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Study: Carbon Emissions from Forest Residue-Based Power Are 115% Lower Than Natural Gas in First 
Year; 98% Lower Over 100 Years 

Washington, DC - May 10, 2017 - The Biomass Power Association today released a study by two professors 
demonstrating dramatic carbon benefits by using forest residue-based biomass fuel instead of natural gas in a 
power generation facility. The study, conducted by Dr. Madhu Khanna, Distinguished Professor in Environmental 
Economics at the University of Illinois Department of Agricultural and Consumer Economics, and Dr. Puneet 
Dwivedi, Assistant Professor in Sustainability Sciences at the University of Georgia Warnell School of Forestry and 
Natural Resources, found that emissions from a biomass power facility using forest residue-based fuel are 115% 
lower than those of a natural gas facility in one year. Over one hundred years, those savings remain at 98% after 
accounting for emissions from logging activities. 

 “Assessment of the carbon intensity of biopower, in the near term, depends a lot on whether the carbon 
accounting is conducted at the stand level or at the landscape level,” said the study’s authors. “When biomass is 
being sourced continuously for a power plant, as in this case, accounting for carbon effects across the landscape 
from which it is being obtained is more appropriate than at a single stand level. When we do that, we find that the 
savings from avoiding emissions from decay of residues that would be left in the forest more than make up for the 
emissions generated in the process of collecting, transporting residues for power generation.” 

 The authors noted that this finding was specific to use of residues for power generation and that a similar 
landscape scale analysis needs to be conducted for other forest biomass to determine its greenhouse gas intensity 
relative to fossil fuels. 

 “Last week, Congress overwhelmingly voted to acknowledge the carbon neutrality of biomass, and the results of 
this study confirm the wisdom of that vote,” said Bob Cleaves, president and CEO of Biomass Power Association. 
“As expected, biomass fuels are vastly preferable to natural gas from a carbon perspective. In addition to the 
carbon benefits of biomass, the existence of a biomass facility in a forested area promotes jobs and healthy forests 
by creating a market for low value wood products. As a nation, we can’t afford not to promote the use of biomass, 
and we look forward to working with Congress on policies that do so.” 

 The study is released soon after Congress voted to recognize the carbon benefits of biomass in its omnibus 
spending bill for 2017. With the formal recognition, the U.S. federal government biomass policy aligns with that of 
most other governing bodies. 

 “The professors’ findings track with the logical assumption that the use of fuel that regenerates constantly emits 
less carbon than fossil fuels,” Cleaves continued. “To our knowledge, this is the first time that a life cycle 
comparison of biomass residue sourced in Massachusetts to natural gas has been conducted. We are grateful to Dr. 
Khanna and Dr. Dwivedi for the time and effort they devoted to this project.” 

Please visit Biomass Power Association’s website for the full study and a one page summary of the findings. 

http://www.usabiomass.org/
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Introduction 
This case study was undertaken at the request of the Biomass Power Association for the purpose 
of analyzing the scenario in which harvesting residues are used for generating electricity at a 50 
MW biomass fueled electric generating station instead of being left to decay.1 This facility was 
used as a data source to develop the carbon intensity of electricity generated aspect of this study.  
 
The objectives of this study are: a) determine the carbon intensity of electricity generated using 
harvesting residues and compare it with that of natural gas-based electricity generation; b) to 
examine time path of the carbon intensity of bio-electricity; and c) analyze critical parameters 
that affect the carbon intensity of bio-electricity over time. The harvesting residues considered 
here are obtained as a by-product of harvesting operations conducted for supplying roundwood 
products to nearby lumber and paper mills. In the absence of collection for electricity generation, 
harvesting residues would be left on the forest floor to decay since they are of no commercial 
value. Following each harvest, trees are assumed to grow back naturally. It is assumed that a 
stand is partially harvested every 25 years in the central New England Region in this study. 
 
Key underlying assumptions of our analysis are that the collection of harvesting residues does 
not affect forest harvesting and management operations, the rotation age of forests, forest 
growth, and carbon storage in standing harvesting residues or soil carbon stocks; this implicitly 
assumes that harvesting of tops and limbs and non-merchantable biomass would have occurred 
anyway (whether or not it was used for bioenergy or left in the forest). We are also assuming that 
the demand for harvesting residues for electricity generation does not affect the production of 
conventional forest products or lead to any changes in an area under forestry cover over time. 
 
