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Executive Summary 

1. Bioenergy is expected to contribute significantly to the UK’s target for renewable 
sources to represent at least 15% of total energy consumption by 2020 (as required 
by the EU Renewable Energy Directive 2009/28/EC). It has been estimated that by 
2020, between 3.4 and 7.5% of the UK’s projected energy consumption will be 
generated from biomass, and the UK will require 12.9 to 23.5 Modt/y of solid biomass 
for energy, of which 9.0 to 16.0 Modt/y will be used for electricity generation.  

2. Under the Climate Change Act of 2008, the UK must reduce its greenhouse gas 
(GHG) emissions by at least 80% on 1990 levels, by 2050. The UK Government 
therefore committed in its 2012 Bioenergy Strategy to support bioenergy that delivers 
genuine carbon reductions and helps to meet the UK’s decarbonisation targets 
(DECC, DfT and DEFRA, 2012).  

3. To inform policy and decision making, the overall GHG emissions associated with the 
delivered bioenergy can be estimated using the technique of Life Cycle Assessment 
(LCA). In August 2013, DECC published sustainability criteria for biomass feedstocks 
supported under the Renewable Obligation (RO), stating that by 2020, electricity from 
solid biomass subsidised by the RO must be proven to generate electricity with a 
GHG emission intensity under 200 kg CO2e/MWh1 (DECC, 2013a), calculated based 
on the LCA methodology2 set out in Annex V of the EU Renewable Energy Directive 
(2009/28/EC)3. This intensity is lower than that of electricity generated from fossil 
fuels in the UK (e.g. ~ 437 kg CO2e/MWh for electricity from natural gas, ~ 1018 kg 
CO2e/MWh for electricity from coal; DUKES, 2013; DEFRA, 2013)4, but higher than 
other renewables (e.g. 3 to 41 kg CO2e/MWh for electricity from wind; Turnconi et al., 
2013). The Renewable Energy Directive LCA methodology considers the emissions 
from the cultivation, harvesting, processing and transport of the biomass feedstocks. 
It also includes direct land use change where the land use has changed category 
since 2008, e.g. from forest to annual crop land, grassland to annual crop land. 
However, the Renewable Energy Directive LCA methodology does not account for 
changes in the carbon stock of a forest, foregone carbon sequestration of land, or 
indirect impacts on carbon stocks in other areas of land.  

4. If the carbon stored in a forest reduces, carbon dioxide (CO2) is released to the 
atmosphere, whereas if the carbon stock of a forest increases, CO2 is removed from 
the atmosphere and sequestered as biomass in the forest. These CO2 fluxes can be 
significant; as a result the UK is committed to the United Nations Collaborative 
Programme on Reducing Emissions from Deforestation and Forest Degradation in 
Developing Countries (REDD)5. Recent reports have shown that the above factors 

                                                           
1 The unit kg CO2e/MWh is equivalent to g CO2e/kWh. 
2 As recommended by the European Commission in their 2010 report on biomass sustainability (European Commission, 2010). 
3 Electricity generators can report their bioenergy GHG emissions using the UK Solid and Gaseous Biomass Carbon Calculator. The purpose of the calculator is 
to demonstrate compliance with the EU Renewable Energy Directive (2009/28/EC), and therefore factors beyond the scope of the Renewable Energy 
Directive LCA methodology are not accounted for. 
4 Includes emissions at the point of generation, as well as those emitted prior to the point of generation, including those from extracting and transforming 
the primary energy source into the energy carrier, and distributing the fuel; emissions from the production of vehicles, machinery or infrastructure are not 
included. 
5 A financial value is created for the carbon stored in forests in developing countries, offering incentives for these countries to reduce emissions from 
forested lands. 
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omitted in the Renewable Energy Directive LCA methodology can have significant 
impacts on the total GHG intensities of some types of bioenergy feedstocks, and 
therefore need to be considered if we wish to understand the true GHG intensities of 
different bioenergy feedstocks and technologies (Agostini et al., 2013; European 
Environment Agency, 2011; Mitchell et al., 2012; Guest et al., 2013; Repo et al., 
2010; Baral and Malins, 2014; Daigneault et al., 2012).  

5. Energy resources are limited, therefore as well as determining the GHG emissions 
associated with bioenergy, policy-makers and decision-makers may also wish to 
understand the additional energy input required by a bioenergy scenario in order to 
deliver the final energy output.  

6. Industry indicates that a large proportion of the feedstock used for electricity 
generation in the UK in 2020 is likely to be imported from North American forests 
(NNFCC, 2013). The aims of this report are therefore to: 

 quantify the woody biomass resources that are likely to be available for pellet 

production from forests in North America by 2020;  

 estimate the GHG emission intensities (in kg CO2e/MWh delivered energy) of using 

these resources for electricity generation in the UK, accounting for the impacts 

omitted by the EU RED methodology (emissions or sequestration from carbon stock 

changes on the land, foregone carbon sequestration, and indirect impacts); and 

 estimate the Energy Input Requirements (EIR) (in MWh energy input per MWh 

delivered energy) of using these resources for electricity generation in the UK and 

compare to other electricity generating technologies. The energy input is considered 

to be energy carriers which are ready for final use, e.g. electricity, diesel, natural 

gas, fuel oil. The primary energy of the biomass is not included as an energy input in 

the calculation, just as the energy in the wind, sunshine, or nuclear fuel is not 

included in the Energy Input Requirement for wind, solar and nuclear technologies. 

7. Scenarios have been constructed to represent North American woody feedstocks 
that are currently used for the production of woody pellets (e.g. pellets from saw-mill 
residues, beetle-killed trees, and pulpwood), as well as potential future scenarios that 
might conceivably come to pass in a world with an increased demand for biomass 
(e.g. pellets from wood derived from new, dedicated plantations). We have included a 
wide range of scenarios, including some that may not necessarily be likely; 
environmental, economic and social factors will all play a part in determining which of 
these scenarios could play out in the future. Our intention is to shed light on which 
scenarios are potentially satisfactory (from the points of view of GHG intensity and 
EIR) and which scenarios are potentially not satisfactory, so as to guide and justify 
future policy decisions. A literature review was conducted to estimate the likely 
available resource of each scenario by 2020, and DECC’s Biomass Emissions And 
Counterfactual Model (BEAC) was used to estimate the GHG intensity and EIR of 
each scenario, taking into account the counterfactual land use for each scenario, i.e. 
what the land would be used for if it were not used to grow the bioenergy feedstocks. 
We first summarise our findings for scenarios involving woody residues, then 
summarise our findings for scenarios involving roundwood and energy crops. 
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Woody Residues 

GHG Intensity for Scenarios Involving Woody Residues 

8. Currently, a major feedstock for the production of North American wood pellets is 
woody residues (e.g. saw-mill residues, forest residues, or trees killed by natural 
disturbances). The projected resource of these feedstocks that may be available by 
2020, along with their GHG intensities when used for dedicated electricity generation 
in the UK, are shown in Figure 1 and Figure 2, with the GHG intensities analysed 
over time horizons of 40 and 100 years, respectively.  

 

Figure 1. Summary of resource of North American woody residues that may be available by 2020, 
and their GHG intensity over 40 years. cfl: counterfactual. 
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Figure 2. Summary of resource of North American woody residues that may be available by 2020, 
and their GHG intensity over 100 years. cfl: counterfactual. 

9. Figure 1 and Figure 2 show that the GHG implications of using wood residues for 
bioenergy strongly depend on whether the residue would otherwise be burned as a 
waste, or left in the forest to decay, with typical practices varying from region to 
region in North America. The electricity from the combustion of pellets made from 
saw-mill residues that would otherwise be burned as a waste (S1-3 in Figure 1 and 
Figure 2) or forest residues that would otherwise be burned as a waste (S8 in Figure 
1 and Figure 2) has GHG emission intensities significantly lower than electricity from 
natural gas. However, if the residues would have been left to decay in the forest, the 
introduction of practices to remove them for electricity generation would result in a 
reduction of carbon being stored in the forest (S4-7 in Figure 1 and Figure 2); the 

GHG intensity of the generated electricity in that case can be significant, particularly 
when coarse residues are removed from forests in boreal regions (e.g. 677 kg CO2e/ 
MWh delivered energy over 40 years, and 425 kg CO2e/MWh delivered energy over 
100 years, for BEAC Scenario 4b, where residues are removed continuously over the 
entire time horizon from a forest in Pacific Canada, using the default BEAC key 
parameters6 detailed in Table 29 of the Annex).  

                                                           
6 Key parameters: Transport distances, transport fuel requirements, pelletising electrical requirements, drying methods and efficiency of electricity 
generation at the biomass power station. 
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Energy Input Requirement for Scenarios Involving Woody Residues 

10. The projected resource of North American woody residues and wastes is plotted 
against the Energy Input Requirement (EIR) in Figure 3.  

 

Figure 3. Summary of resource of North American woody residues that may be available by 2020, 
and their Energy Input Requirement (see page 50 for definition). The EIR is calculated using 
energy carrier inputs. cfl: counterfactual. 
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pellets from South USA generally use biomass to dry the wood, therefore the range 
for that region assumes that drying method.  In Canada, it has been reported that 
both natural gas and biomass are used as fuels for drying (Magelli et al., 2009; 
Sikkema et al., 2010), therefore that range has been calculated using both drying 
fuels. Other studies often extend the system boundary when calculating the energy 
inputs, using primary energy inputs rather than the energy carrier inputs, therefore 
the EIR for the bioenergy scenarios has also been calculated on this basis (shown in 
red in Figure 4), to allow comparison with other studies. Biomass electricity was 
found to require greater energy inputs than most other electricity-generating 
technologies.  

  

Figure 4. Energy Input Requirement (EIR) values for UK biomass electricity from North American 
woody residues (ranges calculated using the BEAC model, by varying key parameters within the 
ranges given in Table 29), and other electricity generating technologies (ranges determined using 
published literature). EIR for bioenergy is calculated using energy carrier inputs (blue), and primary 
energy inputs (red). References: Nuclear (Pressurized Water Reactor, PWR): Weissbach et al., 2013; 
World Nuclear Association, 2014. UK hard coal: data for extraction and electricity generation from 
Raugei et al., 2012 and Weissbach et al., 2013, and assuming additional energy required to transport 
coal 32 km by truck (UK Coal, 2014). Russian coal: data for extraction and electricity generation from 
Raugei et al., 2012 and Weissbach et al., 2013, and assuming additional energy required to transport 
coal by rail for 1200 km, ship 2800 km, and rail 122 km (EWS Energy, 2014). Natural gas: Weissbach et 
al., 2013 (owing to limited literature data, only one data point was available, which uses US and German 
data). Wind: Kubiszewski et al., 2010; Weissbach et al., 2013. PV: data from Raugei et al., 2012, 
assuming UK average irradiance of 925 kWh/m2/y; low value is for ground-mounted CdTe panels, high 
value is for roof-mounted monocrystalline Si panels. 

