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EXECUTIVE SUMMARY 

The Biomass Energy Resource Center (BERC) was contracted to perform a preliminary feasibility 
study for Grafton County to examine economic, logistic, and environmental issues involved in 
replacing the current fossil fuel heating systems with a central wood-fired heating. Biomass-based 
cooling and combined heat and power generation were also considered.  
 
BERC gathered five years of heating and utility records to examine the economic feasibility of a 
number of configurations of campus biomass heating systems that might be employed. BERC 
evaluated heating the existing campus by a centralized woodchip boiler, and also considered the 
possibility of heating a proposed 108,000 square foot correctional facility to be constructed at the 
complex.  
 
The study compared air emissions and environmental impacts of the Grafton County complex’s 
heating fuels with those of woodchip fuel. 
 
Using a life-cycle cost analysis, an 8.0 million British Thermal Units per hour (MMBH) fully 
automated system heating the existing facilities and a 12.0 MMBH fully automated system heating 
the entire complex including the new correctional facility were considered. Both options would 
generate significant cost savings over heating with fossil fuels.  
 
Conclusions 

The findings indicate that the economic and operational benefits to Grafton County are significant 
and provide the basis for a decision to build the proposed wood energy system. 
 
The report lays out a pathway to successful implementation of this system for the Grafton County 
complex. 
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INTRODUCTION 

Grafton County Complex 

The Grafton County Complex is located on Route 10 in North Haverhill.  There are 757.7 
contiguous acres of land.  Buildings include the Grafton County Courthouse, the Grafton County 
Nursing Home, the Grafton County Administrative Building (1930's) the County Farm and the 
Grafton County Jail. This complex occupies approximately 30 acres.  There are 239 acres of field 
and cropland, 28 acres of natural area/floodplain and 426 acres of commercial timberland.  The 
farm woodlands have provided pasturage, lumber, firewood and timber revenues for the County 
Farm operations.  In addition, the land supports significant wildlife habitat, public recreation, 
environmental education and scenic values.  
 
Biomass Energy Resource Center 

Biomass Energy Resource Center (BERC) is a national not-for-profit organization based in 
Montpelier, Vermont.  BERC’s mission is to develop energy projects using sustainable biomass 
resources for environmental benefit and local economic development.  BERC uses staff expertise in 
community-scale wood energy systems to help institutions and communities get biomass projects 
initiated and built for their heating and power needs.  Since its inception in 2001, BERC has 
established itself as a national leader in biomass heating and power generation from forest and 
agricultural sources. 
 
Scope of Work 

The study’s purpose was to consider the installation of a biomass-based central heating system for 
the campus. 
 
Site Assessment 

The following information was collected and used as inputs and assumptions in the preliminary 
feasibility assessment: 
 
• Campus master plan. A list of all existing buildings was compiled and buildings were sorted by 
function and square footage. The location of existing heating and power plants and the campus 
heat distribution system(s) were identified. Plans were considered for future expansions, 
renovations, or other changes to any buildings being served by the proposed heating plant.  
 
• Heat and electric requirements. Total energy needs were quantified on an hourly, weekly, 
monthly, and/or yearly basis (as needed) as measured by the consumption of heating fuels and 
electricity for each of the buildings to be connected to the proposed heating plant. These quantities 
were used to calculate system capacity and estimate total annual woodchip consumption. 
 
• Current fuel pricing. The average current prices for heating fuels and electricity were collected.  
 
• Existing system details. The specifics of all existing energy systems on campus were collected, 
including the heating media, heating system layout and details, and electrical distribution. 
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System Recommendations 

A recommended capacity for the proposed heating plant was calculated and available technologies 
were identified. There are several commercially available biomass boilers and steam 
turbines/engines covering a range of costs, quality, and biomass feedstocks. Considered was an 
assessment of how each of these technologies might be utilized at the Grafton County complex to 
meet the campus’s energy requirements, including site suitability. 
 
Economic Analysis 

Estimates were calculated on the life-cycle costs of and savings generated by each of the systems 
recommended for Grafton County. 
 
BERC’s life-cycle cost (LCC) analysis tool was used to evaluate the cost effectiveness of a heating 
system using the technologies recommended for Grafton County. The LCC analysis used much of 
the data collected as inputs and assumptions, including current fuel usage and prices, recommended 
system capacities and layouts, and estimated project costs. Also considered were any anticipated 
additions or changes to the amount of energy required by the campus. 
 
The final output of this study is this report, including a description of the existing facility and its 
current and future energy requirements and cost. It compares the characteristics of each of the fuels 
currently used for heating to those of woodchips. 
 
The report also discusses the findings from the site assessment as well as system recommendations 
and the results of the economic analysis, including estimated project costs. The findings conclude 
that a woodchip-based biomass heating plant is the most economical option. 
 
Recommendations are given for the conceptual design of a woodchip-based heating plant, 
including plant location and construction, storage requirements, fuel-handling equipment, and 
distribution piping. The report also identifies subsequent activities that Grafton County can 
undertake to move the project concept forward. 
 
Methodology 

BERC worked with county officials to gather the last five years of heating and utility data—
including consumption and prices. 
 
BERC made site visits to gather additional information and data was analyzed to determine the 
campus’s total heat load and system sizing. 
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SYSTEM OPTIONS 

Economic analysis was performed and compared for the following woodchip system options: 
 

1. A fully automated 8.0 MMBH system to provide heat only to the existing facilities; 
2. A fully automated 12.0 MMBH system to provide heat only to the existing facilities and a 

proposed correctional facility to be constructed on the campus; 
3. A fully automated 8.0 MMBH system with a steam turbine to produce electricity for the 

existing campus. 
 

Grafton County officials are also considering the option of heating the new correctional facility with 
geothermal energy. This report examined both the option of heating only the existing structures 
with biomass, assuming the new facility would be heated with geothermal energy, and heating the 
entire campus including the new jail with biomass from one central plant. BERC does not have the 
expertise to assess the feasibility of using geothermal heat for the correctional facility. County 
officials will be receiving a separate report from a qualified firm on the feasibility of geothermal heat 
for the new facility. BERC supports the use of geothermal heat as a renewable energy source and 
encourages Grafton County to pursue a diversified energy portfolio if geothermal energy is feasible 
for the jail. Biomass is a renewable resource, but a finite one.  
 
BERC has considered a combined heat and power (CHP) option for the 8.0 MMBH option 
serving the existing facilities. The burning of wood to generate electricity alone is not efficient at 
this scale, but it is sometimes feasible to use a steam turbine to generate electricity while wood is 
being burned for heat. As fuel and electrical consumption for the new facility are only estimates, 
BERC considered CHP with the 8.0 MMBH option rather than the 12.0 MMBH option because 
of greater certainty in the data and corresponding results associated with the existing facilities. 

CURRENT FACILITY CONDITIONS 

The complex currently has neither a centralized heating nor cooling system. Each building has its 
own heating system. Most of the facility’s heat is produced by oil, with the courthouse and the 
corrections facility using some propane. The complex is contracted at $3.9997 per gallon for oil 
and $2.3562 per gallon for propane. The complex’s fuel usage over the last five years averages 
111,453 gallons of oil and 2,262 gallons of propane per year.  

BOILER SIZING 

For boiler sizing purposes, the complex’s total fuel use was converted into an oil equivalent. The 
complex uses an equivalent of an average of 112,961 gallons of number 2 heating oil annually, with 
maximum consumption of an equivalent of 136,847 gallons in a year. The maximum consumption 
has been used for boiler sizing purposes while the average consumption was used for the economic 
analysis. The capacity of the boiler has been estimated based on the maximum consumption of oil 
with the assumptions about the peak consumption on the coldest day of the year based on the 
heating degree distribution for the region.  
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Annual fuel consumption: 136,847
Fuel: oil
Units: gallons
Energy content per unit: 0.138 MMBtu
Seasonal Efficiency: 65%
Peak efficiency: 75% Fuel

Fuel MMBtu
Consumption Output

Peak month usage: 20.00% 27,369 0.0
Avg. daily usage, peak month: 0.67% 0 0.0
Avg. hourly usage, peak month: 0.03% 0.0 0.000 MMBH

Peak day % of peak month: 5% 1,368 0.0
Peak hour % of peak day: 6% 82 8 MMBH  

A new correctional facility will be built at the complex with an area of 108,000 square feet. BERC 
has used the regional average annual fuel consumption of 0.46 gallons of oil per square foot to 
estimate that the correctional facility would use approximately 49,680 gallons of oil annually if 
heated with oil. This assumption should be confirmed with the design engineers once the design of 
the new correction facility is finalized. 

