time with DNI > 340 during July and August, because the 
system continued operating during transient periods with less irradiance. In any case, this fact 
gives an indication of the very high availability of the system during the last four months 
(May to August). Figure 3 shows the evolution of the most significant parameters during the 
reported period. 

Net operational efficiency is higher during winter months (maximum in February) due to 
lower ambient temperatures. March and April results are penalised by control errors 
(malfunction of the encoder RJ-45 connector, see above), bad weather and local holidays. 

Table 2. Monthly operational results (January - August 2005) 

Month t340 / h H340 / 
kWh top / h Hop / 

kWh 
EG / 
kWh 

Pmax / 
kW ηgl0  % ηop0 % ηop % 

JAN 165,0 6644,5 117,42 4733,6 815,1 9,97 12,27 17,22 16,60 
FEB 162,3 6778,7 112,50 4778,3 836,7 10,12 12,34 17,51 16,87 
MAR 100,8 3409,3 52,25 1622,2 225,0 9,25 6,60 13,87 12,59 
APR 81,8 3137,4 21,58 757,7 97,3 8,50 3,10 12,84 11,54 
MAY 160,3 6444,4 155,42 5796,1 901,0 9,24 13,98 15,55 14,96 
JUN 178,0 6721,4 166,67 6064,5 919,1 9,08 13,67 15,16 14,60 
JUL 231,1 8967,8 238,25 8867,2 1283,1 8,05 14,31 14,47 13,98 
AUG 70,8 2462,3 74,00 2360,9 366,1 8,24 14,87 15,51 14,84 

TOTAL 1150,2 44565,8 938,08 34980,5 5443,4 - 12,21 15,56 14,94 
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Figure 3. Evolution of the most significant parameters during the routine operation 
period: operating time and efficiency (upper chart); energy and power (lower). 
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Conclusions 

Routine maintenance and operation of the system is relatively easy to perform thanks to the 
Data Acquisition and Control System. However, an appropriate device for concentrator 
cleaning should be designed to improve system efficiency, and the origin of the hydrogen 
losses must be determined and corrected. 

The repair of system failures have to be performed by qualified personnel. The support and 
prompt response of DLR and SBP engineers has been of great help to determine the origin of 
the failures and to correct them. In the opinion of the maintenance specialists, an effort should 
be made to increase system robustness. 

It can be stated that the Eurodish system at the Seville Engineering School attained a reliable 
and efficient operation during most of the routine operation period, notoriously the last four 
months‡, with system availability close to 100%. The modifications and adjustments 
performed during the first operating period (March –December 2004) were effective to 
achieve reasonable levels of efficiency and reliability during routine operation (January – 
August 2005).  

Further improvements from the operating point of view should focus on the reduction of the 
spillage –which has not been measured in the ESI Eurodish system-, optimisation of 
automated operation and reliability of the engine. 
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