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1. Project execution 

Section 1 – Introduction 

Shortage of resources and global warming makes the need to reflect the actual energy strategy of EU countries and the 

world. Technologies using especially fossil fuels have the advantage to be highly optimised (nuclear energy?!, coal-fired 

power stations, oil- and gas plants), easy in energy supply but they have not a long-term sustainability. Range of coverage 

concerning the resources and emission of greenhouse gases makes the traditional energy plants questionable! Especially 

the nuclear energy, seen as “clean” technology (without the emission of greenhouse gases), should be revised. 

More and more in focus are for this the renewable energies: Their potentials in Europe and in the world are wide over that of 

fossil fuels: hydraulic power (especially in Scandinavia), wind power, photovoltaic, geothermal energy, and the exploitation 

of biomass. Unfortunately the decentralized use of renewable energies is still a fractional amount compared to the classical 

energy sources. Inappropriate electrical networks, (un)interests of energy concerns and repressive legal regulation 

constrain the energy turn around. 

One potential of renewable energies is seen in the use of biomass. Biomass has, compared to other renewable energies, 

the advantage, that it is not fluctuated. It can be used when other renewable energies, like wind or sun, are not available. 

The project NANOSTIR, founded by the European Commission, has the aim to use biomass (solid biofuels) in order to 

generate decentralized heat, cold and electricity in little for the use in small and medium sized companies especially in the 

agriculture area. The project name NANOSTIR is composed of the two words “NANO” and “STIRLING”.  

Section 2 – Description of the project 

NANOSTIR represents a completely new and highly innovative, alternative polygeneration energy system. It does combine 

a solid biofuel boiler, a small power range Stirling engine (generating 0,8 kW electrical power and approx. 5 kW thermal 

energy) and an absorption cooling machine (generating 15 kW cooling energy). Former problems of Stirling engines with 

soiling and slagging of the primary heat exchanger and resulting performance inefficiencies by using solid biofuels will be 

significantly reduced by the applied nanotechnological coating material.  

NANOSTIR combines two outstanding innovations: on the one hand the simultaneous provision of heat, cooling energy and 

power (CHCP) generated from renewable solid biofuels and, on the other hand the optimisation of the integrated Stirling 

engine by means of nanotechnological coating materials. 

Besides fuel cells, the Stirling engine became one of the most popular CHP technologies, particularly because of its 

individual advantages such as its external combustion, the expected low maintenance efforts and the general possibility to 

incinerate all kind of fuels. The basic idea of NANOSTIR is the optimisation of a small scaled solid biofuels utilising Stirling 

engine with 0,8 kWel by means of nanotechnological coating material. In a second step, the so optimised CHP unit will be 

combined with an absorption cooling machine to form a CHCP unit. The significantly increased efficiency and the possibility 

to generate electricity independently from cooling energy in small scale CHCP applications contribute considerably to the 

protection of resources and to the reduction of greenhouse gas emissions. Short-and midterm, the optimised combined 

heat, cooling energy and power (CHCP) unit can be used in SME’s as well as in domestic and public buildings.  
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Today, Stirling engines operated with solid biofuels such as wood chips, wood pellets or split logs have major problems with 

soiling and slagging of the primary heat exchanger, resulting in high maintenance efforts and almost immediate to a 

significant decrease in the efficiency. By applying economical nano-coating, these problems can be reduced extensively. 

Furthermore, the efficiency by the use of natural resources and raw materials can be increased by enabling a constant heat 

transfer between the flue gas and the optimised, by means of a nanotechnological coating, primary heat exchanger, The 

approach of NANOSTIR offers an important possibility for the more extended and efficient use of solid biofuels within CHCP 

applications and therefore a substantial contribution regarding the reduction of green house gas emissions. 

NANOSTIR will also contribute to a broader applicability and demand on Stirling CHCP units that presently do not form an 

important part within the CHCP market in the EU. By extending the applicability potential, more SME’s as well as owners of 

appropriate buildings, will become interested in this new and innovative small scale CHCP technology, not at least because 

of its - compared to other technological solutions - higher total efficiency of more than 90 %. In consequence and with 

respect to a higher independency from heat and power suppliers, the NANOSTIR CHCP unit is getting more suitable for 

users. In addition the CHCP allows a bigger fuel related flexibility in covering energy demands, including cooling. 

Objectives: 

• Construction and testing of a ecological, economical and attractive polygeneration system operated with solid 
biofuels combining a solid fuel boiler, a small power range Stirling engine and an absorption cooling machine 

• Significant reduction of former Stirling engines’ soiling and slagging problems by highly innovative coatings of the 
primary heat exchanger 

• Significant reduction of performance inefficiencies and maintenance efforts resulting from mentioned optimisation 
attempts  

• Adequate dissemination of obtained results 

• Use of the optimised combined heat, cooling energy and power unit (CHCP) in short- and midterm in SME’s as well 
as in domestic and public buildings 

• Broader applicability and demand on Stirling CHCP units 

• A more extended and efficient use of solid biofuels, and a substantial contribution regarding the reduction of 
greenhouse gas emissions 

Section 3 – Project realisation 

The project consortium is composed of six partners: 

• IZES gGmbH, project coordination, documentation, accompanying research 

• Landwirtschaftliche Fachschule Tulln (agricultural school in Tulln), operator of the CHCP plant 

• BIOKOMPAKT Heiztechnik GmbH, constructor of the solid biomass boiler 

• WEGRA Anlagentechnik GmbH, constructor of the absorption chiller 

• ItN Nanovation AG, development of nano-coatings 

• Kuhbier Law Firm, accompanying research concerning legal aspects of the use of biofuels 

The project partner ItN left the consortium in the middle of 2009 because of the financial word crises 
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Construction of the CHCP plant 

The project NANOSITR began in January 2008 and ended in January 2011. The actual contract period plan of the project 

envisaged two years, because of a delay of availability of an adequate Stirling engine, the subsequently retarded 

modification of the biomass boiler, the phase out of the project partner ItN and the difficulties to combine hydraulically the 

engine parts to one plant, the project has been extended for one year by the European Commission.  

During the three years the project consortium realised the complete construction of the CHCP plant and operated it.  

