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1 Foreword 
This report includes the technical experience and lessons learned from installing and running 
a pilot plant within the Life+ project Small Scale CHP from biomass – a demonstration in 
Southeast Sweden (2014-2020), which has been financed within the EU Life+ programme and 
partly by the Swedish Energy Agency and Swedenergy. The purpose of the study is to 
summaries the lessons learned and experience for others to learn from. The data in this report 
are gathered throughout the whole project and is based on the pilot plant of an Organic 
Rankine Cycle in BräkneHoby.  

The goal for the demonstration project Small Scale CHP from biomass has been to disseminate 
experience and knowledge to pave the way for others to invest in small scale CHP technologies.  

The authors of the study will give a large thanks to all involved in the work with the 
demonstration project and especially to the members of the steering group from Svebio, 
Energiföretagen Sverige, LNU and VEAB.   

The study has been possible due to financial support from the EU Life+ programme, the 
Swedish Energy Agency and Swedenergy.  
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2 Summary 
This study has been conducted by Energikontor Sydost (Energy Agency for southeast Sweden) 
as a result from a demonstration project running from June 2014 until December 2020. In this 
report the aim has been to summaries the experience and the lessons learned from installing 
a pilot plant for small scale cogeneration, based on the ORC technology: 

• A 49 kWe Organic Rankine Cycle (ORC) unit at district heating plant in BräkneHoby, 
Sweden 

Europe and Sweden are in the middle of the transition from fossil and nuclear-based electricity 
to renewable energy resources such as wind, solar and bioenergy. The increasing share of 
weather dependent electricity (solar, wind power) increases the need for planned electricity 
production that can guarantee production all year round, such as hydropower and 
cogeneration from biomass, in combination with energy storage for solar and wind in the 
future.  

Cogeneration, also called combined heat and power, is resource efficient and independent of 
weather conditions and can supply electricity when needed most – during the winter when it 
is dark and cold.  

For combined heat and power (CHP) plants, to operate in a way that is economically and 
ecologically beneficial, both the electricity and the heat produced must be utilized. Therefore, 
all cogeneration is based on the existence of a district heating network or an industry that can 
receive the heat generated in the process. The district heating industry is an important target 
group for small scale CHP because the heating base already exists. The sawmill industry is also 
pointed out as an important industry where small-scale co-generation has great potential.  

This report summaries the experiences and lessons learned from installing and running an ORC 
unit in BräkneHoby. The pilot plant has been up running since district heating season in 2017. 
The availability has been high and total electricity generation until May 2020 is 490 MWh. The 
total electricity efficiency is rather low, about 2.3% (in this pilot plant), but the energy loss is 
very small.  

 Aim and Scope of the study 
The aim of this report is to summaries the technical experience from demonstrating an Organic 
Rankine Cycle between October 2017 until April 2020. The experience and lessons learned is 
disseminated in order to pave the way for others. By this report, others can learn and take 
inspiration in their decision for installing this technology or not.  

 Delimitation 
Small Scale CHP = CHP generation with less than 10 MW heat generation.  

The results in this report is based on experience and data from the pilot plant at the district 
heating plant in BräkneHoby, owned by Ronneby Miljö & Teknik AB. The structure of that plant 
is the base of the results. Different results can and will appear in other systems.  
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 Abbreviation 
 

ORC -  Organic Rankine Cycle CHP -  Combined heat and power 

Alfa value -  The relationship between 
electricity and heat 
production in a cogeneration 
plant, calculated as 
(electricity generation heat 
divided by heat generation) 

GWP- Global warming potential. 
GWP is a measure of the ability 
of a greenhouse gas to 
contribute to the greenhouse 
effect and global warming. 
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3 Background 
Small Scale CHP and the EU Life project: Small scale Combined Heat and Power based 
on biomass in the region of southeast Sweden 

Combined Heat and Power (CHP) technologies based on biomass combustion have great 
potential to reduce CO2 emissions since they use renewable energy sources, such as wood fuels 
or sawdust. Typical fields of application for biomass CHP plants are wood processing industries, 
sawmills, district heating systems and industries with a high process heating and cooling 
demand. For CHP plants to operate in a way that is economically and ecologically beneficial, 
both the electricity and the heat produced must be utilized.  

CHP technology is already available on both Swedish and European markets. Due to the high 
installation costs, and a lack of information about its efficiency, the technology is currently not 
widely used in small-scale implementations (less than 10 MWthermal). Extensive research has 
been undertaken to illustrate the vast environmental potential of CHP technology but a larger 
initiative that looks at increasing market application is still needed.  