Summary for Scenarios Involving Woody Residues 

13. It has been estimated that by 2020, there could be approximately 23.8 - 51.5 Modt/y 
of North American forest residues available, that would otherwise be burned on the 
roadside, and between 1.7 and 12 Modt/y of unused saw-mill residues, depending on 
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this residue (9.0 to 16.0 Modt/y), this could provide the required amount of biomass 
projected for electricity generation in the UK, with a GHG intensity of -17 to 121 kg 
CO2e/MWh. There could also be the potential to use dead trees that have been killed 
by natural disturbances and would otherwise be burned as a waste at the roadside 
(and hence would have a low GHG intensity), although a significant issue associated 
with this feedstock is the inconsistency of the annualised volumes within a 
designated landscape, and the high costs associated with its recovery and utilisation.   

14. The USA and Canada also plan to use forest residues for electricity generation in the 
future (Biomass Energy Resource Centre, 2012; Bradley, 2010; Shore, 2013). This 
local use could limit the availability of residues for export to Europe. Furthermore, 
forest residues often have high contents of bark and non-combustible elements, such 
as alkali metals, which can cause problems of slagging, fouling and corrosion in 
boilers, therefore some electricity stations require pellets produced from biomass with 
low bark contents, such as roundwood. It is therefore conceivable that a significant 
proportion of the feedstock used for the production of biomass pellets in the future 
might be roundwood. Indeed, many pellet producers are already using pulpwood7 as 
their feedstock, and using forest residues as the fuel to dry the pulpwood prior to 
pelletisation (Forest2Market, 2013). 

Roundwood and Energy Crops 

15. Currently roundwood is harvested from North American forests at a rate of ~ 210 
Modt/y, a rate significantly greater than the UK’s anticipated demand for biomass 
electricity feedstocks. Roundwood is generally classified as saw logs and pulpwood, 
with saw logs used for construction, and pulpwood and residues from saw log 
processing used for the production of particleboard, fibreboard (e.g. Oriented Strand 
Board, OSB) and paper products. Pulpwood is also used as a feedstock for the 
production of wood pellets; if pulpwood had no alternative use to bioenergy, but had 
to be harvested for forest management purposes and therefore would otherwise be 
treated as a waste, the GHG intensity and energy input requirement of the biomass 
electricity generated from pulpwood would be similar to that associated with 
electricity from forest residues. However, if the North American demand for pulpwood 
for paper products and OSB increases up to 2020 as projected (Ince and Nepal, 
2012; FAO and UNECE, 2012), it is unlikely that a significant quantity of this product 
would otherwise be left in the forest or burned at the roadside, therefore the GHG 
intensity and EIR would be different (discussed below). For example, in South USA, 
where many new pellet facilities that use pulpwood as a feedstock are being 
established, it has been reported that the demand for pine pulpwood from OSB and 
pellet manufacture increased between Quarter 2 of 2012 and 2013, contributing to a 
10% increase in the stumpage price of pine pulpwood (Forest2Market, 2013). 
Considering a more recent time period between September/October 2012 and 2013, 
the stumpage price of pine pulpwood in the region increased by 22% (Forest2Market, 

2013a). 

GHG Intensity for Scenarios Involving Roundwood and Energy Crops 

16. The projected resource of North American roundwood and woody energy crops that 
may be available by 2020, along with their GHG intensities when used for dedicated 
electricity generation in the UK, are shown in Figure 5 and Figure 6, for time horizons 
of 40 and 100 years, respectively.  

                                                           
7 Pulpwood is a sub-category of roundwood. Exact definition varies between different saw-mills. In South USA, this consists of roundwood that has a small 
end diameter typically less than a saw log (5 - 8 inches), but greater than 2.5 inches (0.064 m), and low quality larger logs that cannot be used for sawn 
timber. 
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Figure 5. Summary of resource of North American roundwood and energy crops that may be 
available by 2020, and their GHG intensity over 40 years. cfl: counterfactual. 
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Figure 6. Summary of resource of North American roundwood and energy crops that may be 
available by 2020, and their GHG intensity over 100 years. cfl: counterfactual. 
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would depend on the counterfactual land use, which, in turn, would depend on the 

overall demand for wood in the region.  

Low demand for wood: 

a) If the demand for wood in the region were low, and the plantation would 

otherwise be harvested less frequently (S14 in Figure 5 and Figure 6), the 

GHG emission intensity of the electricity generated from the additional wood 

output from the forest would, again, be greater than electricity from coal when 

analysed over a time horizon of 40 years, as the counterfactual would result in 

greater storage of carbon in the forest.  

b) However, if the intensively-managed plantation would otherwise be left to 

revert to a naturally-regenerated forest after harvest (S15-16 in Figure 5 and 

Figure 6), the GHG intensity of the electricity would be lower, as naturally-

regenerated forests have slower growth rates than intensively-managed 

plantations.  

 For example, if the demand for bioenergy resulted in the plantation 

remaining as an intensively-managed forest that is harvested every 25 

years, but would be converted to a naturally-regenerated forest that is 

harvested every 50 years without the demand for bioenergy (BEAC 

Scenario 15a), the counterfactual (naturally-regenerated forest) would have 

a lower carbon stock than the bioenergy scenario (intensively-managed 

plantation), therefore electricity generated from the additional wood output8 

would be low (-178 kg CO2e/MWh over 40 years, and 86 kg CO2e/MWh 

over 100 years, using the default BEAC key parameters).  

 However, if the plantation would otherwise be left to revert to a naturally-

regenerated forest that is not harvested (BEAC Scenario 16a), the carbon 

stock on the land would continue to increase over time, and over longer 

time horizons (e.g. 100 years) would be greater than the carbon stock of an 

intensively-managed forest. In this case, the GHG intensity of the electricity 

produced from the additional wood would still be low after 40 years (44 kg 

CO2e/MWh using the default BEAC key parameters), but similar to 

electricity from natural gas over 100 years (488 kg CO2e/MWh).  

 For both of the cases above, if the increased demand for bioenergy 

resulted in the harvest rate of the intensively-managed plantation increasing 

from every 25 years to every 20 years (Scenarios 15b and 16b), causing 

the carbon stock of the plantation to reduce, the GHG intensity of the 

generated biomass electricity would be significantly greater than if the 

plantation had continued to be harvested every 25 years (e.g. 461 kg 

CO2e/MWh over 40 years and 202 kg CO2e/MWh over 100 years for BEAC 

Scenario 15b; 375 kg CO2e/MWh over 40 years and 561 kg CO2e/MWh 

over 100 years for BEAC Scenario 16b, using the default BEAC key 

parameters).  

                                                           
8 Additional wood output of the bioenergy scenario (plantation), in comparison to the counterfactual scenario (naturally-regenerated forest). 
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c) Alternatively, a potential counterfactual to using wood from an intensively-

managed plantation for bioenergy could be that the plantation would be 

converted to agricultural land, e.g. a cotton plantation (S17 in Figure 5 and 

Figure 6). Assuming no indirect impacts, the GHG intensity of the electricity 

produced from the additional wood would be negative (-2082 kg CO2e/MWh 

over 40 years, and -293 kg CO2e/MWh over 100 years, using the using the 

default BEAC key parameters). Although this scenario shows large GHG 

savings, it is important to note that if this land were used for bioenergy, rather 

than cotton, the cotton could instead be grown somewhere else, with indirect 

GHG implications (which have not been modelled here).  

High demand for wood: 

d) If the demand for wood in the region were high, and the additional demand 

from bioenergy resulted in some plantations being managed more intensively 

to achieve greater yields (e.g. by genetic selection, improved silvicultural 

techniques, or fertilisation) (S18 in Figure 5 and Figure 6), the GHG intensity 

of the electricity generated from the additional wood output from the forest 

would be negative (-1730 kg CO2e/MWh over 40 years, and -179 kg 

CO2e/MWh over 100 years, using the default BEAC key parameters).  

e) However, a high demand for wood could alternatively result in the 

displacement of wood used for other purposes (e.g. paper and OSB) (S19-21 

in Figure 5 and Figure 6). In this case, the wood products, or pulpwood, might 

be imported to North America from other countries. The GHG intensity of the 

electricity would then vary greatly, depending on the land management 

practices employed to produce the additional wood in other countries. In this 

study, indirect impacts from additional wood imports to the USA from Canada 

and Brazil have been considered, and have been shown to result in the 

electricity having a GHG intensity varying between 144 and 1893 kg 

CO2e/MWh over 40 years, and between 127 kg CO2e/MWh and 1761 kg 

CO2e/MWh over 100 years. 

iii. New plantations on naturally-regenerated forest land. Another potential 

implication of increased demand for pulpwood for bioenergy feedstocks could be 

the establishment of new plantations on naturally-regenerated forest land (S22-23 

and S24-25 in Figure 5 and Figure 6). The GHG intensity depends strongly on the 

carbon stock of the plantation and the counterfactual land use (naturally-

regenerated forest), which both depend on the forest or plantation type and the 

frequency of harvest. The conversion of naturally-regenerated pine and hardwood 

forests in South USA that are harvested every 50 or 70 years, to intensively-

managed pine plantations that are harvested every 20 to 25 years (S22-23 in 

Figure 5 and Figure 6) and short rotation coppice (SRC) plantations that are 

coppiced every 3 years (S24-25 in Figure 5 and Figure 6) have been considered in 

this study. The additional wood from the conversion of a naturally-regenerated 

pine forest that is harvested every 50 years, to an intensively-managed plantation 

that is harvested every 25 years (BEAC Scenario 22a), would have a low GHG 

intensity (-123 kg CO2e/MWh over 40 years, 97 kg CO2e/MWh over 100 years, 
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using the default BEAC key parameters). However, the other scenarios considered 

(22b, 23, 24 and 25) were shown to produce electricity with significantly greater 

GHG intensities (lowest for Scenario 22b: 253 kg CO2e/MWh over 40 years and 

196 kg CO2e/MWh over 100 years; highest for Scenario 24b: 709 kg CO2e/MWh 

over 40 years and 339 kg CO2e/MWh over 100 years, using the default BEAC key 

parameters). 

iv. New plantations on abandoned agricultural land. In another class of scenarios 

(BEAC Scenarios 26 to 29), rather than using land that is already forested for the 

harvest of additional biomass, abandoned or marginal agricultural land could be 

used for the establishment of new bioenergy plantations (e.g. intensively-managed 

pine plantations, or SRC plantations). The GHG intensities of electricity generated 

from the feedstocks would depend strongly on how the counterfactual land carbon 

stocks would change over time. If the land would otherwise revert to forest (S26 

and S28 in Figure 5 and Figure 6), the GHG emission intensity would be greater 

than if the land would otherwise revert to grassland (S27 and S29 in Figure 5 and 

Figure 6); over a time horizon of 40 years, the GHG intensity would be 219 to 1526 

kg CO2e/MWh for biomass electricity from land reverting to forest, and -2093 to 

206 kg CO2e/MWh for biomass electricity from land reverting to grassland, in the 

cases explored in this study (assuming the use of this land does not lead to the 

displacement of other commodities). The likely availability of such land is 

uncertain; it has been estimated that 43 million hectares of degraded, low-quality 

cropland exists in the USA, which is either already abandoned, or, owing to its low 

productivity, would have little impact on food production if it became abandoned 

(Cai et al., 2011). However, others have concluded that owing to increased global 

demand for food, it is unlikely that significant areas of land will be available for new 

biomass plantations in the future, without impacting food supplies (The World 

Resources Institute; 2013). 

