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This study was performed for the Biomass Power Association to review current technology that 
is available for high efficiency biomass power generation.  The available technology is listed 
with a brief description of the technology. 

The Massachusetts Department of Environmental Resources (DOER) has proposed new 
requirements for biomass Renewable Energy Credits (RECs).  The minimum standard is a net 
plant efficiency of 40% to receive ½ credit and a net efficiency of 60% to received a full credit1.  
This study concludes that such efficiency standards are not achievable by a power generation 
unit currently in operation or by any new unit to be built any time in the foreseeable future.   

Eleven existing plants were in the United States and Canada were reviewed.  The average 
efficiency for a biomass power generation project is 23%  The heat rate for power generation at 
biomass leaders in the industry is between 11,700 Btu/kWh (29.2%) and 20,000 Btu/kWh 
(17.1%).   

Regarding new facilities, the Report concludes that no new existing, financeable, commercially 
proven technology is available to meet the proposed efficiency standards.  

The proposed efficiency standards can only  be met by using cogeneration,  or Combined Heat 
and Power (so-called “CHP”), which changes the economics of biomass energy from electricity-
only to providing electricity as a by-product of thermal production.  An existing facility that 
currently qualifies under the Massachusetts RPS program is not likely  to draw a large industrial 
host to the facility and are unlikely to find financing even if such a host were found.   . Even 
assuming that new biomass thermal applications could be economically justified given the price 
of competing fossil fuel sources, the distance from the fuel supply and the number of fuel 
deliveries to the plant each day makes such applications highly unlikely. 

District energy applications are unlikely to be built under the proposed requirement..  The 
reason is that the heating load of a District Energy facility is not constant over the year. The 
heating load in the summer is zero; the average annual heat load is about 44% of the winter 
peak.  Plants are likely to run  only part of the year. For the periods that they do run and meet 
the efficiency requirements, the power generated is reduced to provide the thermal load, which 
results in reduced REC revenue that is insufficient to run the facility profitably. 

The European biomass experience is not directly applicable to the New England market.  Feed-
in tariffs, a mature carbon market, long term stable market incentives, and a much higher power 
cost make CHP and district energy projects attractive. None of those factors exist in New 
England today.  

Finally, it is important to note that the literature describing high efficiency power plants is 
misleading.  It is important that common terms and definitions are used.  The standard in the 
United States is to use Higher Heating Value (HHV) for solid fuel projects.  In Europe, Lower 
Heating Value (LHV) is used for calculation of the fuel heating value and plant efficiency.  
Depending on the fuel, there is a 4%-7% difference in the result.  So the reported 35% efficiency 
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is 33% on a HHV basis.  Additionally, the efficiency can be reported on a Gross output basis or 
a Net output basis. The Net output is the Gross less the plant auxiliary load.  For a typical plant, 
the auxiliary load is 10% - 12% of the total generation.  Assuming the reported 35% efficiency 
was based on gross output, LHV basis, the HHV, net efficiency would be less than 30%. 

In summary, using a high efficiency standard for biomass power production is not reasonable, 
lacks economic viability, and assumes European--style markets and subsidies that are not 
found anywhere in the United States. The result of the proposed efficiency requirement will be 
to eliminate biomass as a ready, dispatchable, renewable energy power resource from the 
existing Massachusetts portfolio of renewable energy, and create a barrier for new biomass 
electricity anywhere in the Commonwealth or the Region. 
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This report examines the technologies and project economics for biomass power generation 
and cogeneration in the context of a proposed efficiency standard for the Commonwealth of 
Massachusetts.  A background of the biomass market in the United States and specifically in 
New England is discussed.  A review of current and emerging biomass technologies is 
discussed.  Project economics are presented for existing technology to compare power 
generation and cogeneration schemes. 

��  ��������	�
�
The following definitions are used in this document: 

AR – As Received 
BD – Bone Dry (0% Moisture) 
Btu – British Thermal Unit 
CHP - Combined Heat and Power.  Used interchangeably with cogeneration 
CTG – Combustion Turbine Generator 
DE – District Energy 
REC – renewable Energy Credit 
STG – Steam turbine Generator 
Syngas – Synthesis gas  
LHV – Lower Heating Value, generally used for fuel heating value outside the US 
HHV – Higher Heating Value, generally used as the standard in the US 
MWh- Megawatt hours 
Q = Heat Transfer 
W = Work 
 
Subscripts 
B = Boiler 
A = Ambient, used for thermal sink 
S = Stack 
U = Useful Heat 

��  �
����	����

��  !����������"��	��#��$	���

The growth of the renewable biomass power generation industry in the United States was a 
direct result of the passage and implementation of the Public Utility Regulatory Policies Act 2 
which opened up power generation to independent power producers. A combination of an 
interest in reducing US energy imports, increased imported fuel prices, and a ban on new 
natural gas generation along with the availability of long term power contracts led to the 
construction of many “merchant” (non utility owned) biomass power plants during the 1980’s.  

As the fuel for biomass plants was plentiful and obtained at a low cost in rural areas, small 
capacity electric generation plants were installed in many rural areas where a logging and wood 
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processing economy existed. Although the fuel supply was plentiful, the Btu content was low 
and the fuel had a low density leading to the need to keep the plants relatively small to reduce 
trucking costs which generally limited a plant size to a 10 to 20 MW output that could be 
supported by harvesting operations in an approximate 60 to 75 mile radius. The economics of 
biomass power generation has never been such that trees are cut solely to supply these plants, 
as the cost to harvest the wood far exceeds the value of the fuel to the generator once 
transportation is included. The sale of wood biomass fuel is generally used as a means of 
partially subsidizing the economics of a logging operation that is producing higher grade wood 
for sawmill and wood pulp production.  Large amounts of low grade wood fuel are also 
generated during forest management procedures.  

In addition to the standalone biomass electric power generation plants, the regional pulp, paper 
and wood processing industry long present in the area installed biomass fired steam plants as 
fuel oil prices rose with some electric power generation capacity to primarily supply process 
steam and power for internal use for their processes. Also present at some pulp producing 
facilities are recovery “boilers” that burn a pulping byproduct, referred to as black liquor, as a 
means of chemical recovery and steam generation. Although black liquor is occasionally 
referred to as biomass fuel, the production of it is kept within one site and is part of the pulping 
cycle and therefore is not a viable biomass fuel with respect to regional electric power demand 
beyond load reduction at the facilities that generate it.  These plants typically are not a major 
contributor of biomass generated power to the grid and will not be included in the discussion of 
the merchant fleet of biomass power plants in the region.  

Subsequent to the installation of merchant biomass power plants in New England, continued 
deregulation and the discovery of additional natural gas deposits in North America led to a 
building boom of combined cycle natural gas power plants, which in turn led to an overall drop in 
energy prices below those that could be supported by the biomass industry. With a rise in the 
interest in the potential climate change impact of continued fossil fuel generation, the 
Commonwealth of Massachusetts  established incentives  to encourage generation of an ever 
increasing percentage of their electric power from renewable power sources leading to the 
Massachusetts Renewable Portfolio Standard (RPS). Given the lack of significant renewable 
power generation currently available in Massachusetts, a market has developed to supply the 
Commonwealth with renewably generated biomass power. Other New England states have also 
imposed RPS standards, each with differing interpretations and required percentages of 
renewable power. Despite the demand for renewable biomass power, there have been few 
merchant biomass power facilities constructed in the region since the 1980’s due to lack of 
availability of long term contracts and low prices for natural gas. Recently, with the potential for 
long term incentives for renewable generation, merchant biomass power plants are again being 
proposed, although the Nation’s inability to place a “price” on carbon that would differentiate 
biomass from fossil fuels is limiting the actual construction of plants. Figure 1 shows the current 
biomass power facilities located in the ISO New England market. Facilities that are REC 
qualified for the Commonwealth of Massachusetts are labeled.  
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Merchant Biomass Power Plants in New England 

The renewable power market is currently composed of two mature technologies and a host of 
small emergent technologies. The two mature technologies are hydroelectric and biomass 
power generation. Hydroelectric power generation in the New England market has plateaued 
and is shrinking as dams are removed for economic, fishery and recreational purposes. The 
emergent technologies, predominately consisting of wind and solar of various configurations, 
are slowly maturing although to date the technologies generally produce power on a non 
predictable basis that does not necessarily line up with the load demand of the region. As the 
majority of the electric power in the region is generated when needed with minimal storage 
capability, there is a demand for both primary types of electric power, base load and 
dispatchable. Baseload power is typically generated on a predictable 24 hour per day or 
planned basis reflecting average regional demand; dispatchable power is electric generation 
that can reliably be capable of being rapidly put into operation to supply transients in power 
demand. Hydroelectric can be baseloaded or dispatchable depending on the availability of 
upstream storage. Landfill gas is base load power.  Biomass can vary its load profile somewhat 
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to reflect system demand. The addition of emergent power generation adds a third component 
to the system which is intermittent. Although capable of generating power when appropriate 
resources, such as sun and wind are available, suitable dispatchable generation capacity or the 
capability to reduce the regional load must be available in case the resources are not available. 
Typically this dispatchable generation is higher cost fossil fueled generation with lower 
efficiency.  The ratio of the rated output of power plant and the amount of power that can be 
expected to be generated on a long term basis is generally referred to as the availability of a 
plant. The mature renewable technologies typically have reliabilities in excess of 90% while the 
emergent technologies generally are regarded as less than 10%.    

To date, both emergent technologies are dependent upon large subsidies of various types to be 
economically viable. Although off shore generated wind has the potential to have a higher 
availability, its current deployment and predicted cost makes it a possible future complement to 
the mature renewable technologies, but will not replace them unless there is a radical change in 
the New England Power Market and its ability to control load based on generation availability 
rather than customer demand.  

Currently the region exhibits a long term electric load demand with two seasonal peaks, one 
seasonal peak roughly corresponding to the peak winter heating load and a second major yearly 
peak corresponding to the maximum summer cooling load.    

���  ��	�����%	�����������"��	��#��$	���

The current European biomass power market demand is a mix of demand for combined heat 
and thermal projects along with a growing demand for imported wood pellets to substitute a 
portion of fuel used in coal baseload power plants.  Carbon reduction targets, high fossil fuel 
tariffs and an existing large coal based generation fleet have driven up the demand for 
renewably generated biomass power. Large existing district heating systems in many regions 
along with very generous subsidies for renewably generated power of any type, has led to the 
installation of biomass fired combined heat and power facilities optimized to tie into the district 
heating grids. Although district heating grids enable very high fuel utilization efficiency during 
times of adequate heating demand, the renewable electric power generation is a byproduct of 
the demand for heat. The relative scarcity of local wood fuel and high value for renewable fuel 
has led to a far reaching market of sourcing wood products from around the world. Given the 
economic and regulatory climate of shipping a low grade fuel long distances, the majority of the 
imported wood products are converted at the shippers site to wood pellets that allow the siting 
of biomass power plants in urban areas due to the far lower site footprint and local impact albeit 
at a far higher cost to the ultimate consumer.   