Production of Harvesting Residues 
We assume that there is 14.12 metric tons per hectare of chipped harvesting residues available 
every 25 years (Kingsley, 2017). The chipped harvesting residues are loaded on a truck and 
transported to the power plant. Since the forest regrows naturally, no silviculture or energy inputs 
are needed to produce the trees. Diesel is consumed during the process of felling and skidding 
the logs. Diesel is consumed in chipping and transporting the harvesting residues from the forest 
to the power plant; the latter depends on the capacity and fuel economy of a truck and hauling 
distance. We use data on fuel consumption during the process of harvesting and skidding the 
logs, chipping of harvesting residues, and transporting chipped harvesting residues to estimate 
the carbon emissions per metric ton of delivered harvesting residues (Table 1). We used values 
reported in Table 2 to obtain carbon emissions per unit of electricity (kWh) generated from the 
incoming chipped harvesting residues.  
 
 

																																																													
1 Data for the Study was provided by Eversource Energy's Schiller Station, located in Portsmouth, NH. The facility has a total 
capacity of 50 MW but typically supplies the electric grid with a net output of 43 MW. 
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Table 1: Parameters for estimating C emissions related to production and transportation of 
harvesting residues from a harvesting site to the 50 MW biomass plant. 
Parameters Values 
Harvesting residues availability 14.12  Mg/ha (every 25 years) 
Annualized harvesting residues availability 0.56 Mg/ha/year 
Diesel consumption (logging and skidding of logs) 5.42 liters/Mg 
Diesel consumption (chipping of tops and limbs, low quality tress) 1.25 liters/Mg 
Payload of a logging truck 28.12 Mg 
Average hauling distance 80.5 km 
Average fuel economy 1.87 km/liter 
Carbon released due to diesel consumption 0.73 kg C/liter 
 
Table 2: Parameters for determining C intensity of generated electricity. Natural gas 
power plant is assumed to have a conversion efficiency of 50% implying that 81.6 grams of 
C is emitted per unit of electricity generated. 
Parameters Values 
Biomass Power Plant2 43 MW 
Capacity Utilization 85% 
Conversion Efficiency 24.6% 
Calorific Value of Chipped Biomass 9.9 MJ/kg 
 
Forest Carbon Stock 
The removal of harvesting residues for electricity generation reduces carbon stock in the forest at 
the time of the harvest. However, it also prevents carbon emissions that would have occurred due 
to decaying harvesting residues in the forest over time3. Assessment of the impact of harvesting 
forest biomass on forest carbon stock depends on the scale of the analysis. A stand-level view of 
the forest focuses on changes in carbon stock at a single site and follow changes in biomass on 
that specific site as it is harvested and regrows over time. Each site is treated independently of 
other sites in the forest and the contribution of each site to the carbon cycle is considered 
individually for that site. An alternative approach is to take a landscape level view of the forest 
that considers a forest as being managed to generate forest biomass (pulpwood, sawtimber) and 
resulting harvesting residues continuously to feed an industrial operation (Lamers and Junginger, 
2013). We assume that a forest product industry in the region is relying on a continuous supply 
of forest biomass. In this case, it is more appropriate to consider the impact of annual removal of 
harvesting residues on the entire region using a landscape level analysis than a stand level 
analysis.  
 
With a landscape view of the forest and a 25-year rotation cycle, a minimum of 25 units of land 
would be needed to provide a continuous supply of harvesting residues annually to the 50 MW 
biomass power facility. In this case each hectare is managed as a part of a 25-hectare landscape 
and not independently of the other sites. One hectare is harvested each year and it starts to grow 
and accumulate carbon soon after. The other 24 hectares are at various stages of regrowth. Under 
this continuous forestry operation assumption, it is appropriate to consider the carbon in the 
standing trees as being recycled (contemporaneous) carbon since the loss of carbon due to 

																																																													
2	The facility has a total capacity of 50 MW but typically supplies the electric grid with a net output of 43 MW. 
3 Residues left in the forest are assumed to follow a negative exponential decay function with a 15-year half-life. 
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harvest in one section is being accompanied by growth of trees in other sections during the 
harvest rotation (Dwivedi et al. 2014; Lamers and Junginger, 2013). Under the view, the carbon 
stock in the standing biomass on a 25-hectare wood basket is maintained at a constant level if the 
amount of harvest, the age of harvest, and forest management practices do not change over time. 
Therefore, the removal of harvesting residues will not affect the amount of carbon in the standing 
biomass. It will however affect the total amount of carbon stored in the form of residues in the 
forest. We describe that process below. 
 