As the campus does not currently have a centralized cooling plant and associated distribution 
system, at this time biomass based cooling is not a feasible option. 

SITING 

Discussions with complex maintenance staff indicated that the most likely spot for a biomass plant 
would be directly behind the current parking lot. This was the location assumed for interconnection 
estimates. A scale drawing of the complex with a 40’ by 60’ biomass heating plant is attached as 
Appendix A.  

BIOMASS HEATING OVERVIEW 

Wood energy projects are attractive from a public policy perspective for a number of reasons: 
 
• Money spent on biomass keeps energy dollars in the local economy and supports jobs in the 
forest products industry. 
 
• Burning wood for energy instead of fossil fuels has a positive impact in moderating global 
climate change. Carbon dioxide (CO2) buildup in the atmosphere is a significant contributor to 
global climate change. Fossil fuel combustion takes carbon that was locked away underground (as 
crude oil and gas) and transfers it to the atmosphere as CO2. When wood is burned, however, it 
recycles carbon that was already in the natural carbon cycle. Consequently, the net effect of burning 
wood fuel is that no new CO2 is added to the atmosphere, with the exception of carbon emissions 
from the relatively small amount of fossil fuel used in harvesting, processing, and transporting the 
wood. Avoiding use of fossil fuel (and electricity) for heat mitigates climate change further—
eliminating the release of sequestered carbon for this purpose. 
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• Biomass comes in many forms—any plant or animal-derived material can be considered 
biomass. Woody biomass typically comes from either sawmill or timber harvesting residues. These 
residues can be viewed either as wastes or byproducts of the forest industry. Where wood fuel 
comes from sawmills, it is a waste that must be disposed of or sold. Where wood fuel comes from 
harvesting operations in the woods, the purpose is to remove tops and limb residues from sawlogs, 
small-diameter trees, and other low-grade wood from the forest (consistent with the management 
plan of the forest), which can improve overall forest health. In both cases, wood fuel implies the 
productive use of a low-grade waste or thinning product. 
 
• Despite the wide range of biomass options, the one material in abundant supply inGrafton 
County is wood. Wood fuel can come in all shapes and sizes: Low-quality trees felled, bucked, and 
split into firewood; slabs cut off sawlogs fed to a sawmill’s chipper; dust from sawing logs into 
lumber; and tree tops from whole-tree timber harvests chipped into the back of box trailers. All of 
these forms of wood fuels have various benefits and drawbacks. For the purpose of this project, 
BERC has focused on woodchips produced from chipping harvested pulpwood to make “bole” 
chips. Bole chips are produced from low-grade or small-diameter roundwood (pulpwood). Unlike 
whole-tree chips, bole chips do not include the branches or foliage. When the trees are harvested, 
the limbs are removed and the slash is left on the ground in the woods or at the log landing 
(depending on where it was de-limbed). While bole chips can be a high-quality wood fuel and help 
forest soil health by returning nutrients to the forest soil and maintaining levels of coarse woody 
debris, they are typically the most expensive chips to produce. Bole chips require the additional cost 
of delimbing the log prior to chipping, whereas whole-tree chips avoid this extra cost. 
 
• By establishing a market and use for low-grade wood as fuel, biomass energy projects help 
advance ecological, recreational, and timber management objectives of a forest, and mitigate 
costs for hazardous fuel reduction in areas where forest fires are a concern. 
 
• In the case of the Grafton County complex, the demonstration value of using an 
indigenous source of energy in a sustainable manner cannot be overstated. 
While all of these benefits are important from a public policy perspective, probably the most 
compelling reason for a facility to decide on biomass heating is that the cost of biomass fuel is 
always much less than the cost of fossil fuels on a Btu basis. These hard-dollar savings often make 
the investment in biomass heating technology a win-win for facilities looking to reduce operating 
and energy expenditures. At the heart of this new application of wood energy is the attraction of 
using a renewable, locally produced energy source that can save money. The chart below compares 
the cost of fossil fuels and woodchips. 
 

Fuel Type Unit  Cost 
per Unit

Btu per Unit  
(dry)

Moisture 
Content

Average 
Seasonal 
Efficiency

MMBtu per 
Unit After 

Combustion

Cost per MMBtu 
After Combustion

Natural Gas decatherm $10.00 1,000,000 0% 80% 0.800 $12.50 

Oil gallon $4.00 138,000 0% 75% 0.104 $38.64 

Propane gallon $2.36 92,000 0% 80% 0.074 $32.01 
Woodchips ton $51 16,500,000 40% 65% 6.44 $7.93 

Wood Pellets ton $250 16,500,000 6% 80% 12.41 $20.15 
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BIOMASS TECHNOLOGY OVERVIEW 

The fully automated system generating space heat by burning woodchips was considered for the 
Grafton County complex. Fully automated systems employ a chip storage bin, typically below 
grade, that can hold one and a half to two tractor loads of chips (35-50 tons).  The bin is loaded by 
a self-unloading truck with no need for on-site staff assistance.  From the chip storage bunker, the 
fuel is fed automatically to the boiler.  No operator intervention is required for fuel handling.  
Vendor systems vary in terms of capacity and automation features.   

Fully automated systems generally require very little operator attention – typically about one hour 
daily.  They are a good match for buildings where the maintenance staff has a large work load and 
does not want to spend much time on the heating plant.  These systems are best suited to buildings 
with significant heat loads and high conventional fuel costs since the capital cost of the system is 
relatively high.   

Equipment provided and installed by the vendor includes the automated equipment to unload  the 
bin, the fuel handling equipment that carries wood-chip fuel to the boiler (conveyors and augers), 
the combustion chamber and boiler, combustion air supply fans, boiler connection to the stack, 
controls, safety devices and possibly emissions control equipment.   

 

ENVIRONMENTAL IMPACTS 

Air Emissions 

As the number of biomass heating systems in schools and public buildings increase, there is 
increased concern about the emissions from biomass systems and air quality. 
  
The emissions from wood-fired boilers are different from emissions of natural gas, propane or oil 
boilers. A number of these components are air pollutants and are discussed below. Boiler emissions 
are typically measured in pounds of pollutant per million British thermal units (a million British 
thermal units is the amount of heat energy roughly equivalent to that produced by burning 8 
gallons of gasoline, or 121 lbs of dry woodchips). 

In terms of health impacts from wood combustion, particulate matter (PM) is the air pollutant of 
greatest concern. Particulates are pieces of solid matter or very fine droplets, ranging in size from 
visible to invisible. 

Relatively small PM, 10 micrometers or less in diameter, is called PM10. Small PM is of greater 
concern for human health than larger PM, since small particles remain air-born for longer distances 
and can be inhaled deep within the lungs.  Particulate matter exacerbates asthma, lung diseases and 
increases mortality among sensitive populations. 

Increasingly, concern about very fine particulates (2.5 microns and smaller) is receiving more 
attention by health and environmental officials for the same reasons. Work investigating wood and 
pellet boiler emissions of very fine particulates is ongoing. 

Based on air emissions tests performed on small scale wood-chip fired boilers, typical 2-3 million 
Btu input units without particulate control systems produce 0.12 – 0.15 lbs/MMBtu/hr of PM10.  
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Oxides of sulfur (SOx), oxides of nitrogen (NOx), carbon monoxide (CO), and volatile organic 
compounds (VOCs) are other air pollutants of concern emitted during fuel combustion. Modern 
wood systems emit more SO2 than natural gas, but have less than 2% the SO2 emissions of fuel oil 
and about 50% the SO2 emissions of propane. Wood, propane and fuel oil combustion have similar 
levels of NOx emissions. All fuel combustion processes produce carbon monoxide (CO). The level 
produced by wood combustion depends very much on how well the system is tuned.   Wood 
combustion produces significantly more CO than oil, natural gas and propane. This, in addition to 
PM, is a good reason to make sure the facility is fitted with the best available controls and that the 
stack is tall enough to disperse any remaining emissions away from ground level.  

However, CO emissions from burning wood are of relatively minor concern to air quality 
regulators, except in areas like cities that have high levels of CO in the air from automobile exhaust. 

  

Figure 1 This table is from the Resource Systems Group report titled Air Pollution Control Technologies for Small Wood-
fired Boilers (2001).  VOC, discussed here, are one component of total organic compounds (TOC) shown in the table 
above. 