EIR for Scenarios Involving Roundwood and Energy Crops 

18. The projected resource available in 2020 is plotted against the Energy Input 
Requirement (EIR) in Figure 7. The energy input required to produce the electricity 
from North American pellets using wood with 50 wt% moisture content was found to 
vary between 0.16 and 0.96 MWh energy carrier input per MWh electricity output, 
with the value being most sensitive to the transport distance and method of drying.  

19. In Figure 8, the EIR for UK electricity from North American roundwood and energy 
crops is presented as ranges associated with pellets from South USA and Canada, 
and compared to other electricity generating technologies. As in Figure 4, the EIR 
has also been displayed using primary energy inputs, to allow comparison to other 
studies.  

Summary for Scenarios Involving Roundwood and Energy Crops 

20. It is evident that the GHG intensity of electricity generated from North American 
roundwood and energy crops varies significantly, depending on the carbon stock of 
the land and the counterfactual. Some scenarios can have very low (even negative) 
GHG intensities, if they result in increased carbon stored on the land. However, other 
scenarios can result in GHG intensities greater than electricity from fossil fuels, even 
after 100 years. In all cases, the energy input required to produce the electricity from 
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North American pellets is greater than electricity from fossil fuels and other 
renewables (except the most energy-intensive PV systems) and nuclear. 

 

Figure 7. Summary of resource of North American roundwood and energy crops that may be 
available by 2020, and their Energy Input Requirement (40 year time horizon). The EIR is 
calculated using energy carrier inputs. See page 50 for definition of EIR. cfl: counterfactual. 
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Figure 8. Energy Input Requirement (EIR) values for UK biomass electricity from North American 
roundwood and energy crops (ranges calculated using the BEAC model, by varying key 
parameters within the ranges given in Table 29), and other electricity generating technologies 
(ranges determined using published literature). EIR for bioenergy is calculated using energy carrier 
inputs (blue), and primary energy inputs (red). References: Nuclear (Pressurized Water Reactor, PWR): 
Weissbach et al., 2013; World Nuclear Association, 2014. UK hard coal: data for extraction and 
electricity generation from Raugei et al., 2012 and Weissbach et al., 2013, and assuming additional 
energy required to transport coal 32 km by truck (UK Coal, 2014). Russian coal: data for extraction and 
electricity generation from Raugei et al., 2012 and Weissbach et al., 2013, and assuming additional 
energy required to transport coal by rail for 1200 km, ship 2800 km, and rail 122 km (EWS Energy, 
2014). Natural gas: Weissbach et al., 2013 (owing to limited literature data, only one data point was 
available, which uses US and German data). Wind: Kubiszewski et al., 2010; Weissbach et al., 2013. 
PV: data from Raugei et al., 2012, assuming UK average irradiance of 925 kWh/m2/y; low value is for 
ground-mounted CdTe panels, high value is for roof-mounted monocrystalline Si panels. 

Conclusions 

21. A summary of the GHG impacts of different scenarios is shown below in Table 1. 

22. This work shows that in 2020 it may be possible to meet the UK’s demand for solid 
biomass for electricity9 using biomass feedstocks from North America that result in 

electricity with GHG intensities lower than 200 kg CO2e/MWh, when fully accounting 
for changes in land carbon stock changes10. However, there are other bioenergy 
scenarios that could lead to high GHG intensities (e.g. greater than electricity from 
coal, when analysed over 40 or 100 years) but would be found to have GHG 
intensities less than 200 kg CO2e/MWh by the Renewable Energy Directive LCA 
methodology. 

23. The energy input requirement of biomass electricity generated from North American 
wood used by the UK in 2020 is likely to be in the range 0.13 to 0.96 MWh energy 

                                                           
9 Projected to be 9.0 to 16.0 Modt/y. 
10 Using the BEAC methodology, where forest carbon stocks, foregone carbon sequestration and indirect impacts are taken into consideration. 
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carrier input per MWh delivered energy, significantly greater than other electricity 
generating technologies, such as coal, natural gas, nuclear and wind. The Energy 
Input Requirement is smallest when (i) the transport distances are minimised, (ii) the 
moisture content of the biomass is reduced by passive drying and drying using local 
biomass resources as fuel, and (iii) the energetic efficiency of the technology is 
maximised.  

Table 1. Overview of GHG impacts of bioenergy scenarios, for continuous bioenergy generation 
over 40 years. 

 GHG Impact in kg CO2e/MWh electricity 

less than 100 between 100 and 
400 

greater than 400 varies 
significantly, 
depending on 

precise details of 
scenario 

Woody 
residues 

Forest residues that 
would otherwise be 
burned as a waste. 

Saw-mill residues 
that would otherwise 

be burned as a 
waste. 

Trees killed from 
natural disturbances 
(e.g. beetles), that 
would otherwise 

burned as a waste. 

Fine residues that 
would otherwise be 

left to decay in a 
forest (all regions). 

Coarse residues 
that would 

otherwise be left to 
decay in a 

Southern US 
forest. 

 

Coarse residues that 
would otherwise be 

left to decay in a 
boreal forest (e.g. 

Canada). 

Trees killed from 
natural disturbances 
(e.g. beetles), that 
would otherwise be 
left in a boreal forest 

(e.g. Canada)
11

. 

 

Roundwood 
and energy 
crops 

Increasing the yield of 
a plantation, without 
increasing the rate of 

harvest. 

Wood from a forest 
that would otherwise 

be converted to 
agricultural land (if no 

indirect impacts). 

Converting land that 
would otherwise 

revert to grassland to 
biomass plantations 

(pine or energy 
crops). 

 Additional wood 
output from 

increasing the 
harvest rate of 

forests (reducing 
the rotation length). 

Wood from a forest 
that would 

otherwise be 
harvested less 
frequently

12
. 

Converting forests 
into energy crop 
plantations (e.g. 
Short Rotation 

Coppice). 

Converting land that 
would otherwise 

revert to forests to 
biomass plantations 

(pine or energy 
crops)

13
. 

Converting 
naturally-

regenerated forests 
into pine plantations 

(increasing the 
growth rate)

14
. 

Additional wood 
output from an 

intensively-
managed plantation 

that would 
otherwise be 

converted to a 
naturally-

regenerated forest. 

 

                                                           
11 It was assumed that the increase in carbon stock of the forest by natural regeneration would occur at the same rate if the beetle-killed trees were 
salvaged or left untreated in the forest. Further research into the future carbon stocks of both scenarios would be beneficial, accounting for different species 
compositions, and different future natural disturbances. 
12 Additional wood in comparison to the counterfactual used for energy, where the counterfactual forest management involves longer rotation times, hence 
a greater carbon stock. 
13 For all scenarios considered in this report, the GHG intensity of energy crops grown on land reverting to forest is greater than 400 kg CO2e/MWh over 40 
years, apart from if the yield of the energy crop is 30 odt/ha/y, in which case the GHG intensity was calculated to be 277 kg CO2e/MWh using the default 
BEAC key parameters. 
14 Depends strongly on the rotation lengths and growth rates of both the bioenergy scenario and the counterfactual. 
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Definitions 

Table 2. Glossary of terms. 

Name Description 

Bedding (forestry site 
preparation) 

The formation of a continuous mound of soil. This treatment is usually done on 
sites with poor surface drainage, but is also common on sites with good 
surface drainage. Soils near the top of the bed are drier and warmer sooner in 
the spring than unbedded areas, which promotes early root growth. 

Biomass Biomass is biological material derived from living, or recently living organisms. 
In the context of biomass for energy this is often used to mean plant based 
material, but biomass can equally apply to both animal and vegetable derived 
material. 

Carbon Debt When a stand of trees are harvested all at once, it takes time for the trees to 
re-grow to their pre-harvest mass. Until that time, the amount of carbon stored 
on the land is lower than it was before harvest. If the wood removed from the 
land is combusted, the net reduction in carbon stored on the land would cause 
an equivalent temporary increase in carbon in the atmosphere. 

Chopping (forestry 
site preparation) 

Breaking or crushing existing vegetation in place. 

Disking (forestry site 
preparation) 

To break up or till the soil surface, improving soil aeration and moisture 
movement, and helping young trees to root. Disking also incorporates organic 
surface layers into the underlying mineral soils. 

Even-aged forest A forest consisting of a number of stands of trees, with each stand being 
composed of trees of the same age, and the age distribution of stands in the 
forest being uniform. 

Foregone carbon 
sequestration 

When trees are harvested regularly from an even-aged forest, the forest 
reaches an average carbon stock, but this is generally lower than the carbon 
stock of a forest that is not harvested. Foregone carbon sequestration is the 
sequestration which would have happened if the forest had not been 
harvested, and had been left to continue growing. 

Genetic selection Using selective breeding to improve the desired qualities of a population (e.g. 
tree species). 

Green tonne A tonne of wood, containing approximately 50 wt% moisture. 

Growth-to-Drain Ratio The ratio between the volumetric growth of a forest and the volumetric removal. 
A ratio of one means that growth equals removal. 

Indirect GHG impact If land used for bioenergy would otherwise have been used for the production 
of a different commodity, the displaced commodity may be produced by 
another method (e.g. from wood harvested elsewhere, or using non-biomass 
alternatives), which would have associated resource costs and greenhouse 
gas emissions. 

Indirect land use 
change 

When biomass for bioenergy is produced on existing productive land, the 
demand for the commodity originally produced on the land remains, and may 
lead to someone producing more commodities somewhere else. This can imply 
land use change (by changing e.g. old growth forest into productive forests), 
which implies that a substantial amount of CO2 emissions are released into the 
atmosphere. 

Mineral soil The UK Forestry Commission classifies mineral soils as having an organic 



 

23  

Name Description 

layer of less than 5 cm. 

Naturally-regenerated 
timberland 

Productive forests that are of natural origin; these forests regenerate naturally 
through seeding, root suckers, or stump sprouts from existing trees. 

Organic soil The UK Forestry Commission classifies organic soils as having an organic 
layer greater than 45 cm.  

Organo-mineral soil The UK Forestry Commission classifies organo-mineral soils as having an 
organic layer greater than 5 cm, but less than 45 cm.  

Oriented Strand 
Board 

Engineered wood particle board formed by adding adhesives and then 
compressing layers of wood strands in specific orientations. 

Overstorey trees The uppermost layer of foliage in a forest, forming the canopy. 

Paper products Includes paper, card, cardboard, packaging material, fluff pulp etc. 

Piling (forestry site 
preparation) 

Gathering up logging debris into piles. 

Plantation An area where trees have been planted, especially for commercial purposes. 

Primary processing 
mills 

Mills that convert roundwood into primary mill products such as lumber, 
plywood, and wood pulp. 

Secondary 
processing mills 

Mills that convert primary mill products into other products, such as pallets, 
furniture, and flooring. 

Solid biomass Biomass in the solid form. Includes wood, energy crops and agricultural 
residues. 

Stand An area of the forest that is relatively uniform in species composition or age 
and can be managed as a single unit. 

Stem-only harvesting The removal of the stem wood from a harvesting site. The branches, needles 
and stump are left in situ. 