Therefore the first step was to find an appropriate Stirling engine, which can be combined with the biomass boiler. The 

project partner BIOKOMPAKT constructs biomass boiler as series products and has very good experiences on this topic. In 

order to transform and adapt a standard biomass boiler it was important to know the right specifications and dimensions of 

the employed Stirling. This was not given at the beginning of the project. It was intended to use a Stirling engine of the 

company “Energibig” which unfortunately stopped its Stirling production. The alternative was the purchase and use of a 

analogue prototype Stirling engine, which has been manufactured (y-Stirling, similar to the Stirling of the company 

“Energibig”) in a small series by the company “EPAS”1. Additionally the LFS possessed a similar Stirling of this company. 

The idea was to use these two engines in the project. Advantages: Both Stirling can be used in the biomass boiler; one can 

be used as spare part in fact of technical dysfunction, both heat exchangers can be used for nano-coating tests. According 

to that BIOKOMPAKT transformed a serial biomass boiler with 45 kWth output and integrated the “EPAS” Stirling with 0,8 

kWel and approximate 3 kWth output in it.  

 

 

 

 

 

 

 

 

Figure 1-1 – Biomass boiler without and with Stirling 

The Stirling has been integrated vertically into biomass boiler in order to position the primary heat exchanger directly above 

the flame of the boiler, the high temperatures allows the Stirling to work in an effective band. Objective was to reach the 

0,8 kWel during full load of the biomass boiler. For the integration of the Stirling a special ferrule has been manufactured, 

which connects and seals the Stirling with the boiler. In a second step, after testing of the CHP part (programming, function), 

it has been delivered and installed at the LFS. 

                                                           

1 The EPAS Stirling is a prototype Stirling which has been built in a small batch (approximately 50 engines in 2001-2003) by the constructor Prof. Dr. Pasemann, actually 

the Stirling hasn’t been optimised. Regrettably the firm EPAS has been bought by the firm ENERGIEBIG, which also didn’t continued works on Stirling engines. 

integrated Stirling 

classic biomass 
boiler 

primary heat 
exchanger Stirling 
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The following scheme shows the planned and realised CHCP plant: 

 

Figure 1-2 – NANOSTIR scheme 

As seen on the scheme in figure 1-2, the Stirling engine delivers electricity and heat (heat circuit) to the school. The 

biomass boiler supplies the school with heat (heat circuit), a part of the heat is used by the absorption chiller to generate 

chill. Therefore a chill infrastructure has been installed. Three rooms of the LFS have been equipped with cooling ceiling, a 

storage room, a meeting room and a pc room. Parallel to the construction of the biomass boiler WEGRA manufactured and 

delivered its absorption chiller to the LFS, which is capable to generate 15 kWth of chillness with an input of 20 kWth of heat. 

In a next step the LFS developed together with the project partners a hydraulic schema which combines the following parts 

of the CHCP plan (see figures 1-3 to 1-5 on the next page): 

• Installation and connection biomass boiler with integrated Stirling, connection to the heat circuit of the school 

• Installation and connection of two 800 l storage tanks (thermal storage and refrigeration storage) 

• Installation and connection of the absorption chiller 

• Installation and connection of cooling infrastructure (three rooms) 
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Figure 1-3 – Installed biomass boiler with integrated Stirling at the LFS 

 

Figure 1-4 – Absorption chiller and refrigeration- and thermal storage tank at the LFS 

 

Figure 1-5 – Cooling ceiling of two rooms at the LFS 

absorption chiller refrigeration storage 
tank 

thermal 
storage tank 

cooling ceiling type 1 

cooling ceiling type 2 

biomass boiler 
with Stirling 

integrated Stirling 

pellet spiral 

Parameters of the installed CHCP plant: 

Biomass boiler:  45 kW of heat (output thermal) 

Stirling engine:  5 kW of heat (input thermal) 

3 kW of heat (output thermal) 

Max. 800 Wel. (output electric) 

Absorption chiller:  20 kW of heat (input thermal) 

15 kW of chill (output thermal) 
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The cooling circuit of the Stirling has two operation modes, the mode 1 uses the water of the return flow of the LFS (40-

50°C), the mode 2 cools the Stirling down by fresh water (in case of need, if the temperature of the return-flow is above 

50°C). 

Hydraulic scheme with shown measurement points: 
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Name Funktion Fühlertyp Messgerät Kanalnummer

T9 Kältespeicher unten PT1000 INES-1 TI1

T2 Stirlingkühlung Vorlauf (kalt) PT1000 INES-1 TI2

T3 Stirlingkühlung Rücklauf (warm) PT1000 INES-1 TI3

T4 Wärmespeicher oben PT1000 INES-1 TI4

T20 Temperatur Kühlhaus A-0..10V INES-1 AI1

T21 Temperatur Seminarraum A-0..10V INES-1 AI2

W1 Wärmemenge Stirlingkühlung Kontakt INES-1 DI1

W2 Wärmemenge Biomassekessel Kontakt INES-1 DI2

W3 Wärmemenge Eingang Kältemaschine Kontakt INES-1 DI3

W4 Wärmemenge Ausgang Kältemaschine Kontakt INES-1 DI4

T5 Wärmespeicher mitte PT1000 ISAN4TI-1 TI1

T6 Wärmespeicher unten PT1000 ISAN4TI-1 TI2

T7 Kältespeicher oben PT1000 ISAN4TI-1 TI3

T8 Kältespeicher mitte PT1000 ISAN4TI-1 TI4

W5 Wärmemenge Eingang Kühlräume Kontakt ISAN8DI-1 DI1

W6 Wärmemenge Heiznetz LFS Kontakt ISAN8DI-1 DI2

QWasser1 Frischwassernachspeisung Kontakt ISAN8DI-1 DI3

QWasser1 Frischwasser Stirlingkühlung Kontakt ISAN8DI-1 DI4

Stoer1 Sammelstörung Kessel Kontakt ISAN8DI-1 DI5

Stoer2 Sammelstörung Kältemaschine Kontakt ISAN8DI-1 DI6

Stoer3 Sammelstörung Regler Kälteabnahme Kontakt ISAN8DI-1 DI7

W_EL1 Elektrische Arbeit Stirlingmotor Kontakt ISAN8DI-1 DI8

T10 Erhitzerkopf Stirling 1 TC-K ISAN8TCI-1 TI1

T11 Erhitzerkopf Stirling 2 TC-K ISAN8TCI-1 TI2

T12 Erhitzerkopf Stirling 3 TC-K ISAN8TCI-1 TI3

T13 Erhitzerkopf Stirling 4 TC-K ISAN8TCI-1 TI4

T14 Erhitzerkopf Stirling 5 TC-K ISAN8TCI-1 TI5

T15 Erhitzerkopf Stirling 6 TC-K ISAN8TCI-1 TI6

T16 Abgastemperatur Biokompakt TC-K ISAN8TCI-1 TI7

 

