
fpinnovations.ca           1 
© 2017 FPInnovations. All rights reserved. Unauthorized copying or redistribution prohibited. 

 
 

 

Medium-Scale Biomass Combined Heat  
and Power (CHP) Part IV – Organic Rankine Cycle 
CHP Systems  
Christoph Schilling, Peter Sigurdson, Dr. Marian Marinescu, and Dr. Dominik Röser 

Introduction 
This is the fourth info note in this series1 and presents the most important technical and economic aspects of 
combined heat and power (CHP) biomass systems using organic Rankine cycle (ORC) technology, with a focus 
on electrical capacities between 1 and 2 MWel. These systems work in conjunction with direct combustion boiler 
systems, using biomass as fuel.2 Most ORC systems were developed in Europe and have been applied all over 
the world, including in Canada, where they provide electricity to local grids and heat to buildings, villages, and 
industrial processes.  

As presented in Part III of this series, many areas and communities in Canada are not connected to the national 
power grid. Some larger communities have significant power and heat requirements and could be good 
candidates for larger ORC-CHP systems. Many of these communities have access to woody biomass as 
potential feedstock for such systems. Typically, large amounts of heat are produced by ORC systems, which can 
be used to offset propane or oil needed for space heating. The capital requirements for installing district heating 
grids are high, but positive paybacks can be realized if the system can be located near larger buildings in the 
community (e.g., schools, sports arenas, greenhouses, etc.).  

Industrial operations where biomass is produced as a waste material (e.g., sawmills) provide good opportunities 
for medium-scale CHP systems. As the technology uses direct combustion as a heat source for the ORC, the 
quality and consistency of biomass feedstock can be relatively low and requires a less sophisticated biomass 
supply chain. The waste heat can also be utilized in lumber kilns or for drying biomass for pellet production. 
Combinations of district heating systems and industrial heat applications can be a good opportunity to create 
additional revenue.  

The current cost of diesel-generated electricity in remote communities can exceed $1.00/kWhel, whereas the 
electricity generation costs of a biomass ORC-CHP system can range between $0.10 and $0.40/kWhel. Important 
profitability levers include how much heat can be sold for additional revenue, the cost of local biomass feedstock, 
and other factors. This info note provides a brief overview of the costs and technical aspects of ORC-CHP 
systems; it is not meant to serve as a tool for planning or estimating the costs and revenues of an installation. 
Feasibility studies, supply chain analyses, and an economic analysis are essential before considering an 
investment in a biomass CHP system. 

                                                           
1 Schilling, C., Marinescu, M., Spencer, S., & Röser, D. (2017). Small-scale biomass combined heat and power (CHP), Part I – A primer; 
Part II – Technical and economic aspects of small-scale CHP systems under 165 kWel; and Part III – Design and economics of biomass 
supply chains for small-scale CHP systems (<165 kWel). 
2 See Part I of the series: Small-scale biomass combined heat and power (CHP), Part I – A primer. 
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Overview of a small- to medium-scale ORC system 

 

Figure 1. Components of a small- to medium-scale direct combustion/ORC system. 

Figure 1 shows the components of a typical-scale biomass ORC-CHP system with an ORC turbine generator 
and a direct combustion boiler system. Biomass feedstock (e.g., hog fuel, wood chips, bark, shavings) is 
combusted in a conventional biomass boiler system (1), usually utilizing a moving grate system.3 Hot flue gases 
move through the thermal oil heat exchanger (2) and transfer the heat to the thermal oil (at 300°C). The oil is 
pumped (3) to the evaporator (4), where silicon-based oil is evaporated.4 The silicon oil vapour is expanded over 
a turbine (5), where mechanical energy is generated and converted to electricity. Vapour flows into the 
recuperator (6), where excess heat is extracted. The vapour is then condensed using water circulating in a 
closed loop (7). This hot water can be used in a district heating grid or in industrial processes. The condensed oil 
is pumped (8) back up to the desired pressure and flows through the recuperator, where it takes up the heat 
extracted from the vapour. Due to the closed cooling loop, the heat from the condenser has to be used or 
eliminated by an external cooler to allow full-power production. Typically, the net electrical efficiency of an ORC 
module ranges between 10 and 20%, depending on many factors, such as cooling loop temperature 
requirements. The overall electrical efficiency of the plant typically does not exceed 15%. About 70% of the input 
energy is available for district or process heating. Table 1 summarizes the pros and cons of ORC-CHP systems. 