Stumpage price  The price paid to landowners for standing timber. 

Whole-tree harvesting The removal of most branches and needles from a harvesting site in addition to 
the stem wood that is removed in conventional harvesting. The stump and 
roots are left in situ. 

Yield class In the UK, the yield of wood from forests is usually described in terms of “yield 
class”; this is a measurement of increment (the amount of solid stem wood 
added to an area of woodland) in cubic meters per hectare per year (m3/ha/y). 
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Table 3. Definition of different categories of wood. 

Wood Category Classification Description 

Roundwood Saw logs Exact definition varies between different saw-mills. In South 
USA, a saw log is usually defined as a log with a small end 
diameter greater than 5 - 8 inches (0.13 - 0.20 m). 

 Chip-n-saw US term. Exact definition varies between different saw-mills. 
In South USA, this consists of small saw logs and large 
pulpwood, with minimum diameters of 4 - 6 inches (0.10 - 
0.15 m) and maximum diameters of 9 - 16 inches (0.23 -
0.41 m). 

 Pulpwood  US term. Exact definition varies between different saw-mills. 
In South USA, this consists of roundwood which has a small 
end diameter typically less than a saw log (5 - 8 inches), but 
greater than 2.5 inches (0.064 m) (also known as small 
roundwood in the UK), and low quality roundwood with 
dimensions of saw logs and chip-n-saw, that can’t be used 
for sawn-timber. 

Forest Residues  Fine forest 
residues 

Tree tops, limbs, non-merchantable harvested trees and 
tree components, and downed trees which are left over from 
traditional timber harvesting. Includes pre-commercial 
thinnings (described below). Diameter < 0.1 m (Fritsche et 
al., 2012).  

 Coarse forest 
residues 

Tree tops, limbs, non-merchantable trees and tree 
components, and downed trees which are left over from 
traditional timber harvesting. Includes pre-commercial 
thinnings (described below). Diameter > 0.1 m (Fritsche et 
al., 2012). 

Thinnings Commercial 
thinnings 

Trees removed during thinning operations, the purpose of 
which is to reduce the density of trees in a stand of forest, 
and enhance diameter growth and volume of the residual 
stand. Commercial thinnings include roundwood which is of 
sufficient size and quality to have a commercial value.  

 Pre-commercial 
thinnings 

Trees removed during thinning operations, the purpose of 
which is to reduce stand density and enhance diameter 
growth and volume of the residual stand. Pre-commercial 
thinnings are of insufficient size and quality to have a 
commercial value. 

Saw-mill residues Fine residues Saw dust, wood flour, shavings and bark, produced as by-
products of primary and secondary processing mills. 

 Coarse, chippable 
residues 

Saw-mill slabs and edgings, produced as by-products of 
primary and secondary processing mills. 
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Introduction 

24. The UK Government’s 2012 Bioenergy Strategy recognised that bioenergy, used 
wisely, has an important role to play if the UK is to meet its energy security and 
decarbonisation objectives (DECC, DfT and DEFRA, 2012).  Bioenergy is also 
expected to contribute significantly to the UK’s target for renewable sources to 
contribute at least 15% of total energy consumption by 2020 (as required by the EU 
Renewable Energy Directive 2009/28/EC).  

25. The Bioenergy Strategy also identified that there are risks and uncertainties 
associated with bioenergy, including (i) whether it genuinely contributes to carbon 
reductions; (ii) the availability and price of sufficient sustainably-sourced biomass; (iii) 
the relationship between bioenergy and other uses of land, such as food production, 
and other uses of biomass, such as for construction materials; and (iv) the 
environmental impacts on air quality, biodiversity and water resources. 

26. Four principles were therefore included in the Bioenergy Strategy, to act as a 
framework for future government policy on bioenergy. These are: 

 Policies that support bioenergy should deliver genuine carbon reductions that help 

meet UK carbon emissions objectives to 2050 and beyond. 

 Support for bioenergy should make a cost effective contribution to UK carbon 

emission objectives in the context of overall energy goals. 

 Support for bioenergy should aim to maximise the overall benefits and minimise 

costs (quantifiable and non-quantifiable) across the economy. 

 At regular time intervals and when policies promote significant additional demand for 

bioenergy in the UK, beyond that envisaged by current use, policy makers should 

assess and respond to the impacts of this increased deployment on other areas, 

such as food security and biodiversity. 

27. The Bioenergy Strategy noted that at the time of publication, the sustainability 
standards applied to renewables incentives needed to be more stringent in order to 
meet the principles.   In response, DECC has published stricter sustainability criteria 
for the use of biomass feedstocks for energy under the Renewable Obligation (RO)15 
(DECC, 2013a) and the Renewable Heat Incentive (RHI)16 (DECC, 2013d). 

28. The RO sustainability criteria have initially been introduced on a reporting basis; the 
intention is however to make compliance with the criteria mandatory in order to 
receive support from April 2015. The RO sustainability criteria include trajectories for 
greenhouse gas emissions (GHG) for electricity from biomass, calculated based on 

                                                           
15 The Renewables Obligation is the main support mechanism for renewable electricity projects in the UK. 
16 The Renewable Heat Incentive is the main support mechanism for renewable heat projects in the UK. 
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the LCA methodology17 set out in Annex V of the EU Renewable Energy Directive 
(2009/28/EC)18. These trajectories are: 

(i) New dedicated biomass power (with or without CHP): 

 240 kg CO2e/MWh electricity from 1 April 2014 to 31 March 2020 

 200 kg CO2e/MWh electricity from 1 April 2020 to 31 March 2025 

 180 kg CO2e/MWh electricity from 1 April 2025 to 31 March 2030 

(ii) All other biomass power, including co-firing coal stations, coal stations 
converting to biomass, and existing dedicated biomass power (with or without 
CHP): 

 285 kg CO2e/MWh electricity from 1 April 2014 to 31 March 2020 

 200 kg CO2e/MWh electricity from 1 April 2020 to 31 March 2025 

 180 kg CO2e/MWh electricity from 1 April 2025 to 31 March 2030 

29. The RHI sustainability criteria will also become mandatory in order to receive support 
from Spring 2015. Suppliers will have to meet a lifecycle emissions target of 125.28 
kg CO2e/MWh heat, again calculated based on the LCA methodology set out in 
Annex V of the EU Renewable Energy Directive (2009/28/EC). The GHG emission 
targets are lower per MWh for heat generation than for electricity generation, owing 
to the higher efficiency of heat generating technologies. 

30. The Renewable Energy Directive LCA methodology accounts for GHG emissions 
from the cultivation, harvesting, processing and transport of the biomass feedstocks. 
It also includes direct land use change where the land use has changed category 
since 2008. The methodology, however, does not include changes in carbon stocks 
of forests, foregone carbon sequestration, carbon debt, or indirect impacts such as 
displacement effects. See page 40 for more details. 

31. Principle 1 of the Bioenergy Strategy recognised the importance of understanding 
carbon impacts for the whole system, including any changes to carbon stocks.  
DECC has committed to including protection of land carbon stocks into the 
sustainability criteria for bioenergy in the coming years, with a review of the 
effectiveness of the approach in 2016/17, as part of the planned UK Bioenergy 
Strategy Review (DECC, 2013a).  

32. This report presents analysis carried out since the publication of the Bioenergy 
Strategy.   The analysis is intended to shed light on the full carbon impacts of using 
woody biomass for energy, by accounting for the factors not considered by the 
Renewable Energy Directive LCA Methodology.  

33. Energy resources are limited, therefore this report also investigates the additional 
energy input required by a bioenergy scenario in order to deliver the final energy 
output.  

34. In 2020, the greatest demand for solid biomass in the UK is projected to be from the 
electricity sector, and the majority of the biomass feedstocks are likely to be in the 
form of imported woody pellets, mainly from North American forests. The aims of this 
report are therefore to: 

                                                           
17 As recommended by the European Commission in their 2010 report on biomass sustainability (European Commission, 2010). 
18 Electricity generators can report their bioenergy GHG emissions using the UK Solid and Gaseous Biomass Carbon Calculator is used by. The purpose of the 
calculator is to demonstrate compliance with the EU Renewable Energy Directive (2009/28/EC), and therefore factors beyond the scope of the Renewable 
Energy Directive LCA methodology are not accounted for. 
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 quantify the woody biomass resources that are likely to be available for pellet 

production from forests in North America by 2020, in million oven dry tonnes per 

year (Modt/y);  

 estimate the GHG emission intensities (in kg CO2e/MWh delivered energy) of using 

these resources for electricity generation in the UK, accounting for the impacts 

omitted by the EU RED methodology (emissions or sequestration from carbon stock 

changes on the land, foregone carbon sequestration, and indirect impacts); and 

 estimate the Energy Input Requirements (EIR) (in MWh energy input per MWh 

delivered energy) of using these resources for electricity generation in the UK and 

compare to other electricity generating technologies. The energy input is considered 

to be energy carriers which are ready for final use, e.g. electricity, diesel, natural 

gas, fuel oil. The primary energy of the biomass is not included as an energy input in 

the calculation, just as the energy in the wind, sunshine, or nuclear fuel is not 

included in the Energy Input Requirement for wind, solar and nuclear technologies. 

35. The final results are compared to the projected solid biomass requirements for UK 
biomass electricity, shown in Figure 9.  

36. This study does not address other issues which are also integral to the development 
of bioenergy policies, such as cost effectiveness, wider impacts across the economy, 
possible risks to food security, and potential impacts on biodiversity. It also does not 
examine the impacts of woody biomass use for heat, which we understand utilises 
mostly domestic rather than imported biomass feedstocks. 

 

Figure 9. Summary of solid biomass requirements for UK electricity from biomass in 2020. The 
projected biomass requirement is between 9.0 and 16.0 Modt/y (see page 29 for details) and its 
GHG intensity, as defined by the EU Renewable Energy Directive LCA methodology, must be 
below 200 kg CO2e/MWh.  
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Background 

2020 Projections for Bioenergy in the UK  

37. The projected delivered energy from biomass in the UK in 2020 is shown below in 
Figure 10; the total delivered energy (used for electricity, heat and transport) 
represents between 3.4 and 7.5% of projected 2020 energy consumption19.  

 

Figure 10. Projected delivered energy from biomass in 2020. The electricity figure corresponds to 
the EMR Delivery plan projections20 of bioenergy from biomass conversions, dedicated CHP 
biomass, small-scale dedicated biomass, anaerobic digestion, landfill gas and sewage gas. Heat 
includes energy from solid biomass, biogas, biomethane, landfill gas, and biogenic waste21.  

38. In 2011, approximately 2.9 million oven dry tonnes (2.9 Modt) of solid biomass was 
used for electricity generation in the UK22. In 2020, we estimate that between 9.0 and 
16.0 Modt/y of solid biomass will be required for electricity generation in the UK; this 
biomass will be used in power stations which have converted from being coal-fired to 
biomass-fired, as well as in new, dedicated biomass plants (including Combined Heat 
and Power plants). The UK will also require approximately 3.9 to 7.5 Modt/y of solid 
biomass for heat by 2020, resulting in a total demand of 12.9 to 23.5 Modt/y. The 
upper value is comparable to the total consumption of wood for all wood products 
(e.g. paper, furniture) in the UK in 2010 of approximately 21 Modt/y23 (Forestry 
Commission, 2014). As the greatest demand for solid biomass in the UK is projected 
to be from the electricity sector in 2020, the use of biomass for electricity is the focus 
of this report. 