 Volatile organic compounds (VOC) are one component of total organic compounds (TOC) shown 
in the table above.  VOCs are a large family of air pollutants, some of which are produced by fuel 
combustion. Some are toxic and others are carcinogenic. In addition, VOCs elevate ozone and 
smog levels in the lower atmosphere, causing respiratory problems. Both wood and oil combustion 
produce VOCs – wood is higher in some compounds and oil is higher in others. VOC emissions 
can be minimized with good combustion practices. 

Control Devices for PM 

As described above, fine particulate matter is the pollutant of greatest concern with regard to wood 
systems.  Even with the greater climate change benefits of wood energy, the PM2.5 issue needs to be 
considered as the regulatory framework is changing   The National Ambient Air Quality Standard 
for PM2.5 has recently been changed, with the standard becoming tighter.  The region of Grafton, 
New Hampshire is expected to be in compliance with the revised standards based on EPA 
designations.  The AP42 uncontrolled PM emission factor (EPA accepted measurement of 
emissions) is 0.29 lb/MM Btu for wet wood, which can be reduced to 0.20 lb/ MMBtu by 
installing mechanical collector. Some uncontrolled small wood-fired boilers of modern design with 
a gasifier or staged combustion have uncontrolled emission rates of between 0.1 and 0.2 lb/MM 
Btu. No emissions control device will be required for this project at normal operating conditions. 
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However, because of the variability of fuel and combustion conditions manufacturers will not 
guarantee these emission rates. 

Currently, the four most common air pollution control devices used to reduce PM emissions from 
wood-fired boilers are mechanical collectors (cyclones and core separators), wet scrubbers, 
electrostatic precipitators (ESPs), and fabric filters. Such devices can reduce PM emissions by 70 to 
99.9%. Core separators and water scrubbers of size suitable for boilers in the size ranges 
recommended for the Grafton County complex are not commercially available in US.  

Multicyclones 

Multicyclones or multiple tube cyclones are mechanical separators that use the velocity differential 
across the cyclone to separate particles. Cyclones are less efficient collectors than multicyclone. A 
multicyclone uses several smaller diameter cyclones to improve efficiency. Overall efficiency ranges 
from 65% to 95% but multicyclones, like cyclones, are more efficient in collecting larger particles 
and their collection efficiency falls off at small particle sizes. The AP42 lists multicyclone controlled 
emission rates that indicate a control efficiency of 73% for PM10 when the uncontrolled emission 
rate is 0.71 lb/MMBtu. The resulting multicyclone controlled emission rate is 0.19 lb/MMBtu. 
When the uncontrolled emission rate is as low as 0.1 to 0.2 lb/MM Btu the overall control 
efficiency will be lower. Some combustion units could meet an emission level of 0.1 lb/MM Btu 
with a multicyclone. 

Electrostatic Precipitators (ESP) 

Electrostatic precipitators (ESPs) are widely used for the control of particulates from a variety of 
combustion sources including wood combustion. An ESP is a particle control device that employs 
electric fields to collect particles from the gas stream on to collector plates from where they can be 
removed. There are a number of different designs that achieve very high overall control efficiencies. 
Control efficiencies typically average over 98% with control efficiencies almost as high for particle 
sizes of 1 micrometer or less. Overall ESPs are almost as good as the best fabric filters. For small 
boilers two designs were considered; a dry electrostatic precipitator and a wet electrostatic 
precipitator. The systems are basically similar except that wet electrostatic precipitators use water to 
flush the captured particles from the collectors. The advantage of dry systems is that they may have 
a lower capital cost and reduced waste disposal problems. Wet systems may be less expensive to 
operate and are probably slightly more efficient at capturing very small particles that may include 
toxic metals. 
 
Fabric Filters or Baghouses 

With the correct design and choice of fabric, particulate control efficiencies of over 99% can be 
achieved even for very small particles (1 micrometer or less) by fabric filters or baghouses. The 
lowest emission rate for large wood-fired boilers controlled by fabric filters reported is 0.01 
lb/MMBtu. Operating experience with baghouses on larger wood-fired boilers indicates that there 
is a fire risk, due to caking of the filters with unburned wood dust. It is possible to control or 
manage this risk by installation of a mechanical collector upstream of the fabric filter to remove 
large burning particles of fly ash (i. e. "sparklers”).  A cyclone-baghouse combination reduces the 
fire risk.  
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BERC recommends the installation of a cyclone and baghouse combination. The cyclone is 
generally included at part of the standard manufacturer supplied equipment. A cyclone and properly 
sized stack are sufficient to keep air emissions below state permitting thresholds. BERC 
recommends the additional installation of a baghouse to biomass systems in nursing home and 
public buildings (like the Grafton county complex) because of the particular vulnerability of school-
children and senior citizens with developing lungs and respiratory systems to health impacts from 
fine particulates released by wood combustion. The use of these advanced controls also ensures the 
project is serving as a model demonstration of the best system possible.  The cost of both a cyclone 
and bag house has been included in the economic analysis.  
 
BERC is actively engaged in this on-going discussion and will continue to recommend changes in 
combustion techniques and pollution control options as appropriate based on the state of the 
scientific information. 

Stack Height 

Wood system chimneys at this size range emit virtually no visible smoke (the white plume of vapor 
on cold days is condensed water).  Nevertheless, all but the very best wood burning systems, 
whether in buildings or power plants, have significantly higher PM emissions than do 
corresponding gas and oil systems. For this reason, it is necessary to use a stack with a height that 
will effectively disperse any remaining emissions into the air and reduce ground-level concentrations 
of PM (and other pollutants) to ensure acceptable levels are maintained. Stack height is determined 
by a site specific air dispersion modeling based on worst-case weather conditions, prevailing wind 
directions, topography of site etc and what is necessary to ensure air quality at the ground meets 
health-based standards. 

Climate Change 

Global climate change is the most pressing environmental challenge of our time, and the major 
cause of climate change is emissions of carbon dioxide (CO2) from burning fossil fuels such as oil, 
gas, coal, and gasoline. 
 
One of the most important environmental benefits of using sustainably produced wood for energy 
in place of fossil fuels is its positive impact in moderating long-term global climate change. 
 
Fossil fuel combustion takes carbon that was locked away underground (as crude oil, gas, or coal) 
and transfers that carbon to the atmosphere as new CO2. 
 
When wood is burned, on the other hand, it recycles carbon that was already in the natural carbon 
cycle, which is recaptured through sustainable forest growth. Consequently, the net long-term 
effect of burning wood fuel is that no new CO2 is added to the atmosphere—as long as the forests 
from which the wood came are sustainably managed. 
 
Since wood burning is carbon neutral and burning fossil fuels causes climate change, when wood 
replaces fossil fuel, the net impact is that, over the long term, CO2 levels in the atmosphere are 
reduced from what it otherwise would have been. If a gas or oil heating system is converted to 
wood, net CO2 emissions for heating are reduced by 75-90 percent depending upon how much of 
the fossil fuel use is replaced. For this reason, heating with wood is a powerful tool for an institution 
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or community interested in meaningfully addressing climate change and renewable energy through 
its energy use. 
 
By burning 111,353 gallons of oil, at 22 pounds of atmospheric CO2 emitted per gallon of heating 
oil, the Grafton County complex is contributing 1,225 tons of carbon dioxide to the atmosphere 
annually. Propane use contributes an additional 157 tons of atmospheric CO2 annually, for a total 
annual increase in atmospheric CO2 of 1,382 tons per year. Wood is considered a carbon-neutral 
fuel by both the US Department of Energy and the US Environmental Protection Agency (EPA) 
even considering the fossil fuels used in production and transportation of wood fuel, and switching 
to wood chips would represent a significant impact in addressing climate change. 

FUEL SUPPLY 

Biomass comes in all shapes and sizes. This report focuses on woodchips as the recommended 
biomass fuel for the Grafton County complex. 

Wood Fuel Quality 

Biomass heating systems will function and perform better with a high quality fuel that the particular 
system is designed to use. Not all biomass heating systems will require the same quality of fuel, so 
matching the right fuel source and quality to the right system and application is extremely 
important. There are many sources of wood which can be processed into woodchips and there are 
equally as many ways in which the wood can be harvested, processed, loaded, transported and 
received, all of which can impact the overall quality of the wood fuel.  

Systems that are fueled with consistent, uniform sized fuels experience fewer mechanical jams of the 
fuel feeding equipment.  Systems that are fed cleaner wood fuel (fuel that is bark-, needle-, dirt- and 
debris-free) produce less ash and can burn longer without maintenance and removal of ash.  