Table 1. General advantages and disadvantages of ORC-CHP systems 
Advantage Disadvantage 

• Superheating of the working fluid is not 
required, which simplifies the process and 
eliminates the super heater and need for 
water treatment that are required for steam 
turbine systems. 

• Thermal oil is highly flammable and has 
caused accidents in the past; however, 
technology has improved since then 
(e.g., heat exchanger placement, 
emergency stacks). 

• No steam engineer is required on site, so 
unattended operation is possible. 

• ORC systems are complex and require 
frequent maintenance and cleaning, 
mostly of the boiler. 

• One of the biggest benefits is the decoupling 
between boiler and energy generation, 
which allows for the use of lower-quality 
feedstock and a less demanding biomass 
supply chain. 

• Efficencies are relatively low but 
comparable to small steam turbines. 
Beyond 1.5 - 2 MW steam is generally 
considered to be more efficent. 

• Availability to heat households and industrial 
processes. 

• ORC is a baseload technology, so it has 
limited load-following capability. 

 

                                                           
3 See Part I of the series: Small-scale biomass combined heat and power (CHP), Part I – A primer. 
4 Typically octamethyltrisiloxane (OMTS) is used, which can be used at temperatures up to 300°C and pressures up to approx. 13 bars. 
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Commercially available ORC-CHP systems  
The market for biomass ORC-CHP systems is dominated by only a few major manufacturers: Turboden in Italy, 
and Maxxtec (Adoratec) and GMK in Germany. Table 2 summarizes the predominant ORC-CHP manufacturers 
and systems available. There are many manufacturers of ORC systems in North America, but few use biomass 
and most are aimed at process heat recovery.  

Table 2. Commercially available ORC-CHP systems 
Manufacturer System description 

Turboden 
(turboden.it) 

  

 Manufacturing location: Brescia, Italy 
 Electrical output capacity: 200–6500 kW 
 Biomass: Wood chips, hog fuel, and others, depending on boiler 

type 
 Working fluid: OMTS 
 Number of installations using biomass: ~300  
 Installation locations: Worldwide 
 Installations in Canada: 6 

Maxxtec (Adoratec) 
(adoratec.com) 

  

 Manufacturing location: Sinsheim, Germany 
 Electrical output capacity: 500–3000 kW 
 Biomass: Wood chips, hog fuel, and others, depending on boiler 

type 
 Working fluid: OMTS 
 Number of installations using biomass: ~25  
 Installation locations: Mostly in Europe 
 Installations in Canada: Unknown 

GMK 
(gmk.info) 

  

 Manufacturing location: Sinsheim, Germany 
 Electrical output capacity: 250–2000 kW 
 Biomass: Wood chips, hog fuel, and others, depending on boiler 

type 
 Working fluid: Proprietary silicon-based oil formulation 
 Number of installations using biomass: ~7  
 Installation locations: Mostly in Germany and across Europe 
 Installations in Canada: None 

Triogen 
(triogen.nl) 

 

 Manufacturing location: Nieuwenkampsmaten, The Netherlands 
 Electrical output capacity: 60–165 kW 
 Most biomass applications produce 130 kWel, providing 80°C of 

usable heat. 
 Biomass: Wood chips, hog fuel, and others, depending on boiler 

type 
 Working fluid: Toluene; no transfer medium required 
 Number of installations using biomass: ~10  
 Installation locations: Europe 
 Installations in Canada: None 

 aOMTS, octamethyltrisiloxane 

• Turboden is part of Mitsubishi Heavy Industries and is the world leader in ORC technologies. The 
company designs turbines in-house and has experience with different fluids used for other renewable 
energies, such as solar and geothermal. It also has an extensive after-sales service, parts, and 
manufacturing department and is well recognized for its success and innovation in the area of ORC 
technology. With over 300 biomass ORC installations and an overall plant reliability of more than 98%, 
Turboden has a proven technology with recognized quality and service.  

• Maxxtec was an early competitor of Turboden but fell behind Turboden in the world market. However, 
Maxxtec supplies ORC components, such as thermal oil heat exchangers.  

• GMK offers smaller systems, starting at 250 kWel. Turboden sells a comparable unit in Europe only. GMK 
currently has no units in Canada, but it is eager to enter the market. It is currently unclear whether the 
required certification for the Canadian market is in place. 