Therefore, to meet the gap between commercialization and research, three different 
techniques for small-scale electricity production of biomass-based cogeneration have been 
built and demonstrated between 2014 and 2020 in southeast Sweden as part of the project 
LIFE + Small scale Combined Heat and Power based on biomass in the region of southeast 
Sweden (short: Small scale CHP). Partners of the project, where the demonstration plants are 
built, are Emå Dairy in Hultsfred and Ronneby Miljö & Teknik AB and Ronneby Miljöteknik 
Energi AB in Ronneby. The project is also partly financed by the Swedish Energy Agency.  

The aim of this project was to pave the way for a broader application of biomass-based CHP 
and thereby increase the production of local, renewable electricity. Three different techniques 
have been demonstrated at three different sites, namely a micro-scale gasifier (50kWe) at a 
dairy, and two turbine solutions in district heating facilities using wet steam (500kWe) and an 
Organic Rankine Cycle, so called ORC, (50kWe). 

The technical experience and lessons learned from these demonstration plants are gathered 
in one report for each technology in which reports on performance, efficiency and security is 
summaries. This report concerns the experience from three years of operation for an ORC 
turbine at the district heating company Ronneby Miljö & Teknik AB.  

 Theory – Steam turbine 
The traditional steam turbine is the most common way to produce electricity. The technology 
is used in coal condensing power plants, in CHP plants and in nuclear power plants.  

The traditional steam turbine is available in various designs and with large variations in 
electrical power, from below 0.1 MW to over 1000 MW and with steam pressure of a few bar 
to several hundred bars.  

A steam turbine operates according to the thermodynamic model, so-called Rankine cycle. The 
Rankine cycle operates in a closed cycle where a working medium (usually water) goes through 
four sub-processes (see also Figure 1 and Figure 2): 

→ 1-2, Electricity is supplied to the pump  
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→

→

→

 2 – 3: The working medium is heated at constant pressure, in i.e. a steam boiler, and 
evaporated to saturated steam (and possibly also overheated (2-3’)). 

 3- 4: The saturated steam is expanded through a turbine and generates electricity. 
Both temperature and pressure are lowered in the steam. Some condensation occurs. 
If the steam is overheated, the steam instead expands to saturated (dry) steam and 
condensation of the steam is thereby avoided (step 3’ – 4’).  

 4-1: The wet steam condenses at constant pressure to saturated liquid. Instead, in step 
4’ – 1, the dry steam is condensed to saturated liquid at constant pressure.  

 

Figure 1 shows the Rankin cycle, so-called T-S diagram. The curve shows the saturation line of a working medium. 
On the left side of the line the working medium is in liquid state and on the right side of the line the working medium 
is in vapor phase. Between the lines, the medium evaporates or condenses. (i.e. a mix of steam and liquid). Source:  
Wikipedia, 2019 

The steam turbine is limited by the formation of water droplets through the expansion of the 
turbine (steps 3-4 in Figure 1). Water droplets formed during steam condensation damages 
the turbine blades and lead to corrosion which reduces the efficiency of the turbine. Most 
easily, these problems are avoided by overheating the steam (steps 3´and 4´ in Figure 1).  

 

 

Figure 2 shows a schematic picture of a steam turbine at a district heating plant. Source:  Energikontor Sydost 2002. 

The traditional steam turbine is still the best technology in sizes over 2MWel. For small-scale 
cogeneration can other technologies, depending on the plant-specific condition, be interesting 
and profitable. In this report the experience from demonstration an ORC plant is described.  
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 An ORC demonstration plant 
At the district heating plant in BräkneHoby, in the municipality of
Ronneby in south east Sweden, an ORC turbine has been
demonstrated since the year of 2017. The ORC turbine is owned
by the municipality owned energy company Ronneby Miljöteknik
Energi AB.  

The demonstration plant is in line with the strategic plan at AB
Ronneby: ”to combine environmental responsibilities with
economic effectivity”.  

The unit is the first small scale ORC CHP turbine installed in a
district heating plant with a boiler size less than 10 MW of heat.
The ORC is connected to a wood chips boiler of 6MW. The
capacity of the installed ORC unit is 49.9kWe.  

 
 
 
 

 
 

 
 
 

Figure 3. the ORC unit at 
Ronneby Miljöteknik 

3.2.1 The ORC technology and prerequisites 
The Organic Rakine cycle technology, so-called ORC technology, consists of a Rankine cycle 
that instead of water operates with an organic working medium. This allows the ORC turbine 
to run by supplying heat from a heat sources around 100°C and the operating pressure in the 
ORC-cycle is lower. The operation for the small-scale ORC can be described as follows: 

1. The organic medium is evaporated at constant pressure by using a heat sources around 
100°C, from i.e a hot water boiler. 

