
Test of AURORA - Conclusions 
 

The summary below is based on a study made by RAMBØLL in 2018-19 of AURORA concentrated 

parabolic solar system, financed by the Research & Development fund (F&U-konto) of the Danish 

District Heating Association. 

 

❖ Efficiency - AURORA vs.  stationary flat solar panel systems 

 

AURORA utilizes the sun's radiation optimally due to the double-axle suntracker, which ensures 

that the sun's rays are caught perpendicular to the parabolic mirror from sunrise to sunset all year 

round - from approx. 5 degrees above the horizon in the morning to approx. 5 degrees above the 

horizon in the evening. The tracking accuracy is essential for the high performance.  

 

Therefore, AURORA produces a significantly bigger amount of energy over the day and over the 

year compared to a stationary flat solar collector. AURORA has a performance that exceeds the flat 

solar collectors by approx. 60% pr. m² per ground area, as the flat solar collectors can typically 

achieve an output of 170-180 kWh per year per m² ground area, while AURORA will be able to 

reach approx. 280-300 kWh per year per m² ground area. Generally, AURORA produces 

significantly more than the flat solar collector every month of the year but has extraordinary 

favorable conditions outside the ordinary season for solar energy, i.e. in Nov, Dec, Jan, Feb. At the 

test location at Ringkøbing, AURORA may also produce on the shortest day of the year, where the 

sun reaches a height of 11 degrees above the horizon. For the flat solar collector, it is almost not 

possible to catch the sun's rays during the winter months, because the sun's height is too low.  

 

❖ Benefits from beam radiation and diffuse radiation 

 

Only beam radiation is considered for the CSP technology like AURORA. However, during the tests 

it could not be verified that the flat solar collector gains significant benefit from diffuse solar 

radiation. Experience shows that diffuse radiation at best generates warm water in the flat solar 

collector at temperatures unavailable for use, thus, do not produce water with temperatures 

applicable for domestic hot water or district heating. In contrast, the heat supply temperature of 

AURORA increases very quickly to a useful temperature level as soon as the sun shines. 

 

Thus, no evidence was found that diffuse radiation exploited by the flat solar collector system 

increases the efficiency compared to AURORA, and the CSP technology in general. We assume that 

the benefits of diffuse radiation are likely that it reduces the heat losses from the relatively large 

surface of the flat solar panels between the operating periods. Due to the much smaller surface of 

the receiver of AURORA, heat losses are not an issue of same significance. 

 

❖ Features of AURORA 

 

In addition to high efficiency, AURORA has a number of features that are considered beneficial, as 

they contribute to cost savings, increased reliability and resilience, less time-consuming 

maintenance tasks, better environmental protection, etc. 

 

➢ Constant high output temperature - AURORA allows for a constant high output temperature of 

the circulating water controlled by a central supervision and control unit. Regardless of the season 

of the year and the outdoor temperature, an output water temperature can be set to fulfill the 

temperature demand of the district heating system. The goal is to avoid producing water at 

temperatures that are unavailable for use, but to supply water at the requested temperature year-

round when the sun shines. The possibility of constant high output temperature allows for a 

smaller hot water accumulation tank than for flat solar panels, and thus lower construction costs. 



The possibility of producing heat a high temperature also allows the system to be used for cooling 

with high efficiency in an absorption chiller. 

 

➢ "Out of sun" function - AURORA has an "out-of-sun" function controlled from the central 

supervision and control unit. The "out-of-sun" function contributes to increased flexibility, makes 

operation easier and safer and provides significant cost savings, and creates the possibility of 

immediate heat production stop, as the parabolic mirror is automatically - or manually by orders - 

turned away from the sun when a desired heat production target has been reached or in case of 

danger of overheating. 