Woodchip Quality Guidelines 

Woodchip Sizing – Chips that are of the target size and relatively square and flat are easily conveyed 
and augured into the system.  While the majority of woodchip heating systems can handle some 
oversized material, long “stringers” can present a risk for jamming feed augers and shutting the 
system down.  While most woodchip heating systems are designed to handle some amount of wood 
“fines,” too much fines content can present issues, particularly when moisture content is either too 
low or too high.   

Moisture Content – Additionally, if the moisture content is too high the material will be difficult to 
handle, risk freezing in winter, and have lower fuel value, resulting in the need to burn significantly 
more fuel to extract the same amount of energy as a drier fuel. If the material is too dry there can 
be problems from dust and higher particulate emissions.  

Mineral Content – The mineral content of the fuel is a very important factor in the overall chip 
quality for several reasons. Minerals bound in wood contribute to the formation of ash once the rest 
of the wood is combusted.  Certain forms of minerals in the woodchip fuel can cause complications 
in some biomass heating systems during combustion.  
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Ash Content – Ash can come from two main sources – the naturally occurring minerals contained in 
the tree itself and the dirt and debris picked up from the soil in the process of harvesting. In 
general, the lower the mineral or ash content, the better. Ideally the ash content of chips for 
heating should be below 2.5%.  Total ash content greater than 8% becomes problematic for most 
wood chip heating systems.   

Silica and alkali mineral content of the ash is another important factor. Wood fuel that contains 
significant amounts of potassium or sodium, sulfur, chlorine and silica (high alkali elements) form 
“clinkers,” or fused minerals, which melt and bind to the combustion grates and refractory, limiting 
the combustion efficiency by blocking air flow.  As the alkali content of the ash approaches 0.4lbs 
per million Btu the potential for mineral fusion increases significantly. Different parts of trees 
contain varying levels and types of minerals. “White wood” contains the lowest amounts of ash 
producing minerals (under 0.5%) whereas the bark contains as much as 6 or 7%. Needles from 
softwood species contain relatively high levels of minerals and are the primary source of silica (20%) 
in wood fuels contributing to the fusion of ash at standard combustion temperatures. Softwood tree 
needles contain exceptionally high concentrations of alkali minerals. 

Absence of Dirt and Other Debris- the cleanliness of the fuel is yet another important factor which 
relates closely to the ash content factor discussed above. In addition to generating more ash, dirt 
and grit can be extremely abrasive and wear down material handling equipment used to deliver fuel 
to the combustion chamber. Wood fuel should be kept clean and free of other foreign materials like 
metal objects such as nails, chipper knives, bolts, etc. 

WOODCHIP SPECIFICATIONS    

Woodchip Shape and Size  

Quality chips are consistent in shape and size. Typical high quality chips vary in size from 1” x 1” x 
1/8” thick to 2 ¼” x 2 ¼” x ¼” thick.  

Woodchip Energy Content 

The species of tree that the wood fuel came from can make a difference in a wood fuel’s value. 
Softwoods typically have a higher Btu content than hardwoods on a dry weight basis. The major 
factors which vary between species are the moisture content and the density of the wood. 
Additionally, certain species have higher oil contents in their wood which can boost the Btu/lb 
properties. Most Northeastern hardwood species have a higher heating value HHV of about 8,400 
Btu per dry pound. The average heating value of 8,250 Btu/lb (dry basis),or 16.5 MMBtu/dry 
ton, has been considered for the analysis. The typical moisture content ranges between 15 and 50%, 
with the target range being 30 and 40%.  Green woodchips with 40% moisture content would have 
4950 Btu/lb (wet basis) or 9.9 million Btu per green ton. 

 

 



13 

 

Wood Fuel Sources 

Woodchips have historically been a by-product of timber harvesting in the woods, lumber 
production at sawmills, and clean wood waste recycling efforts from communities. In recent years 
increased market demand for chips as fuel and decreased sawmill activity has prompted a gradual 
shift toward woodchips sourced as a commodity wood fuel rather than a by-product.  

Logging and Land-clearing Residue (Whole Tree Chips) Commercial harvesting of saw logs and 
pulpwood removes the main stem or bole of tree from the woods and leaves the tops and limbs 
either scattered in the woods or in a pile at the log landing. When whole-tree mechanical harvesting 
techniques are used, entire trees are dragged or skidded from the stump to the log landing versus 
just skidding the log portion of the tree.  

Whole-tree chips can be made from tops and limbs which are the byproducts of commercial timber 
harvesting. After a tree is felled and skidded to the landing it is then processed into a merchantable 
log (typically down to a 4” diameter for pulpwood) by removing the tree top and limbs. These tops 
and limbs are the forest residue that could be chipped into useable biomass fuel. This top and limb 
wood is sometimes left at the stump where the tree is cut when the harvesting operation uses 
chainsaw and skidder harvesting methods. When more mechanized harvesting equipment is used 
these tops and limbs are often accumulated at the log landing or roadside as part of a whole-tree 
harvest. In certain cases, in addition to the top and limb wood left behind, entire trees—trunk, 
limbs, and all—are chipped for fuel. 

The main drawback to using whole-tree chips for wood heating is that they often contain long 
slender sticks which pass through the chipper uncut. These long sticks or “stringers” can jam the 
fuel feed system’s augers, thereby presenting some problems with using this fuel. Also whole-tree 
chips are typically chipped in the woods and directly loaded into box trailers that do not have the 
capability of self-unloading at a heating plant. For these reasons, whole-tree chips are not 
recommended as a fuel for the Grafton County complex.  

Sawmills  

The business of sawing round logs into dimensional lumber produces a significant amount of 
wasted wood. The slabs and off-cuts from lumber production at larger sawmills is typically chipped 
and shipped to regional pulp mills or biomass power plants. These “mill” or “paper” chips are the 
best suited for use as fuel for biomass heating systems. Mill chips tend to be the highest quality 
chips available for woodchip-fueled heating systems. Because logs are debarked before sawing the 
chips, mill chips are very clean and have relatively low ash content. Mill chips are also commonly 
screened to remove over-sized stringers and fines. 

Harvested Low-grade Wood (Bole Chips) 

Bole chips are a higher quality of chip because they are produced from low-grade logs or pulpwood, 
not from the tops and limbs like whole-tree chips. When roundwood is chipped it produces a 
relatively uniform, consistent sized and shaped chip as compared to chips produced from tops and 
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limbs. Although bole chips typically contain the bark that was on the roundwood when chipped it 
still can produce a high quality heating fuel.  

Increased use of bole chips instead of whole-tree chips can also help forest soil health by allowing 
sufficient carbon and nutrients from the tops and limbs to decompose in the woods.  

Bole chips can be produced in the woods if the log landing can be accessed with a live-bottom 
trailer, but most likely pulpwood would be trucked from the site to a remote storage location such 
as a logging contractor’s yard or an old sand or gravel pit, where the stock-piled wood can dry 
slightly and be chipped upon demand throughout the heating season. 

New Hampshire is the second most forested state in the US (with 84% forest cover) and its forest 
products industry is the third largest manufacturing industry in the state. 

Given the relatively small volume of chips required to meet the annual heating demand (1,544 
green tons of woodchips) and the size of the forest resource and forest products industry in New 
Hampshire, securing the supply for a woodchip heating system at the Grafton County complex is 
assured. 

Wood Fuel Pricing  

The price paid for wood fuels can be affected by numerous factors, but the primary factors which 
influence pricing are: 

• Wood source production costs (varies widely depending on whether the wood is a by-
product of some more lucrative activity); 

• Regional balance of supply and demand; and  
• Trucking distance from point of generation to end market. 

 
Sawmill Chip Pricing 

In the off-chance that a local sawmill is willing and able to supply the facility with hardwood chips, 
this should be considered the first choice. The price paid for to New Hampshire sawmills for their 
chips by year-round markets can be between $28 and $38 per green ton. The seasonal heating 
market, however, should be prepared to pay $8 to $10 more per green ton, since these facilities 
require live-bottom or walking-floor delivery trucks which are more expensive for the sawmill. 
Sawmill chips, if available, would cost between $36 and $48 per green ton.  