2. The evaporated organic medium expands over a turbine. The rotating turbine then 
drives a generator that produces electricity. 

3. The organic medium is then condensed by a cold steam, i.e return district heating 
water.  

4. After condensing, the pressure of the liquified organic medium is increased and then 
the cycle begins again.  

 
Figure 4. Schematic picture of the ORC-technology. 

Prerequisites needed: 

• A heat source above or around 100°C, to heat the ORC cycle 

• A cold source less than 50 °C, to cool the ORC cycle 

• The larger the temperature difference is, the more electricity can be generated.  
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3.2.2 Technical description of the ORC unit in BräkneHoby 
The small-scale CHP unit in BräkneHoby is based on the ORC technology. A schematic flow 
chart of the system is shown in Figure 5. The technology includes a steam turbine, which 
creates motion energy by the pressure from the hot stream that drives a generator to produce 
electric energy. The system includes an evaporator that evaporate the organic medium before 
entering the turbine. At the ORC in BräkneHoby heat at 108°C from the boiler is used to 
evaporate the medium. After the turbine, the organic medium is condensed. At the ORC in 
BräkneHoby, the return water at approx. 45°C from the district heating network is used to 
condense the organic medium and to heat the return water. The ORC system also includes a 
pump that rise the pressure of the organic medium before the evaporation.  

Figure 5. Flow shart of an ORC system connected to a boiler on the hot side and a district heating network on the 
cold side. Source: Againity (www.againity.com/orc) 

The ORC system in BräkneHoby has low number of moving parts.  

The organic medium used in the process is R1233ZD (Solstice®zd). R1233zd is a non-flammable 
medium with a Global warming potential (GWP)1 value of 1, i.e. a very low GWP value 
compared to many other organic medium (lined gas, 2020-04-16). For example, another 
alternative medium for heat transfer and heat recovery system is R245fa (Linde gas, 2020-04-
16). R1233zd is an environmentally friendly replacement for R245fa, with a GWP value 99,9% 
lower than R245fa. The very low GWP value is comparable to the GWP value of CO2.  

Table 1. Technical data for the ORC in BräkeHoby 

Power Capacity 49.9 kWe 

P_ORC 6,5 - 8 bar 

Pin (from boiler) 5-6 bar 

Put (return district heating) 3-4 bar 

Thot, in (from boiler) 108°C 

Tcold,in (return district heating) 45 – 53°C 

Size (L+ W+H) 3.5 x 1.6 x 2.1m 

 
1 Global warming potential (GWP) is a measure of the ability of a greenhouse gas to 
contribute to the greenhouse effect and global warming. 

http://www.againity/
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Freq.  50-60 Hz 

 

 

Voltage 380-415 V 

3.2.3 Modification of existing system  
The ORC technology has been further developed by several suppliers. Most of the existing 
suppliers offers modular solutions, which can be put in parallel to increase the capacity.  The 
small-scale ORC technology is available from 20 kWelectricity to approx. 1 MWelectricity. . 

The installation of a small-scale ORC technology is relatively simple as the technology comes 
as a module. The module needs four connections (two on the hot side, from and to the boiler, 
and two on the cold side, from and to the district heating return water) and empty space on 
the floor (3.5x1.6x 2.1 m for a 50kW module). For larger sizes than 50kW, the ORC technology 
will most probably be placed in a container outside the boiler house.  

• The main utilities in the total CHP system are; feedstock storage, the existing boiler, 
the ORC technology, valves and the heating water system. 

In prior to the installation the current district heating piping was analysed to lower the return 
temperature in the district heating system, to be able to produce as much electricity as 
possible. Due to the modifications the return temperature was lowered from >60°C to ca. 45°C. 
The main modifications mad were: 

1. Moving the heat connection to a neighbouring sawmill from the district heating 
network to a direct pipe from the boiler.  

2. Trimming and rebuilding the heat exchanges at the costumers.  
3. New valves instead of circulating water in areas not yet connected.  

Figure 6. The boiler and the connection with the district heating network and pipline to saw mill, before the ORC 
installation.  
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Figure 7. The boiler and the connection with the district heating network and pipline to saw mill, after the ORC 
installation. The new pipes are indicated with dashed lines.  
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4 Report on Performance 
The performance report contains a summary of performance indicators which has been 
measured during the demonstration of the technologies.   