                                                           
19 Projected energy consumption in 2020 is 1530 to 1597 TWh/y (DECC, 2013b). This range includes projected aviation energy consumption.  
20 Future deployment of and generation by biomass technologies is uncertain, as this will depend on the relative costs of these technologies going forward.  
Given these uncertainties, DECC’s Electricity Market Reform Delivery Plan (DECC, 2013) included a number of illustrative deployment and generation 
scenarios for use of biomass for electricity, which have been used to derive the electricity component of Figure 10.  However, these scenarios are for 
illustration only and are not exhaustive. 
21 Heat projections to 2020 are illustrative only as budget and policy projections are currently only agreed up to the end of 2015/16. 
22 Using Ofgem (2012) data, and assuming pellets have 7 wt% moisture, and wood chips, energy crops and agricultural residues have 25 wt% moisture. 
23 2010 figure of 45.9 M m3, equivalent to 21.4 Modt/y assuming wood specific gravity of 0.467 odt/m3 (average value for softwood and hardwood). 
Accounts for imports and exports. 
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Projection for Biomass Electricity in Other Countries 

39. Between 2006 and 2012, the amount of electricity generated from biomass globally 
increased from 209 TWh/y to 373 TWh/y (IEA, 2013), equivalent to solid biomass 
requirements of approximately 133 Modt/y24 in 2006, and 238 Modt/y in 2012. 
International trade of wood for energy also increased during this time, mainly in the 
form of wood pellets consumed in the EU, reaching 300 PJ in 2010 (~16 Modt) 
(Lamers et al., 2014). The International Energy Agency projects that globally, the use 
of biomass for electricity will continue to increase, generating 463 TWh of electricity 
by 2015 (~ 295 Modt/y) and 560 TWh by 2018 (~ 357 Modt/y) (IEA, 2013). 
International trade in wood for energy is therefore also likely to continue to increase; 
in particular, it has been reported that Belgium, the Netherlands and Denmark are 
expected to increase the quantity of pellets they import for bioenergy in the future 
(Lamers et al., 2014). 

Feedstocks for Biomass Electricity 

40. The 2.9 million oven dry tonnes of biomass used for electricity generation in the UK 
in 2011 were in the form of imported wood pellets (mainly from North America 
forestry), domestic wood chips (from UK forests), residues such as olive meal and 
straw (from UK and other countries) and energy crops such as Short Rotation 
Coppice (SRC) Willow and Miscanthus (from the UK) (Figure 11).  

 

Figure 11. 2011-2012 solid biomass feedstocks, in million oven dry tonnes per year (Ofgem, 
2012), assuming (i) pellets contain 7 wt% moisture, (ii) wood chips, energy crops and agricultural 
residues contain 25 wt% moisture. 

41. The total wood harvest from UK forests for all uses (products, pulp and paper, 
fencing, wood fuel) is approximately 5.3 Modt/y25 (Watson and Jarot, 2013). The 
Forestry Commission aims to increase harvest from English woodlands, so that 
another 1 Modt/y will be available for wood fuel (most likely for heat production) by 
2020 (Forestry Commission England, 2007). It is therefore clear that the UK could 
not satisfy the projected 2020 solid biomass requirement of 12.9 to 23.5 Modt/y using 
biomass from UK forests alone. This point is emphasised by considering the forest 
area that would be required to provide the projected upper UK solid biomass 

                                                           
24 Assuming global average conversion efficiency of biomass to electricity of 30% (based on Lower Heating Value), and Lower Heating Value of dry biomass of 
5.23 MWh/odt. 
25 2012 figure of 10.6 M green tonnes, equivalent to 5.3 Modt assuming 50 wt% moisture. 
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requirement in 2020; the productivity of a typical managed UK coniferous forest is 
approximately 3.7 odt/ha/y, therefore the harvest of 23.5 Modt/y of wood corresponds 
to the whole harvest from 6.4 Mha of coniferous forest; or 20% of the whole harvest 
from 31.8 Mha. For comparison, the total UK forest area is 3 Mha26, and the total UK 
land area is 24 Mha (Forestry Commission, 2014a).  

42. It is possible that more agricultural residues and perennial energy crops could be 
used as solid biomass feedstocks by 2020 (DECC, 2013c). However, industry 
indicates that the majority of the biomass feedstocks used for electricity generation in 
the UK in 2020 are likely to be in the form of imported woody pellets, mainly from 
North American forests (NNFCC, 2013). The North American pellet industry is 
therefore expanding rapidly: in February 2014, the production capacity of operational 
pellet plants in the USA was 10.1 Mt pellets/y (~ 9.4 Modt/y27); a further capacity of 
6.1 Mt pellets/y (~ 5.7 Modt/y) was planned or under construction. In Canada, the 
operational pellet production capacity at that time was 3.3 Mt pellets/y (~ 3.1 Modt/y) 
and a further capacity of 2.4 Mt pellets/y (~ 2.2 Modt/y) was planned or under 
construction (Biomass Magazine, 2014). In February 2014, the total operational and 
planned capacity in North America was therefore 22.0 Mt pellets/y (20.5 Modt/y). As 
the UK is not the only country importing pellets from North America for energy (IEA 
Bioenery, 2011; Lamers et al., 2014), it is conceivable that more pellet plants than 
those already planned may be built before 2020.  

Traditional North American Forestry 

43. North American forests are traditionally used for the production of wood for sawn 
timber (used in construction), veneer products, particleboard, fibreboard, paper 
products, and wood fuel. Saw logs are harvested to produce sawn timber, wood 
panels and veneer products used for construction; pulpwood and residues from saw 
log processing are used for the production of particleboard, fibreboard, paper 
products and wood fuel28. Table 4 shows how the wood harvested from North 
American forests is traditionally used, with the largest wood user being the paper 
industry.  

Table 4. Proportions of total North American wood harvest used for sawn timber, paper, wood 
panels and wood fuel, between 2006 and 2011 (using wood product data from FAOSTAT, 2013, 
and specific wood densities from USDA, 2009a). 

Final Wood Use Proportion of total wood harvest (wt%) 

Sawn Timber 19 - 25% 

Paper 49 - 55% 

Wood Based Panels29 15 - 17% 

Wood Fuel 9 - 11% 

44. Forests can be managed in different ways to produce different product distributions, 
depending on the desired proportion of saw logs and pulpwood. The rotation length 

                                                           
26 Consisting of both coniferous and broadleaf long-rotation forests; in the UK, broadleaf long-rotation forests generally have lower productivities than 
coniferous long-rotation forests. 
27 Assuming 7 wt% moisture content. 
28 See Table 2 for glossary. 
29 Includes fibreboard, particleboard, veneer sheets and plywood. 
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(time between harvests of a stand of trees), thinning practice, fertilisation, and tree 
regeneration method (e.g. planted or natural regeneration) all affect the final yield of 
wood and the proportion of saw logs and pulpwood produced. 

45. Figure 12 shows how North American roundwood removals varied between 1970 and 
2011 (FAOSTAT, 2013). Total North American harvest in 2012 was ~ 210 Modt/y, 
therefore the potential UK solid biomass requirement for electricity in 2020 of 9.0 to 
16.0 Modt/y represents ~ 4.3 to 7.6% of this total harvest, and the total UK solid 
biomass requirement of 12.9 to 23.5 Modt/y represents 6.1 to 11.2%. Between 2005 
and 2011 there was a sharp reduction in North American wood harvest, owing to the 
impacts of the recession on the housing markets and, to a lesser extent, a declining 
paper product market. This led to the saw log harvest reducing by ~ 73 Modt/y during 
this time horizon, and the pulpwood harvest reducing by ~ 14 Modt/y.  

 

Figure 12. North American industrial volumetric roundwood removals between 1970 and 2012 
(FAOSTAT, 2013), converted to oven-dry mass using average specific densities of 0.411 kg/m3 for 
softwood and 0.523 kg/m3 for hardwood, taken from United States Department for Agriculture 
(USDA, 2009a).  

46. Wood consumption patterns vary depending on the specific region and wood type 
(softwood or hardwoods). For example, Figure 13 shows how softwood consumption 
in the Southern coastal states of the USA changed between 1990 and 2009; 
although the consumption of pine saw logs followed the same pattern as national 
data (Figure 12), pine pulpwood consumption increased during this period. 

47. Traditional wood demand in the USA is starting to increase again as housing markets 
recover and demand for exports (e.g. to China) increases (Floyd, 2013); for example, 

from late 2012 through the first quarter of 2014, more than 4 billion ft2 (0.37 billion 
m2) of idled OSB manufacturing capacity was restarted, and RISI (2014) predicts that 
demand will “catch back up with and even surpass supply growth in the medium 
term”. It is predicted that by 2020, the wood removal from USA forests for traditional 
wood industries will be at least back to pre-recession levels, and after this, wood 
harvest will continue to increase (Forisk, 2011; Ince and Nepal, 2012; FAO and 
UNECE, 2012). The US Department for Agriculture has projected that the 2060 USA 
wood harvest will be nearly double that of 2010, with increased production of saw 
logs and veneer logs (for construction), and pulpwood (for paper products and 
composite products such as OSB). Although paper product consumption in the USA 
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is expected to continue to decrease, wood pulp production is projected to increase up 
to 2030 owing to growth in exports (Ince and Nepal, 2012).  

48. Canadian wood harvest is projected to increase to pre-recession levels by 2015, then 
stay fairly stable or decline slowly up to 2030, with an increase in the harvest of wood 
for paper products and wood based panels being roughly cancelled out by a 
decrease in the harvest of wood for sawn timber (FAO and UNECE, 2012). It is 
important to emphasise that caution should be made when using such projections, as 
they are based on economic assumptions about the future, which are uncertain. 

 

Figure 13. South USA Coastal States industrial pine wood removals between 1990 and 2009 
(Alabama, Florida, Georgia, Mississippi, North Carolina, South Carolina, Texas, Virginia). 
Volumetric consumption from USDA (2012a); assuming specific gravity of Loblolly pine (0.469 
odt/m3) to convert to Modt/y (Smith et al., 2006). 

North American Forest Inventories 

49. Since 1952, US forests have been growing faster than they have been harvested, 
causing the inventory of wood, and hence carbon, to increase. For example, between 
1953 and 1997, the US growing stock volume increased from 17,430 to 23,650 Mm3, 
despite the rate of removal increasing from 336 to 453 Mm3/y (USDA, 2001). In 2006, 
privately owned US forests (representing 56% of US forest land, and 92% of 
harvested wood output; Smith et al., 2010) were growing at a rate ~ 30% greater than 
they were being harvested (e.g. Growth:Drain ratio of 1.3), and public forests were 
growing at a rate ~ 430% greater than harvest (e.g. Growth:Drain ratio of 5.3) (US 
DOE, 2011).  

50. This increase in inventory in US forests is a result of a number of factors, including:  

 The existence of publically owned natural forests, that produce little timber and 

therefore have large Growth:Drain ratios (Smith et al., 2010). The area of reserved 

forest doubled between 1953 and 1997 (USDA, 2001). 