 

➢ “Out of wind” function - AURORA has an “out of wind” function controlled from the central 

supervision and control unit. The “out of wind” function contributes to increased safety and 

stability in operation during periods with strong wind - and the function reduce the risk of 

expenses to restore damaged equipment caused by heavy storm - as storm damage can be 

avoided. 

 

➢ AURORA saves ground area - AURORA produces the same amount of energy as the flat solar 

collector in up to approx. 40% less ground area compared to what the flat solar collector needs to 

produce the same amount of energy. Thus, AURORA's significantly reduced need for ground area 

compared to flat solar collectors contributes to cost savings when purchasing or leasing land. 

Alternatively, the energy production can be increased significantly by setting up AURORA units on 

allocated land area. 

 

➢ AURORA can be placed on hilly terrain - AURORA can be placed on hilly terrain and ground 

surface planning is normally not required as for flat solar panels. This contributes to great 

flexibility and at the same time preservation of local flora and fauna, substantial reduce the 

construction costs and make it possible to choose land area that normally would not be suitable. 

 

➢ Maintenance costs expected to be limited - The maintenance costs for AURORA are limited, as 

the distance from the parabolic mirror to the ground surface is minimum 0.5 m, which minimize 

the requirement for maintaining the ground surface below, as e.g. by mowing. Maintenance in 

connection with mirror washing is facilitated by a "wash mode" function. Thus, AURORA's 

maintenance costs are estimated to be not more than 5 - 10 DKK per MWh thermal, while the 

maintenance costs for the flat solar collector has tentatively been assessed to around 25 - 55 DKK 

per MWh thermal, all inclusive. Thus, by having AURORA operating instead of the flat solar panels 

results in savings of maintenance costs. 

 

➢ CO2 reducing - AURORA does not emit CO2 or other greenhouse gases. An AURORA unit 

reduces CO2 emissions by approx. 9 tons per year per unit when replacing light fuel oil, and an 

AURORA unit reduces CO2 emissions by approx. 5.2 tons per year per unit by replacing a 

condensing natural gas boiler. 

 

➢ Smaller heat accumulator tank - The possibility of AURORA to operate with higher temperatures 

- without reduced efficiency – provides the opportunity of better utilization of an attached heat 

accumulator tank, which can thus be built in a smaller size reducing the construction cost by 

approx. 30%. 

 

➢ Preservation of biodiversity - The opportunity to safeguard the original wild fauna and flora of 

the area is possible where AURORA is set up, as AURORA is lifted at least 0.5 m above the land 

surface, which in that way becomes "free". Thus, by AURORA the local biodiversity is protected, 

while at the same time producing environmentally friendly energy. 

 



❖ AURORA in interaction with other technologies - AURORA can advantageously be combined with 

or supplement other technologies such as, e.g., flat solar collectors, air-to-water heat pumps and 

biomass boilers, as AURORA can contribute to boost the supply temperature and increase the 

overall performance. Together with other energy production applications AURORA can contribute to 

save manual service tasks via its automated operation features.  

 

In connection with the interaction between solar heating and other base load plants, the following 

can be stated: 

 

➢ In smaller district heating systems with: 

o Heat-only boilers AURORA solar heating system results in fuel savings. For 

optimization, a heat accumulator tank is used. 

o Gas-fired cogeneration plant or electricity-driven heat pump, AURORA solar 

heating system can be coordinated with the cogeneration plant or the heat pump, 

which is regulated according to the market price of electricity. For optimization a 

heat accumulator tank or possibly a seasonal storage is used. 

 

➢ In larger district heating systems with waste-to-energy cogeneration as base load, the 

produced solar heat can displace waste heat in the summer period, provided that the 

waste can be stored until the heating season begins and waste heat production is required. 

 

❖ Status of technical principles and mechanical elements and measures in a series 

production 

 

During the test, the technical principles of AURORA have proven to be durable. Challenges in the 

prototype phase have been solved along the way. All mechanical parts are designed and 

constructed robust - and no functional problems have been detected in the prototype phase. 