(iii) "��	��&	�	��������	�����������	��'	�������"��	��"
� ���   

 The New England power grid is supplied by power generation-only biomass plants that are 
optimized to maximize electric power production. An alternative to power generation-only plants 
are Combined Heat and Power (CHP) plants, where the production of electrical energy is 
balanced with the production of useful thermal energy. When there is a steady demand for both 
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thermal and electrical energy, a CHP plant can have higher overall fuel utilization than a 
comparable power- only plant. The vast majority of CHP plants are installed in industrial 
facilities that can generate electricity for less than the cost of purchasing utility power. The 
downside to a CHP plant is that the overall efficiency only remains high if there is use for the 
thermal power generated by the plant. Although there are several variations of CHP plants, the 
majority are set up to supply a thermal load to industrial facilities with electric power produced 
as a byproduct thus linking the power production to the thermal demand of the facility instead of 
to the regional power demand. Generally, the economics of the industrial sites is to remain a net 
user of power with sales of power to the gird only during unusual operational modes.  

CHP plants are also occasionally installed where a small generation capability is installed on the 
outlet of the boiler to generate small volumes of power while dropping the stream pressure from  
a higher pressure to a lower pressure. This is common where there is a small demand for higher 
pressure steam and a much higher demand for lower pressure steam. In the past, there was 
also some value for onsite generation to allow the heating plant to remain operational when grid 
power was not available, but few small generators are equipped with the required equipment to 
perform this task.  

Newer CHP systems are being installed where power is generated from a renewable feedstock 
and the resultant power is credited with Feed-in Tariffs that reward renewable power generation 
that offsets power previously supplied from the grid. Feed-in Tariffs are generally set at a high 
rate to encourage renewable generation. This method has been used quite successfully in 
Europe, although the overall costs have been quite high and most programs have reduced the 
tariffs recently to far lower levels in an attempt to reduce the subsidy cost. CHP units are 
primarily thermal units that have added equipment to generate power while supplying thermal 
demand rather than power plants intended to supply regional power demand. Therefore small 
CHP plants are not expected to contribute substantially to support the regional power demands 
that tend to occur independent of thermal load, leading to limited or no availability during spring 
summer or fall.    

���  �����	���������	����������������"��	��"
���������'" �

��
�
���	���

The conversion of a Biomass power plant to CHP purposes would be not be possible for the 
majority of the existing biomass power facilities in New England  as there is no large year round 
thermal demand in close proximity to the plants. The plants, as currently configured, would 
require substantial alterations including replacement of the condensing steam turbine in order to 
export significant volumes of thermal energy to an adjacent host facility if one could be found.   

����  "
��������
�	�
�	���
There are numerous definitions for efficiency used for the description of conversion of energy. 
As each definition is targeted for a different audience, it is easy to confuse one definition of 
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efficiency with another leading to comparisons of “apples to oranges”. The illustration below in 
Figure 2 illustrates a generic thermal cycle.  
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Generic Thermal Cycle  

��  �����������
�
The comparison of process and plant “efficiencies” is difficult as there are multiple definitions of 
efficiencies. In the US, the American Society of Mechanical Engineers publishes a series of 
Performance test codes that when properly executed can be used to define the efficiency of a 
given thermal process and establish the likely uncertainty in the results. Barring access to 
standardized testing and an agreed upon test methodology, efficiency comparisons are at best 
a broad approximation and at worse can be abused to make one type of power conversion 
process look better than another. Listed below are some of the more utilized efficiency 
definitions.  

'	������	  – This term is typically used in the electric power industry to describe the 

amount of energy input required to produce a given amount of electric power. The typical 
English units are Btu/kW. Note of all the efficiency definitions listed below, this definition 
has the useful work output as a denominator. All others use it as a numerator. Therefore 
as the heat rate reduces, the plant efficiency increases. 

HR= QB/W 

 ����
�	�
�  – Useful Work out divided by Fuel in  

hTH=W/Qb 

�����������
�	�
�  – The Carnot efficiency is the most efficient cycle to convert 

thermal energy unto work. This is a theoretical cycle that cannot be obtained in practice 
but is useful in determining an upper maximum power generation. It is important to note 
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that the temperatures used in the equation are absolute temperatures, degrees Rankine 
in English units. 

hC =(TB-TA)/TB = (QB-QA)/QB 

�������
�����
�	�
�  – Is a ratio of actual work produced by a system to the system 

Exergy, which is the maximum useful work possible during a process that brings a 
system into equilibrium with a heat reservoir. The actual work is always going to be less 
than the exergy. This efficiency is useful for designing and optimizing processes. 

hR=W/ the change in thermodynamic potential of the system.  

(�	��

�����
�	�
�  – Is the work output of the system divided by the fuel input where 

the fuel input is calculated by the mass flow rate of the fuel multiplied by the calorific 
value of the fuel.  

hO = W/QFuel 

Where: QFuel = Fuel mass flow rate X calorific value 

��	����!��
�)������*�
���  – This efficiency is the closest approximation to the 

efficiency defined in the proposed regulation. It is the useful work plus useful thermal 
energy divided by the fuel input 

EUF = (W+QU)/QB 

(�	��

�����
�	�
�  – This term is defined in the proposed DOER regulation 225 CMR 

14.05(8)(b)(2).  It is similar to the Energy Utilization Factor above with the inclusion of a 
energy value (Btu) for any Merchantable Bio-products. As stated in the regulation, 
merchantable bio-products “shall be prescribed an energy content based on its enthalpy 
of reaction”.  Although a simple definition, the assignment of a value to a chain of 
complex chemical reactions that are occurring simultaneously with the production of 
useful thermal and electric may be complex to calculate consistently. 

h = (W+QU+ Q merchantable bio-products)/QB 

&	�	��
�����
�	�
��+��	�  To further cloud the calculation of efficiency, there are 

several differing conventions that are used, which make comparisons between various 
processes difficult. Listed below are some common inconsistencies  

'���	��'	������,�
�	��	�����-��	��'	������,�
�	�
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There are two common methods of stating the heat content (Btu of kJ) of fuels. The 
Higher Heating Value (HHV) takes into account the condensation of byproducts, while 
the Lower Heating Value (LHV) does not. This reduces the numerical value of Btus for a 
fuel expressed on a LHV basis. The difference between the two are dependent upon the 
constituents of each fuel, range from approximately 5% for coal, 10% for natural gas and 
a typical range of 6 to 7% for biomass fuels.3 The US power industry typically uses HHV 
for fuel input in efficiency calculations while the European industry and combustion 
turbine equipment manufacturers use LHV for fuel heating value basis. 

It is important that stated plant efficiencies and equipment efficiencies require units.  
Typical European plant efficiency quotes will have to be adjusted by the heating value 
ratio of LHV to HHV to be able to compare values with US plant efficiencies. 

225 CMR 14 does not state if the fuel input will be stated as HHV or LHV which can 
introduce a 6 to 7% difference in efficiencies. 

-�
����������#	����	�	������"
������%�������(��%��� ��
�	�  

The location and definition of the inputs and outputs of a power cycle must be defined 
precisely and accurately in order to determine a consistent efficiency calculation.  The 
inlet fuel content can vary from the as received moisture content to the moisture content 
immediately prior to combustion. Fuel content can also be listed as the bone dry content 
of the fuel ignoring the loss in heating value due to the moisture in the fuel.   

Third party testing of power plants usually measure the plant revenue meter output for 
the power output. This reading includes any losses associated with step up transformers 
required to raise the plant voltage to the grid voltage. Other efficiency measurements 
may elect to read the power output at the generator leads thus giving a higher than 
normal plant efficiency. In extreme cases, the plant may not account fully for energy 
used for internal station loads artificially raising plant loads. 

Plant output readings at the generator terminals represent the plant’s Gross Output.  
Subtracting the plant auxiliary loads gives the Net Output.  The output and efficiency 
basis (gross or net) should be identified. 

#	�
������
	����.%����
���

The term merchantable bio-products has been introduced into the required plant 
efficiency for REC qualification. The proposed regulations definition is “For 
Merchantable Bio-Products the product shall be prescribed an energy content based 
on its enthalpy of reaction, to be approved by the Department, and those units of 
energy appropriately converted to MWhs”,  

As the standard combustion process is efficient at converting the chemical energy in 
the incoming fuel to predominately a mixture of oxygen, CO2 and water vapor, any 
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merchantable bio-product removed from the power generation process will lead to a 
reduced power and thermal output.  

The use of a direct conversion of chemical energy into electrical energy with no 
factor to account for the conversion efficiency will drive the power producer to 
bypass power generation in place of merchantable bio-product production as a way 
of meeting the DOE efficiency standards.  

As the standard is written, the contribution for merchantable bio-products is 100% 
versus the contribution for thermal and power are reduced by the cycle efficiency. 
The result of this will be to increase the biomass input to a facility to generate an 
equivalent electric output. Given that the biomass resource is fuel constrained due to 
the economic distances to transport fuel, the net electrical output for each biomass 
facility will be less.  

��

	�����
�	�
�	��������	���
�"��	��������	��
�
�� �

	�  – Figure 3 through 

Figure 5 illustrate the basic power generation cycles.  
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The steam Rankine cycle is generally reported to generate 80% of the electric power in the 
world.  The efficiency of the Rankine cycle is a factor of the boiler efficiency and the steam cycle 
efficiency.  The design of the cycle accounts for the tradeoff between efficiency, capital cost, 
fuel cost, and plant lifetime.  Decisions about pressure, temperature, reheat or regenerative 
heating are based on optimizing the project.  All projects have an optimum design that is not 
necessarily the highest efficiency.  The cycle has been optimized to generate the maximum 
amount of electric power from a thermal supply within cost constraints.  

The three major components are a boiler, steam turbine and the heat rejection system. The 
boiler converts the fuel into thermal energy resulting in superheated steam vapor being sent to a 
steam turbine. Power plants based on this cycle and typical components are designed for 
baseload or daily cycling load operation with the maximum efficiency point occurring at or 
around 85% load.  The equipment used is relatively large with a high mass and is prone to 
differential expansion issues when cycled leading to the desire to maintain the plant warm even 
during periods of low demand. The basic components and flows of major constituents are 
shown in Figure 6.  

��	���&	�	�������������
	���

There are numerous variations of boilers used to convert the energy in the fuel to steam. Boiler 
design depends on the fuel considered.  A boiler designed for gaseous or liquid fuels are 
unsuitable for solid fuels without extensive conversion. Given the smaller size of biomass boilers 
due to the economics of fuel supply, the biomass industry has used relatively straightforward 
designs that are flexible in the ability to deal with fuel that varies in particle size and moisture 
content. Although the typical biomass fuel moisture content is 45% by weight, the boilers are 
generally designed to accept wide variations in moisture content.  The practical limit for 
combustion is approximately 60% moisture content where the energy required to dry and 
combust the fuel is roughly equal to the Btu content of the entering fuel.  