Figure 1-6 – Hydraulic scheme with integrated measurement points 

Figure 1-6 shows the realised hydraulic scheme with the measurement points. To monitor the CHCP plant different 

measurement points have been defined and installed (heat meters, thermo elements and temperature sensors, see table 3-

1 in the annex). 

For the monitoring a special “data” box was needed, which is capable to interpret the measurement dates and to transmit 

these to a data bank. Therefore the IZES applied together with the LFS exclusive a special box named “INES” which is 

capable to transmit (via GSM) all dates to the IZES. Subsequently the dates can be evaluated and distributed to the project 

partner. The scheme in figure 1-7 on the next page shows the transmission path. 

Focus of the monitoring was to visual the characteristics of the CHCP plant. To compare the measurement dates a special 

daily standardized report has been developed (Microsoft Excel base) which visualize (by diagrams) the developing of the 

dates daily (daily report). The first results can be seen in section 4 of this report. 

The monitoring of the NANOSTIR plant is still in operation. 
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The following scheme shows the date transmission of the metering points of the CHCP plant: 

 

Figure 1-7 – Scheme of the data flow of the “INES” box 

Development and test of nano-coatings 

Beside the construction and monitoring of the CHCP plant a very interesting problem was finding an adequate nano-coating. 

Main focus was to apply a resistant nano-coating which allows reducing soiling on the heat exchanger of a Stirling engine, a 

well known problem, especially by the use of biomass. Effectiveness should be kept and maintenance cost should be 

reduced. In order to locate the nano-coated parts figure 1-8 shows the transformed biomass boiler in details. 

 

Figure 1-8 – Biomass boiler with integrated Stirling, details 

LFS (Austria) IZES gGmbH (Germany) 

INES Box 

NANOSTIR plant  

with integrated measurement-

hardware 

NANOSTIR, data Communication 

Central server 

via GSM 
(mobile Network) 

Staff LFS, control 

Report data file (Excel) 

Staff IZES, analysis 

via Internet 
(automatic E-Mails) 

1) Main burning chamber 
2) Head of the Stirling (heat exchanger) 
3) Main heat exchanger 
4) Settling chamber 
5) Ash tray for flue ash 
6) Exhaust ventilator 
7) Exhaust pipe 
8) Stirling motor 
9) Generator 
10) Access door in the end zone 
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The following analyses and test concerning nano-coatings have been accomplished: 

• Analysis of ash tests, choice of adequate nano-coatings 

• First test run with nano-coating sheets 

• Nano-coating of the primary heat exchanger of the Stirling (2) ; coating: “NC VP MT21” 

• Nano-coating of areas in the biomass boiler : 

o End zone (10) and the main heat exchanger (3) ; coating: „NC VP 2241/1 + NC PP VP 2241/2“ 

o Settling chamber (4) ; coating: „NC PP LT 50“ 

• Second test run with nano-coating sheets 

• Test of the coatings during the operation of the CHCP plant 

Nano-coating on engine parts of the CHCP plant: 

 

 

Figure 1-9 – Nano-coated heat exchanger of the Stirling and nano-coated areas in the biomass boiler 

 

 

Figure 1-10 - Nano-coated areas in the biomass boiler 

Before coating of the above mentioned parts the LFS provided ItN with several test ashes (corn and summer barley) from 

their local biomass operated combustion unit. What stroked was the high percentage of sulphur, calcium and potassium, 

probably due to the formation of the corresponding sulphates. The biggest differences lied in the percentage of chlorine 

(very high for corn) and calcium (also very high for corn). A high percentage of chlorine makes the ash very aggressive due 

to the formation of molecular chlorine and hydrochloric acid which attack the steel of nearly any metallic substrate at high 

temperatures. This was proven by exposing the ash on several metallic surfaces. To make a final judgement though, it was 

nano-coated ash settling 
chamber of the biomass 

boiler (4) 

nano-coated main 
heat exchanger of the 
biomass boiler (3) 

nano-coated Stirling head (2) nano-coated end zone of 
the biomass boiler (10) 
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necessary to perform such a test in a real boiler. A variety of coated state-of the art samples have been prepared by ItN and 

delivered to BIOKOMPAKT to determine the current status of ceramic coatings in a fouling prone biomass fired combustion 

area.  

A first test run has been done with different nano-coated sheets. Details to the used different nano-coating can be seen 

in the annex in table 3-2. Two different locations in the biomass boiler have been chosen, one test series (test sheets have 

been positioned vertical to the flames) in the hot temperature area (> 700 °C) of the biomass boiler (burning chamber, 

position of the head of the Stirling, (2)) and the second test series in the medium temperature area (< 300 °C) of the 

biomass boiler (main heat exchanger (3)/settling chamber (10)).  

 

 

 

 

 

 

 

 

 

 

Figure 1-11 - Test series hot- and medium temperature are (left figure: hot ; right figure: medium) 

Results after ~ 500 hours operating time: In the hot temperature area of the similar biomass boiler all on the test sheets 

applied nano-coatings are damaged. The very high temperatures of above 900 °C and the aggressive exhaust gases 

corroded all coatings. In contrast to the above mentioned result the applied nano-coatings on the test sheets in the medium 

temperature area had all no damage at all. The soiling could be removed easily.  

By reasons of these first test-run it was easy to find a nano-coating for the medium temperature area. Chosen was the 

coating type „NC VP 2241/1 + NC PP VP 2241/2“ for the end zone (10) and the main heat exchanger (3) of the biomass 

boiler and a new coating named „NC PP LT 50“ for the settling chamber (4) which is similar to the coating type „NC VP 

2241/1 + NC PP VP 2241/2“. In favour to the hot temperature area a perfect and durable nano-coating could not be defined.  