 Tree planting and conservation efforts in the 1970s and 1980s (US Environmental 

Protection Agency, 2013).  

 The movement of agricultural land from the East to the Mid-West since the 1950s, 

resulting in marginal agricultural land in the East reverting to forests (Smith et al., 
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2010; Fernholz et al., 2013; USDA, 2012). Overall, the total US forest land area 

increased by 4% between 1987 and 2007 (Smith et al., 2010). 

 The age distribution of US forests. Significant areas of forest had not yet reached 

their equilibrium carbon storage in 2010, and were therefore continuing to grow. 

However, the new forests which have been established on the previous agricultural 

land in the East are now approaching maturity, therefore growth is slowing down 

(USDA, 2012).  

 Increased wood recycling and increasingly efficient wood processing techniques, 

reducing the wastage of wood. US saw-mills have reduced the amount of wood 

incinerated as a waste from 41 - 45% in 1940 to less than 1% in 2005 (Fernholz et 

al., 2013). 

 Increased productivities, and hence wood outputs from intensively-managed 

plantations, reducing pressure on other forests (Fernholz et al., 2013; US 

Environmental Protection Agency, 2013).  

 Decreased harvest during the recession (Ince and Nepal, 2012). 

 A diverse wood industry resulting in it being economically competitive for private 

land owners to grow trees (Fernholz et al., 2013).  

51. This increased forest inventory has been an important carbon sink in the US 
LULUCF (Land Use Change, Land Use Change, and Forestry) inventory; in 2011, 
the CO2 removed from the atmosphere from the LULUCF sector offset about 14% of 
total US greenhouse gas emissions (US Environmental Protection Agency, 2014). 
The US Department of Agriculture has projected that the future US forest inventory 
will continue to increase up to 2060 (Ince and Nepal, 2012); however, this, or the 
extent of the increase of the inventory, will depend on future harvest rates (including 
harvest for wood energy) and future land use change patterns (Ince and Nepal, 2012; 
USDA, 2012). 

52. In Canada, the story is different, as erratic patterns of natural disturbances such as 
wildfires and insect breakouts tends to mask underlying patterns. Between 2005 and 
2010, the forest inventory reduced by an average of 23 Mt carbon each year 
(equivalent to 46 Modt/y of biomass) (FAO, 2010). This reduction was predominantly 
caused by the mountain pine beetle reducing stored carbon in forests in Pacific 
Canada. 

North American Wood Pellets 

53. In 2010, the vast majority of pellet plants relied on saw-mill residues as feedstock; 
however, in several countries, demand for wood pellets was already outstripping the 

supply (IEA Bioenergy, 2011). Furthermore, large‐scale pellet consumers such as 
power plants require medium and long term supply agreements with well‐defined 
volumes and prices; the IEA (2010) have reported that this growing need for 
feedstock price and volume stability conflicts with the volatile supply situation of the 
residue stream of the saw-milling industry. The IEA therefore claim that the pellet 
industry aims to use other feedstocks in the future, such as forest residues, dead 
wood from natural disturbance events, and industrial roundwood (IEA Bioenergy, 
2011). Other publications also recognise this, including a report by the USDA on 
North America’s Wood Pellet industry, which states that roundwood and beetle-killed 
trees are the most likely primary future feedstocks, owing to their availability in large 
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volumes (USDA, 2009). In 2012, the Wood Pellet Association of Canada also 
reported that forest residues and ‘whole tree chipping’ are being used to a greater 
degree for pellet manufacture, for the same reasons (Wood Pellet Association of 
Canada, 2012). 

54. In South USA, the majority of pellets are produced from roundwood, and wood 
residues are used to dry the biomass prior to pelletisation (Forest2Market, 2013). As 
well as providing a more reliable supply chain than saw-mill residues, the use of this 
feedstock ensures the production of pellets of consistent quality (IEA Bioenergy, 
2011; USDA, 2009; Wood Pellet Association of Canada, 2012). Figure 14 shows the 
world’s largest pellet facility (producing 750,000 t pellets per year), run by Georgia 
Biomass and owned by RWE Innogy, which uses roundwood for the production of 
their pellets.  

 

Figure 14. Aerial view of Georgia Biomass plant at Waycross, Georgia, South USA (Georgia 
Biomass, 2014). Copyright Georgia Biomass, reproduced with permission. 

55. Saw logs have a greater economic value than the pulpwood, as can be seen in 
Figure 15, which shows how the stumpage price of each classification of softwood 
roundwood in the South USA has changed since 198030. Owing to this price 
differential, saw logs are generally used for high value wood products (e.g. flooring, 
window frames), and the lower value pulpwood is used for the production of lower 
value commodities, such as wood pellets, paper products and particleboard (Forisk, 
2011a). Forked trees and large logs that are big enough to be saw logs, but have too 
many defects to be graded as saw logs, are also used to produce these lower value 
commodities. Figure 15 shows that the value of each wood product can vary 
significantly over time, depending on the market conditions; for example, the value of 
pine sawn timber in South USA decreased after 2008, owing to a reduction in 
demand caused by the collapse of the US house-building sector (Ince and Nepal, 
2012), but the value of pulpwood increased.  

                                                           
30 See Table 2 for glossary of terms. 
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Figure 15. South USA average stumpage prices of pine saw logs, chip-n-saw and pulpwood. 
Units in US $/metric green tonne (~ 50 wt% water). Data obtained from Timber Mart-South, 2014. 

56. Figure 16 shows estimations of the key prices in 2013 contributing to the cost of 
producing pellets in South USA from pine pulpwood, and shipping to the UK for 
electricity generation. The pelletisation and transport contribute the most to the 
overall cost of pellet production, with pelletising representing 40% of the total cost in 
Figure 16, and shipping representing 23%; the stumpage cost of softwood pulpwood 
represents a smaller proportion of the overall cost of production (~ 13% for in Figure 
16). Pellet price indices, which started to be published in 2008, indicate that pellet 
prices have been stable historically. However, it is estimated that only 5 to 7% of 
traded pellets prices are public, therefore these price indices may not accurately 
reflect settlement prices (Bloomberg New Energy Finance, 2013). DECC therefore 
uses fuel price estimates that are based on both published indices and direct contract 
prices derived from discussions with suppliers and generators31. Bloomberg project 
that the price of pellets is likely to increase in the future, owing to increased 
competition for the raw material, and increasing shipping costs (Bloomberg New 
Energy Finance, 2013). 

                                                           
31 DECC’s price assumptions can be found in our 2013 Electricity Generation Cost Report. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/223940/DECC_Electricity_Generation_Costs_for_publication_-
_24_07_13.pdf. 
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Figure 16. Example 2013 prices for pellets produced from softwood pulpwood, shipped from 
South USA to UK (assumed 7150 km) and used in biomass power plants. Sources: South USA 
pine pulpwood stumpage cost from Figure 15 ($10.5/green t); harvesting and transport, 
pelletising, land transport, and shipping estimated 2013 costs from Bloomberg New Energy 
Finance (2013). Pellets assumed to have a moisture content of 7 wt%. 

Potential Impacts of Increased Demand for Wood for Energy 

57. The bioenergy industry have stated that the value of wood used for the production of 
wood pellets for bioenergy is too low to cause any changes to management practices 
(AEBIOM et al., 2013), and that the roundwood used for bioenergy is pulpwood that 
would be harvested anyway as part of the management practice used to produce of 
saw logs for construction (e.g. in thinning operations). It is claimed that owing to a 
depressed pulp and paper market, this pulpwood would have no other use; this 
would mean the use of the wood for bioenergy would not cause any indirect effects32, 
such as indirect land use change.  

58. However, others (e.g. Walker et al., 2010; Abt et al. 2012) have reported that an 
increased demand of pulpwood for bioenergy could result in a higher economic 
value, which could affect the management practices of forests, or cause the 
displacement of wood products which use the same raw material. In Germany, it has 
been reported that since the installation of bioenergy systems (mainly CHP and 
biomass boilers), the value per tonne of woody biomass used for bioenergy has 
increased to 60% - 70% of the value of saw logs (Schulze et al., 2012). It is, 

                                                           
32 Indirect effects: If wood used for pellet production would otherwise have been used for the production of a different commodity, the displaced 
commodity would have to be produced by another method (e.g. from wood harvested elsewhere, or using non-wood alternatives), which would have 
associated resource costs and GHG emissions.   
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however, important to note that the North American and German wood product 
industries are different, and therefore the price responses to an increased demand 
for wood for bioenergy would also be different. Abt et al. (2012) modelled the impact 
of increased demand for domestic biomass on pulpwood prices in South USA 
(Alabama, Florida and Georgia); for a future woody biomass demand of ~ 14 Modt/y 
(on top of ~ 47.5 Modt/y demand from traditional products), they projected that the 
pulpwood price would increase to between 130% and 200% of 2007 prices by 2037 
(based on the assumption that wood supply and demand is price inelastic). In South 
USA, where many new pellet facilities that use pulpwood as a feedstock are being 
established, it has been reported that the demand for pine pulpwood from OSB and 
pellet manufacture increased between Quarter 2 of 2012 and 2013, contributing to a 
10% increase in the stumpage price of pine pulpwood (Forest2Market, 2013). 
Hardwood pulpwood prices in the region are also on an upwards trend 
(Forest2Market, 2013; Forest2Market, 2013a; Timber Mart-South, 2014).   

59. There are several potential effects on forests of high pulpwood prices. Abt and Abt 
(2013) reported that a high demand for wood pulp for energy in South USA could 
result in (i) an increased rate of harvest of existing forests (ii) the displacement of 
wood used for non-bioenergy wood products, and (iii) the establishment of more 
intensively-managed plantations. In the past, new pine plantations in the South USA 
have been established on both productive naturally-regenerated timberland and 
agricultural land (Wear and Greis, 2002). Walker et al. (2010) considered the impact 
of increased biomass stumpage prices on harvest levels in forests in Massachusetts, 
and reported similar potential effects as Abt and Abt. They predicted that an increase 
in the price of wood for energy from the price at the time of $US 1-2/green short ton 
($US 2.2 to 4.4/dry t) to up to $US 20/green short ton ($US 44/dry t) could result in (i) 
more forests being harvested, (ii) the displacement of wood used for traditional wood 
products, and (iii) the intensity of harvest operations increasing. 

60. Another potential impact is that the management practices of current forestland could 
change in order to produce more pulpwood. Henderson and Munn (2012) reported 
that if the pulpwood stumpage price of Loblolly pine plantations in South USA were to 
increase to 44 to 84% of the saw log price (currently this value is ~ 30%), pulpwood 
only regimes would become financially preferable to the current mixed-product 
regimes; it is important to note that saw log prices are projected to increase in the 
region as the construction market picks up, therefore this scenario represents a case 
where the pulpwood price also increases but at a substantially greater rate than saw 
log prices. The relative stumpage price of pulpwood and saw logs is not the only 
factor determining how foresters manage pine plantations in South USA; the stability 
and resilience of the product market is also highly important, therefore for pulpwood 
only plantations to be viable, the pulpwood market (e.g. for paper, OSB and 
bioenergy) would require long-term stability.  