Bole Chip Pricing  

It is likely that the Grafton County complex would use hardwood bole chips, since sawmill chips are 
a scarce in the region due to increased demand from pulp mills, biomass energy, and new pellet 
mills.  Bole chips make an excellent heating fuel, however they are more expensive than sawmill 
chips and have ranged between $44 and $56 per green ton over the past two heating seasons.  
Although bole chips are not widely produced in New Hampshire due to fewer woodchip heated 
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facilities, they cost around $50 per green ton in Vermont where the woodchip heating market is 
strong.  However, in the past few months the projected hardwood bole chip prices for the 2008-
2009 heating season have risen slightly due to several recent factors: 

• Increased demand for pulpwood (and high prices paid by remaining pulp mills in Maine and 
Quebec) due to weaker US dollar  

• Increased demand for firewood (and higher prices paid) due to higher home heating costs 
• Limited supply of wood coming out of the forest in last few months due to several very wet 

months 
• Continued high diesel fuel costs 

 
Hardwood bole chips are generally made from the same low-grade roundwood as pulpwood and 
firewood and the increased demand and prices paid by these competing markets has driven up the 
cost of bole chips. Accounting for these factors, the estimated price of hardwood bole woodchips 
for the Grafton County complex is $51 per ton.  

Wood Fuel Procurement Recommendations 

If Grafton County decides to heat the complex with woodchips, it should first attempt to procure a 
sawmill chip supplier, since these chips are of high quality while also being more cost-effective.   

If sawmill chips are not an option, then a supply of bole chips should be sought by contacting 
chipping contractors directly or via a chip broker. Several options for purchasing bole chips should 
be explored. First the bole chips could be purchased directly as delivered chips. The second option 
is a two phased purchase where the facility buys the pulpwood delivered to a given storage location 
and then hires a chip contractor to periodically process the roundwood and deliver chips to the 
facility. The advantages to the two phased wood fuel purchasing are that it allows other logging 
contractors to supply the facility without needing to have the chipping equipment and gives greater 
security by having the inventory of roundwood stored (versus the just-in-time delivery that is 
susceptible to supply interruptions when it is too wet in the woods).   

Creative purchasing mechanisms could also be explored, like offering longer term contracts (3-5 
years), pre-buy payment options, 12-month spread of contract payments, and combined purchasing 
with other facilities. These options may be attractive to chip suppliers and may benefit the facility in 
the long-run with secure, cost-effective supply of wood fuel.  

In order to get the best quality fuel at the lowest possible price, fuel buyers must first be willing to 
work with fuel suppliers to encourage the growth of a fuel supply industry.  Woodchip suppliers, 
whether they are sawmills, loggers, or chip contractors, are seldom in business exclusively to supply 
chips for the seasonal heating market. Most often suppliers are getting into the business as an add-
on to their core business. If supplying heating markets is troublesome and not lucrative for them, 
they may decide to get out of that business and focus on their primary work. For this reason it is 
extremely important to cooperate closely with new suppliers to work through issues that may come 
up over time. It is also important to consider that a business which may need to invest significant 
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capital in specialized equipment in order to supply quality woodchips at a fair price will require 
multiple customers all requiring the same type of woodchip. A list of potential suppliers in the area 
is attached as Appendix B. 

ECONOMIC ANALYSIS 

BERC has developed a life-cycle cost (LCC) analysis tool that examines the costs of purchasing and 
operating a woodchip heating system side-by-side with the costs associated with continuing to heat 
with fossil fuels. This tool allows decision makers to compare fuel cost savings with expenditures 
over a 30-year period. 
 
Important inputs and calculations from the LCC are discussed below. Full life-cycle cost analyses 
for both the 8.0 MMBH and 12.0 MMBH options are attached as Appendix C. 
 
Analysis Assumptions 

• Peak heating season is four months out of the year. Three months of the year are fringe months 
where some heating is required, though not all the time or to a lesser degree 
• Total fuel consumption was converted into Btus and then into a gallons-of-oil equivalent for 
comparison with a woodchip system.  
• Regional woody biomass fuels average 16.5 million Btus per dry ton 
• The average moisture content of woodchips is 40 percent, meaning each ton delivered to the 
boiler contains 9.9 MMBtus 
• The average seasonal efficiency of woodchip combustion equipment is 65 percent; the average 
seasonal efficiency for oil systems is 75 percent 
• The woodchip heating system would offset 85 percent of the complex’s combined heating load 
(oil and propane boilers would continue to provide the remaining 15 percent) 
• Total incremental operation and maintenance (O&M) savings are estimated at $11,667 for the 8 
MMBH system and $14,838 for the 12 MMBH system, based on the following assumptions: 

 Estimated staff time is one hour per day during the peak heating season and 0.5 in 
the off season, totaling 167 hours per year. 

 The current pay rate for maintenance staff is $17 per hour 
 The current electric rate is $0.142/kWh 

• The price per ton for woodchips was estimated at $51 per ton. 
• Annualized major repairs were estimated at $3,570 per year for the 8 MMBH system and $5,040 
for the 12 MMBH system 
• System costs are based on estimates from several vendors for recently bid systems  
• All costs are estimates based on BERC’s experience with similar projects; these cost estimates are 
intended as the basis for preliminary feasibility analysis and are subject to change 
• The salvage value of the woodchip system is estimated to be 30 percent of the capital cost after 30 
years, without inflation 
• Cost of interconnection between buildings is $500 per linear foot, for buried piping 
• Approximately 600 ft of piping was estimated to connect existing facilities to a central heating 
plant, an additional 120 ft of piping was estimated to connect the new correctional facility 
• Building costs were estimated at $200 per square foot 
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• The analysis does not include the cost of any changes to the heating distribution system within 
the complex facilities or any other work that might need to be completed before the installation of a 
woodchip heating system 
• The funds for the project will be acquired through bonds/loans at an interest rate of 4.5 percent 
 
Capital Costs 

8 MMBH System 
 
Wood system    $850,000

Stack, Cyclone and Bag house    $80,000

Piping Interconnection   $300,000

Building (40 X 60 ft) @ $ 200 /sq.ft   $480,000

Total capital  $1,710,000

GC markup 15% $256,500

Design 10%  $171,000

Grand Total  $2,137,500

  
12 MMBH System 
 
Wood system    $1,200,000 

Stack, Cyclone and Bag house    $80,000 

Piping Interconnection   $360,000 

Building (40 X 60 ft) @ $ 200 /sq.ft   $480,000 

Total capital  $2,120,000 

GC markup 15% $318,000 

Design 10%  $212,000 

Grand Total  $2,650,000 
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Results 

Two calculations were of particular interest when assessing the outcome of the LCC analysis: first-
year fuel cost savings, and the 30-year net present value (NPV) of overall savings. 
 
First-year fuel cost savings can be shown as a percentage or dollar amount; facilities with a fuel cost 
savings of 40 percent or more are good candidates for woodchip heating. Both scenarios are 
predicted to return fuel cost savings in excess of 40 percent. 
 
First Year Fuel Cost Savings: 8 MMBH System 
 
First year fuel cost savings (%)   68% 
First year fuel cost savings ($)   $326,327  

 
First Year Fuel Cost Savings: 12 MMBH System 
 
First year fuel cost savings (%)   66% 
First year fuel cost savings ($)   $457,212  

 
 
NPV can be defined as the difference, in current year dollars, between the value of the cash inflows 
and the value of the cash outflows associated with operating the wood system. A positive 30-year 
NPV of savings indicates that, from society’s economic perspective, the project is worth doing. A 
negative 30-year NPV of savings indicates a project that is not worth doing. Both scenarios were 
positive economically, compared to continuing to heat the facilities with the existing fossil fuel 
systems.  
 
NPV: 8 MMBH System 

Total 30-Year Cost, fossil fuel system   17,715,400 
Total 30-Year Cost, wood system   7,110,785 
Difference (30-year NPV of savings) $10,604,615  

 
 
NPV: 12 MMBH System 

Total 30-Year Cost, fossil fuel system 25,506,664 
Total 30-Year Cost, wood system   10,132,506 
Difference (30-year NPV of savings) $15,374,157  

 
 
Payback Period 
 
The simple payback period for a 8 MMBH system heating all the existing facilities would be 6.6 
years. The simple payback period for the 12 MMBH system heating the entire campus and a new 
correctional facility would be 5.8 years. 
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BERC recommends that Grafton County heat the existing facilities with biomass. The costs and 
benefits of heating the new correctional facility with geothermal technology should be weighed on 
its own merits. If Grafton County decides not to heat the new correctional facility with geothermal 
energy, BERC recommends biomass heating for this facility as well.  
 