The best compromise was to choose the nano-coating with the best result on the test sheets and with the highest 

temperature resistance. In reference to ItN (recommendation) the choice was the use of the coating type “NC VP MT21” for 

“hot temperature area“ 

“medium temperature area“ 
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the primary heat exchanger of the Stirling. The declared temperature resistance is until 1.000 °C (source ItN2). For that the 

primary heat exchanger as been coated with it. 

During the second test run two coatings, again coating type NC VP MT21 and a new experimental coating of ItN named NC 

VP 2331, have been tested again in the high (2) temperature area (> 900 °C) of the similar biomass boiler. The sheets have 

been positioned this time horizontal to the flames (during the first test run there was the assumption, that the direct contact 

of the edges of the sheet provokes also the damage of the coating).  

 
Figure 1-12 - Layout of the test sheet with adequate coating (high temperature area) 

Unfortunately, after ~ 500 hours operating time, the results of the second test run are the same like in the first test run – the 

two nano-coating types did not resist to the temperature and the aggressive gases, both nano-coatings are strongly 

damaged. 

The project partner ItN phased out in June 2009 by reasons of the financial world crises. For that the important know-how 

institution concerning nano-coatings left the project consortium, no more new coating-tests and analyses could be done by 

the project consortium during the project duration. 

                                                           

2 Internet: http://www.itn-nanovation.com/main.asp?page=produkte&subpage=BU1_KW_Produktuebersicht ; 11.03.2011 

“hot temperature area“ 
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Section 4 – Project results 

During the three years of project time the main focus, the construction of the CHCP plant, could be realised. The engine 

started operating in the beginning of December 2011. The plant is still operating for the monitoring. 

The following two images show the flywheel and the Stirling head (inside the biomass boiler) during operation (pictures 

made with an infrared camera). 

Temperature level of the Stirling: 

 

Figure 1-13 – Images of a infrared camera of the Stirling engine (outside/inside the biomass boiler) 

The plant began to work with some technical difficulties: 

• Destruction of the nano-coating on the heat exchanger of the Stirling after 16 h (full load) 

• Destruction of the (nano-coated) heat exchanger of the Stirling after 250h (full load) 

• Dysfunction of the power inverter of the Stirling 

• For a short time dysfunction of the absorption chiller 

• Transmission of incorrect measurement data 

• Drop out of the transmission of measurement dates (dysfunction of the SIM card) 

During the current monitoring these problems could be solved. The destroyed Stirling head could be changed with the 

uncoated head of the second similar Stirling engine (property of the LFS) and a new power inverter has been commanded.  

It is important to operate the CHCP engine further in order to correct all occurred problems, to optimise the plant and to 

continue the monitoring. 

Concerning the Stirling, as prototype, it is not remarkable of a damage of the heat exchanger. The materials have not been 

optimised for these applications. It is to assume, that other problems will approach us. We think that the other CHCP engine 

parts (especially biomass boiler and absorption chiller) are reasoned plants which won’t have major problems concerning 

Stirling flywheel 

Stirling heat exchanger 
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their operation. Exclusive the Stirling is a censorious part because of its prototype status. It would be an advancement to 

operate the plant with a “better” (state series) Stirling which also has a higher electrical output3.  

The following measurement data (extract) shows the CHCP plant operation of one day (19.03.2011): 

 

Figure 1-14 – Extract monitor dates NANOSTIR (19.03.2011) 

Figure 1-14 shows exemplary a daily report of the operated NANOSTIR plant. On figure [2] the inlet flow and return flow 

(cooling circuit Stirling/return of the heat circuit of the LFS) of the Stirling circuit are on the same temperature level. This 

                                                           

3 For example Quasar Engineering GmbH ; internet: http://www.quasar-engineering.de 

 
[1] Exhaust temperature biomass boiler 
 
[2] Stirling temperature (return heat circuit LFS), before 
and behind Stirling (Stirling is not operating) 
 
[3] Temperature thermal storage tank (up/down) 
 
[4] Temperature thermo coupe Stirling head (x3) 
 
[5] Temperature refrigeration storage tank (up/down)  

[1] [2] 

[3] [4] 

[5] 
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means that the Stirling was not in an operating state. Whether the Stirling is in operation, the return flow of the Stirling has a 

higher temperature level as the inlet flow. As seen on the graphics the plant works in a stable mode. 

Concerning the nano-coatings, the following conclusions could be met: 

The nano-coating on the Stirling heat exchanger did not resist during the operating of the CHCP engine: By reasons 

of very aggressive exhaust gases and temperatures over 600 °C the coating flaked down. In contrast to this is the use of 

nano-coatings in areas of the biomass boiler a reasonable and advantageous option – soiling can easily be removed. The 

nano-coatings in these areas did not show any damages. 

 

Figure 1-15 – Nano-coated area of the biomass boiler, nano-coated Stirling heat exchanger 

Figure 1-15 shows the pollution of the end zone in the main combustion chamber of the biomass boiler. As seen on the 

photo the soiling can be removed easily (wiped per finger), same for the heat exchanger and the settling chamber. The use 

of the nano-coating seems in this area to be very advantageous. The coating is completely intact. Figure 1-15 shows too the 

nano-coated heat exchanger of the Stirling (built in the boiler). The picture shows the pronounced soiling, the nano-coating 

did not resist to the aggressive gases and the high temperatures. 