Biomass power generation is usually based on a low value waste products from another higher 
value wood processing operation.  Bark, sawdust, lumber ends, agricultural waste are typical 
fuel supplies and there can be a high level of non-combustible constituents entrained in the fuel 
stream that must be accounted for in fuel handling and combustion. 

Biomass boilers must also be able to handle a high level of non burnable constituents that are 
inherent with a low grade fuel resource. This is typically referred to as bottom “ash” which is 
predominately non carbon containing minerals that can be recycled for beneficial use along with 
inert gravel and rocks.  

The maximum operating temperature and pressure of a boiler is a tradeoff between unit cost 
and the metallurgical properties of the boiler and the downstream steam turbine. High pressure 
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and temperature advanced steam generator designs increase efficiency of the steam cycle but 
are more expensive to build and maintain. 
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Typical Rankine Cycle Biomass Power Plant
 

�������
�

Rankine Power Plant  

 

���%	��������%	�����	��   

Although rarely used for large biomass generation boilers but popular in coal boilers, a 
suspension burner requires a finely ground dry fuel supply which is introduced along with a 
large volume of air to “suspend” the fuel in the combustion chamber of the boiler. Radiant heat 
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from the walls and other burning fuel ignite the particles where the combustible constituent’s 
burn and any non combustible materials drop to the base of the boiler.  

Given that a typical biomass fuel as delivered is quite high moisture content, this is not a good 
design for biomass use which usually requires the fuel to be introduced to the combustion zone 
from a drying zone.   

Sawmill facilities use this design on occasion to combust sawdust that is finely ground and is 
relatively dry..   

�'	�������%	����
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This design is rarely if ever used for modern boilers. Fuel is deposited on a burning bed of coals 
at the base of the boiler via injection ports or air swept feeders. A portion of the combustion air 
is injected under the bed to support drying, partial combustion and gasification. Fine particles 
are carried upwards for subsequent further combustion, while heavy particles remain in the bed 
until they have broken down into smaller particles. Hearth units are occasionally equipped with 
sloped vibrating grates to attempt to distribute fuel and coals somewhat uniformly and allow 
removal of non burnable solids with a manual or automated system. Other systems of this 
configuration are manually cleaned out on a routine basis. The non uniformity of combustion 
leads to emissions controls issues and the labor required for ash removal have led to a 
reduction in their use.  

&���	����
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Grate boilers are defined as either fixed grate or moving grate boilers.  A Fixed grate is similar 
to the hearth type boiler.  Fuel is added and burned on the grate.  The ash is removed by hand 
raking or by the action of new fuel pushing the ash off of the grate. 

A moving grate added at the base of the boiler automates ash removal.  The grate continuously 
moves in one direction to assist in spreading of the burning fuel pile and remove non burnable 
ash and inert solids from the bed. These units are typically equipped with air swept feeders that 
attempt to spread the incoming fuel uniformly across the face of the bed. The operation of the 
unit must be adjusted carefully, as un-combusted carbon (char) can be carried past the 
combustion zone of the boiler into the downstream emission equipment. Unburned char reduces 
the boiler efficiency because it is energy added to the boiler that is not combusted.   

There are also some potential issues with the formation of CO unless careful addition of 
secondary air is applied.  This design is a relatively economical to install and operate and many 
of the New England biomass units use this design.  
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Bubbling Fluidized Bed Boiler  

Bubbling Fluid Bed (BFB) boilers utilize a heated sand bed in place of grates at the base of the 
boiler. Combustion air is injected under the sand bed at a velocity adequate to partially suspend 
the sand bed in the air so that it responds in a matter similar to a fluid.  

Solid fuel is distributed onto the sand bed, where it partially combusts after drying and 
gasification. The sand in the bed becomes turbulent and heated which acts to break down the 
fuel into small particles on a rapid basis. Non combustible ash and inert solid objects fall to the 
bottom of the bed and are drained periodically using an automated system.  The system 
potentially leads to near complete combustion and minimal char carryover to downstream 
equipment. BFB boilers have a higher efficiency than grate type stoker boilers that is somewhat 
offset by higher auxiliary loads for fan power.   

Circulating Fluidized Bed Boilers  

Circulating Fluid Bed (CFB) boilers use a similar concept to the BFB wherein sand is fluidized 
by the addition of high velocity air. Unlike a bubbling bed system where the sand is retained in a 
specific lower zone of the boiler, a CFB unit circulates the hot sand through the entire range of 
the boiler combustion zone. The fuel is in contact with the sand and effective mixing and 
combustion allows good efficiency and low emissions.   

The entrance to the tube section of the boiler is configured with a cyclone or I-Beams to remove 
the sand and char from the gas stream to be recycled back into the furnace. This leads to near 
complete combustion of all burnable carbon in the fuel stream and is of particular value to for 
hard to burn materials.  

The CFB process also is of great value for fuels with contaminants such as sulfur, as lime can 
be injected into the bed for SO2 control. Although this technology is very good for coal and solid 
wastes, it is excessive for small facilities burning clean wood fuel and is very capital and 
operationally expensive due to the high levels of erosive wear and high horsepower 
requirements.      

��	���������	���

The steam turbine consists of variously configured internal sections that convert the energy in 
steam to mechanical shaft power. Each individual turbine is assembled out of various internal 
sections and optimized to operate under a given range of inlet and outlet conditions. There are 
two major types of turbines and one major variation   

Condensing Steam Turbine  

A condensing turbine is designed to obtain the maximum amount of shaft work out of a given 
steam input. A standalone steam electric generating plant will typically use a condensing turbine 
to maximize the electric power generation. The condensing turbine is typically the second most 
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costly component of a power plant and is designed to operate within specific operational 
parameters.   

A sealed condenser is connected to the discharge of the turbine and operated at a vacuum.  
The turbine exhaust is a mixture of steam and some water droplets discharged from the turbine 
below atmospheric pressure. The discharge pressure is directly related to temperature that the 
condenser cooling water temperature.  

As the theoretical (and practical) efficiency is controlled by the energy difference between the 
inlet steam to the turbine and the turbine exhaust, the efficiency of the cycle is increased as the 
condenser temperature is lowered.  Generally this low temperature is supplied by either a 
cooling tower that is dependent on the ambient wet bulb temperature, or a cooling water source 
such as cooling ponds, rivers or ocean. As there are regulatory limits on thermal discharges into 
water bodies, the use of river and ocean cooling is increasingly rare for small power plants.  

Due to the ambient temperature, there is a seasonal change in the plant output and efficiency 
and the cooling water temperature changes,  

Extraction Steam Turbine 

A variation on a straight condensing turbine is an extraction turbine. The extraction turbine is 
designed to allow a designed range of volumes of steam to be extracted from the turbine at 
intermediate pressures prior to the outlet of the turbine to the condenser.  

The steam extraction can be used to supply industrial or commercial processes.  The 
regenerative steam cycle uses steam extraction to heat boiler feedwater to improve the 
efficiency of the overall cycle.  Many of the current biomass power plants in operation in New 
England have small extraction stages used for feedwater heating to improve the plant efficiency.  
The number of feedwater heating stages is a function of plant size and the tradeoff between 
cycle efficiency and cost. 

Backpressure Steam Turbine 

Backpressure turbines discharge steam at a higher then ambient pressure and temperature, 
generally for use in an industrial or commercial processes.  The units are designed to operate 
on 100% superheated. The efficiency of the unit is still constrained by the Carnot Cycle and due 
to the higher pressure discharge a backpressure steam turbine will produce lower amounts of 
mechanical shaft power at a lower efficiency than an equivalent condensing turbine operated at 
the same inlet temperature. Backpressure turbines are generally physically much smaller than a 
similarly rated condensing turbine.  

'	����	0	
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The condenser used at the exhaust of the steam turbine is a heat exchanger that operates 
below atmospheric pressure. The condenser can be cooled with either a cooling water flow or a 
by air cooling. The majority of the small biomass plants use water for cooling although there are 
some air cooled units in operation in the region. Most water based systems use cooling towers 
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that take advantage of direct cooling and evaporation to lower the cooling water temp to 
approach the wet bulb temperature of the ambient air.  

The cooling tower depends on evaporation as part of the cooling process and requires water 
makeup to the plant from outside sources.  

An air cooled condenser uses far less makeup water at a cost of the loss of evaporative cooling 
leading to a higher operating temperature than obtainable with a direct cooling tower.  

There are hybrid cooling systems that mix attributes of both methods. A hybrid tower is used to 
reduce the water drift and plume from a wet cooling tower. 

A remaining means of cooling traditionally used on larger power plants with access to water 
bodies is the use of once through cooling water. The use of once through cooling is rare in small 
biomass plants due to thermal regulations in effect for most water bodies. 

��  �����������
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Gasification is the conversion of solid fuel to gaseous constituents.  There are multiple 
variations on the process dependent upon the source of heat and the relative amount of air 
used in the process.  

Figure 7 illustrates the major variations in gasification technology and their state of 
commercialization. Commercialization is defined that the equipment is available for sale with 
emission and performance guarantees and currently in commercial operation with an availability 
equivalent to commercial generation equipment by a party, other than the manufacturer or 
developer of the technology.  

Small scale under 250 kW units were excluded from discussion due to their low potential impact 
to regional power.  
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Biomass

INPUTS Air Electricity Oxygen Hydrogen Heat
Chemicals

GASIFIER Air Chemical & Oxygen Hydrogen Pyrolysis
TYPE Gasifier Electro Gasifer Gasifier

Chemical & 
Gasifier

INTERMEDIATE Low Energy Specific Medium Pyrolysis Char
PRODUCT Gas Chemical Energy Oil 

Products Gas

FINAL POWER Steam Gas Synthetic Liquids Pyrolysis 
PRODUCT Spark & Diesel Process Heat Medium & High Methanol Oil 

Engines, & Power Energy for Amonia 
CTGs Pipeline Gasoline

Gasification Processes and Their Products

Commericalized 
Near Commericialized
Pilot or lab concept

South African processes were excluded from commericialized status as they are predominately coal feedstocks

The Biomass Energy Foundation Press, Nov 2002, 3rd edition T. Reed Fig III-4  

The base drawing for this figure was obtained from  4 
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Gasification Processes  
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Although fuel drying, gasification, combustion, and heat transfer occurs in any solid fuel boiler, 
the term gasification boiler (or gasifier) typically refers to a low output commercial or institutional 
two stage device where one stage heats the solid fuel in the presence of low oxygen levels to 
drive out gases from solid fuel. The resultant gas stream is routed to a refractory lined vessel 
where additional air is injected into the stream to promote complete combustion.  