As it is uncertain at what point the proposed correctional facility will be built, BERC ran analysis for 
installing a 12MMBH system and operating it at current heat load. Until such a time as the jail 
came online, the facility would see a fuel cost savings of approximately $317,552 per year in the 
first year of operating a 12 MMBH system, a 65% annual fuel cost savings. Even operating at 
current capacity, the 12 MMBH system would generate savings. The payback period for the 12 
MMBH system will be extended if it is installed and operated at current levels until the jail is built. 
A longer period of operating at lower capacity would result in a longer payback period. The payback 
period would be delayed by approximately the same number years as the delay in adding the 
correctional facility’s load to the system. For example, if the jail were to come on line in year 4 of 
operation of the system, the payback period would be approximately 9.8 years instead of 5.8 years. 
 
Another option would be the installation of two boilers, one of 8 MMBH capacity now for heating 
the existing facilities and another boiler of 4 MMBH capacity when the correctional facility is 
constructed. This option would require a larger building of 60 ft X 80 ft to be constructed now 
with space provided for the 4 MMBH to be installed at the later date. This option would increase 
the capital cost of the 8 MMBH boiler project by $600,000. The total capital cost of this option 
would be $2,737,500. The NPV and payback period of this option would be comparable to that of 
second option of installing 12 MMBH boiler. This option of installing two boilers would increase 
costs for the project but give the county the flexibility of operating the 4 MMBH boiler during 
shoulder months, operating the 8 MMBH boiler during peak winter to heat the existing facilities 
and operating both boilers during peak winter to heat the entire campus, including the new 
correctional facilities. 
 
With the current volatility of both the wood chip and fossil fuel markets, there is some concern 
about the effect of rising woodchip prices on the payback period for the system. Even paying $165 
a ton for woodchips in 2008 dollars (and escalating at 3.75% each year) would still see a payback 
period of under 15 years and a NPV of over $5,000,000 for the 8 MMBH system. A 12 MMBH 
system could be fueled with woodchips at $160 a ton in 2008 dollars and still be expected to realize 
a payback period of less than 15 years (extended if the correctional facility does not come online at 
year one) and a total NPV of over $8,000,000.  
 
Combined Heat and Power 

Grafton County officials were also interested in the possibility of producing electrical energy from a 
wood-fueled steam turbine in a combined heat and power system. This CHP possibility was 
considered in detail for the 8 MMBH system and was not economically feasible. The CHP 
possibility is likely to be economically feasible for sites having an access to “cheap/free” biomass 
fuels and having 24 X 7 demand for thermal energy. Operation of a CHP plant for only 1500-2000 
hours per year will not be cost effective at present conditions. 
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Burning wood for electricity alone with current steam-cycle technologies is not an efficient use of 
the resource, so the BERC model assumes that wood would not be burned for the specific purpose 
of generating electricity but that electricity will only be generated when the wood being burned for 
thermal energy would be producing enough steam to produce electricity. The cost of installing a 
steam turbine would add approximately $400,000 to the project and would only produce 240,000 
Kilowatt hours of electricity annually. This represents less than ten percent of the complex’s average 
annual consumption of electricity at 2,442,018 per year. When the costs of owning and operating 
the steam turbine are considered, the complex would pay nearly twice as much for each kilowatt 
hour generated by the wood system as they would for power purchased from the grid. The situation 
may change with the incentives for renewable power generation both by state and the Federal 
Government. 

Power generation for the 12 MMBH system was more difficult to assess because the system sizing 
and fuel consumption are purely estimated at this point. Preliminary analysis indicates that CHP is 
not an economically positive option for the 12 MMBH system.  

FUNDING 

Grants, commercial lending, and payment out of institutional funds, or a combination of the above, 
are generally used to pay for a wood system’s project costs. However, grant options for funding 
biomass projects are very limited. There are several, less conventional funding options that can be 
utilized to reduce the cost of a project. The sale of green tags and payment out of savings (using an 
energy services company, or ESCO) are the two most viable options.  

Commercial Lending 

Public institutions make good candidates for commercial lending because they are stable, provide an 
essential service, rarely “go out of business” and can be expected to repay. As an established 
member of the local business communities, Grafton County will already have established working 
relationships with lending institutions and can negotiate favorable interest rates for capital 
investments. 

Grants 

The options for grants from state and federal governments are limited. Foundations sometimes 
fund biomass projects to achieve an outcome that is supported by the foundation’s mission, 
particularly if the foundation targets its grant making to a particular region or state. However, 
foundations are generally not interested in putting money into investments they feel should be 
more appropriately made by government or the private market. 

Sale of Green Tags 

Green tags are the positive environmental attributes of a renewable energy system.  These attributes 
have a value that is separate from the value or sale price of the energy itself and so can be treated 
and traded separately.  For example, a private generator of wind energy may sell the electricity from 
the wind system to the grid for market price.  They can sell one or all of the environmental 
attributes to others who want or need to buy these credits.  The emerging carbon market is based 
on attaching a market value to the carbon dioxide emissions reduction associated with an efficiency 
or renewable energy project.  This carbon credit can be used to demonstrate compliance with any 
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requirement for CO2 reduction, whether it is on the part of the business entity that took the 
carbon-reducing action or whether that entity sold the carbon credit to some other entity.  The 
carbon market in the US is voluntary, since the US did not sign on to the Kyoto Protocol.  For this 
reason, carbon credit values are low compared to those in countries that are Kyoto participants, 
where industry is required to reduce CO2 emissions. 

The carbon and dollar benefits of using green tags may be less important than the educational, 
public relations, or mission benefits of demonstrating reductions in the institution’s carbon 
footprint. Native Energy is a green tag company that has helped many institutions and businesses 
reduce carbon emissions while publicizing their good work. 

ESCOs and Payment out of Savings 

In the payment out of savings approach, an institution can engage an energy services company 
(ESCO) to provide project capital (and other services). Under third party financing the institution 
uses the fuel cost savings stream to pay the ESCO for their services.  Because the success of third 
party financing depends on the project’s future energy cost savings performance, this is often called 
performance financing.   

Energy services companies grew out of the need of some energy users to make energy 
improvements to their facilities without using their own funds or borrowing money.  A third party 
ESCO generally provides the following services:  analysis of energy savings options, preparation of a 
package of cost-saving measures, provision of capital, design engineering, project management, 
commissioning, and on-going verification and guarantee of savings.  Other services, such as 
operation and maintenance of the heating plant and purchase of fuel, may also be included in the 
ESCO contract.  In return, the facility agrees through the contract negotiated with the ESCO that 
they will make the contract-stipulated payments to the ESCO throughout the term of the contract. 
The ESCO guarantee of savings assures the facility owners that there will be adequate savings for 
them to make their ESCO contract payments over the course of the contract. The contract will 
assure the ESCO that they can cover their costs and make a profit.  Since they are obligated to take 
the risk for certain costs that change over time in unpredictable ways, ESCOs build into their 
contracts adequate payment to compensate for risk.  ESCO contracts take many forms and are very 
complex because the ESCO guarantees savings and takes risk. 

Most ESCO contracts guarantee operating savings to the owner. ESCOs can do this by selecting 
the safest, most proven, quick payback measures when they put together a package of 
improvements for the owner. They can also afford to guarantee savings by adding to their contracts 
additional revenue, a cost that would not be present if the institution carried out the energy project 
on its own. Under normal circumstances, the facility owner takes the risk of fuel price increases as 
an uncontrollable cost of operation.  If the institution is worried about the future cost of fuel they 
could decide to have the ESCO operate the heating plant and purchase fuel, taking all risk for 
future fuel increases.  The ESCO in turn will build into the contract with the institution enough 
additional revenue to reduce the risk to a level that is acceptable to the ESCO. 

Generally, ESCOs and the institutional market are a better match for doing energy efficiency 
improvements than long-payback renewable energy projects like building a wood heating system.  
However, some biomass projects have been successfully funded by the ESCO approach. The ESCO 
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approach works best for large institutions, such as state building agencies and universities, which 
have professional staffs of engineers, project managers and financial analysts.   

CONCLUSIONS AND NEXT STEPS 

The economics for Grafton County to pursue the installation of a woodchip heating system are very 
good. The favorable economics are driven by substituting a locally-generated, low-cost fuel for an 
imported, high-cost fuel. The conversion is relatively capital intensive, with the major cost elements 
being the cost of buried pipe and building the boiler plant building. These and other capital and 
project costs, however, will be recovered over time through fuel cost savings, particularly as oil 
continues to increase in price faster than the cost of supplying wood fuel. 
 
Based on the life-cycle cost analysis, BERC recommends installing a central wood heating plant for 
the complex. Once the geothermal energy report is evaluated, officials should decide whether to 
size the wood boiler to heat that facility as well as the existing structures. If the construction of the 
new correctional facility or the decision to heat it using geothermal energy is likely to take time, 
BERC recommends that the County should consider the option of installing 8 MMBH boiler in a 
larger boiler building with the provision of adding a 4 MMBH boiler later. The present oil and 
propane boilers in existing buildings should be left in place as backup during the peak and 
transitional seasons.  
 