 Experiences from installation  
The procurement process of the ORC turbine in BräkneHoby started in June 2016 and was 
finished in October 2016. The delivery time was 10 weeks and the ORC arrived in March 2017. 

Prior to the installation, space for the ORC unit was needed. At the district heating plant there 
were pipes used for heating three dyers at a long a go closed sawmill. These pipes were no 
longer in use but took up a lot of space, see Figure 8. These pipes were removed to free up 
space for the ORC unit.  

Some repiping of the current pipes from the boiler and from the district heating network was 
necessary, see Figure 7 for the new piping’s.  

                 

     

Figure 8 The left figure shows the old, no longer in use, pipes to a closed sawmill. The right figure shows the same 
space after it was removed. The ORC is later installed between the blue pillars.  

An ORC-unit of 49.9 kW is quite small and could be lifted using a truck. The installation of the 
ORC-unit took only a few hours.  

Figure 9. Arrival of the ORC-unit and finalized installation and piping from and to the boiler and return of district 
heating network.  
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 Data collection methods and necessary 
calculation 

The performance of the ORC is documented during a daily check by the personal at Ronneby 
Miljö & Teknik AB, to track the performance and to find deviations. The documentation is 
written by hand and saved at the company. The process is also monitored by the process 
programme Scada, in which the performance can be monitored in real time.  

The performance of the ORC is automatically logged via the programme Argos, from which the 
supplier collected necessary data to be able view the performance of the ORC unit and to be 
able to find explanations for upcoming problems. Here the data is logged each hour, and both 
average and maximum and minimum values for several parameters are saved. 

Since the ORC unit at BräkneHoby is the first unit installed in a district heating plant, the 
supplier has also been granted support for a research project which aims to develop the ORC 
unit further. Due to the supplier follows the operation by thorough monitoring and analyses.  

 

 Output indicators  
Operating hours 

The ORC-unit is connected to a 5MW biomass-boiler at the district heating plant in 
BräkneHoby. The biomass-boiler produce hot water to the district heating network during the 
district heating season, normally from September until May each year. During the summer 
period, the heat is produced by a pellet boiler only.  

Since the ORC unit is connected to the biomass-boiler which only runs during the district 
heating season, the operating hours are limited to the district heating season.  

In addition, for the ORC-unit to start the flow of water on the hot side (boiler side) needs to 
exceed a limit of 28 m3/h and a return temperature lower than 59°C and a inlet temperature 
from the boiler higher than 92°C. That means that during the first and final weeks each season, 
when the need for heat from the biomass boiler is limited the water flow is not enough and 
the temperature is too high for the ORC to run. The operating hours for the ORC are therefore 
less than for the biomass boiler.  

The operating hours per season has been: 

• 1st season: 3298 h of operation 
• 2nd season: 4597 h of operation 
• 3rd season: 4 727 h of operation 

To be able to measure the availability of the ORC unit, the operating hours per month is divided 
by real hours per months. As can be seen in Figure 10, the availability has been high during the 
winter months December to March each year (between 97 – 99,9%).  
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Figure 10. Availability for the ORC during season 1,2 and 3.  

The lower availability for December 2017 is due to a pump that broke and forced the ORC unit 
to be still in 12 days. It was a warranty case that was solved by the supplier who quickly 
supplied a new pump.  

The lower availability for October and April each year is due to the weather and lower need 
for district heating water, which creates a too low flow of hot water from the boiler to be able 
to run the ORC. The high availability in 2019/2020 could also be explained by the lower number 
of alarms. Every alarm stops the unit and the ORC must be manually started after each alarm. 
Depending on day and workload of the personnel, the time before each restart varies.  

Operating pressure 

The ORC-unit operates at a pressure of 6,5- 8 bar within the ORC cycle. The pressure on the 
hot side from the boiler is around 4,5-5 bar and on the cold side around 3,5-4 bar.  

Power capacity and electricity generation 

The installed capacity for the ORC unit is 49.9kW. 

The average capacity per season: 

• 1st season: 38 kW 

• 2nd season: 33 kW 

• 3rd season: 37 kW 

Figure 11.  Average capacity (kW) per months from 2017 until 2020.  
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The ORC unit has since the start in October 2017 until May 2020 generated 490 MWh of 
electricity.  

Electricity generated per season: 

• 1st season: 149 MWh  
• 2nd season: 152 MWh 
• 3rd season: 173 MWh 

The electricity generation per months each season is illustrated in Figure 12 and Figure 13. 

 

 

 

Figure 12. Electricity generated from the ORC unit in BräkneHoby since the start in October 2017 until May 2020.  