The high temperature exhaust is routed through a conventional heat transfer device that either 
generates steam or hot water for either power production or heating purposes. Their major use 
is in small biomass fired heating plants as the added complexity over a conventional wood boiler 
is not economic for commercial power generation. An additional use that has proven popular is 
to install a gasifier section upstream of a conventional gas fired boiler in place of the existing 



Biomass Technology Review   

26 

 

gas burners to allow burning solid fuels without and extensive boiler retrofit.  A gasifier 
conversion allows retention of a majority of the boiler structure when switching to wood fuel. 

�����	����&������-�1����&�����	���

Although wood fired gasifiers have been in use prior to the 1940’s the technology was 
substantially abandoned thereafter. The gaseous fuel stream produced by the earlier design 
direct gasifiers, generally referred to as synthesis gas, had a very low Btu content, high moisture 
levels and contained condensable tars. The condensable tars caused downstream deposits and 
the liquids resulting from the moisture and condensed tars were generally corrosive and would 
now be considered hazardous waste.  This technology was developed and used predominately 
in areas where conventional liquid fuels were in short supply and fell out of favor rapidly once 
conventional fuel supplies became available. There are still some third world use of this 
technology, generally in areas with excess biomass and little or no emission regulations.  

An advanced level of this technology has remained in limited use in South Africa on coal fueled 
plants as a means of generation of various products including chemical feedstocks and fossil 
fuel replacements. By the use of the Fischer Tropsch process, numerous chemical feedstocks 
can be selectively produced, although typically the cost is such that conventional feedstocks are 
less costly. Currently in the research or near commercial category are improved versions for the 
conversion of solid fuel to gaseous or liquid constituents by thermal breakdown.  The driver for 
the resurgence is related to the use of renewable resources in place of fossil fuels for a 
feedstock which makes the resultant products qualified for significant incentives.  

Most of the effort on current gasification technology is to improve the gas treatment systems to 
produce a higher energy density fuel, low in moisture without condensable tars and 
contaminants. Small scale units tend to incorporate equipment to sub-cool the synthesis gas 
stream and attempt to filter out the resultant condensables, thus forming liquid hazardous waste 
streams. Larger scale units use high temperature catalysts to convert the tars to gaseous forms 
that will not condense or form deposits.  

This technology is currently pre-commercial, nearing full scale trials for small scale biomass 
fired combined heat and power plants based on internal combustion (IC) engines that are below 
the economical sizing of conventional biomass plants.  These units generally require a higher 
grade of wood and sizing criteria compared to conventional biomass facilities. Nexterra Systems 
Corp 5has sold several full scale trial IC based units and is nearing commercial production6.  
Nexterra reports efficiency near 60% but the available published data does not identify whether 
the efficiency is gross or net and whether it is based on LHV or HHV.  

There are pre-commercial attempts at the use of synthesis gas to fire conventional gas turbines. 
To date there are no existing long term commercial applications with publically available 
performance results.     

Although there are multiple uses and configurations for synthesis gas or liquids, the literature, 
indicates a range of conversion efficiencies from solid wood to usable synthesis gas at a 60 to 
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80 percent efficiency7 when fed 20% moisture content biomass. Some processes are capable of 
operation at higher moisture content, albeit at a lower cycle efficiency.  When used as a 
feedstock for power generation this puts synthesis gas at an upfront disadvantage as the 20 to 
25 percent of the inlet energy which has been used to produce the synthesis gas will lead to 
lower cycle efficiency than obtainable with natural gas or liquid fuels.  

It is important to note that most advanced cycles that use gasifiers require low moisture wood 
and that drying wood to supply the unit is not included in the efficiency quoted. 

"���
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A subset of gasification systems are pyrolyzers that use either direct or indirect heat generally at 
a lower temperature range to drive off volatile gases or liquids from the biomass feedstock.  
There are physical differences between a gasification and pyrolysis.  In general though, 
processes that operate between 300°C and 600°C are considered pyrolysis.  Processes over 
600°C are considered gasification. The temperature and time determined the percentage of 
char, liquid, and gas that is produced. 

The volatile gases or liquids from the fuel can be processed to form merchantable bio-products.  
Dependent upon process conditions, a combustible char product can be produced that can 
either be used to heat the process or can be marketed as a constituent of a product called “bio 
char” or “bio-coal”. When Bio-char is mixed with an appropriate blend of organic wastes it is 
means of low cost carbon sequestration and is used as a soil amendment.  There is no currently 
viable market for this product beyond the demand for research. 

Another product of pyrolysis can be a product referred to as bio-oil.  Bio-oil can be burned 
directly in some industrial or commercial boilers or used as a chemical feedstock for higher 
value products. It is potentially a competitor to rural biomass power plants in that a high value 
product can be processed local to a waste wood source and transported in a denser form to 
other markets. The NH Office of Planning commissioned a study “New Hampshire Bio-
Opportunity Analysis” 8 to discuss the commercialization of the technology. Although it is 
promising from a standpoint of biomass utilization, the process is a net energy user and it is not 
likely to be a contributor to the regional renewable power generation market.  

Dynamotive Energy Systems9 has a full scale pilot fast pyrolysis system that generated 
commercial quantities of char and a liquid fuel referred to as Bio-Oil. The plant was shut down, 
but is reportedly scheduled to restart in the 4th quarter of 2010. Conceivably this plant could 
integrate a power generation cycle, although the company appears to be marketing the products 
of pyrolysis as high value products.  

An alternate merchantable bio-product process that has garnered some regional publicity is 
Maine Bio Products 10 Biofine process which uses a pyrolysis reaction along with other 
technology to produce chemical feedstocks from the lignin component of the biomass. In 
addition to the high value chemical feedstocks, char is produced as a byproduct. Although 
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another promising biomass use, the process is a net energy user unlikely to contribute to the 
regional renewable power generation market.  

Both of the prior processes and a host of others do not have commercial facilities in place nor 
are they operational.  They are unlikely to be net producers of regional electricity in New 
England.  
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As discussed in the introduction section, given that the combustion process is quite efficient at 
converting the chemical content of the fuel to gaseous byproducts, the removal of merchantable 
bio-products from a power or CHP cycle will reduce the plant output since the energy in the fuel 
is removed from the process and is not used for power generation. Although the 
Commonwealth’s proposed regulation is written to address the generation of renewable power, 
it has the indirect effect of incentivizing the generation of merchantable bio-products at the 
expense of power generation.  
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The use of synthesis gas is not yet commercialized for most direct combustion purposes; there 
is much discussion of this potential in the literature.  Using internal combustion engines with 
biomass gasifiers for CHP is close to commercial production.  If the technical and economic 
hurdles are overcome to convert wood synthesis gas into a clean usable gaseous fuel with 
adequate properties for use in direct combustion devices, gas and liquid synthesis streams 
could become the fuel supply for several power generation cycles.  Fuel supply limitations and 
capital cost considerations limit the construction potential until there is a substantial, stable, long 
term incentive for the production of renewable power. That said, the technology is not currently 
commercialized. 

Figure 8 shows expected efficiencies and commercialization status of the major gasification 
cycles when operated on biomass synthesis gas. 
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Cycle Efficiency for Combined Heat and Power System s operating on biomass fuel
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Commerical Biomass 
Installations? N N N N N N N N N N N N Y
Electric Capacity - 
primary kW 1000 5000 10000 25000 40000 1613 5000 560,360 200 200 2000 100 2175
Electric Efficiency nat. 
gas (HHV basis) % 22% 27% 29% 34% 37% 36% 39% 51% 36% 35% 46% 45% NA

Fuel Input nat. gas *1
MMBT
U/hr 15.6 62.9 117.7 248.6 368.8 15.4 43.8 3765.8 1.9 2.0 14.8 0.8 NA

Heat Output 
MMBT
U/hr 7.1 26.6 49.6 95.6 136.8 5.5 15.4 0.0 0.37 0.00 1.89 0.10 32.87

Suitable High Temp 
District Heating? Y Y Y Y Y

Partial 
output

Partial 
output Y N N N N N

Heat Generation efficiency 
on nat. gas % 46% 42% 42% 38% 37% 36% 35% 0% 19% 0% 13% 13% NA
Electric eff. on synthesis 
gas at 75%

conv. 
eff. 15% 19% 20% 24% 26% 25% 27% 35% 25% 24% 32% 29% NA

Heat Generation efficiency 
on syn gas 75%

conv 
eff 34% 32% 32% 29% 28% 27% 26% 0% 15% 0% 10% 9% NA

Total Conversion 
efficiency on syn gas 75%

conv 
eff 51% 52% 53% 55% 56% 54% 56% 38% 42% 26% 44% 41% NA

Total Conversion 
efficiency on syn gas 80%

conv 
eff 54% 56% 57% 58% 59% 57% 59% 41% 44% 27% 47% 44% 69%

No Commercial Applications 
Commerical Installed Applications

*1 - IC engine value converted to HHV from LHV using 10% derate value for LHV

*2 IC engine steam generation calculated using 85% exhaust to steam conversion 

*3 The temperature of the heat generated varied w ith the data sources for individual systems, if  

identifiable, heat below  180 F w as not included in this calculation 

*4 Organic Rankine Cycle thermal output is limited to 194 degree F output, data is only availlable for biomass input at 70% combustion ef ficiency 

Data Sources

 Simple Cycle CTGs - http://w w w .energysolutionscenter.org/distgen/AppGuide/Chapters/Chap4/Images/Table_4-3.jpg

IC engines  - http://w w w .cat.com/cda/components/securedFile/displaySecuredFileServletJSP?languageId=7&f ileId=220277

http://w w w .energysolutionscenter.org/distgen/AppGuide/DGuideFrameSet.htm

Combined Cycle CTG - http://w w w .netl.doe.gov/energy-analyses/pubs/Bituminous%20Baseline_Final%20Report.pdf

Fuel Cells  - http://w w w .energysolutionscenter.org/distgen/AppGuide/Chapters/Chap4/Images/Table_4-6.jpg

 Organic Rankine cycle http://w w w .turboden.eu/en/public/dow nloads/schedaA4%20biomassa%20con%20split%20ING.pdf  
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Cycle Efficiencies for Biomass CHP Systems 
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The use of synthesis gas for CHP in IC engines is near or at the commercial stage with some 
customer units in place. The units reportedly are not economically competitive with conventional 
heating and power generation systems due to the high initial capital cost and competing fossil 
fuel prices, but are in some demand for demonstration projects where a premium for renewably 
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powered electric and thermal is applied; and incentives are available to offset the initial capital 
cost.  There are inherent limitations in the internal design of this type of gasifier that limits the 
efficient output to an internal dimensional limitation and therefore generation of large amounts of 
electrical power must be accomplished in multiple units thereby limiting the economy of scale.  
The best fit for this technology is currently for onsite “behind the fence” generation in one to two 
MW gross electrical output blocks 
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There currently are no CTG’s that could be located in commercial long-term use operating on 
synthesis gas.  Although the application is similar in concept to an IC application, CTG systems 
are a better fit for large scale power generation as CTG’s are offered in a wide range of sizes 
and have a very small equipment footprint for the equipment electrical output. These systems 
will require the use of a different configuration gasifier in order to operate at the higher CTG fuel 
flow requirements. They are much simpler to operate than a steam Rankine cycle and do not 
require licensed personnel to operate. The limitations to the CTG are the tight internal 
tolerances and fuel quality specifications. CTG’s are more susceptible to fuel deposits than IC 
engines.  
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A subset of conventional CTG’s that compete with IC engines are micro turbines (generally less 
than 1 MW) offered by several manufacturers. These units are typically intended for behind the 
fence applications where there is constant thermal demand. Although there are units rated for 
low Btu syngas, there are no commercial systems offered at this point that integrate a gasifer 
with fuel conditioning and the turbine in one package. Although the units are rated for syngas, 
their fuel quality requirements are considerably more stringent that IC engines. 