 

Figure 1-16 – Images of the corroded heat exchanger of the Stirling 

During the operation of the complete CHCP plant in December 2010 and January 2011 the nano-coating (NC VP MT21) 

primary heat exchanger of the Stirling flaked down. During the 1th February 2011 the primary heat exchanger damaged. The 

temperatures and gas conditions are so strong, that the metal of the heat exchanger corroded (see figure 1-16). 

thermo couple 

soiling on the heat 
exchanger of the Stirling 

nano-coating in the area of the 
biomass boiler with dust film 

flaked nano-coating 

Stirling heat exchanger 
corroded pipes 
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Beside the construction and operation of the CHCP plant, the test of nanotechnological coatings the project partners 

realised two studies: 

• Potential study of CHCP plants, by WEGRA 

• Study by KLF: Market analysis of the effect of biofuels on agriculture and the fuel market, evaluation of the ethical 

and legal status quo in Europe concerning biofuels, ethical and legal status concerning biofuels as useful energy 

sources in Europe 

 

Conclusions to the study of WEGRA: 

The definition of combined heat and power (CHP) unit classifications is not unanimous all over the world. Therefore, the 

following classifications are defined for this market potential study: 

• Micro/Small CHP  < 10 kWel … 50 kWel 

• Medium CHP  50 kWel … 2,000 kWel 

• Large CHP  > 2.000 kWel 

The key components of a combined heating, cooling and power systems (CHCP system) are the CHP unit, producing heat 

and power, and the thermally driven chiller (TDC). Both components are well established in the large power range but not in 

the small and micro-size range. 

With an average growth rate of 5% p.a. and a share of 75% for new installations, a substantial growth in the cooling market 

is foreseen. In the frame of such scenario, micro CHCP is likely to be applied in: 

• Medium size hotels (< 200 rooms) 

• Small hospitals (< 200 beds) 

• Office buildings (< 4,000 m2) 

• Small industries 

• Small supermarkets 

Residential applications present a tight margin, due to the high investment cost in relation to the small dimensions in single-

family houses. The table on the next page shows a summary of the economical potential of micro CHCP in different 

analyzed cases: 
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Country Spain Italy Germany Poland 

Sector residential hotels offices hospitals 

Evaluated application 1-family house, 

high & low 

insulation, 

4 locations 

3 and 4 star 25, 

50, 100 rooms  

5 locations 

2,000, 4,000, 

8,000,  

16,000 m2,  

1 location 

200, 500, 800 

beds, 

1 locations 

Best application Madrid climate, 

multi-family 

house, low 

insulation 

North Italy – 

business,  

50 rooms  

(3-4 star) 

8,000 m2, less 

insulated, higher 

electrical loads 

50-200 beds, 

all locations 

PES (%) 

- Max 

- Optimal 

 

15-25% 

10-15% 

 

25-35% 

10-15% 

 

20% 

10% 

 

20% 

10% 

Demand coverage 60-80% heating 

20-30% cooling 

50-75% heating 

50-75% cooling 

40% heating  

 

15-20% cooling 

25% heating  

 

30% cooling 

Best CHCP size 20-50 kWe  

30-80 kWt 

15-35 kWc 

20-50 kWe 

30-80 kWt 

15-35 kWc 

20-50 kWe 

30-80 kWt 

15-35 kWc 

15 kWe 

30 kWt 

15 kWc 

Financials 

- BAU scenario 

- Political support 

 

poor 

neutral 

 

reasonable 

good 

 

neutral 

reasonable 

 

neutral 

reasonable 

Table 1-1 - Economical potential micro CHCP cases 

Medium size hotels and small hospitals are likely to constitute the ideal application field. According to statistics of the main 

chain hotels, micro CHCP has the potential to find application in about 50% of the chain hotels in EU15, for a total of nearly 

7,000 installations. Considering the totality of the hotel sectors, the number of suitable installations can likely increase up to 

70,000. In the health sector, a reasonable estimate of hospitals suitable for micro CHCP installations should be in a range 

from 4,000 to 6,000 units in the EU15.  

Applications in the households sector appear more difficult at the present stage of technology, although they can benefit 

from gross margins and primary energy savings larger than those in the Service and Industry sector. In single family 
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houses, the benefit to cost ratio of micro CHCP is seldom attractive because small units have a higher specific investment 

cost, a large part of the self-generated electricity is injected to the grid, the driving thermal load is discontinuous, relatively 

high costs must be sustained for the balance of the plant (storages, auxiliaries) and the room needed for heating and 

cooling storages might be a problem. In multi-family houses, the overall thermal and electric load would be such to justify 

the investment. However, centralized heating and cooling distribution systems are not always present in multi-family houses 

and the individual metering of heating, cooling and electricity for each dwelling adds complexity and investment cost. 

Micro CHCP is likely to find application where the electricity demand is relatively high as compared to the heating and 

cooling demand, and the electricity base load is such that the electricity exported to the grid is limited. Moreover, suited 

applications must be characterized by smooth profiles of the heating and cooling demand, in order to maximize the 

operation hours of the micro CHCP system with the minimum possible system capacity. Since the marginal energy and 

financial savings are more attractive for heating than for cooling, a convenient application should have a larger heating than 

cooling demand. Finally, the micro CHCP should cover only a limited fraction of about 50% of the heating and cooling 

demand so that the investment becomes economical. As such, auxiliary heaters and coolers must complement the micro 

CHCP system. 

Gas fired micro CHCP is one of the possible CHCP solutions. Other ways to efficiently combine heating, cooling and power 

production are biomass fired micro CHCP and district heat driven TDCs. Biomass fired micro CHCP can become a 

technically viable solution as the Stirling engine becomes more and more reliable. The main limitation is the electrical 

efficiency of the CHP systems, which might not exceed 10%. However, the heat in excess might not be a problem in the 

eventuality of a large demand for heating and cooling. Environmentally viable, this technology can benefit from large 

incentives on green electricity, ranging from 0.180 to 0.195 EUR/kWhel on the top of the regular electricity feed-in tariff. The 

small agro food industry would be the ideal market for the early uptake of this technology. But at present micro CHP is a 

niche product with a high energy saving potential. Micro CHCP can typically achieve primary energy savings of 15% to 35% 

relative to a conventional heating and cooling system, depending on the application.  