• Triogen offers smaller ORC systems, of up to 165 kWel, using toluene as a working fluid, which requires 
no heat transfer medium (thermal oil) and promising higher efficiencies. However, the flue gas 
temperatures are limited to 600°C, and low-cooling medium temperatures are required to reach a  
full-power output. Thus, efficiencies are again comparable with those of the established manufacturers. 
Triogen uses a high-speed set-up, placing the turbine, generator, and pump onto a single shaft. 

 

Photo credit: turboden.it 

Photo credit: adoratec.com 

Photo credit: triogen.nl 

Photo credit: gmk.info 
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Biomass supply chain and quality  
The use of well-developed direct combustion technologies to provide heat to ORC modules allows for a more 
simplified biomass supply chain and less stringent feedstock quality specifications than those for gasification 
systems, described in Part III of this series. Boiler manufacturers have developed solutions for almost all types of 
potential forest biomass feedstock, including bark and hog fuel. If feedstock has to be generated in the forest, the 
biomass supply chain itself can be simplified to a chipping operation of harvest residues or full trees, with chips 
being transported to the CHP plant location. Drying of chips is generally not required, as larger boilers can 
handle moisture content of up to 60%. Figure 2 shows the typical supply chain for supplying ORC-CHP plants 
with chips. The most affordable feedstock includes sawmill and logging residues. 

 
Figure 2. Typical supply chain of an ORC-CHP plant. 

Electricity and heating integration 
ORC-CHP systems work best when they provide consistent output, and they follow changes in load requirements 
very slowly; therefore, they are commonly used as baseload technologies. Ideally, an electrical grid connection is 
in place; standalone applications are technically challenging and are generally not recommended. Additional 
load-following power generation systems should be in place to supplement the baseload provided by the ORC 
system. The cooling and heating of the ORC-CHP module works in a closed loop, making it important to use the 
waste heat as a way of cooling the working fluid to achieve maximum energy output and peak efficiency. If the 
heat cannot be used in a district heating system or an industrial process, additional coolers might be necessary. 
The heat produced by the ORC represents an important potential revenue stream that can improve the overall 
economics significantly. Due to its relatively low efficiency, an ORC system produces a large amount of heat; 
around 70% of the biomass input is available in the form of heat. Figure 3 shows the heat output relative to the 
electrical output, as well as the associated number of households that could be heated with the heat output 
generated by an ORC-CHP plant. The values are based on usage of 27 500 kWh per household, distributed 
evenly over an eight-month heating period, and assume an ORC module efficiency of 17% and a boiler efficiency 
of 85% (for a total electrical efficiency of approximately 14%). However, it is important to note that large buildings 
or industrial operations located close to a CHP plant are the best candidates for the CHP system. The cost of 
retrofitting a district heating system in a single-family residential development is prohibitively high.  

 
Figure 3. Typical heat output from ORC plants of different sizes. 
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Typical costs and basic economics 
Figure 4 shows the estimated capital and installation costs of ORC-CHP systems of different scales. The exact 
economics of a complex ORC-CHP plant largely depend on the location of the plant and on the cost of available 
feedstock, and can be estimated accurately only when both factors are known. Various biomass boilers can be 
combined with ORC modules, resulting in different installation costs and economics. The cost of biomass 
feedstock ranges widely based on biomass availability, processing methods, and transportation distance, and is 
the biggest factor for the economics of a CHP plant installation, as demonstrated in Figures 4 and 5. The values 
include the cost of parts and maintenance, based on a rate of $0.05/kWh (7884 h/yr), and were graphed based 
on the following assumptions: 5% salvage value over a 20-year lifetime; 5% interest rate over a 20-year loan; no 
additional cost of connecting the CHP to an existing electrical grid and hydronic heating system other than that 
already included; and 90% utilization (7884 h/yr). Figure 5 also assumes the cost of two full-time employees for 
operation and maintenance of the plant, and a heat utilization of 50%, with a revenue of $0.05/kWh. 

  
Figure 4. Typical installation cost and biomass volume 

for an ORC-CHP system. 
Figure 5. Electricity generation costs based on price of 

biomass feedstock. 
 

The heat produced by CHP systems can be used to heat nearby buildings that currently use propane, or it can 
be used for industrial processes, generating additional revenue. Assuming that 75% of the heat could be sold at 
$0.05/kWh, the cost of power generation could be reduced by up to 30%. However, if no heating grid is available, 
additional investments need to be considered. 
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