Facility and county decision makers should review this report and decide whether they wish to 
proceed with procurement, where the options of system sizing can be compared. Decision-makers 
and the potential system operations should visit existing woodchip heated schools or other facilities. 
Seeing the technology and talking with system operators is extremely valuable in addressing doubts 
and concerns. 
 
Grafton County should develop solid relationships with potential or chosen woodchips suppliers in 
the early stages of this project.  Working closely and cooperatively will ensure the success of both 
the project and of the wood heating market in New Hampshire overall. 

Assuming a decision to move forward, Grafton County officials should carefully review BERC’s 
plant siting and sizing recommendations and make final decisions on these issues prior to 
procurement solicitations. BERC would be pleased to advise and assist in this process. 
 
The preliminary budgets of this report are intended to provide a reasonable estimate of construction 
costs, but do not constitute a final construction budget. The actual budget must be developed 
under the guidance of the county’s architecture and engineering consultant team. The final budget 
could be somewhat different from BERC’s estimates, based on their approach to building and 
mechanical design and construction. Generally, however, BERC’s preliminary estimates on projects 
of this scale have proven to be accurate within +/- 20 percent. 
 
Once the decision to construct is made, the budget is set, and the financing is secured, Grafton 
County should proceed to solicit bids from wood system manufacturers for the supply and 
installation of wood-boiler system using a competitive request for proposal (RFP) process. BERC 
recommends using performance specifications for selecting a system vendor to create a level playing 
field for bidders whose systems may have significant differences. BERC has a detailed, proprietary 
wood-system RFP and performance specification document designed for this use and would be 
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pleased to work with the Grafton County team to assist in vendor system selection. Wood system 
vendor proposals should be carefully reviewed for compliance with the performance specifications 
and for functionality of system components and a vendor should be chosen to work as 
subcontractor to the general contractor. 
 
Once a wood system has been selected, Grafton County should work with its architecture/ 
engineering design team for completing the building and mechanical design and for integrating the 
specific requirements of the selected wood system into that design.  

Grafton County would then implement the project according to the processes generally used for 
building and construction projects at the complex. At the end of construction, the system should be 
tested under full load to ensure that the equipment is performing as expected. 
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APPENDIX B – LOCAL WOOD FUEL SUPPLIERS 

Hardwood Sawmills 

Sawmill Name Address 

 

Phone 

Perras Lumber  

(mixed hard and softwood) 

45 Perras Road 

Groveton, NH 03582 

(603)636-1830 

Cersosimo Lumber Co., Inc. 

James Brown  

 

RR 1, Box 412 

Rumney, NH 03266  

 

(603) 786-9482 

Precision Lumber Co. 

Larry King or Joe Robertie 

 

576 Buffalo Rd.  

Wentworth, NH 03282 

 

(603) 764-9450 

 

Kenneth E. Whitcher, Inc. 

 

Warren, NH (603) 764-5587 

 

Chocorua Valley Lumber 

 

West Ossippee, NH (603) 323-7780 

 

 

 

Chipping Contractors 

Business Name Address Telephone 

AB Logging  

Allen Bouthiller 

Lancaster, NH  (603) 788-3255 

RC Chipping Gorham, NH (603) 466-5447 

Currier 3-D Logging Gorham, NH (603) 466-2757 

Larry Brown Granby, VT (802) 328-2671 

Timberwolf Logging Littleton, NH (603) 444-7115 
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Christopher Crowe  

KC Chipping 

Luther Crowe 

Littleton, NH (603) 444-5403 

Paul Boutin Littleton, NH (603) 444-6349 

 

Woodchip Brokers 

Business Name Address Telephone Notes 

Cousineau Forest 
Products 

Henniker, NH (603) 428-7155 Supply a wide range of wood 
materials including sawdust, paper 
chips, bark, whole-tree chips, etc. 
to various markets in the 
Northeastern US  

North Country 
Procurement 

Rumney, NH (603) 786-2289 Supply a wide range of wood 
materials including sawdust, paper 
chips, bark, whole-tree chips, etc. 
to various markets in the 
Northeastern US 

 



Biomass Energy Resource Center

Organization Conducting Analysis BERC Facility Name Biomass Boiler Size: 8 MMBtu/Hr

Assumptions Capital Cost Calculated values

Total Project Cost $2,137,500 Wood system $850,000 Financed amount $2,137,500
Percentage cost share 0% Stack, Cyclone and Bag house   $80,000 Value of cost share $0
Financing, annual bond rate 4.50% Piping Interconnection $300,000 Annual wood use, if 100% wood (tons) 1,817
Finance term (years) 20 Wood/current fuel system:

   Annual wood use tons 1,544
Current fuel oil    Annual current fuel use gallons 16,944
Current fuel units gallons First year fuel cost savings (%) 68%
Current fuel price per unit $3.9997 Building (40 X 60 ft) @ $ 200 /sq.f $480,000 First year fuel cost savings ($) $326,327
Annual units, current fuel 112,961

Total capital $1,710,000 30 Year NPV
Wood price, yr 1 (per ton) $51 GC markup 15% $256,500
Wood fraction (ann. heat load) 85% Design 10% $171,000 Total 30-Year Cost, fossil fuel system 17,715,400

Total 30-Year Cost, wood system 7,110,785
General annual inflation rate 3.25% Grand Total $2,137,500 Difference (30-year NPV of savings) $10,604,615
Discount rate 4.50%
Fossil Fuel inflation (w/ genl inflation) 6.25%
Wood inflation (w/ genl inflation) 3.75%

Ann. Wood O&M cost, yr 1 $11,667
Major repairs (annualized) $3,570
Estimated Boiler Life 40
Estimated Building Life 60

LIFE CYCLE COST ANALYSIS

Inflation Fossil Fuel Woodchip/Fossil Fuel System Non-capital Total Total 
Calculator Total Capital Wood Fossil Fuel Incremental Annualized Total 30-Year Cost Annualized

Yr. Annual Cost Cost Cost Cost Annualized O&M Major Repairs 30-Year Cost (w/o Finance) Savings
0 1.000 $451,810 $2,137,500 $0 $0 $0 $0 $0 2,137,500 ($2,137,500)
1 1.033 $480,048 $0 $81,714 $72,007 $12,046 $3,686 $169,453 169,453 $310,595
2 1.066 $510,051 $0 $84,778 $76,508 $12,437 $3,806 $177,529 177,529 $332,522
3 1.101 $541,929 $0 $87,958 $81,289 $12,841 $3,930 $186,018 186,018 $355,911
4 1.136 $575,800 $0 $91,256 $86,370 $13,259 $4,057 $194,942 194,942 $380,858
5 1.173 $611,788 $0 $94,678 $91,768 $13,690 $4,189 $204,325 204,325 $407,462
6 1.212 $650,024 $0 $98,229 $97,504 $14,135 $4,325 $214,192 214,192 $435,832
7 1.251 $690,651 $0 $101,912 $103,598 $14,594 $4,466 $224,570 224,570 $466,081
8 1.292 $733,816 $0 $105,734 $110,072 $15,068 $4,611 $235,486 235,486 $498,331
9 1.334 $779,680 $0 $109,699 $116,952 $15,558 $4,761 $246,970 246,970 $532,710
10 1.377 $828,410 $0 $113,813 $124,262 $16,064 $4,916 $259,053 259,053 $569,357
11 1.422 $880,186 $0 $118,081 $132,028 $16,586 $5,075 $271,769 271,769 $608,416
12 1.468 $935,197 $0 $122,509 $140,280 $17,125 $5,240 $285,153 285,153 $650,044
13 1.516 $993,647 $0 $127,103 $149,047 $17,681 $5,411 $299,242 299,242 $694,405
14 1.565 $1,055,750 $0 $131,869 $158,362 $18,256 $5,586 $314,074 314,074 $741,676
15 1.616 $1,121,734 $0 $136,814 $168,260 $18,849 $5,768 $329,692 329,692 $792,043
16 1.668 $1,191,843 $0 $141,945 $178,776 $19,462 $5,955 $346,138 346,138 $845,704
17 1.722 $1,266,333 $0 $147,268 $189,950 $20,094 $6,149 $363,461 363,461 $902,872
18 1.778 $1,345,479 $0 $152,790 $201,822 $20,748 $6,349 $381,708 381,708 $963,771
19 1.836 $1,429,571 $0 $158,520 $214,436 $21,422 $6,555 $400,932 400,932 $1,028,639
20 1.896 $1,518,919 $0 $164,464 $227,838 $22,118 $6,768 $421,188 421,188 $1,097,731
21 1.957 $1,613,852 $0 $170,632 $242,078 $22,837 $6,988 $442,534 442,534 $1,171,317
22 2.021 $1,714,718 $0 $177,030 $257,208 $23,579 $7,215 $465,032 465,032 $1,249,685
23 2.087 $1,821,887 $0 $183,669 $273,283 $24,345 $7,450 $488,747 488,747 $1,333,140
24 2.155 $1,935,755 $0 $190,557 $290,363 $25,137 $7,692 $513,748 513,748 $1,422,007
25 2.225 $2,056,740 $0 $197,702 $308,511 $25,954 $7,942 $540,109 540,109 $1,516,631
26 2.297 $2,185,286 $0 $205,116 $327,793 $26,797 $8,200 $567,906 567,906 $1,617,380
27 2.372 $2,321,867 $0 $212,808 $348,280 $27,668 $8,466 $597,223 597,223 $1,724,644
28 2.449 $2,466,983 $0 $220,788 $370,048 $28,567 $8,742 $628,145 628,145 $1,838,839
29 2.528 $2,621,170 $0 $229,068 $393,175 $29,496 $9,026 $660,765 660,765 $1,960,405
30 2.610 $2,784,993 ($684,375) $237,658 $417,749 $30,454 $9,319 $695,180 10,805 $2,774,188
Totals $39,664,109 $4,396,162 $5,949,616 $596,866 $182,642 $11,125,286 $10,440,911 $29,223,198