 

Conclusions to the study of KLF: 

With the new German law on Energy from Renewable Sources (Erneuerbare-Energien-Gesetz) new criteria of sustainability 

will come into force in 2010. This legislation says that biofuels should at least reduce the CO2 emissions by 35% compared 

to fossil fuels. Furthermore the energy crops must not be cultivated on land with a high level of biodiversity (e.g. peatland or 

rainforests)4. The plantation of genetically modified (GM) energy crops is seen critical by several Institutions in Germany5.In 

Austria the cultivation of genetically modified organism for example is prohibited by law. Restrictions of minimum reduction 

of CO2 compared to fossil fuels are set in the “Ökostromgesetz”. British law doesn’t forbid the cultivation of genetically 

                                                           

4 Rat für nachhaltige Entwicklung, 18.06.2009: http://www.nachhaltigkeitsrat.de/news-nachhaltigkeit/2009/2009-06-25/strom-biomasse-soll-kuenftig-nur-noch-aus-
nachhaltigem-anbau-kommen/ 

5 www.biosicherheit.de, BUND Rheinland-Pfalz 
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modified crops per se. Every case must be applied and decided separately. The Environment Secretary does not exclude 

the GM-technology, because “climate change, water and energy scarcity and low fish stocks were likely to place strains on 

the global food system“6, although public opinion is not very positive about genetic engineering. Nevertheless, government’s 

scientific chief advisor is promoting the use of the GM technology in order to ensure global food security7. Since the directive 

2009/28/EC establishes a binding sustainability criteria scheme for biofuels and bioliquids it is assumed that all EU member 

states which do not yet have such schemes in place will creates those in order to comply with the directive. According of 

article 27 of the directive member states need to do so until December 2010. The respective negotiations are therefore 

already ongoing.  

With reference to Germany, if we compare the available data on energy crops cultivation and biofuels production capacity 

and consumption and the energy policy of the recent decade, it is fair to say, that without the strong promotion of renewable 

energy sources, the increase of land use and cultivation of energy crops and other biomass would most probably not have 

taken place to the same extent. It was mainly the strong and favourable RES policy of the German government which 

provoked the creation of new products (such as wood pellets for example) and markets, thus stimulating new agricultural 

developments. The same is basically valid for biofuels. Politics helped to create a market and a young industry in Germany 

which needed to open up its own supply and production chains, leading equally to a change in agriculture in terms of 

cultivation of different species. There is a direct interrelation between the support for biofuels, namely tax exemption and 

blending quota, the quantities of biofuels produced and the required amount of biomass. It is important to note, however, 

that not all type of energetic use of biomass does have an impact on land use or the species of plant or crops that is 

cultivated. Concerning Austria, we shall remark the importance of biomass for heating purposes. In the past years district 

heating from biomass heating had a relevant increase. The pellets market is particularly flourishing, with a remarkable 

production that in the last years exceeded domestic demand. Biomass has an important role in the energy mix of the 

Netherlands, with special reference to the co-firing plants for the electricity production. However, due to geographical 

conditions there is not great potential for biomass cultivation and the most of the used biomass is imported. With reference 

to Belgian- Flanders, biomass has a relevant role in the electricity production of Flanders (54,8% of green electricity 2008). 

Most of biomass electricity produced comes from dedicated cultures biomass and forestry, followed by biomass waste/by-

products and finally biogas. As far as green heat is concerned, wood is the most used source, amounting to more than 67% 

of the green heat production in 2008. Concerning biofuels, the Flemish market is still very young, as the biofuels entered the 

fuels market in 2007 and they represented only 1,2% of all transport fuels used in 2008. With reference to solid biomass 

used in Flemish power plants, it is remarkable that wood-chips, wood-dust and wood-waste materials are for a great part of 

domestic origin, while wood pellets and olive products (olive pith and olive pulp) used in Flemish power plants are not 

produce on the Flemish territory. With reference to the cultivation of energy crops, available data show that the most 

cultivated energy crop is rapeseed. The great majority of the energy crop cultivated on the Flemish territory is used for the 

production of bio-diesel.  Due to the limited production of energy crops, import of biomass cannot in principle be avoided in 

order to produce enough biofuels amount in order to fulfil the demand. With reference to Belgian - Wallonia, in comparison 

                                                           

6 The Independent. GM crops set for role in Britain's food revolution. 11.08.2009 
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to the other RES, biomass demonstrates to have the largest share of electricity production. Within biomass as primary 

energy, a relevant role is played by vegetal and animal waste/by-products, followed by wood. In some cases biomass 

materials are imported in the region, with special reference to import of colza for the production of biodiesel in Walloon 

facilities. Luxembourg has limited resources on its territory and a great amount of electricity and primary energy sources are 

imported. Conventional power plants mainly work with natural gas. As there are no available facilities for the co-firing of 

solid biomass, among bio-energies only biogas is used for the electricity production. However solid biomass is used for heat 

production. With reference to the cultivation of energy crops, the Ministry for Agriculture is carrying out a testing on which 

energy crops can better fit the climatic and territorial conditions of Luxembourg. However it has to be remarked that, in any 

case, the small dimension of the Country does not allow to cultivation of relevant quantities of biomass and energy crops.   

As regards the NANOSTIR project, the situation is as follows: the Nanostir Technology is not part of this conflict fuel versus 

food in so far as it does not produce biofuels in strictu senu, meaning in form of biodiesel or bioethanol. It is, however, a 

technology run on the basis of biomass to produce electricity, heat and cold. But the difference, that is worth to be pointed 

out here, is that it is not dependent on biomass such as energy crops which can also be used for food purposes. In fact the 

plant can be operated with any kind of dry, solid biomass, being it wood pellets, foliage, cherry stones, manure or any 

agricultural waste provided that it is completely dry. It is also possible to switch from one type of biomass to another, 

according to availability. It is not necessary that the plant is always operated with the same type of biomass. Thus the 

Nanostir technology is suitable for renewable energy production which – in principle - does not at all get in conflict with food 

production. In contrary, it is the residues of food production, e.g. husk that can be used to operate the plant. Therefore it can 

be seen as complement to food production and not as competition.   

Solid biomass, which will be used in the NANOSTIR – plant, therefore has very little to no influence on food-price. 