Figure 13. Electricity generation per months for the three studied seasons.  

From the figures above it can be seen that the electricity generation follows the same pattern 
each season. For the winter months January, February and March the electricity generation is 
similar for season 2017/2018 and 2019/2020. The electricity generation is lower for the season 
2018/2019 for these months. The explanation for this deviation is that the temperature of the 
return water was higher (i.e. lower delta T) during most parts of the season 2018/2019, which 
resulted in a lower capacity of the ORC. This was then fixed before the third season.  

The electricity generation in December 2017 is much lower than could be expected for season 
and compared to the other two seasons. The explanation for the deviation in season 
2017/2018 is that the pump in the ORC cycle broke and the unit did not run for 12 days.  

The difference in electricity generation between the different years for the months October, 
April and May is due to variations in outdoor temperatures between the years. The outdoor 
temperature was colder in October 2017 and in April 2020, compared to the other years. The 
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outdoor temperature in spring 2018 was all time high and the district heating boiler did not 
run during May that year. In 2017 the ORC was adopted to operation during October and was 
therefore not running continuously before the end of that month.  

Biomass handling 

The ORC unit is part of the existing district heating system, which already runs on biomass. The 
installation of the ORC unit did not affect the performance or procedure for the handling of 
the biomass.  

The biomass burned in the boiler is a mix of bark, roundwood, branches and tops, and dried 
wood chips. The moisture content of the fuel varies between 48 to 52% moisture.  
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 Availability, maintenance, and control systems 
The availability of the ORC system is high. During the winter months the availability has been 
between 97- 99%.  

The parameters affecting the operating hours are:  

• Weather conditions – the system is designed for a minimum flow and temperature – 
below a certain flow and above a certain T the ORC will not run.  

• Service duties – which appears one day, once a year 

• Unforeseen/unexpected stops 

Unforeseen/unexpected stops  

• Leakage of and, hence, refilling of oil and nitrogen in the system (2-3 three times a 
month). The nitrogen gas i used as lubricant in the oil system.  

• Pump failure (December 2017) 

• The ORC stops when the boiler stops, due to e.g. fuel failure 

• Replacement of sensor (2019) 

• Change of packing box between the generator and turbine (and other services not 
included in the agreement) (2020) 

Security in running the plant for longer periods  

The ORC running on a high and stable availability. Maximum running hours are during 
December until March. The operating electricity could have been improved in another system 
with other temperatures and different flows.  

The momentum efficiency is still lower than expected and in another system with higher 
temperature from the boiler and lower return temperatures, the electricity generation could 
have been higher.  

Ronneby Miljö & Teknik continues to work with lowering the return temperature and it is still 
costumers heat exchangers that could be improved.  

4.4.1 Maintenance 
The minimum maintenance is a yearly service, with a yearly fee included in the contract from 
the supplier.  

The system needs refill of nitrogen and oil on a regular basis, around 2 to 3 times a month.  

The time for regular maintenance is approx. 15 minutes per day and around 4 hours per 
months. 

4.4.2 Control systems 
There is an operation journal for monitoring 

On the ORC is an alarm system for all parameters, which starts if the parameters differ 

The ORC stops when the alarm starts. It must then be manually started.  
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 Lessons learned from operation 
The operation is self-driving. A daily check is needed, as is the case for the boiler.  

The lessons learned are: 

 New knowledge to the employees – stimulates to be in the for developing forefront 

 Gives power to the grid or internally 

 Very small energy losses 

 To be able to produce electricity for internal use without energy tax, the capacity must 
be below 50 kW and the unit must be in the same company as the district heat 
production.  
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5 Report on Efficiency  
The analysis in this section is based on the third district heating season 2019/2020. We have 
chosen the last season since this is the most representative season – without unexpected stops 
and without disturbance on the district heating network which could have influenced the 
return temperature to the plant.  

 Calculated parameters and delimitations 
To calculate the efficiency of the ORC system the following parameters has been considered: 

• Alfa-value for the ORC system 

• Electricity-efficiency for the ORC system 

• The effect of the ORC on the total system 

o Increase of biomass use in the studies system 
o Decreased need of power 
o Total energy efficiency for the system 
o Alfa-value  
o Electricity efficiency 

 
Total energy efficiency for the district heating system 

The total efficiency for the studied system is the relationship between useful energy (heat and 
power out from the system) and energy supplied to the system. The total efficiency defines 
the energy losses in the system. In the studies system the energy loss is related to the need of 
energy for the pump work and the energy loss in the generator (Eq.2).  

  𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑈𝑈𝑒𝑒𝑈𝑈𝑒𝑒𝑒𝑒𝑒𝑒 𝑄𝑄𝑛𝑛 = = 𝑜𝑜𝑜𝑜𝑜𝑜 𝑄𝑄= ℎ𝑒𝑒𝑒𝑒𝑜𝑜,𝑜𝑜𝑜𝑜+𝑄𝑄𝑝𝑝𝑜𝑜𝑝𝑝𝑒𝑒𝑝𝑝,𝑜𝑜𝑜𝑜𝑜𝑜,
𝑡𝑡𝑡𝑡𝑡𝑡   (Eq.1) 

𝑆𝑆𝑈𝑈𝑆𝑆𝑆𝑆𝑈𝑈𝑆𝑆𝑈𝑈𝑆𝑆 𝑈𝑈𝑒𝑒𝑈𝑈𝑒𝑒𝑒𝑒𝑒𝑒 𝑄𝑄𝑖𝑖𝑖𝑖 𝑄𝑄𝑏𝑏𝑖𝑖𝑜𝑜𝑏𝑏𝑒𝑒𝑏𝑏𝑏𝑏 𝑖𝑖𝑖𝑖

Alfa value 

The alfa value is the relationship between electricity and heat production in a cogeneration 
plant, calculated as electricity generation heat divided by heat generation (Eq.2). This is 
calculated both for the ORC system and the total system. 

  𝑃𝑃𝑈𝑈𝑈𝑈𝑈𝑈𝑃𝑃𝑡𝑡𝑒𝑒𝑆𝑆𝑃𝑃𝑆𝑆𝑡𝑡𝑒𝑒,𝑡𝑡𝑈𝑈𝑡𝑡𝛼𝛼 =  (Eq.2)  
𝑃𝑃ℎ𝑈𝑈𝑒𝑒𝑡𝑡,𝑈𝑈𝑡𝑡

Electricity efficiency for the studied system 

The electricity efficiency is defined as electricity generated divided by the energy supplied to 
the system. This is calculated both for the ORC system and the total system. 

  𝑃𝑃𝑡𝑡𝑝𝑝𝑈𝑈𝑒𝑒 𝑈𝑈𝑒𝑒𝑈𝑈𝑒𝑒𝑒𝑒𝑒𝑒 𝑄𝑄𝑛𝑛 = = 𝑝𝑝𝑜𝑜𝑝𝑝𝑒𝑒𝑝𝑝,𝑜𝑜𝑜𝑜𝑜𝑜
𝑆𝑆𝑡𝑡𝑝𝑝𝑈𝑈𝑒𝑒  (Eq.3) 

𝑆𝑆𝑈𝑈𝑆𝑆𝑆𝑆𝑈𝑈𝑆𝑆𝑈𝑈𝑆𝑆 𝑈𝑈𝑒𝑒𝑈𝑈𝑒𝑒𝑒𝑒𝑒𝑒 𝑄𝑄𝑖𝑖𝑖𝑖
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 System boundaries 
ORC system 

The ORC system is defined around the ORC unit, as illustrated in Figure 14. 

The alpha value and electricity efficiency are calculated for the ORC unit. Approximately ten 
percent of the energy generated is used for pump work in the ORC cycle. In the efficiency 
calculations, this demand is deducted from the useful power out from the system.  

 

 

Figure 14. System boundaries for the efficiency and alfa value calculations.  

Total system (District heating plant) 

The installation of the ORC unit affects the total system with increased power generation and 
increased biomass, due to the power generation. The need of district heat is fixed in the 
system. The total efficiency, alpha value, electricity efficiency, increase of biomass and 
decrease of electricity need is calculated for the total system.  

Figure 15. Schematic picture of the energy flows in and out the district heating plant. 

 Efficiency in the ORC system  
The efficiency in the ORC system is summarised in Table 2.  

The total efficiency of the system is high, which indicate that the heat loss is not more than 
what is expected to energy for the pump in the system. However, both the electricity efficiency 
and alfa value are low.  

Table 2. Total efficiency, electricity efficiency and alfa value in the ORC system.  