30 YR                  
    NPV: $17,715,400 $1,954,772 $2,117,325 $2,657,310 $292,020 $89,359 $5,156,014 $7,110,785 $10,604,615

Copyright 2001 Biomass Energy Resource Center.  All rights reserved.  

LIFE CYCLE COST ANALYSIS
 (compared to operating existing fossil fuel system)

Grafton County Complex



Biomass Energy Resource Center

Organization Conducting Analysis BERC Facility Name Biomass Boiler Size: 12 MMBtu/Hr

Assumptions Capital Cost Calculated values

Total Project Cost $2,650,000 Wood system $1,200,000 Financed amount $2,650,000
Percentage cost share 0% Stack, Cyclone and Bag house   $80,000 Value of cost share $0
Financing, annual bond rate 4.50% Piping Interconnection $360,000 Annual wood use, if 100% wood (tons) 2,897
Finance term (years) 20 Wood/current fuel system:

   Annual wood use tons 2,462
Current fuel oil    Annual current fuel use gallons 24,396
Current fuel units gallons First year fuel cost savings (%) 66%
Current fuel price per unit $3.9997 Building (40 X 60 ft) @ $ 200 /sq.f $480,000 First year fuel cost savings ($) $457,212
Annual units, current fuel 162,641

Total capital $2,120,000 30 Year NPV
Wood price, yr 1 (per ton) $51 GC markup 15% $318,000
Wood fraction (ann. heat load) 85% Design 10% $212,000 Total 30-Year Cost, fossil fuel system 25,506,664

Total 30-Year Cost, wood system 10,132,506
General annual inflation rate 3.25% Grand Total $2,650,000 Difference (30-year NPV of savings) $15,374,157
Discount rate 4.50%
Fossil Fuel inflation (w/ genl inflation) 6.25%
Wood inflation (w/ genl inflation) 3.75%

Ann. Wood O&M cost, yr 1 $14,838
Major repairs (annualized) $5,040
Estimated Boiler Life 40
Estimated Building Life 60

LIFE CYCLE COST ANALYSIS

Inflation Fossil Fuel Woodchip/Fossil Fuel System Non-capital Total Total 
Calculator Total Capital Wood Fossil Fuel Incremental Annualized Total 30-Year Cost Annualized

Yr. Annual Cost Cost Cost Cost Annualized O&M Major Repairs 30-Year Cost (w/o Finance) Savings
0 1.000 $650,517 $2,650,000 $0 $0 $0 $0 $0 2,650,000 ($2,650,000)
1 1.033 $691,174 $0 $130,286 $103,676 $15,320 $5,204 $254,486 254,486 $436,688
2 1.066 $734,373 $0 $135,172 $110,156 $15,818 $5,373 $266,519 266,519 $467,854
3 1.101 $780,271 $0 $140,241 $117,041 $16,332 $5,548 $279,161 279,161 $501,110
4 1.136 $829,038 $0 $145,500 $124,356 $16,863 $5,728 $292,446 292,446 $536,591
5 1.173 $880,853 $0 $150,956 $132,128 $17,411 $5,914 $306,409 306,409 $574,444
6 1.212 $935,906 $0 $156,617 $140,386 $17,977 $6,106 $321,086 321,086 $614,820
7 1.251 $994,400 $0 $162,490 $149,160 $18,561 $6,305 $336,516 336,516 $657,884
8 1.292 $1,056,550 $0 $168,583 $158,483 $19,165 $6,510 $352,740 352,740 $703,810
9 1.334 $1,122,585 $0 $174,905 $168,388 $19,787 $6,721 $369,801 369,801 $752,783
10 1.377 $1,192,746 $0 $181,464 $178,912 $20,431 $6,940 $387,746 387,746 $805,000
11 1.422 $1,267,293 $0 $188,269 $190,094 $21,095 $7,165 $406,623 406,623 $860,670
12 1.468 $1,346,499 $0 $195,329 $201,975 $21,780 $7,398 $426,482 426,482 $920,017
13 1.516 $1,430,655 $0 $202,654 $214,598 $22,488 $7,638 $447,379 447,379 $983,276
14 1.565 $1,520,071 $0 $210,254 $228,011 $23,219 $7,887 $469,370 469,370 $1,050,701
15 1.616 $1,615,075 $0 $218,138 $242,261 $23,973 $8,143 $492,516 492,516 $1,122,559
16 1.668 $1,716,017 $0 $226,318 $257,403 $24,753 $8,408 $516,881 516,881 $1,199,136
17 1.722 $1,823,268 $0 $234,805 $273,490 $25,557 $8,681 $542,533 542,533 $1,280,735
18 1.778 $1,937,223 $0 $243,610 $290,583 $26,388 $8,963 $569,544 569,544 $1,367,678
19 1.836 $2,058,299 $0 $252,746 $308,745 $27,245 $9,254 $597,990 597,990 $1,460,309
20 1.896 $2,186,943 $0 $262,224 $328,041 $28,131 $9,555 $627,951 627,951 $1,558,992
21 1.957 $2,323,627 $0 $272,057 $348,544 $29,045 $9,866 $659,512 659,512 $1,664,115
22 2.021 $2,468,853 $0 $282,259 $370,328 $29,989 $10,186 $692,762 692,762 $1,776,091
23 2.087 $2,623,157 $0 $292,844 $393,473 $30,964 $10,517 $727,798 727,798 $1,895,358
24 2.155 $2,787,104 $0 $303,826 $418,066 $31,970 $10,859 $764,720 764,720 $2,022,384
25 2.225 $2,961,298 $0 $315,219 $444,195 $33,009 $11,212 $803,635 803,635 $2,157,663
26 2.297 $3,146,379 $0 $327,040 $471,957 $34,082 $11,576 $844,655 844,655 $2,301,724
27 2.372 $3,343,028 $0 $339,304 $501,454 $35,189 $11,953 $887,900 887,900 $2,455,128
28 2.449 $3,551,967 $0 $352,028 $532,795 $36,333 $12,341 $933,497 933,497 $2,618,470
29 2.528 $3,773,965 $0 $365,229 $566,095 $37,514 $12,742 $981,579 981,579 $2,792,386
30 2.610 $4,009,838 ($812,500) $378,925 $601,476 $38,733 $13,156 $1,032,290 219,790 $3,790,048
Totals $57,108,452 $7,009,290 $8,566,268 $759,121 $257,847 $16,592,526 $15,780,026 $41,328,427

30 YR                  
    NPV: $25,506,664 $2,433,062 $3,375,887 $3,826,000 $371,404 $126,153 $7,699,444 $10,132,506 $15,374,157

Copyright 2001 Biomass Energy Resource Center.  All rights reserved.  

LIFE CYCLE COST ANALYSIS
 (compared to operating existing fossil fuel system)

Grafton County Complex


	grafcondensed.pdf
	graf