Sustainable forest-management, utilization of surplus wood and wood waste and cultivation of fast growing wood can serve 

the demand. In Germany, only about 75% of actual usable timber growth in the forests is utilized in 2006. An increased use 

of this renewable energy source does not affect the basic function of the forests and is therefore sustainable. Furthermore, 

the raw material is already available, additional arable land is not required.8 Similar figures are also available for Austria.9 

 

                                                                                                                                                                                                      

7 The Times. Government scientist and Royal Society in double push to promote GM. 20.10.2009 

8 http://www.nawaro-kommunal.de  

9 Brainbows informationsmanagement GmbH: Biomasse-Ressourcenpotenzial in Österreich. 2007
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2. Dissemination and use 

Section 1 – Exploitable knowledge and its use 

Overview table  

Exploitable 
Knowledge 
(description) 

Exploitable 
product(s) or 
measure(s) 

Sector(s) of 
application 

Timetable for 
commercial 

use 

Patents or other 
IPR protection 

Owner & Other 
Partner(s) involved 

Nano-coating in 
areas of biomass 
boilers 

Nano-coating for 
parts in 
combustion 
process 

nanotechnology today Patent-protected ItN 

Transformation 
and adaptation of 
a biomass boiler 
with Stirling 
integration 

CHP plant Heating 
engineering 

2-3 years  Verification of a 
patent 

BIOKOMPAKT 

Assembling of a 
CHCP plant 

CHCP plant Heating 
engineering, 
Chill engineering 

2-5 years  LFS, 
BIOKOMPAKT, 
WEGRA, IZES 

Table 2-1 – Overview of exploitable knowledge and its use 

The above mentioned exploitable knowledge characterizes the main focus of the NANOSTIR project. 

Nano-coating in areas of the biomass boiler 

Focus of the project NANOSTIR was the development of a nanotechnological coating which can resist high temperatures 

(> 600°C) on the head of the Stirling engine. This objective could not be attained but should be followed up. The potential is 

given to find a resistant coating which helps to eliminate soling. In contrast to this a nanotechnological coating in the 

medium temperature (< 500°C) areas stand the test. Slagging and soiling could easily be cleaned. Therefore a commercial 

use can be announced. The project partner ItN uses already nano-coatings in their product portfolio; it could be enlarged on 

the range of biomass boilers. The know-how of the nano-coating belongs to the ItN Nanovation AG. An ideal collaboration 

with the BIOKOMPAKT Heiztechnik GmbH (construction of biomass boiler) could be possible in order to sell together their 

products (example: biomass boiler with nano-coatings), a commercial success should be given.  

Transformation and adaptation of a biomass boiler with Stirling integration 

BIOKOMPAKT, as expert in the construction biomass boiler, transformed a serial product into a CHP engine. Therefore a 

Stirling engine has been integrated into the boiler. This integration (development of special parts to fix and isolate the 

Stirling with the boiler) and adaptation (adjustment of the control system of the boiler) has been done by BIOKOMPAKT. 

The know-how of the integration belongs to the BIOKOMPAKT Heiztechnik GmbH. By reason of the prototype status of the 

Stirling engine, the CHP engine is yet not a commercial product. With a serial Stirling engine, which is capable to work long-

time a commercial product (biomass boiler with integrated Stirling) is imaginable medium term, BIOKOMPAKT could so 

expand their product range. Therefore cooperation with a Stirling producer should be aspired. BIOKOMPAKT plans to verify 

the request a patent on the transformation and integration of the Stirling into the biomass boiler. 
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Assembling of a CHCP plant  

The CHCP plant has been developed by four partners of the project consortium (LFS, BIOKOMAPKT, WEGRA, IZES). 

BIOKOMPAKT developed and assembled the CHP part; WEGRA constructed, as absorption chiller constructor, their serial 

product. Together with the LFS and IZES the CHCP plant has been installed at the LFS, therefore a hydraulic scheme has 

been fully developed.  

Again a commercial product is very good imaginable. BIOKOMPAKT, WEGRA or a Spin Off of all project partners could be 

act as sales company. As mentioned above it is a precondition to find an adequate Stirling company. An alternative is to sell 

the plant without Stirling engine. Therefore a modular system (with/without Stirling, with/without absorption chiller, 

with/without nano-coating) should be reasonable. A commercialisation is not given yet. It is important to finish the monitoring 

in order to make conclusions concerning the behaviour of the operating NANOSTIR plant.  

The consortium has the common position, that the CHCP plant has a great commercial use, because of the flexible use of 

the plant during winter and summer (heat in winter, chill in summer, electricity during the whole year). Therefore a 

commercialisation of the NANOSTIR engine could be given middle term. Actually there is no comparable plant in this 

engine-power class on the market. 
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Section 2 – Dissemination of knowledge 

Overview table  

Planned/
actual 
Dates  

Type 
 

Type of audience 
Countries 
addressed 

Size of 
audience 

Partner 
responsible 
/involved 

06.2008 BETA-EXPO General public Austria > 1.000 LFS 

06.2008 Press release 
“Niederösterreichische 
Nachrichten” 

General public Austria > 10.000 LFS 

08.2008 International Horticultural 
Fair 

General public Austria > 500 LFS 

11.2008 Poster and Presentation 
of NANOSTIR on the 
“15th International 
Symposium usage of 
renewable energy sources 
and Hydrogen technology” 

Higher education Germany > 300 IZES 

08.2009 Article:“Verband der 
Industriellen Energie- und 
Kraftwirtschaft e.V 

Professional public Germany > 10.000 IZES 

12.2009 Article “Energiespektrum” Professional public Germany > 10.000 IZES 

12.2009 Transnational congress General public Austria >60 IZES, LFS, 
BIOKOMP, 
WEGRA, KLF 

02.2010 Presentation NANOSTIR 
on the “3rd Stirling 
Congress in Stuttgart” 

Professional public 
and industry 

Germany > 300 IZES 

03.2010 Article “Nachwachsende 
Rohstoffe” 

Professional public Germany > 10.000 IZES 

11.2010 Poster of NANOSTIR on 
the “17th International 
Symposium usage of 
renewable energy sources 
and Hydrogen technology” 

Higher education Germany > 400 IZES 

Table 2-2 – Overview of dissemination of knowledge 

During the whole project period the maintenance and actualisation of the NANOSTIR homepage has been continuously 

been done. Additionally the project homepage is available in three different languages: German, English and French. The 

site can be seen under this link: http://www.izes.de ; selected projects. Parallel the LFS has its own homepage which can be 

seen under the following link: http://www.lfs-tulln.ac.at ; projects ; EU-NANOSTIR. 

During the project time a CHCP brochure has been worked out to demonstrate the NANOSTIR-project. The brochure has 

been distributed to the project partners and can be downloaded on the project homepage (IZES). 