  
2019/2020 

Qin(biomass+ electricty) Qout(heat) Qpower, out ηel α 
MW MW MW % %  
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yearly average 1725 1633 33 1,9% 2,0% 
October 1587 1523 28 1,8% 1,7% 
November 1722 1639 37 2,2% 2,1% 
December 1735 1668 40 2,3% 2,2% 
January 1750 1675 40 2,3% 2,2% 
February 1723 1677 40 2,3% 2,2% 
March 1730 1680 40 2,3% 2,1% 
April 1540 1479 27 1,8% 1,7% 

 

2019/2020 
  Power generation 

[MWh] 
nboiler Biomass 

[MWh] 
October 12 87% 14 
November 26 87% 30 
December 29 87% 33 
January 30 87% 34 
February 28 87% 32 
March 29 87% 34 

 

2019/2020 

 Impact on the total district heating system 
Increase of biomass 

The total system has the same district heating delivery before and after the installation of the 
ORC unit. That means that the difference in use of biomass is the energy needed for the power 
generation. The energy needed for heat generation is unchanged.  

The increased need of energy (biomass) is calculated following Eq.4: 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑔𝑔𝑃𝑃𝑛𝑛𝑃𝑃𝑃𝑃𝑔𝑔𝑔𝑔𝑃𝑃𝑔𝑔 𝑄𝑄𝑆𝑆𝑡𝑡𝑝𝑝𝑈𝑈𝑒𝑒 𝑒𝑒𝑈𝑈𝑒𝑒𝑄𝑄𝑆𝑆𝑒𝑒,𝑏𝑏𝑆𝑆𝑡𝑡𝑏𝑏𝑒𝑒𝑈𝑈𝑈𝑈 = =  
(𝐵𝐵𝑃𝑃𝐵𝐵𝐵𝐵𝑃𝑃𝑃𝑃 𝑃𝑃𝑒𝑒𝑒𝑒𝐵𝐵𝑒𝑒𝐵𝐵𝑃𝑃𝑛𝑛𝑒𝑒𝑒𝑒) 𝑛𝑛𝑏𝑏𝑡𝑡𝑆𝑆𝑈𝑈𝑈𝑈𝑒𝑒

The average boiler efficiency is 87%.  

The calculations show that the increase of biomass use was 201 MWh during the third season 
(2019/2020).  

Table 3. Electricity generation, boiler efficiency, biomass use for electricity generation.  

To evaluate the impact of the increased need of biomass, the amount of biomass needed in 
the ORC system is compared to the total use of biomass in the district heating plant.  

The results in Table 4, show that the installation of the ORC has a minimum effect on the 
biomass use in the district heating plant. The biomass share for electricity generation is only 
1% of the total biomass demand to the district heating plant. This increase of biomass does 
not affect the biomass handling, transportation, or storage.  

Table 4. Biomass for electricty generation as share of total biomass used in the district heating plant.  
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  Power 
generation 
(MWh) 

Biomass 
(MWh) 

Biomass 
to boiler, 
total 
(MWh)  

Share of 
biomass of 
power 
generation  

October 12 14 1074 1% 
November 26 30 2051 1% 
December 29 33 2378 1% 
January 30 34 2019 1% 
February 28 32 1957 1% 
March 29 34 1992 1% 

CHP plants 

 

 

 

Electricity generation as share of total electricity demand 

The total power demand for the ORC unit is approx. 10 percent of the electricity generation 
(i.e. 15 MWh for the two first seasons and around 17 MWh for the last season). Between 
December to March each season up to 56% of the total power demand has been covered. 
There is still potential to increase the efficiency and at maximum capacity, 49 kW, up to 70% 
of the total power demand can be covered. The percentage of total power demand is shown 
in Table 5. 

Table 5. Electricity generated each season in comparison with total power demand at the district heating plant in 
2019/2020.  

  Power 
generated 

in 
2017/2018 

[MWh] 

Power 
generated 

in 
2018/2019 

[MWh] 

Power 
generated in 
2019/2020 

[MWh] 

Total power 
demand at the 
district heating 

plant in 2019/2020 
[MWh] 

% power 
generated 

of total 
deman 

(2019/2020) 
October 6 8 11 41 26% 

November 18 17 24 46 51% 
December 21 25 26 50 52% 

January 27 26 27 49 55% 
February 24 22 25 47 53% 

March 28 23 26 50 53% 
April 10 10 16 42 37% 

Total energy efficiency, alpha value and the electricity efficiency in the system 

The total efficiency of the district heating plant, the alpha value and the electricity efficiency 
after the installation of the ORC is summarised in Table 6.  

The total efficiency in the system is an average 88% during winter. The alpha value is 0,01 and 
the electricity generation varies between 0,4% to 1,4% between October and May, with the 
highest value during the coldest months.  
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Table 6. The total efficiency, alpha value and electricity efficiency in the district heating system.  