Micro turbines are highly susceptible to fuel contamination making operation on synthesis gas 
difficult without extensive upstream conditioning and filtering. Given the low Btu content syngas 
from wood waste and the significant number of processing steps to generate syngas of 
sufficient quality to operate a micro-turbine, it is doubtful if the capital and operational costs for 
this technology will be attractive in the near future.  

'	����	
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The resultant exhaust heat from the units can be directed through a heat recovery device that 
generates either steam or hot water. The exhaust temperature from either device is in the range 
of 800°F to 1000°F dependent upon actual configurat ion. 
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Natural gas fired Combustion Turbine Combined Cycle (CTCC) plants are a cost effective, high 
efficiency technology for use with natural gas or liquid fuels. The main driver is the development 
of high efficiency CTG’s . Given the increase in CTG and CTCC efficiency, the availability and 
pricing of natural gas, and the ability to quickly permit and construct facilities,  a large number of 
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cycling and baseloaded units have been installed across the country over the last decade. Like 
a simple cycle gas or liquid plant, the fuel is combusted in a CTG and the hot CTG exhaust gas 
energy is recovered in a Heat Recovery Steam Generator (HRSG) to generate high pressure 
steam where it is converted to power with a condensing steam turbine.  

CTG inlet combustion temperatures are combined with the far lower (near ambient) discharge 
temperatures of the steam Rankine cycle leading to a high overall plant electric generation 
capacity.  These plants are intended as electric power generation plants, as any thermal energy 
extracted above the steam turbine condenser temperature will lead to a reduced cycle 
efficiency.  Typical efficiencies range from 40% to over 60% (LHV). 

The tradeoff for this design is that the plant complexity increases from a simple cycle plant as 
there are two power generation cycles required.  The plant size is most economical between 
250 MW and 1500 MW.  Although, there are extensive CTG based cogeneration plants located 
in the United States.   

Large 250 MW biomass based CTCC plants would be too large to be fueled economically from 
renewable waste wood supplies, as the radius of required fuel supply area would exceed the 
range where the fuel and resources required to haul the fuel would exceed the fuel value of the 
wood.  Smaller plants could be built, but the capital cost per MW increases as the plant 
becomes smaller.  Commercial application of the CTCC to biomass will require advances in hot 
gas cleanup to ensure the plant can operate reliably.  
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There are numerous alternative power cycles mentioned in the literature. Generally, however, 
they are a variation on current cycles. Many are in the early development scale, so published 
actual long term operational and efficiency data is not readily available.  
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A technology that is mentioned often in the literature is the Stirling cycle, generally referred to as 
an “external combustion engine” or occasionally a “heat engine”. The cycle uses an internal 
working fluid that is heated and cooled externally to generate power. It is a heat engine and 
constrained by the Carnot cycle with similar internal frictional characteristics as IC engines.  The 
major advantage to the cycle is the ability to uses a variety of heating and cooling sources to 
generate power. As combustion is external to the engine, the fuel quality should potentially allow 
a lower grade of fuel to be burned to heat the unit.  Although long mentioned as a possible 
future power generation cycle due to its theoretical efficiency and fuel flexibility, to date it has 
been notoriously difficult to commercialize. Currently the major use of Stirling generators are for 
solar to electric power generators with one large scale deployment in operation in the US west 
with another recently approved for California. There have been niche applications being 
developed for microscale CHP use with one commercial unit made by Whispergen11 in 
production.  
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Organic Rankine Cycle (ORC) systems utilize low boiling point fluids as an alternative to steam 
in a conventional Rankine cycle. By using organic fluids with low boiling points, the ORC system 
can capture waste heat from other sources and generate electric power.  

The ORC unit is a Rankine cycle, and its efficiency is constrained by the Carnot cycle.  The 
primary value of an ORC unit is for dealing with relatively low temperature waste heat sources 
that are too low to economically generate power with conventional steam systems. ORC 
equipment, manufactured by Turboden,12 is currently used in European pellet manufacturing 
processes where large volumes of relatively low temperature heat are required. When matched 
with an appropriate thermal demand, this equipment reportedly has high overall fuel utilization 
efficiency, well above competing technologies. Although capital intensive, the combination of 
high feed-in tariffs and high cycle efficiencies appears to be economically attractive in the 
European market for wood pellet production. In the US, ORC is being used for geothermal 
power plants and is being advocated for use as low temperature heat recovery units. Currently 
the low efficiency and high capital costs of small scale equipment have restricted the use to 
subsidized pilot applications.  
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There is little publically available information on this power cycle.13  The Entropic Cycle appears 
to be targeted for similar small electrical output applications as Organic Rankine Cycles. The 
claimed thermal conversion efficiency is 71%, with a 194 deg F thermal outlet temperature. It 
appears to be a thermodynamic concept with no reported pilot of commercial installation.   
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Although a fuel cell is not a thermal cycle, it is capable of generating energy from a chemical 
fuel stream leading to the technical possibility of the operation of a fuel cell from a biomass 
gasifier stream.  

Current fuel cell technology is oriented towards the use of hydrogen as a fuel source, with 
upstream reformer technology used to separate the hydrogen from the carbon molecules to 
allow use of hydrocarbon fuels. Current systems in use are highly susceptible to catalyst 
“poisoning” requiring careful high levels of contaminant removal upstream of the cell. Dependent 
upon the reformer technology used, either CO2 or CO is formed as result of reforming. These 
two compounds generally act as “poisons” in the catalysts used in the fuel cell and therefore 
high fuel purity is required. The proton exchange and solid oxide fuel cells both operate at 
relatively low temperatures and therefore the thermal output is too low for most applications  

There are research scale fuel cell technologies including Direct Methanol Fuel Cells that can 
burn methanol which can be produced via biomass gasification and reforming. There are two 
variations of fuel cells, Molten Carbonate Fuel Cells and Solid Oxide Fuel cells that have the 
capability of processing CO directly. Both technologies are in the pre-commercial phase for 
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large systems. There are some small scale units (less than 20 kW) currently marketed for high 
value specialized applications.  
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	�  - Figure 9 

shows the typical cycle efficiencies of various power cycles from multiple sources. As noted, the 
Organic Rankine Cycle system efficiency for the commercial system is capable of high cycle 
efficiency only when there is a demand for low temperature, 180°F thermal output. 

 

Name

State 
or 
Prov MW

Heat 
Rate PSI Temp

Boiler 
Type 

Cond
enser

Wet 
Bulb 
Temp 
*2

Carnot 
Eff

Reported Eff. 
KW/Heat 
Rate *3

Actual 
eff./Carnot 
eff.

1 Williams Lake BC 60 11700 1575 950 Stoker CT 57.5 63% 29% 46%
2 Shasta CA 49.9 17200 900 905 Stoker CT 62.3 62% 20% 32%
3 Colmac CA 49 12400 1255 925 Fluid Bed CT 76.4 61% 28% 45%
4 Stratton ME 45 13500 1485 955 Stoker CT 66.7 63% 25% 40%
5 Kettle Falls WA 46 14100 1500 950 Stoker CT 64.3 63% 24% 39%
6 Grayling MI 36 13600 1280 950 Stoker CT 71.7 62% 25% 40%
7 Mc Neil VT 50 14000 1275 950 Stoker CT 70.7 62% 24% 39%
8 Multitrade VA 79.5 14000 1500 950 Stoker CT 75.6 62% 24% 39%

Average for 8 plants with expected heat rates 62% 25% 40%

9 Madera CA 25 20000 850 850 Bubbling CT 69.3 60% 17% 29%
10 Chowchilla II CA 10 20000 650 750 Bubbling CT 69.3 56% 17% 30%
11 El Nido CA 10 20000 650 750 Bubbling CT 69.3 56% 17% 30%

Average Values for 11 biomass plants reported 61% 23% 37%
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Typical Cycle Efficiency 
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The biomass fuel used by conventional merchant power plants has little use to other buyers. 
The plants are typically equipped with extensive processing to preprocess the biomass for 
combustion. The fuel stream includes some sawmill residual, bark from debarking operations, 
whole tree chips including branches leaves and twigs and on rare occasion bole log chips 
composed of the main trunk of the trees. All of these fuels have particular handling 
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characteristics that generally require blending of the fuel and extensive processing equipment to 
remove non burnable contaminants and resize fuel to within a range of sizing that can be 
metered successfully into the boiler. 

As the fuel input requirements of the boiler decreases to smaller boiler systems, the fuel 
characteristics must be more uniform. The recommendations for small scale school thermal only 
boiler systems installed in many Vermont school districts14 has led to the recommendation that 
only bole tree chip or residuals from specific manufacturing operations be used for fuel.  If this 
experience is applied to potential future installations of small biomass CHP units in 
Massachusetts, this will tend to drive the market for CHP quality chips to a higher grade more 
uniform and costly wood product than the biomass product currently used by the merchant 
plants. As this higher grade wood is in demand for wood pellet manufacturing applications, the 
cost will inevitably increase, and lower grade biomass will be underutilized.        
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In order to generate electricity in a thermal process, low temperature thermal energy must be 
removed from the power generation process. If there is demand for the thermal energy, the 
temperature and quantity of the thermal demand will establish the lower operating temperature 
of the power generation cycle. There are two options for thermal demand-- industrial processing 
and district Heating and cooling. Thermal demand is directly linked to the power generation of 
the system. If the thermal demand decreases and there is no other way to remove heat from the 
system,  power generation will decrease.  
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The demand for thermal energy at industrial facilities’ is as variable as the industries 
themselves.  A broad generalization is that the majority of thermally intensive processes use 
steam to directly heat processes and reactions, with the maximum process temperature 
required generally setting the temperature from the boiler (or turbine extraction).  