Under the landscape level view, a constant amount of harvesting residues are added to the 
forestland each year. These residues are subject to a time dependent decay path. When left 
unharvested, these residues begin to accumulate over time in a continuous manner and the 
carbon emissions from their decay grow first and then starts to stabilize over time. This is 
because of the negative exponential nature of the decay function. By harvesting these residues 
and transporting them to a power plant, we avoid the decay-related carbon emissions. These 
avoided carbon emissions grow over time. However, the avoided carbon emissions over time are 
growing at a slower rate than the cumulative electricity that can be generated by harvesting them. 
Again, this is mostly because of the negative exponential nature of the decay function. As a 
result, the avoided emissions per unit of generated electricity declines over time. If the emissions 
incurred during the harvesting, collection and transporting of these harvesting residues are lower 
than the avoided carbon emissions by removing them from the forest, then there is a net saving in 
carbon emissions to the atmosphere. We compare this net carbon emission intensity of electricity 
generated from harvesting residues to that of natural gas, which is estimated to be 81.67 grams of 
C per unit of electricity generated. 
 
Results 
Every 25 years when forest resources are harvested and harvesting residues are generated on one 
hectare of land, emissions generated during the process of harvesting, chipping, and transporting 
harvesting residues to the power plant are estimated to be 4.54 grams of C per unit of electricity 
generated (Table 3). This implies that the majority of carbon emissions (about 62%) related to 
harvesting residues production and transportation are related to the second step i.e., 
transportation of harvesting residues only.  
 
Table 3: Emissions related to harvesting residue processing and transportation. 
 C Emissions 
C Emissions (logging, skidding, and chipping) 1.73 g C/kWh 
C Emissions (transportation) 2.81 g C/kWh 
 
Figure 1 shows avoided carbon emissions per unit of electricity due to the removal of harvesting 
residues from a hectare of forestland. Avoided carbon emissions per hectare grow over time 
since cumulative residues per hectare increase over time. However they grow at a declining rate 
because of the negative exponential decay function. On the other hand, the cumulative electricity 
that can be generated by removing those residues for electricity generation each year increases 
linearly over time as shown in Figure 1. Thus, the savings from avoided carbon emissions per 
unit of electricity are largest in the first year and decline over time and then stabilize around 
100th simulation year (Figure 2). The life-cycle emissions from producing harvesting residues for 
use in a power plant are the same each year (Figure 2). 
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Figure 1: Carbon emissions due to decaying harvesting residues and cumulative electricity 
generated by utilizing harvesting residues for electricity generation. 

 
 
 
Figure 2: Carbon emissions due to biomass processing and transportation & avoided C 
emissions due to decay of harvesting residues. 
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To estimate carbon emissions per unit of electricity using harvesting residues in a manner that 
can be compared with that of natural gas electricity, we subtracted the avoided emissions per 
kilowatt hour from the life-cycle emissions due to producing and delivering harvesting residues. 
Since the avoided emissions tend to a very small value over time, the net carbon intensity of 
harvesting residue-based electricity increases over time and approaches the life-cycle emissions 
generated per unit of electricity from producing and delivering harvesting residues.  
 
Figure 3 shows the net carbon intensity of the residue-based electricity. It increases over time 
since the benefits in terms of avoided emissions per unit of electricity by removal of residues 
from the forest decline over time. Figure 4 shows that the percentage savings in carbon intensity 
of electricity with harvesting residues relative to natural gas-based electricity with a carbon 
intensity of 81.6 grams of C is emitted per unit of generated electricity decreases over time. In 
the long run, the savings in carbon intensity of electricity with harvesting residues tends to 
approach about 98% of the emissions intensity of natural gas based electricity.  
 
Figure 3: Net Carbon Intensity of Residue Based Electricity (grams of C per kWh). 
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Figure 4: Percentage Savings in C Emissions Relative to Natural Gas-Based Electricity. 

 
 
We examined the sensitivity of the carbon savings for the following four parameters at the stand 
level: percentage of methane from decaying harvesting residues4 (0% (base scenario), 1% and 
2% of original carbon emissions); decay rate (10 years, 15 years (base scenario), and 20 years); 
harvesting residues haul distance (64.4 km, 80.5 km (base scenario), and 96.5 km). The 
sensitivity analysis (Figure 5) indicates that carbon savings are most sensitive to methane 
emissions from decaying harvesting residues. Even a small percentage share of methane in the 
carbon emissions from decaying harvesting residues can significantly increase the emissions 
savings by using residues for electricity generation compared to natural gas. This is due to the 
fact that the global warming impact of methane emissions is 21 times that of same amount of 
emissions in the form of carbon dioxide. Percentage carbon savings were robust to the 
assumption of yield of harvesting residues per hectare.  
 