61. It has also been projected that the increased demand for wood for energy could 

result in less forest being converted to other uses, such as agricultural land, in the 
future. For example, in 2012 the US Forest Service estimated how US forest area 
and inventory would change between 2010 and 2060, considering IPCC 2007 
assumptions and projections of global population growth, economic growth, 
bioenergy use and climate (USDA, 2012)33. Two of the scenarios investigated 
assumed the same economic and population assumptions, but varied future demand 
for biomass for bioenergy, with one scenario assuming the high IPCC 2007 projected 

                                                           
33 It is important to note that this analysis was based on IPCC 2007 economic projections, and did not account for the collapse in US housing construction 
after the recession, or the expansion of unconventional oil and gas production via hydraulic fracturing and horizontal drilling, which would affect the US 
forest inventory and demand for wood for energy.  
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increase in global bioenergy use (named RPA-A1B), and the other assuming 
bioenergy use based on historical use in all countries (RPA-A1B HFW). The scenario 
with the higher demand for bioenergy (RPA-A1B) resulted in a larger area of US 
forest in all analysed years (2010 to 2060), as a result of less land being converted to 
other uses34. However, the high bioenergy scenario (RPA-A1B) also resulted in a 
significantly lower overall US forest inventory (hence carbon stock) than the low 
bioenergy scenario (RPA-A1B HFW), as a result of the increased harvest for 
bioenergy35.  

62. We can also learn about the implications of increased prices of pulpwood by 
considering what happened in the past, when demand for wood for pulp and paper 
increased in South USA in the 1990s (see box 1).  

 

Box 1. Case Study: Response to increased demand for pulp and paper in the 1990s 

In the 1990s, the demand for wood as a raw material for the production of paper increased in South 

USA, owing to an overall increase in demand in the USA coinciding with declining production in the 

West USA. As demand grew, resources became limited, and therefore wood was used more 

efficiently. However, producers were not able to increase output as fast as the demand increased, 

therefore the price for the paper feedstock increased (by ~15% between 1990 and 1998 for softwood 

and 100% for hardwood). This led to increased investment in forest productivity; intensively-managed 

plantations were established that used genetically selected36 trees and were managed using advanced 

silvilcultural techniques (e.g. thinning, fertilisation and vegetation management). These intensively-

managed plantations were established on agricultural land, as well as on naturally-regenerated 

forests, and less-productive plantations. Hardwood forests were also harvested to a greater extent, 

and whole-tree chipping was introduced in areas not previously subject to harvesting (Wear and Greis, 

2002). 

 

63. In summary, a higher value for pulpwood for pellets and other uses (e.g. paper 
products and OSB) could lead to: 

 an increase in the rate of harvest of existing forests, lowering the average age of 

trees (Abt and Abt, 2013; Walker et al., 2010; Schulze et al., 2012; Weir and Greis, 

2000; Holtsmark, 2012);  

 changes in the management practice of current forests (other than rate of harvest) to 

produce more wood for bioenergy (Walker et al., 2010; Henderson and Munn, 2012); 

 the conversion of naturally-regenerated forests to intensively-managed, genetically-

selected plantations, which are highly productive (Abt et al., 2012; Evans et al., 

2013; Davis et al., 2012; USDA, 2012; Zhang and Polyakov, 2010); 

 the establishment of new plantations on current agricultural land (Abt et al., 2012; 

Davis et al., 2012; Zhang and Polyakov, 2010; Sedjo et al., 2013); 

 the use of pulpwood for bioenergy, causing the displacement of non-bioenergy wood 

uses (Sedjo et al., 2013., Abt and Abt, 2013; Abt et al., 2012); and 

                                                           
34 Figure 34 in USDA (2012). 
35 Figure 41 in USDA (2012). 
36 Via selective breeding, not genetic modification. 
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 the prevention of some productive forests being converted to other uses, such as 

agricultural land (USDA, 2012; Abt et al., 2012). 

Greenhouse Gas Intensity of Bioenergy 

64. Under the Climate Change Act of 2008, the UK must reduce its GHG emissions by at 
least 80% on 1990 levels. It was reported in the UK Government’s 2011 Carbon Plan 
that to achieve this, the electrical grid GHG intensity should reduce to between 50 
and 100 kg CO2e/MWh by 2030 (H M Government, 2011). As biomass electricity is 
projected to provide a significant proportion of the UK’s primary energy, it is therefore 
important that biomass policies deliver energy with GHG intensities consistent with 
these decarbonisation targets. This is reflected in Principle 1 of the UK Government’s 
2012 UK Bioenergy Strategy: “Policies that support bioenergy should deliver genuine 
carbon reductions that help meet UK carbon emissions objectives to 2050 and 
beyond (DECC, DfT and DEFRA, 2012).” 

 

Figure 17. Electricity from coal: assumes average UK fleet efficiency of 35.7% based on Higher 
Heating Value (HHV) of coal (DUKES, 2013), and total GHG emissions based on coal HHV of 0.363 
kg CO2/kWh primary energy (DEFRA, 2013). Natural Gas: assumes average UK fleet efficiency of 
48.5% based on HHV of natural gas (DUKES, 2013), and total GHG emissions based on natural 
gas HHV of 0.212 kg CO2/kWh primary energy (DEFRA, 2013). UK Average Grid: data from 
(DEFRA, 2013). Total emissions include those emitted at the point of generation, as well as those 
emitted prior to the point of generation, including those from extracting and transforming the 
primary energy source into the energy carrier, and distributing the fuel; emissions from the 
production of vehicles, machinery or infrastructure are not included. 

65. DECC recently published sustainability criteria for biomass feedstocks supported 
under the Renewable Obligation (RO), stating that electricity from biomass which is 
subsidised by the RO must be proven to generate electricity with a maximum GHG 
emission intensity of 285 kg CO2e/MWh37 from April 201438, and 200 kg CO2e/MWh 
from April 2020 (DECC, 2013a). Figure 17 shows how 200 kg CO2e/MWh compares 
to the Life Cycle emissions associated with electricity from coal, natural gas, and the 
UK average electricity grid GHG intensity. 

                                                           
37 The unit kg CO2e/MWh is equivalent to g CO2e/kWh. 
38 Apart from new, dedicated biomass power plants, which must meet 240 kg CO2e/MWh. 
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66. To meet the sustainability criteria, the GHG intensity of biomass electricity must be 
calculated using the LCA methodology recommended by the European Commission 
in their 2010 report on biomass sustainability (European Commission, 2010), which is 
based on the LCA methodology set out in Annex V of the EU Renewable Energy 
Directive (2009/28/EC). Electricity generators can use the UK Solid and Gaseous 
Biomass Carbon Calculator to report their bioenergy GHG emissions, in accordance 
with this LCA methodology.  

67. The LCA methodology of the Renewable Energy Directive (2009/28/EC) accounts for 
emissions from:  

 cultivation;  

 harvesting;  

 direct land use change where the land use has changed category since 2008, e.g. 

from annual crop land to forest, grassland to annual crop land; 

 soil organic carbon (SOC) accumulation from improved management; 

 processing;  

 transport and distribution; 

 the final energy generating process; 

 carbon capture and geological storage; and, 

 carbon capture and replacement39. 

68. However, the following factors are not considered in the Renewable Energy Directive 
(2009/28/EC) LCA methodology:   

 Carbon debt: when a stand of trees in a forest is harvested all at once and replanted 

(or left to regenerate), it takes time (possibly several decades) for the trees to re-

grow to their pre-harvest mass. Until that time, the amount of carbon stored on the 

stand is lower than it was before harvest. If the wood removed from the land is 

combusted, the net reduction in carbon stored on the land would cause an 

equivalent temporary increase in carbon in the atmosphere. This term considers 

carbon impacts at the stand level rather than at the overall forest level (see page 48 

for the difference between stand and forest level).  

 Changes in average forest carbon stock: the average carbon stored in a forest 

consisting of multiple stands can change over time if, for example, forest 

management practices change (e.g. harvest rates, silvicultural regimes, or tree 

species change). This term considers carbon impacts at the overall forest level, 

rather than stand level. 

 Foregone carbon sequestration: if the harvest of trees in a forest stops or reduces, 

the forest would likely continue to grow and reach a new equilibrium carbon stock. If 

this is the alternative (or counterfactual) to continuing to harvest a forest, the 

foregone carbon sequestration is the sequestration which has been prevented by the 

continued harvesting. This term considers carbon impacts at the overall forest level, 

rather than stand level. 

                                                           
39 Defined by European Commission as emissions avoided through the capture of CO2 of which the carbon originates from biomass and which is used to 
replace fossil-derived CO2 used in commercial products and services. 
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 Indirect impacts: If land used for bioenergy would otherwise have been used for the 

production of a different commodity, the displaced commodity may be produced by 

another method (e.g. from wood harvested elsewhere, or using non-biomass 

alternatives), which would have associated resource costs and GHG emissions. 

69. It is well known that deforestation and degradation of forests can result in significant 
CO2 emissions to the atmosphere; as a result the UK is committed to the United 
Nations Collaborative Programme on Reducing Emissions from Deforestation and 
Forest Degradation in Developing Countries (REDD)40. However, recent reports have 
shown that the factors listed above (paragraph 68) are also important as they can 
have significant impacts on the total GHG intensities of some types of biomass 
feedstocks (Agostini et al., 2013; European Environment Agency, 2011; Mitchell et 
al., 2012; Guest et al., 2013; Repo et al., 2010; Baral and Malins, 2014; Daigneault et 
al., 2012).   

70. Baral and Malins (2014) stated that for harvesting cycles longer than 10 years, the 
impact of temporary biogenic emissions can be significant and therefore should not 
be ignored. Abt et al. (2012) reported that if increased demand for pulpwood in South 
USA were to cause new pine plantations to be established on agricultural land, the 
total amount of carbon stored in forests in the region would increase compared to the 
counterfactual (potential indirect impacts were not considered in this study41). Repo 
et al. (2014) showed that increasing bioenergy production from forest harvest 
residues in Europe would decrease organic material stored at the harvest site, which 
could reduce the carbon stock and sink of forests. Although the reduction was found 
to be small compared to the size of the overall carbon stocks, it was found to be 
significant in comparison to the amount of energy produced from the residues42.  

71. It is clear that these impacts need to be considered for complete LCA analysis. As 
the function of the UK Solid and Gaseous Biomass Carbon Calculator is to provide a 
regulatory method which can be used for the purposes of compliance monitoring 
against the Renewable Energy Directive LCA methodology, it is not intended for 
research purposes and therefore not designed to be used to investigate the impact of 
the factors listed above. DECC has therefore developed the Biomass Emissions And 
Counterfactual (BEAC) model for this purpose. 