The consortium published the following articles during the whole project period (also visible on the project homepage): 

� Article “Niederösterreichischen Nachrichten – NÖN” ; 06/2008 

� Article “VIK-Mitteilungen” ; 03/2009 

� Article “Energiespektrum“ ; 11-12/2009 
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� Article “Nachwachsende Rohstoffe”, 03/2010 

The consortium participated on the following national workshops: 

� 15th International Symposium usage of renewable energy sources and Hydrogen technology, presentation of 

NANOSTIR ; 11/2008 ; Bodo Groß (IZES) 

� International Horticultural Fair, presentation of NANOSTIR at the LFS ; 08/2008 ; Josef Meisl, Claudia Lehrbaum 

(LFS) 

� BETA-EXPO, presentation of NANOSTIR ; 06/2008 ; Josef Meisl, Claudia Lehrbaum (LFS) 

� 3rd Stirling Congress in Stuttgart, presentation of NANOSTIR ; 02/2010 ; Bodo Groß, Guillem Tänzer (IZES) 

� 17th International Symposium usage of renewable energy sources and Hydrogen technology, presentation of 

NANOSTIR ; 11/2010 ; Bodo Groß, Guillem Tänzer (IZES) 

Finally in December 2009 a transnational congress concerning with main focus on the NANOSTIR project has taken place: 

Project participants: IZES: Bodo Groß, Guillem Tänzer; LFS Tulln: Josef Meisl, Claudia Lehrbaum; BIOKOM: Raimund 

Gerlinger; KLF Andrea Jelitte; WEGRA: Roland Weidner 

Date:  04. December 2009 

Location: LFS Tulln, Tulln (Austria) 

The transnational congress was a full success. In a first step all invited guests (over 60 persons) debated about themes like 

biomass and energy problems in the future. In the second step the whole project consortium (expect ItN) presented the 

NANOSTIR project. Last but not least parts of the engine (absorption chiller, first Stirling with coated primary heat 

exchanger) have been presented for the interested audience. The feedback of the guest was great. Definitely a couple of 

persons could imagine of purchasing such an engine like the realised one in the project NANOSTIR. 

As possible the consortium will publish results of the NANOSTIR plant during and after the monitoring of the 

engine, for example on further congresses and during workshops at the LFS. 
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Section 3 – Publishable results 

There are for the present no publishable results. The consortium is actually not prepared to publishable results of course of 

the ongoing monitoring of the NANOSTIR plant. 
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3. Annex 

Measurement points of the CHCP plant: 

name sensor function sensor type semantics 

T9 temperature refrigeration storage tank (down) PT1000 °C 

T2 temperature cooling Stirling forward (cold) PT1000 °C 

T3 temperature cooling Stirling return (warm) PT1000 °C 

T4 temperature thermal storage tank (up) PT1000 °C 

T20 temperature temperature storage room A-0..10V °C 

T21 temperature temperature seminar rooms A-0..10V °C 

W1 energy flow energy flow Stirling chill-circuit contact kWh 

W2 energy flow energy flow biomass boiler contact kWh 

W3 energy flow energy flow input absorption chiller contact kWh 

W4 energy flow energy flow output absorption chiller contact kWh 

T5 temperature thermal storage tank (middle) PT1000 °C 

T6 temperature thermal storage tank (down) PT1000 °C 

T7 temperature refrigeration storage tank (up) PT1000 °C 

T8 temperature refrigeration storage tank (middle) PT1000 °C 

W5 energy flow energy flow cooling rooms contact kWh 

W6 energy flow energy flow heat circuit LFS contact kWh 

Vwater1 volume volume fresh water cooling tower contact l 
Vwater2 volume volume chill-circuit Stirling (ahead) contact l 
Stoer1 dysfunction signal dysfunction signal biomass boiler contact 1/0 

Stoer2 dysfunction signal dysfunction signal absorption chillers contact 1/0 

Stoer3 dysfunction signal dysfunction signal control of chill-allocation contact 1/0 

W_EL1 electrical output electric work Stirling contact Wh 

T10 temperature heat exchanger Stirling 1 TC-K °C 

T11 temperature heat exchanger Stirling 2 TC-K °C 

T12 temperature heat exchanger Stirling 3 TC-K °C 

T13 temperature heat exchanger Stirling 4 TC-K °C 

T14 temperature heat exchanger Stirling 5 TC-K °C 

T15 temperature heat exchanger Stirling 6 TC-K °C 

T16 temperature exhaust gas temperature biomass boiler TC-K °C 

Table 3-1 – Measurement points NANOSTIR 
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Overview of the involved coating types:  

coating type code layer thickness essential components remarks 

anti corrosion coating 
with anti corrosion 
primer layer 

VP 2241-1 and VP 
2241-2 

50µm (two coat) Aluminium, Boron nitride, 
nanoscale Al2O3, polysiloxane, 
WS2 

sinters at 250°C 

non stick layer with 
anti corrosion primer 

VP 2241-1 and VP 
MT 12 

50µm (two coat) Aluminium, Boron nitride, 
nanoscale Al2O3, polysiloxane, 
WS2 

sinters at 250°C 

Non-stick layer VP 2222 50 µm (one coat) Cr2O3, potassium water glass, 
nanoscale glass frits, Boron nitride, 
Al2O3 

sinters at 600°C 

Non-stick layer VP 2223 50 µm (one coat) Cr2O3, potassium water glass, 
nanoscale glass frits, Boron nitride, 
Al2O3 

sinters at 600°C 

Non-stick layer VP 2225 50 µm (one coat) Cr2O3, potassium water glass, 
nanoscale glass frits, Boron nitride, 
Al2O3 

sinters at 600°C 

Non-stick layer VP MT 11 50 µm (one coat) Boron nitride, Al2O3; polysiloxane sinters at 350°C 
Non-stick layer VP MT 21 50 µm (one coat) Cr2O3, potassium water glass, 

nanoscale glass frits, Boron nitride, 
Al2O3 

sinters at 750°C 

anti corrosion coating 
with anti corrosion 
primer layer 

VP LT 50 50µm (two coat) Aluminium, Boron nitride, 
nanoscale Al2O3, polysiloxane, 
WS2 

sinters at 230°C 

Table 3-2 - Overview of tested and used nano-coatings 

 