 

To ensure that the efficiency of AURORA is increased in accordance with the ambitious targets set 

for the series production (about 25% greater efficiency than the prototype models), adjustments 

and quality optimization have been implemented - as experience from the prototype phase has 

been translated into concrete improvements - without the technical principles being affected. In 

addition, various aesthetic measures ("hose" for wires, flexible hoses etc.) have been added. 

 

❖ AURORA's market potential 

 

AURORA has a wide range of applications, can be used for both heating and cooling, and has 

perspectives for educational purposes. 

 

AURORA is considered attractive for district heating for both small and large systems in Denmark 

as well as abroad, and can also, e.g., found the basis for converting small urban communities 

dominated by individual oil boilers into a new joint district heating project. 

 

➢ The total heat price is competitive compared to flat solar panels due to  

i) the construction costs are estimated to be equal to or lower than flat solar panels, 

ii) the operating and maintenance costs are estimated to be lower, 

iii) AURORA's features and functions contribute via automation to ease operation and 

maintenance and increase the operational safety (out-of-sun and out-of-wind 

functions, etc.) 

 

➢ The AURORA units can be operated together as one large solar heating plant ("the park 

layout"), either alone or together with other technologies, as AURORA can boost the heat 

production in periods, when the other technologies need revision or may not operate optimally. 



 

It has been assessed that the park layout of AURORA, both in a smaller and a larger scale has a 

significant market potential in the district heating sector in Denmark and abroad, and AURORA is 

also considered to have a significant potential in the cooling sector. 

 

In connection with the green transition the properties of AURORA will be assessed in different ways 

dependent on the demand and views of each individual district heating company.  

 

➢ Total market potential - based on an assessment from Heat Plan Denmark 2010 (issued by 

Danish District Heating Association), AURORA and other solar heating systems are estimated to 

have a significant market potential - in total approx. 0.7-2.7 million m2 to be built within 2020, 

which corresponds to a total potential of approx. 13,300 to 51,300 AURORA units. District heating 

companies can have their heat demand covered in the summer period by solar heating, and at 

least about 30% of the demand on annual basis assuming the use of heat accumulator tank. 

 

➢ Market potential - district heating companies: In relation the conversion to a greener and more 

environmentally friendly heat production, AURORA is considered to have a great potential, as 

AURORA requires a relatively smaller ground area than flat solar panels and can be combined with 

different technologies and energy sources, thus increasing the performance and flexibility, e.g. the 

combination with heat pumps, to assist smaller biomass-fired heat production plants or to boost 

the supply temperature of long transmission pipelines.  

                                                                                                                                

➢ Market potential - country villages and other urban communities dominated by individual oil 

boilers: AURORA is considered to have a significant potential in connection with phasing out of the 

widely used individual oil boilers in smaller country villages and other urban communities. 

 

So far, a solution with 100% coverage of the heat demand by solar heating together with a 

seasonal heat storage have been considered too expensive to establish. Assuming a significantly 

lower investment in land area and in a seasonal heat storage, rethinking this possibility with 

AURORA is recommended. There exists no further technical-economic study of such solution, but it 

is recommended, since there in Denmark are over around 4,000 potential county villages with an 

average size of 45-50 houses using mostly individual oil boilers. 

 

➢ Market potential - regarding the stop of the state support for decentralized gas-fired 

cogeneration plants: District heating companies with probably particular interest in AURORA may 

be the companies with gas-fired CHP plants that are in the process of restructuring their heat 

production as a result of the stop of state support by the end of 2018. 

 

➢ Market potential - abroad, for cooling, or for educational purposes: It is estimated that AURORA 

has a significant market potential globally in the field of heat production - just as AURORA is also 

considered to have a significant market potential in Denmark and abroad within the cooling sector 

in a wide range of applications as well as in the education sector. However, these topics have not 

been verified in the present study but are recommended to be analyzed further. 

 