2019 
  

 

Power, out 
(MWh) 

Produced 
heat (MWh) 

Biomass to 
boiler, 
total 

ntot α nel 

(MWh)  

Average (jan,feb, 
mars, dec 2019) 
January 

24 

26 

2210 

2667 

2556 

3072 

87% 

88% 

1,1% 

1,0% 

1,0% 

0,8% 
February 22 2069 2390 87% 1,1% 0,9% 
March 23 2048 2382 87% 1,1% 1,0% 
December 26 2056 2378 88% 1,3% 1,1% 

 Side effects of the ORC investment 
The ORC installation at BräkneHoby had the following side effects:  

• Resulted in an analyse and decrease of temperature in the return district heating 
network 

• Resulted in intricated heat exchanges at the customers - which gives the possibility to 
decrease the temperature from the boiler and decrease the use of fuel. However, a 
lower boiler temperature will most likely increase the temperature in the return water 
and in combination with a lower boiler temperature the electricity generation from 
the ORC will decrease.  

• Resulted in a repiping of the hot water t o a sawsmill – which increased the 
temperature from approx. 80°C to approx. 105 °C. The owner of the sawmill has 
estimated that the change in temperature of the water saves one day of drying. That 
means that in a drying circle of seven days, 15 % of the energy in terms of electricity is 
saved. 

• Resulted in a happy sawmill costumer 
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6 Report on Security 
 Environmental parameters 

The organic medium is non-toxic and non-flammable and with a very low GWP impact. The 
system has some oil leaks, but it is collected and returned to the system.  During operation 
from October to May approx. 10 litre of Nitrogen is needed as lubricant in the oil system.   

 

  

 Connection to the power grid 
The ORC creates some reactive effect during operation. If a small unit is installed (<50kW) and 
the electricity is used internally in the district heating plant, the plant’s capacitor battery will 
take care of the reactive power. If the electricity from the ORC instead is sold to the grid – a 
capacitor battery is needed to be installed with the ORC unit.  

 Safety measures 
The ORC unit is CE labelled. The ORC unit has an alarm system and is directly connected to SOS 
Alarm.  

 Risks  
The only additional risks with the ORC unit is during the refill of nitrogen and oil. An education 
is needed to be able to refill nitrogen.  

The ORC installation does not affect the operation of the boiler since it could easily be 
bypassed.   

 Security of supply and Island operation 
The installation of an ORC increases the possibility for island operation. However, the ORC in 
BräkneHoby also cover part of the power demand. The electricity will be generated from the 
ORC after the boiler. To be able to start the district heating some power is needed, from the 
grid or from other back-up capacity.  
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7 Discussion  
The performance of the ORC has been good. The availability is high and the supplier has been 
quick to correct upcoming problems.  

The total efficiency of the system is high. Around 10% of the total generated electricity is used 
within the cycle to supply the pump in the system. However, the electricity efficiency is only 
around 2 percentage. The electricity generation is dependent on the temperature difference 
between the hot and cold side of the ORC system (i.e. the inlet temperature from the boiler 
and the return temperature of the district heating water). Higher temperature difference gives 
higher electricity generation. With a boiler with higher temperature (BräkneHoby = 108°C) a 
larger power generation is possible. By lowering the return temperature of the district heating 
system in BräkneHoby it is still possible to increase the power generation. With the operating 
hours of the season 2019/2020 it could be possible to produce maximum 212 MWh and 
thereby cover up to 70% of the total power demand at the plant.  

The temperature difference is local parameters, which depends on the specific district heating 
plant prerequisites. Since the pilot plant in BräkneHoby several ORC systems have been 
installed around Sweden and in Norway, seven of them has been up running the whole or part 
of the district heating season 2019/2020. To compare the experience from the pilot plant in 
BräkneHoby with the experience from later installations a brief survey was conducted with the 
six installations in Sweden. The operators were asked to answer a short survey regarding the 
installed capacity and the temperature for the system on both the hot and cold side of the 
ORC. The results are summaries in Table 2.  

Table 7. Average capacity and power generated as well as operating hours and temperature on hot and cold side 
of the system at six other installations in Sweden.  

Place Energy 
company 

Inst. 
year 

Installed 
capacity 

Hot and cold 
temp. To the 
ORC system 
[°C] 

Hörby Solör Bioenergi okt-18 50  125/52 

Örkelljunga Örkelljunga 
fjärrvärme 

nov-18 200 -  

Töreboda Väner Energi apr-19 50  105/50 

Moheda Alvesta Energi jun-19 49.9  110/60 

Högsby Högsby Energi okt-19 50 -  

Perstorp Perstorp Energi jan-19 315 130/49 
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