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Abstract 
 
The Cold Climate Housing Research Center (CCHRC) has researched the topic of residential scale 
wood energy including fuel sources, available technology and its proper use, regulations, 
particulate emissions, efficiency and economics.  A description of the projects, a technology 
review and results of CCHRC lab tests of wood-fired devices are described in this report. 
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Research Objectives 
 
The following is a summary of the objectives of this project: 
 

1. Assess the feasibility of using woody-biomass harvested from wildland fire 
mitigation efforts such as fire breaks; 

2. Assess the available technology for using this woody-biomass and other locally 
available wood species, and 

3. Perform emissions testing of the woody-biomass and locally available wood 
species in the following heating devices: 
a. pellet stove, 
b. wood stove, 
c. masonry heater, and 
d. combined heat and power (CHP) unit. 

 
Additional related wood-energy projects were not specifically identified in the original 
grant proposal but were subsequently added as the program progressed.  These related 
projects were added based on their merit, public benefit and the demonstrated need for 
additional research. They include: 
 

1. public education on available wood-fired heating technology and how to operate 
them cleanly and efficiently, 

2. wood-fired hydronic heater research, and 
3. masonry heater retrofit research. 

 
These additional projects and the results are also described in this report. 
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Woody Biomass Harvested from Wildland Fire Mitigation Efforts 
 
Wildland fires present a risk to life and property within the Fairbanks North Star 
Borough (FNSB) and are a perennial concern during the summer fire season due to vast 
forest acreage, frequent interface between forested and populated areas, prevailing 
climatic conditions, and the existence of large continuous stands of black spruce. 
  
Black spruce is a particular concern due to its combustibility, growth pattern in 
continuous stands, and existence on hillsides and valleys near populated areas.   
The 2004 fire season brought into sharp focus the risk wildland fires present in the FNSB 
as prevailing winds drove the Boundary Fire toward densely populated areas of the 
borough.  The Boundary Fire was in large part fueled by continuous black spruce stands 
near town. 
 
In 2006, in an effort to mitigate risk due to wildfires, the FNSB and the State of Alaska 
Division of Forestry developed the Community Wildfire Protection Plan (CWPP), which 
outlined a mitigation strategy including creating breaks in continuous black spruce 
stands and mapping the FNSB to identify zones of concern to better prevent and 
respond to wildland fires. 
 
Phase I of the CWPP resulted in the removal of approximately 1,300 acres of black 
spruce in strategic areas throughout the FNSB.  The method for creating the fire breaks 
was to shear, windrow, and burn the felled black spruce.  This activity raises the 
question of whether the wood from the fire break could be used in local markets such 
as residential space heating or feedstock in a pellet plant. 
 
The Cold Climate Housing Research Center (CCHRC) explored this question by examining 
the key considerations of harvesting, processing, and transporting wood from fire 
breaks.   
 
 
Harvesting Black Spruce from Fire Breaks 
 
The 1,300 acres of fire break that was created by Phase I of the CWPP can be 
categorized as continuous black spruce, as is likely to be the case at additional fire break 
sites.  Therefore CCHRC focused its review of harvesting issues to those associated with 
black spruce.  
 
Staff at CCHRC had several conversations with staff at the Alaska Division of Forestry 
relating to different methods of treating designated fire break acreage, including 
treatment methods that involved the harvest and removal of in situ black spruce.   
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Key Conclusions 
 

 At the time of the original contract to establish the fire breaks, the shear blade, 
windrow, and burn method was determined to be the least expensive, and 
therefore enabled the maximum amount of fire break acreage.  The report An 
Evaluation of Fuel Conversion Treatments in Interior Alaska (Barton St. Clair, 
2006) evaluated methods of treating several forest test plots using a shear blade, 
masticating head, drum chopper, and chainsaw thinning.  The report further 
evaluated treating the resulting wood by either burning or chunking and 
removing.  The report supports the conclusion that shear-blading, windrowing, 
and burning is a cost effective method of establishing fire breaks. 
   

 A review of the available wood harvesting equipment indicates that there are 
technical concerns regarding the ability of existing off-the-shelf equipment to 
harvest black spruce in Fairbanks due mainly to the small pole diameter and 
abundance of branches and needles.  Much of the mechanical wood harvesting 
equipment on the market is designed for larger-diameter poles or denser 
growth.   