Intermediate, heat transfer fluids may be used internal to the process, but generally the heat 
transfer fluids are heated directly by steam from a central boiler. In some processes, gas fired 
infrared radiant heaters or electric resistance heat is used in specialized areas, generally in 
facilities with no central heating plant.  

In addition to direct thermal processing, a large load demand is drying of products generally by 
the use of steam to air heaters which typically condense the steam to a saturated water mixture. 
The steam coil air heaters typically heat large volumes of air which is used to reduce the 
moisture content of materials, speed up solvent release or speed up cross-linking in polymer 
systems.  Most long term facilities have implemented energy conservation methods, if 
economically viable, wherein heated exhaust streams are used to preheat incoming air or 
materials. In addition to process specific thermal demands, inevitably there is a space heating 
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and cooling demand that is dependent upon the outside temperature. Space heating and 
cooling will be discussed in detail in the district heating section.  

At times, regulatory policies and energy costs have made the installation of cogeneration 
systems at industrial sites attractive and there are many large facilities that have contracted with 
third parties to install these systems as the expected rates of return for power generation does 
not typically match up with the expected rates of returns for industrial processes. 

Building a cogeneration system adjacent to the manufacturing facility presents a power 
developer a long term issue in that the design and operation of the power generation facility is 
dependent upon an external party, the owner of the industrial process. If the industrial process 
shuts down, the power plant project economics may be substantially affected15. In general, the 
linkage of a power facility to a specific manufacturer introduces significant long term investment 
risk into the decision to build a cogeneration plant.  

/�����
��'	�������������
����

Outside of internal use by the power plant for the processing and production of merchantable 
bio-products, the potential use of this thermal energy is generally directed at the space heating 
needs of adjacent structures. The distribution of heating for space thermal demands is generally 
referred to as District Heating (DH) systems. There is also potential to provide cooling in a 
district energy system, generally referred to as District Cooling, although low operating 
efficiencies, high capital cost and the thermal constraints imposed on CHP plants makes this a 
less attractive option in most areas except for high density cooling loads. 

District heating systems are capital intensive and require dense, urban scale applications to be 
cost effective.  In less dense applications, heavy infrastructure subsidies are required for DE to 
be cost effective. The capital requirements and location is directly contrary to the fuel needs and 
the operation of a typical biomass power plant which requires significant acreage for fuel 
storage and processing along with extensive truck deliveries. Like many industrial operations, 
operating on a 24 hour per day, 350 day basis, a biomass plant is typically not compatible with 
the residential and light commercial activities in a many cities.  

Implementation of a new district heating system is difficult as there is little incentive for potential 
customers to make use of the service when there is a substantial upfront cost to convert existing 
heating systems to operate with district heating. Infrastructure issues are substantial as the 
systems need to be installed in either public right of ways or on negotiated right of ways over 
private property. There are reliability concerns that must be overcome until multiple combustion 
units are in place and connected to the system to allow some redundancy to cover unexpected 
power outages of thermal sources.    

There are two forms of DE systems in common use, High Temperature and Low Temperature. 
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High Temperature District Heating 

District energy systems were developed and still in use in some urban cities in the United 
States.  The systems in operation are high temperature systems that use steam. The steam is 
routed to primarily commercial and governmental facilities in city centers, using insulated steam 
and return condensate pipes.  Each facility served by the system is connected to the district 
system via two underground pipes, one carrying steam into the building and one carrying 
condensate back to the district energy plant. The underground infrastructure for these systems 
is capital extensive and can be a major issue in the installation or extension of systems in any 
but dense urban areas with access to low cost capital.  

Steam used by the customer is condensed and returned via a smaller diameter pipe back to the 
district heating plant for reuse.  

Building cooling can be provided with additional piping from a central plant or with remote the 
installation of absorption type cooling units, although their economic use is generally restricted 
to high value commercial applications due to absorption chillers low efficiency and capital cost.  
The advantage of absorption chillers is the balanced steam load year round. 

The  market for district heating in college campuses is driven by the initial capital cost of the 
system balanced against the reduced need for maintenance of individual building heating 
systems. 

High temperature systems are generally fed by multiple boilers to provide seasonal load 
adjustment and maintain system reliability.  

Low Temperature District Heating 

Low temperature district heating systems use hot water for heat transfer to the district’s 
customers. Unlike a high temperature system, the water temp is generally inadequate for use as 
driver for absorption cooling which substantially reduces any opportunities for summer thermal 
load demand.  The use of hot water in place of steam requires larger diameter supply and return 
piping for an equivalent heat load. The system temperature is constrained by the use of pre-
insulated engineered thermoplastic piping systems that have lower installation costs and 
installation requirements than steam piping used in high temperature systems. The possible 
lower installation costs are offset by increased pumping costs and the need for either smaller 
heating plants placed close together or the use of hybrid systems, using separate dedicated 
steam lines to reheat the low temperature water systems.  

The development of low temperature district heating is dependent upon a significant amount of 
regulatory incentives, fossil fuel tariffs, carbon reduction incentives and building design 
standards to be cost effective. Combinations of these have been put in place at differing levels 
in the European countries that are actively maintaining and installing these systems. Each 
country uses a different combination of publicly owned or user owned systems. A combination 
of incentives and penalties on the government’s part provide support for these systems.  
Although the incentives/penalties vary by country the following issues have to be addressed 
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Low temperature district heating system temperatures do not support the use of fin tube 
radiation (typically used in many existing New England homes and commercial properties), 
unless an electric heat pump system is used to raise the water temperature.  A combination of 
regulatory requirements, high energy costs and building standards, have been used in Europe 
to encourage/require  installation of radiant type heating systems that are capable of operation 
at much lower source temperatures, thus reducing the need for heat pumps. Retrofitting an 
existing structure with radiant type heating is expensive and is a cost born by the building 
owner. Most US commercial systems also require higher temperature source water and will 
require either a heat pump to raise the water temp or the replacement of the heating coils in the 
HVAC units.   

The overall heating demand per customer needs to be as low as possible to reduce the size of 
the installed district heating infrastructure. High tariffs on fossil heating fuels and building codes 
that require minimal energy usage generally have been used in Europe to drive the heating 
demand down per unit volume. The current regulatory approach in the US has been limited to 
voluntary incentives to encourage upgraded efficiency. Although building efficiency standards 
are now in place in most New England areas, the majority of new construction tends to be in low 
density rural settings with the core of the housing stock in urban areas consisting of older less 
energy efficient systems.    

Governmental support/ownership of district heating systems is generally required to subsidize 
the high capital costs and low investment returns. Regulatory incentives including “must 
connect” requirements and heating fuel utilization efficiency requirements create an incentive for 
high customer participation.   

Impact of District Heating Thermal Loads on Electri c Power Generation  

As shown in Figure 10, a typical central Massachusetts heating and cooling degree days and 
the ISO electric load are plotted for a typical year.   

The thermal heating demand for the Worcester Massachusetts based on the Worcester airport 
data varies widely from a winter peak to a summer period with no heating demand. Worcester 
Mass. was selected as it is near the center of the state and therefore should be representative 
of the typical thermal demand curve for the state. The thermal loads and the ISO NE power 
demand are shown as the percentage of the monthly peak demand for purposes of comparison.  

If the demand for summer time cooling is added to the thermal demand there is some summer 
load, although supplying this summer cooling demand would require the use of a high 
temperature district heating system to supply adequate temperature levels to supply absorption 
type cooling units. The high temperature system increases increase the outlet temperature of 
the accompanying power generation cycle in a CHP plant, and reduces the plant efficiency . 
Given this wide variation in thermal demand, the demand for useful thermal energy from a 
district heating system is very limited during the periods of the highest summer time load 
demand.  
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In a district heating application The  lack of a continuous thermal load demand over the yearly 
makes it financially unattractive to connect a CHP to a district heating network as it will only be 
able to receive REC incentives during times of  high thermal demand in the winter, early spring 
and late fall. It will be unable to receive REC incentives during summer periods when the 
demand for power is the highest.  

As the power demand will remain during summer periods, fossil fueled power generation plants 
will have to generate additional power to compensate for the lack of renewable CHP produced 
power.   

 

.   

*1 Data for power consumption from ISO New England  

*2 Degree Data from 2009 ASHRAE Climatic Conditions for Worcester Mass Regional airport.  
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New England Heating/Cooling Degree Days 
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The project economics for a biomass facility are directly related to size and scale of the biomass 
power plant.  The key aspects of biomass power generation are the project size and the fuel 
cost.  Fuel cost is largely transport distance dependent.  The plant size determines the capital 
that can be directed toward efficiency. 
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Large biomass power generation facilities have better economies of scale.  However, larger 
units are designed to a different standard compared with small units.  An optimum size for a 
biomass power generation facility is about 50 MW.  Most of the existing biomass power plants in 
New England are 15 MW to 30 MW.  A list of biomass power generation facilities is shown in 
Table 1.  Note that Boralex Stacyville was not listed in the database. 

��������

Current Operating Biomass Power Facilities in New E ngland 16 

State Plant Name 
Nameplate 
Capacity 

(Megawatts) 

Energy 
Source 1  

Energy 
Source 2  

Initial Year 
of 

Operation  

Unit 
Status 

Operating units            

ME Boralex Ashland 39.6 WDS DFO 1993 OP 

ME Boralex Fort Fairfield  37.5 WDS   1987 OP 

ME Boralex Stratton Energy 45.7 WDS DFO 1989 OP 

ME Boralex Livermore Falls 39.6 WDS DFO 1992 OP 

ME Greenville Steam 15.6 WDS  1988 OP 

ME Indeck West Enfield Energy Center 27.5 WDS   1987 OP 

NH Bridgewater Power LP 20 WDS DFO 1987 OP 

NH DG Whitefield LLC 16 WDS  1988 OP 

NH Pinetree Power 17.5 WDS  1986 OP 

NH Pinetree Power Tamworth 25 WDS  1987 OP 

NH Schiller 50 WDS BIT 1955 OP 

NH Springfield Power LLC 16 WDS   1987 OP 

VT J C McNeil 59.5 WDS NG 1984 OP 

VT Ryegate Power Station 21.5 WDS   1992 OP 
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The project costs for new power generation units have risen dramatically over the last four 
years.  Today, a typical 25 MW biomass power project is assumed to cost about $112.5 million 
or $4,500/kW compared with an expected cost of about $2,500/kW in 2006.   
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The most recent biomass project is Snowflake in Arizona.  The project was completed in 2007.  
The project costs are reported to be $2,200/kW with used, reconditioned equipment.   