Conclusion 
Our assessment of the carbon intensity of harvesting residues used for generating electricity 
using the parameters described above for a 50 MW generating Unit and a landscape level 
perspective indicate that the use of harvesting residues to displace natural gas based electricity 
can result in savings ranging from 115% in initial years of commencing harvesting of those 
residues to about 98% by year 100.  
 
																																																													
4 At 0%, all the emissions from decaying harvesting residues are in the form of carbon dioxide. In the 1% (and 2%) scenario, 1% 
(or 2%) of all emissions are in the form of methane and remaining 99% (or 98%) are in the form of carbon dioxide. 
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Thus, the use of residues for electricity generation is carbon negative in the early years and its 
carbon intensity is close to zero by year 100. A landscape level perspective is consistent with 
commercial forest management practices that generate a continuous supply of biomass for a 
power plant. Our base case analysis assumed no methane emissions from the decay of harvesting 
residues left in the forest. Even a modest assumption that 1% of the carbon emissions generated 
are in the form of methane can substantially increase the near term benefits of removing 
harvesting residues and using them for electricity generation instead of leaving them in the forest 
and continuing to burn natural gas for electricity. 
 
Figure 5: Sensitivity of percentage savings in Carbon intensity of harvesting residue-based 
electricity relative to natural gas based electricity to selected parameters. 
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Study: Carbon Emissions from Biomass Power Are 115% Lower Than Natural Gas 
in First Year; 98% Lower Over 100 Years

Dr. Madhu Khanna, Distinguished Professor in Environmental Economics at the University of Illinois Department of Agricultural 
and Consumer Economics, and Dr. Puneet Dwivedi, Assistant Professor in Sustainability Sciences at the University of Georgia 
Warnell School of Forestry and Natural Resources, worked with Biomass Power Association to conduct a study of biomass power 
carbon emissions. They examined the carbon intensity of a 50-megawatt capacity biomass power facility in New Hampshire with 
a 43-megawatt net output on the electric grid, comparing it to that of a typical combined cycle natural gas facility. The professors 
found that the use of organic residues as fuel in a biomass power plant instead of natural gas in a combined cycle facility results 
in immediate carbon savings of 115%, with 98% carbon savings over 100 years. 

Background 
Like the vast majority of biomass power facilities in the United States, the subject of the study uses organic residues to generate 
power supplied to the electric grid. The fuels used at this facility are residues leftover from harvesting fiber for local lumber and 
paper mills: tops, limbs and other forestry byproducts. These low-value, “waste-like” materials are generated whether they are 
used for power or left to decay. If not used by biomass power plants, the materials typically remain in the forest as slash piles.

In comparing carbon emissions with a natural gas facility, Dr. Khanna and Dr. Dwivedi took into account the rate of decay of forest 
biomass, and the carbon and methane emissions from decay that would have occurred if these materials were left on the forest 
floor rather than used for power generation. They also took into account incidental carbon emissions incurred during harvesting, 
chipping and transportation. 

The study used a landscape level analysis, and considered both biogenic emissions from decay of biomass as well as life-
cycle emissions during the process of harvesting, collecting and transporting the biomass to a power plant. The landscape level 
analysis assumes that biomass would be obtained from a 25-unit landscape with one unit out of the 25 is harvested each year, 
with the other 24 units growing over time.

Findings
The use of residues for electricity generation is carbon negative in the early years and its carbon intensity is close to zero by year 
100. 
• In the first year of the study, biomass power shows a 115% carbon savings over natural gas. This amount decreases over

time, stabilizing at 98% at the 100-year mark, as the accumulated transportation and chipping emissions “catch up” to the
avoided carbon emissions.

• The materials used as biomass fuel and reviewed in this study are produced from the harvesting of wood fiber in a managed
forest. Tops and limbs, for instance, are typically not well suited to make into paper or lumber – but they pile up as trees are
harvested. Biomass fuels are “leftovers” in the harvesting of trees for other industries and, if they are not used to generate
electricity, they will likely remain on the forest floor or, in some regions, be burned openly.

• The avoidance of carbon and methane emissions by removing from the forest and using materials that decay results in a
significant GHG reduction over time. While the decay of these materials releases small amounts of methane consistently over
time, the methane gas has a 21 times higher global warming impact on the climate than carbon dioxide.

• Even a small amount of avoided methane release can substantially increase the near term benefits of removing harvesting
residues and using them for electricity generation instead of leaving them in the forest and continuing to burn natural gas for
electricity.

CONTACT: Carrie Annand / Biomass Power Association / 202-494-2493 / carrie@usabiomass.org
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