 
 Overcoming the technical challenges of harvesting black spruce can create 

economic challenges.  It may be possible to modify equipment, lengthen the 
operating time to take care of equipment malfunctions, or incorporate greater 
amounts of manual labor.  Each of these techniques will add cost to the 
harvesting process.   

 
 Fire break creation is infrequent and therefore it is difficult to amortize 

equipment specialized for handling small-diameter black spruce.   
 

 It is plausible to open the acreage to clearing by a private entity that has a use 
for the in situ wood, and thereby transfer the risk and reward consideration 
while still benefiting from the result of the fire break.   

 
In addition to discussions with the Division of Forestry, CCHRC staff conducted a cursory 
exploration of methods of harvesting black spruce including a review of available 
technology, consideration of technology modifications, and a site visit to a fire break site 
to examine the characteristics of the felled black spruce and fire break area.  
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Figure 1. Felled Black Spruce, windrowed and ready for burning. 
 
 
Processing Black Spruce from a Fire Break 
 
The key considerations of processing black spruce in part relate to the issues of 
harvesting because to the extent practical, it is desirable to harvest in a way that 
enables efficient transfer to the processing step. Black spruce can be processed into 
cordwood, wood chips or chunks, or wood pellet feedstock. 
   
Black spruce is usable in cordwood form, and it is best to trim the branches and needles.  
The small pole diameter of black spruce makes it difficult to process mechanically.  
 
Processing black spruce into wood chips requires consideration of two key factors: black 
spruce pole size can be too small for feed systems to operate properly, and the 
branches and needles are often undesirable in the final processed product.  Black spruce 
is usable as a feedstock in wood pellets.  
 
 
Transporting Black Spruce from the Fire Break Site 
 
The key considerations of transporting black spruce from fire breaks are: the condition 
of the access to the fire break site; the distance to the delivery point; the volume per 
vehicle trip; and the cost of fuel.  Many of the fire break sites in the FNSB are reasonably 
accessible and range in distance from central Fairbanks up to 20 miles.  Depending on 
the intended use of the wood, material can be chipped on site to increase the volume 
per vehicle trip, assuming appropriate technology can be identified.  
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Key Conclusions 
 

 Black spruce can be used in cordwood, chip, or as feedstock for wood pellets. 
 Based on a cursory review of available equipment it is either difficult or costly to 

harvest black spruce. 
 Based on a cursory review of available equipment it is either difficult or costly to 

process black spruce.   
 Equipment specialized for handling black spruce can be difficult to amortize 

given the infrequent need to create fire breaks.   
 Repopulation of fire breaks with species other than black spruce can improve 

technological and economic feasibility.   

 
 
Combined Heat and Power from Woody Biomass 
 
Biomass-fueled combined heat and power (CHP) units use biomass to provide heat and 
shaft power. The usual configuration uses the shaft power to produce electricity 
through a shaft-driven generator.  At the time the original grant proposal was prepared 
by CCHRC, it was known that some small, residential-scale CHP units existed; further 
research revealed that most of these systems are still in development and generally 
exist only in a pre-market prototype phase.  It was also revealed that units are available 
for pre-market testing and demonstration of this new technology but they are larger 
than the residential scale sought and prohibitively costly usually in the range of $10,000 
per kWe (kilowatt-electric) or more. 
 
CCHRC attempted to identify appropriate units and manufacturers by issuing an RFP for 
the supply of a CHP unit to be installed at its Research and Testing Facility in Fairbanks.  
The RFP was solicited to more than 80 potential manufacturers located all over the 
world.  Approximately 10% of manufacturers responded with a proposal and a price for 
supply of a unit.  All of the proposals were for larger units than anticipated and the 
prices ranged from $350,000 to over $13 million. 
 