New, 50 MW projects have reported an EPC cost of over $4,000/kW17 

A comparison of plant costs in 2003 versus 2008 is shown in Figure 11 

 

����������

Power Plant Construction Costs 
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Often biomass plants are lumped in with other solid fuel plants when discussing design and 
economics.  The general differences between a biomass facility and a fossil power plant are: 
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Biomass power generation is limited to the availability of biomass.  A typical facility is based on 
the available wood that can be reasonably harvested within transport range of the plant.  A 
typical biomass project is 15 MW to 30 MW in size based on the wood available within a region.  
A typical economic radius for a biomass plant is 75 miles.  Beyond 75 miles, the transport costs 
raise the cost of fuel and the resultant cost for electric power produced by the plant.  As an 
example, the raw wood cost is typically $4.00 to $10.00 per ton.  Harvesting is $12/ton to 
$18/ton.  Assuming a transport cost of $0.10 per mile (round trip) a 75 mile radius adds $15 per 
ton to the fuel cost.  For comparison, the average delivered biomass price is assumed to be 
$30/Ton as Received (AR).  Assuming 40% moisture the delivered fuel price is $50/Ton (BDT) 

Large biomass facilities are feasible where substantial biomass resources are available, or 
where transportation such as rail makes additional fuel available, albeit at a higher overall 
handling cost.  The optimum plant size is generally considered to be 50 MW.  Larger 100 MW 
plants have been proposed where fuel is available.  Within the 15 MW to 25 MW size, there is a 
balance between technology cost, fuel cost, and plant cost.   

An additional issue for biomass power plant location is delivery of fuel.  Normally, fuel is 
delivered using truck transport.  The number of trucks per hour can be an issue in urban areas.  
A 50 MW biomass plant requires about 70 truckloads per day or 140 trips.   
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Rail delivery eliminates the truck transport issue but requires multiple fuel handling steps that 
increase the delivered fuel cost. 
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A survey of biomass plants in the United States indicates that the heat rate for power generation 
at biomass leaders in the industry was between 11,700 Btu/kWh (29.2%) and 20,000 Btu/kWh 
(17.1%)18.  Eleven plants were reviewed in the United States and Canada.  The Average 
efficiency was 14,840 Btu/kWh (23%). 

The actual operating efficiency of a plant is not the same as the design efficiency.  Variables 
such as the fuel moisture content and ambient temperature have an effect on the plant 
efficiency.  The actual plant efficiency may be +/- 3% from the average.   

The best reported efficiency for a biomass steam plant is 35%.  The plant costs are not readily 
available.   Königs Wusterhausen was placed into operation in year 2003.  The facility is a 20 
MW reheat cycle with a reported gross efficiency of 36.4%.  This efficiency should be examined 
to ensure that the reported efficiency is on the same basis as used in the United States.  
Comparing US reported efficiency with European facilities requires adjustment for: 

�  The US uses Higher Heating Value (HHV) compared with the European Lower Heating 
Value (LHV).  This is typically 6 to 7% difference which leads to a 6 to 7% overstatement 
of efficiency as compared to US. 

�  Gross efficiency does not account for the plant electrical load (parasitic load).  Net output 
is the gross output less the plant auxiliary load. This value varies by plant design but a 
general range is 10% to 15% of gross output is consumed for plant loads. 

�  The fuel moisture was not reported.  Often European designs are based on low moisture 
content biomass fuel of 20%, compared with New England typical biomass moisture 
content of 40% to 50%.   

The net efficiency for the Königs Wusterhausen facility is expected to be 29% % (HHV) or 
(11769 Btu/kWh).   

Cost data for Königs Wusterhausen is not available. However, the plant was partially 
subsidized, received carbon credits, and is in a power market that has a residential rate of €21.1 
($0.30/kWh). The plant received a €7.71 feed in tariff exclusive of other credits for low carbon 
generation. 

The Biomass IGCC at Varnamo, Sweden19 (CHRISGAS) is a small 6 MW electric, 9 MW 
thermal pressurized, CFB plant operated and was mothballed in 2000.  The unit is not 
commercially operating.  It’s history is limited to 3,600 hours of operation.  The reported electric 
efficiency was 32% (LCV) and would be equivalent to 30% (HHV). 

The major issue with the facility was the hot gas cleanup system.  Similar issues were 
experienced with the FERCO gasifier in Burlington, VT. 
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Project costs were not reported however, it was noted that the facility was shut down due to 
poor economics.   The facility is currently used for Research and Development (R&D) for gas 
synthesis projects 

Applying cogeneration or CHP will reduce the plant’s electric efficiency but will increase the net 
overall efficiency since the thermal load is fully counted in the equation.  A 25 MW power 
generation plant efficiency is shown in Figure 12.  The base plant has an efficiency of 27% with 
a condensing steam turbine.  As extraction is increased, the electric efficiency drops because 
the same fuel heat input generates less power.  The net efficiency increases to a maximum of 
75% which is equivalent to a backpressure steam turbine.  The reduction in output is shown in 
Figure 13. 
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Effect of Cogeneration on Plant Efficiency  



Biomass Technology Review   

44 

 

 

��������
�

Effect of Extraction on Plant Output  
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An examination of plant economics and the effect of cogeneration (CHP) was undertaken to 
identify typical efficiencies and project economics that could be expected for biomass power and 
thermal energy production.  The cases are simplified first year proforma calculations typically 
used for screening studies to determine viability of projects.  The cases examined include: 
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Each plant is discussed below.  The evaluation for each plant is based on the following 
assumptions: 
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The power generation case is based on a new 25 MW condensing Steam Turbine Generator 
plant similar to the base case.  The project cost is $4,000/kW or $107 million.  Project 
development is assumed to be 5% of the EPC cost for the project. 

The EBITDA return for a new biomass power generation facility is -14.4%.  This is driven by an 
annual cost of capital of $16 million. 
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The same size facility as the base case is assumed to be developed adjacent to a large 
industrial steam customer.  The steam turbine is an auto extraction steam turbine with an 
extraction port at 150 psig.  An annual average steam load of 140,000 lb/h at 150 psig is 
exported from the facility.  The plant electric efficiency drops to 14.8% but the net efficiency 
increases to 61.1%.  The electric output from the plant is reduced to 13.9 MW from 26 MW.  
MASS RECs are available for the 15 MW. 
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The EBITDA return is -20% 
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A small CHP plant is examined relative to the base case.  The boiler size is reduced to 50,000 
lb/h, 450 psig/600°F with a backpressure STG exhaus ting to process at 50 psig.  The net output 
is 1.6 MW.  The electric efficiency is 8.2% and the net efficiency is 39%. 

The EBITDA return is -107.5% 
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The last case examined is a small thermal only plant.  The boiler is the same size as the 
previous case.  The plant efficiency is equal to 75%, equal to the boiler efficiency (not including 
the auxiliary electric load needed to run the plant).  The EBITDA return for this project is -150%. 
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A small 5,000 lb/h, 10 psig heating plant is assumed for the last case.  The steam price remains 
at $8.50 per 1000 lb.  Assuming that the boiler efficiency remains at 75%, The EBITDA is -
250%. 
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Project financing can be at risk in an uncertain regulatory environment, Government funding and 
programs can be uncertain or changed.  Current federal and State incentives programs such as: 
 

�  Production Tax Credits 
�  BCAP 
�  Renewable Portfolio Standards (RPS) 
�  Accelerated depreciation 
�  Grants 

 
dramatically affect the market and project development.  In today’s capital markets, there is 
scarce private capital beyond the developer’s own seed capital, making it a difficult environment 
in which to start and fund a new project�� . 

Comparisons are often made with European markets and biomass utilization.  In addition to the 
differences described above, the absence of carbon credit/tax market is significant.  To develop 
a European model one should expect: 
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The mix of renewables in Europe has dramatically shifted to biomass as shown in Table 2. 
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Ranking:  Resource:  2007: 2006: 2005: Bar Graph:  

1 Biomass 65,60 % 65,60 % 64,60 %  

2 Hydro energy 21,70 % 22,90 % 24,00 %  

3 Wind energy 6,60 % 5,50 % 5,30 %  

4 Geothermal energy 5,20 % 5,20 % 5,50 %  

5 Solar energy 1,00 % 0,80 % 0,70 %  
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Description Units
New Condensing 

STG 
New Extraction STG 

to Process
New Backpressure 

STG to Thermal Thermal only Small Thermal
Technical

Plant Output kW 25,057.49                13,971.92                1,615.82                  
Average Annual Steam Demand 44.5% 44.5% 44.5%
Plant Export Steam Flow lb/h -                          140,000.00               22,267.60                22,267.60                2,226.76                  
Steam Pressure psig 150.00                     150.00                     50.00                       50.00                       10.00                       
Steam Temperature °F 564.78                     564.78                     298.13                     399.00                     239.40                     
Steam Enthalpy Btu/lb 1,306.72                  1,306.72                  1,179.54                  1,232.54                  1,160.33                  
Condensate Flow lb/h -                          140,000.00               22,267.60                22,267.60                2,226.76                  
Condensate Temperature °F 180.00                     180.00                     180.00                     180.00                     120.00                     
Condensate Enthalpy Btu/lb 148.15                     148.15                     148.15                     148.15                     88.16                       
Net Energy to Process MMBtu/h -                          162.20                     22.97                       24.15                       2.39                        
Net Energy to Process kW -                          47,536.17                6,730.88                  7,076.73                  699.70                     
Availability % 90% 90% 90% 90% 90%

Plant Heat Rate Btu/kWh 12,576.63                22,555.14                41,499.82                -                          
Plant Efficiency % 27.1% 15.1% 8.2%
Net Plant Efficiency % 27.1% 66.6% 42.5% 75.0% 75.0%
Heat Consumption MMBtu/h 315.14                     315.14                     67.06                       36.59                       3.44                        
Heat Consumption kW 92,358.04                92,358.04                19,652.22                10,724.66                1,009.61                  

Biomass Heating Value Btu/lb 8,800                       8,800                       8,800                       8,800                       8,800                       
Moisture Content % 40% 40% 40% 40% 40%
Fuel Heating Value Btu/lb 5,280.00                  5,280.00                  5,280.00                  5,280.00                  5,280.00                  
Heat Consumption Ton/h 29.84                       29.84                       6.35                        3.47                        0.33                        

Economics

Project Cost USD 100,229,966$           100,229,966$           22,500,000$             13,500,000$             2,000,000$               
Project Unit Cost USD/kW 4,000$                     
Development (% of Capital) % 5.0% 5.0% 5.0% 5.0% 5.0%
Development Cost USD 5,011,498                5,011,498                1,125,000                675,000                   100,000                   
IDC % 1.5% 1.5% 1.5% 1.5% 1.5%
IDC USD 1,578,622 1,578,622 354,375 212,625 31,500
Total Project USD 106,820,087             106,820,087             23,979,375               14,387,625               2,131,500                