A new CHP manufacturer was identified who could provide a unit for approximately 
$2,800 per kWe in March 2008 and CCHRC successfully negotiated a performance-based 
mutually-beneficial contract for supply of a 25 kWe unit.  As of April 2009 during a site 
visit, the unit remained in development phase at the manufacturer’s facility in Portland, 
OR.  The period established and agreed to for testing and demonstration expired in June 
2009.  If the manufacturer is able to complete and successfully demonstrate the unit at 
their facility in the immediate future, CCHRC will pursue negotiation of a new contract 
for supply of the unit to be tested and demonstrated in Fairbanks. 
 



10 
 

 
Figure 2. Wood gasifier testing in Portland, OR. 
 
 
 
Public Education 
 
The United States Environmental Protection Agency (EPA) suggests that residential 
emissions from wood burning could be curbed up to 10% by public education on proper 
wood burning practices.  This suggestion—and the overwhelming interest and questions 
about wood-fired heating options—led to the creation of a one-hour class titled 
“Residential Heating Technology—Burning Cleanly and Efficiently” which was offered to 
local residents for free during the course of the 2008-2009 fall and winter heating 
season.  The class was presented by the author at the AHFC/FNSB PORTAL in downtown 
Fairbanks. 
 
Similar, more formal, presentations were given in many other forums including the 
Alaska Wood Energy Conference, Alaska Center for Energy and Power’s (ACEP) Energy 
Lecture Series, UAF Museum of the North, UAF Life-long Learning Program, and the 
Delta Symposium on Biomass, all during 2008 and 2009. 
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As fuel prices rise, more people are turning to wood heat to save on heating costs, 
which also creates a demand for this educational component.  The lack of 
comprehensive wood-burning technology, regulatory issues, and tax credit information 
also has residents seeking sound advice before making major purchases.  Additionally, 
any change or implementation of new regulations related to wood heat would also 
create a need for expanded public education.  CCHRC remains interested in seeking 
further funding to expand the current education program to suit the needs of the FNSB 
and local residents. 
 
 
 
Wood-Fired Hydronic Heater Research 
 
Due to the increasing popularity of indoor and outdoor wood boilers, “wood-fired 
hydronic heaters,” CCHRC has procured two of these residential-sized units, both readily 
available from local suppliers.  It’s our intent to perform emissions and efficiency testing 
for these units, as delivered, with our local wood species and common operating 
practices. 
 
CCHRC has designed and constructed a 1,400 gallon thermal storage water tank in the 
Research and Testing Facility to facilitate boiler testing.  The thermal storage tank has 
been designed to be able to be built by local residents with locally available construction 
materials for a reasonable cost; construction plans will be made available for those who 
wish to pursue this project. 
 
Use of a thermal storage tank in conjunction with a wood-fired hydronic heater has the 
likely potential to reduce emissions and increase efficiency of these units by allowing 
the boilers to be operated at a high-temperature and high burn-rate while in use. 
 
Most of these boilers are typically installed to run “on demand” with the boiler 
“dampering” down to a smoldering condition when the heat demand of the house has 
been temporarily satisfied.  CCHRC research would quantify actual emissions; efficiency 
of these units as operated in normal practice; and quantify the benefits of installing and 
operating them with proper thermal storage. 
 
The installation of this testing platform is currently ongoing.  CCHRC seeks additional 
funding to complete the installation, the testing and present the results. 
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Figure 3.CCHRC wood-fired hydronic heater with 1,400 gallon thermal storage tank. 

 
 
 
Masonry Heater Retrofit Research 
 
CCHRC was approached by a Fairbanks family with questions about what could be done 
to improve the heating performance and efficiency of their existing traditional masonry 
fireplace in a home constructed in the 1950s.  The inclusion of a traditional fireplace in 
homes was common for homes built during this period.  The homeowners are retired 
and wanted to save money on heating oil.  They agreed to allow us to convert their 
fireplace to a masonry heater to assess the feasibility and determine emissions and 
efficiency performance. 
 
The project was successfully completed in December 2008.  Emissions and efficiency 
testing was conducted on site and the results are reported in a subsequent section of 
this report.   The homeowners have historically kept detailed records including oil 
consumption and heating costs.  They have reported a savings of approximately 25% in 
fuel costs during a period that included an unseasonably cold portion of early winter 
2009. 
 
Construction plans for this retrofit will be made available to other homeowners wishing 
to pursue a similar retrofit to a high-performance masonry heater. 
 
 
 