Annual Debt 6,365,668$               6,365,668$               1,428,989$               857,394$                 127,021$                 
Annual Equity 9,661,934$               9,661,934$               2,168,947$               1,301,368$               192,795$                 
Annual Capital Cost 16,027,603$             16,027,603$             3,597,937$               2,158,762$               319,817$                 

Staff 23                           23                           9                             6                             1                             
Average Salary 50,000$                   50,000$                   50,000$                   50,000$                   50,000$                   
Burdens & Benefits 1.30                        1.30                        1.30                        1.30                        1.30                        
Staff 1,495,000$               1,495,000$               585,000$                 390,000$                 65,000$                   
Maintenance & Spares 1,002,300$               1,002,300$               225,000$                 135,000$                 20,000$                   
Chemicals & Consumables 200,460$                 200,460$                 45,000$                   27,000$                   4,000$                     
Major Maintenance Fund 2,505,749$               2,505,749$               562,500$                 337,500$                 50,000$                   
Operations USD 5,203,509$               5,203,509$               1,417,500$               889,500$                 139,000$                 

Boiler Annual Fuel ConsumptionMMBtu/h 2,484,554                2,484,554                528,671                   288,508                   27,160                     
Boiler Annual Fuel Consumption Ton/y 235,280                   235,280                   50,064                     27,321                     2,572                       
Boiler Fuel Cost (AR) USD 25.00                       25.00                       25.00                       25.00                       25.00                       
Annual Fuel Cost USD 5,881,993                5,881,993                1,251,588                683,020                   64,299                     

Annual Cost USD 27,113,104               27,113,104               6,267,025                3,731,282                523,115                   

Average Power Price 100.00$                   100.00$                   100.00$                   100.00$                   100.00$                   
REC 20.00$                     20.00$                     20.00$                     20.00$                     20.00$                     
Power Price USD/MW 120.00$                   120.00$                   120.00$                   120.00$                   120.00$                   
Steam Price USD/1000 8.50$                       8.50$                       8.50$                       8.50$                       

Hours per Year h 8,760.00                  8,760.00                  8,760.00                  8,760.00                  8,760.00                  

Annual Power Generated MWh 197,553.26               110,154.65               12,739.11                -                          -                          
Annual Steam Export k lb/y -                          1,103,760.00            175,557.73               175,557.73               17,555.77                
Annual Power Sales 23,706,391.66$        13,218,557.65$        1,528,693.59$          -$                        -$                        
Annual Thermal Sales -$                        9,381,960.00$          1,492,240.70$          1,492,240.70$          149,224.07$             
Annual Sales 23,706,391.66$        22,600,517.65$        3,020,934.28$          1,492,240.70$          149,224.07$             

Annual Cost 27,113,104.21$        27,113,104.21$        6,267,024.95$          3,731,282.02$          523,115.28$             

EBITDA (3,406,712.56)$         (4,512,586.56)$         (3,246,090.67)$         (2,239,041.33)$         (373,891.21)$            
Gross Margin -14.4% -20.0% -107.5% -150.0% -250.6% �
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– DOMESTIC ELECTRICITY PRICES – 

 
– DOMESTIC GAS PRICES – 

€ per kWh electricity  
Consumption: 3500 kWh/year 

(30% during nighttime) 

 

Average amount in euro per one 
kilowatt-hour of electricity for 

domestic consumers. 
Incl. energy taxes & VAT.  
Effective: November '09 

  

€ per kWh electricity  
Consumption: 7500 kWh/year 

(30% during nighttime) 

 

Average amount in euro per one 
kilowatt-hour of electricity for 

domestic consumers. 
Incl. energy taxes & VAT.  
Effective: November '09 

 

€ per kWh gas  
Consumption: 15,000 kWh/year 

(1,380 m3 of gas) 

 

Average amount in euro per one 
kilowatt-hour of gas for domestic 

consumers. 
Incl. energy taxes & VAT.  
Effective: November '09 

  

€ per kWh gas  
Consumption: 30,000 kWh/year 

(2,760 m3 of gas) 

 

Average amount in euro per one 
kilowatt-hour of gas for domestic 

consumers. 
Incl. energy taxes & VAT.  
Effective: November '09 

Austria € 0.171 

 

Austria € 0.147 

 

Austria € 0.071 

 

Austria € 0.059 

Belgium € 0.172 Belgium € 0.152 Belgium € 0.061 Belgium € 0.044 

Bulgaria € 0.093 Bulgaria € 0.077 Bulgaria € 0.028 Bulgaria € 0.034 

Cyprus € 0.144 Cyprus € 0.142 Cyprus NO DATA Cyprus NO DATA 

Czech Rep, € 0.116 Czech Rep, € 0.087 Czech Rep. € 0.041 Czech Rep. € 0.036 

Denmark € 0.268 Denmark € 0.232 Denmark € 0.117 Denmark € 0.105 

Estonia € 0.091 Estonia € 0.076 Estonia € 0.028 Estonia € 0.027 

Finland € 0.128 Finland € 0.107 Finland NO DATA Finland NO DATA 

France € 0.138 France € 0.117 France € 0.068 France € 0.051 

Germany € 0.211 Germany € 0.204 Germany € 0.085 Germany € 0.066 

Greece € 0.089 Greece € 0.089 Greece NO DATA Greece NO DATA 

Hungary € 0.148 Hungary € 0.146 Hungary € 0.042 Hungary € 0.040 

Ireland € 0.184 Ireland € 0.153 Ireland € 0.107 Ireland € 0.107 

Italy € 0.260 Italy € 0.224 Italy € 0.074 Italy € 0.069 

Latvia € 0.088 Latvia € 0.077 Latvia € 0.030 Latvia € 0.028 

Lithuania € 0.091 Lithuania € 0.079 Lithuania € 0.032 Lithuania € 0.026 

Luxembourg € 0.189 Luxembourg € 0.182 Luxembourg € 0.061 Luxembourg € 0.040 

Malta € 0.105 Malta € 0.120 Malta NO DATA Malta NO DATA 

Netherlands € 0.241 Netherlands € 0.240 Netherlands € 0.047 Netherlands € 0.046 

Poland € 0.140 Poland € 0.127 Poland € 0.048 Poland € 0.042 

Portugal € 0.172 Portugal € 0.143 Portugal € 0.068 Portugal € 0.052 

Romania € 0.130 Romania € 0.114 Romania € 0.036 Romania € 0.035 

Slovakia € 0.179 Slovakia € 0.136 Slovakia € 0.046 Slovakia € 0.044 

Slovenia € 0.132 Slovenia € 0.113 Slovenia € 0.055 Slovenia € 0.051 

Spain € 0.143 Spain € 0.117 Spain € 0.063 Spain € 0.053 

�
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Biomass power generation is a dispatchable power supply that uses waste wood to generate 
power.  Development of any efficiency standard for Renewable Power Credits should be 
carefully evaluated in light of existing technology and available power markets. 

The proposed 40% minimum efficiency limit, which allows for  50% of the REC, is well above 
the efficiency of any of the merchant biomass based power plants currently in operation in the 
regional market. The only possible method of achieving the proposed efficiency standards is by 
installing large industrial steam hosts, which is highly unlikely.  Finding a steam host, building an 
industrial facility, and altering the biomass power plant to deliver steam is not a reasonable 
proposition.  It is not expected that any of the current facilities could be upgraded in this manner, 
thus leading to the removal from the market of the current biomass renewable fleet currently 
part of theMassachusetts renewable portfolio. 

For new facilities, the proposed requirement is equally unrealistic. The proposed 60% minimum 
efficiency limit for 100% RPS qualified generation does not appear to be based on current 
commercialized technologies. A 60% efficiency criterion is outside of the published limits of 
systems that are in pilot or research scale . Advanced biomass power generation technology will 
not meet even the minimum 40% criteria to receive RECs. .  The net effect is that the proposed 
efficiency requirements will eliminate biomass as a renewable energy source for 
Massachusetts. 

. A 60% efficiency requirement can only be achieved by developing new cogeneration. As the 
thermal load is increased to meet the net efficiency requirement, the electrical output is reduced, 
lowering the electric power available to obtain REC’s.  The reduced incentive will adversely 
impact project economics. Moreover, such opportunities are unlikely to be pursued, given the 
challenges associated with siting  large biomass facilities adjacent to  industrial locations and 
issues with fuel transport in local communities, and the limited ability to find credit worthy steam 
hosts. 

That leaves smaller CHP opportunities, which have financial returns that are not attractive, and 
thermal-only applications that are both unattractive and do not generate electricity under the 
RPS. 

In summary, using a high efficiency standard for biomass power production is not reasonable, 
lacks economic viability, and assumes European-style markets and subsidies that are not found 
anywhere in the United States. The result of the proposed efficiency requirement will be to 
eliminate biomass as a ready, dispatchable, renewable energy power resource. 
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1  225 CMR 14.00 RENEWABLE ENERGY PORTFOLIO STANDARD – CLASS I 

 
2 http://www.law.cornell.edu/uscode/html/uscode16/usc_sup_01_16_10_46.html 

3 http://bioenergy.ornl.gov/papers/misc/energy_conv.html 

4 The Biomass Energy Foundation Press, Nov 2002, 3rd edition, T. Reed, Fig III-4 

5 http://www.nexterra.ca/ 

6 Private conversation with vendor representative as to the state of commercialization with respect to 
biomass gasification/internal combustion based generation equipment. 

7 http://www.epa.gov/chp/documents/biomass_chp_catalog.pdf 

8 http://www.nh.gov/oep/programs/energy/documents/nhbio-oilopportunityanalysis.pdf 

9 http://www.dynamotive.com/ 

10 http://www.mainebioproducts.com 

11 http://www.whispergen.com/ 

12 http://www.turboden.eu/en/home/index.php 

13 http://entropicenergy.com/ 

14 http://www.biomasscenter.org/pdfs/Wood-Chip-Heating-Guide.pdf 

15 http://www.ferc.gov/industries/electric/gen-info/qual-fac/benefits.asp 

16 Form EIA-860, "Annual Electric Generator Report," - Generator (Existing) File, 2008 
(http://www.eia.doe.gov/cneaf/electricity/page/eia860.html) 

17 Private correspondence 

18 G. Wiltsee, Lessons Learned from existing Biomass Power Plants, Appel Consultans, Inc.  NREL 
Contract no. DE-AC36-99-GO10337 

19 Stahl, et al, biomass IGCC at Varnamo, Sweden – Past and Future, GCEP Energy Workshop, April 
2004.  http://gcep.stanford.edu/pdfs/energy_workshops_04_04/biomass_stahl.pdf 

20 Sue Wyka, Biomass Project Financing Solutions in Today’s Difficult Capital Markets, Biomass 
Magazine, June 2009 
 
21 Europe’s Energy Portal, http://www.energy.eu/#Domestic 