                                                           
40 A financial value is created for the carbon stored in forests in developing countries, offering incentives for these countries to reduce emissions from 
forested lands. 
41 See glossary for definition of indirect impacts. 
42 forest harvest residues would need to be continued for 60 - 80 years to achieve a 60% carbon dioxide (CO2) emission reduction in heat and power 
generation compared to the fossil fuels it replaces in most European countries (Repo et al., 2014). 
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Methodology 

Construction of Scenarios 

72. Scenarios have been constructed to represent North American woody feedstocks 
that are currently used for the production of pellets (e.g. pellets from saw-mill 
residues, dead trees from natural disturbances, and pulpwood), as well as potential 
future scenarios which might come to pass if the demand for biomass were to 
increase significantly in the future (e.g. pellets from wood derived from new, 
dedicated plantations). Peer-reviewed literature has been used to construct these 
scenarios, as well as discussions with key stakeholders. We have included not only 
scenarios judged plausible and desirable, but also some scenarios that might be 
judged implausible or undesirable, so as to illustrate negative consequences that 
policies should ensure are avoided. Care should therefore be taken in interpreting the 
outputs from this study since the scenarios and counterfactuals modelled are not 
equally realistic; environmental, economic and social factors will all play a part in 
determining which of these scenarios could play out in the future. 

73. The BEAC model allows the user to investigate the GHG impacts of bioenergy 
scenarios that cause a change in the amount of wood products used for construction, 
resulting in a change in the amount of non-wood alternative products used for 
construction. For example, if wood used for bioenergy would otherwise have been 
used to produce particleboard, the user of BEAC can consider the GHG impact of 
replacing the particleboard with a non-wood material (for example, concrete breeze 
blocks). 

74. In North America, the majority of houses are built from wood products, with 90 - 94% 
of one- and two-family house constructions being built from wood in the USA, and 76 
- 85% of those in Canada (Lippke et al., 2011). Using non-wood alternatives for 
housing construction in North America would require a fundamental shift in building 
design and cultural acceptance; it was therefore considered unlikely that the amount 
of non-wood products used for house construction in North America would change as 
a result of wood demand for bioenergy.  

75. Such scenarios have therefore not been reported in this study. Instead, it is more 
likely that increased demand for wood for bioenergy would result in more wood being 
harvested for bioenergy, therefore scenarios representing this outcome have been 
considered.  For these scenarios, it has been assumed that the additional wood, in 

comparison to the counterfactual, is used for bioenergy, and that there is no 
difference in the amount of wood used for non-bioenergy uses between the 
bioenergy scenario and its counterfactual scenario. This is similar to the approach 
taken by Walker et al., 2010.  

76. The scenarios are grouped by the wood that is turned into pellets as follows: 

 forest residues without an alternative market; 

 additional roundwood harvest from naturally-regenerated timberland;  

 roundwood (e.g pulpwood) from existing plantations;  
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 wood for bioenergy displacing non-bioenergy uses, causing additional wood to be 

imported; 

 additional wood harvest from establishing new plantations (energy crops and 

intensively-managed pine) on naturally-regenerated timberland in South USA; 

 additional wood harvest from establishing new plantations (energy crops and 

intensively-managed pine) on abandoned agricultural land. 

77. Counterfactual land uses have been chosen for each scenario, representing what the 
land would be used for if it were not used to generate the bioenergy feedstocks. For 
example, if wood pellets are generated from forest residues that do not have an 
alternative market, the counterfactuals include: 

 leaving the woody residues to decay in the forest after harvest; 

 removing the residues from the forest and burning them at the roadside. 

78. A full list of the scenarios is shown below in Table 5. All scenarios are specific to 
wood produced in North America. However, as biomass is globally traded, the 
additional use of North American wood for bioenergy could impact the demand for 
imported wood (e.g. wood imported by the USA from Canada or South America), 
which is reflected in Scenarios 19 to 21. 

Table 5. Scenarios for UK Bioelectricity from North American Wood Pellets. 

Scenario 
number 

Feedstock used for pellets Counterfactual scenario Page number 
for section 

Woody Residues   

Saw-mill Residues  55 

1 (a) Saw-mill residues in South USA; no 
drying. 

(b) Saw-mill residues in Pacific Canada; 
no drying. 

Burn as a waste (no energy 
recovery). 

 

2 (a) Saw-mill residues in South USA; dry 
from 25 wt% to 10 wt% moisture. 

(b) Saw-mill residues in Pacific Canada; 
dry from 25 wt% to 10 wt% moisture. 

Burn as a waste (no energy 
recovery). 

 

3 (a) Saw-mill residues in South USA; dry 
from 50 wt% to 10 wt% moisture.  

(b) Saw-mill residues in Pacific Canada; 
dry from 50 wt% to 10 wt% moisture. 

Burn as a waste (no energy 
recovery). 

 

Forest Residues 61 

4 (a) Coarse forest residues, removed from 
forests in South USA, continuously 
over the time horizon.  

(b) Coarse forest residues, removed from 
forests in Pacific Canada, continuously 
over the time horizon. 

Leave all residues in the forest.  

5 (a) Fine forest residues, removed from 
forests in South USA, continuously 
over the time horizon.  

(b) Fine forest residues, removed from 
forests in Pacific Canada, continuously 
over the time horizon. 

Leave all residues in the forest.  

6 (a) Coarse forest residues, removed from 
forests in South USA, for 15 years only 
(then residues are left in the forest 

Leave all residues in the forest. 
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Scenario 
number 

Feedstock used for pellets Counterfactual scenario Page number 
for section 

again). For example when analysed 
over a time horizon of 40 years, this 
involves the removal of residues for the 
first 15 years, then leaving the residues 
in the forest for the last 25 years of the 
time horizon. 

(b) Coarse forest residues, removed from 
forests in Pacific Canada, for 15 years 
only (then residues are left in the forest 
again). 

 

 

7 (a) Fine forest residues, removed from 
forests in South USA, for 15 years only 
(then residues are left in the forest 
again).  

(b) Fine forest residues, removed from 
forests in Pacific Canada, for 15 years 
only (then residues are left in the forest 
again). 

Leave all residues in the forest. 

 

 

 

 

8 (a) Forest residues (both coarse and fine), 
removed from forests in South USA, 
continuously over the time horizon.  

(b) Forest residues (coarse and fine), 
removed from forests in Pacific 
Canada, continuously over the time 
horizon. 

Burn the residues at the 
roadside as a waste. 

 

Dead Trees from Natural Disturbances 70 

9 Salvaged dead trees, which have been killed 
by the mountain pine beetle in Pacific Canada.  

(a) Leave in the forest. 

 

(b) Remove and burn at the 
roadside. 

 

Roundwood and Energy Crops  

Increased harvest of Naturally-Regenerated Forests 77 

10 Additional wood (in comparison to the 
counterfactual) generated by increasing the 
rate of harvest of a naturally-regenerated 
hardwood forest in East Canada (a) from every 
100 years to every 50 years, (b) from every 100 
years to every 80 years. 

Continue harvesting the forest 
every 100 years. 

 

11 Additional wood (in comparison to the 
counterfactual) generated by increasing the 
rate of harvest of a naturally-regenerated 
conifer forest in Pacific Canada from every 70 
years to every 50 years. 

Continue harvesting the forest 
every 70 years. 

 

12 Additional wood (in comparison to the 
counterfactual) generated by increasing the 
rate of harvest of a naturally-regenerated 
conifer forest in boreal Interior-West Canada 
(a) from every 100 years to every 50 years, (b) 
from every 100 years to every 80 years. 

Continue harvesting the forest 
every 100 years. 

 

13 (a) Additional wood (in comparison to the 
counterfactual) generated by increasing the 
rate of harvest of a naturally-regenerated 
hardwood forest in South USA from every 70 
years to every 60 years. 

(b) Additional wood (in comparison to the 

(a) Continue harvesting the 
forest every 70 years. 

 

 

(b) Reduce the rate of harvest to 
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Scenario 
number 

Feedstock used for pellets Counterfactual scenario Page number 
for section 

counterfactual) generated by continuing 
harvesting a naturally-regenerated hardwood 
forest in South USA every 70 years 

every 80 years. 

Existing Intensively-managed Plantations 87 

14 Additional wood (in comparison to the 
counterfactual) from intensively-managed pine 
plantation, in South USA. (a) Continue 
harvesting every 25 years, (b) increased 
demand for pulpwood results in the rotation 
length reducing to 20 years. 

Reducing the frequency of 
harvest to every 35 years.  

 

15 Same as Scenario 14. Converted over 50 years to an 
even-aged naturally-regenerated 
pine forest that is harvested 
every 50 years. 

 

16 Same as Scenario 14. Converted over 25 years to a 
naturally-regenerated pine forest 
that is left to continuously 
sequester carbon, rather than 
harvested. 

 

17 Same as Scenario 14. Converted over 25 years to 
agricultural land (e.g. cotton 
plantation). 

 

18 Additional wood (in comparison to the 
counterfactual) from increasing the 
management intensity (and hence yield) of a 
pine plantation in South USA that is harvested 
every 25 years (e.g. adopting optimal thinning 
practices and initial planting densities; Will et 
al., 2006). 

Continue previous management 
regime (medium-intensity 
management practices, 
harvested every 25 years). 

 

Displacing Non-Bioenergy Wood Uses 97 

19 Pulpwood from South USA, causing indirect 
impact of Eucalyptus plantation replacing 
Brazilian rainforest. 

Pulpwood used for non-
bioenergy purposes. 

 

20 Pulpwood from South USA, causing indirect 
impact of Eucalyptus plantation replacing 
Brazilian abandoned degraded pasture land, 
which would otherwise revert to tropical 
savannah (IEA, 2011). 

Pulpwood used for non-
bioenergy purposes. 

 

21 Pulpwood from South USA, causing indirect 
impact of increasing the harvest rate of 
naturally-regenerated coniferous forest in 
Pacific Canada, from every 70 years to every 
50 years. 

Pulpwood used for non-
bioenergy purposes. 

 

New Plantations Replacing Naturally-regenerated Forests in South USA 103 

22 Additional wood (in comparison to the 
counterfactual) from the conversion of a 
naturally-regenerated coniferous forest in 
South USA that is harvested every 50 years, to 
an intensively-managed pine plantation that is 
harvested (a) every 25 years, (b) every 20 
years. 

Continue harvesting the forest 
every 50 years, and leaving to 
regenerate naturally. 

 

23 Additional wood (in comparison to the 
counterfactual) from the conversion of a 
naturally-regenerated coniferous forest in 
South USA that is harvested every 50 years, to 

Continue harvesting the forest 
every 50 years, and leaving to 
regenerate naturally. 
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Scenario 
number 

Feedstock used for pellets Counterfactual scenario Page number 
for section 

an SRC hardwood plantation that is coppiced 
every 3 years. Conversion takes (a) 3 years, 
(b) 50 years. 

24 Additional wood (in comparison to the 
counterfactual) from the conversion of a 
naturally-regenerated hardwood forest in South 
USA that is harvested every 70 years, to an 
intensively-managed pine plantation that is 
harvested (a) every 25 years, (b) every 20 
years. 

Continue harvesting the forest 
every 70 years, and leaving to 
regenerate naturally. 

 

25 Additional wood (in comparison to the 
counterfactual) from the conversion of a 
naturally-regenerated hardwood forest in South 
USA that is harvested every 70 years, to an 
SRC hardwood plantation that is coppiced 
every 3 years. Conversion takes (a) 3 years, 
(b) 70 years. 

Continue harvesting the forest 
every 70 years, and leaving to 
regenerate naturally. 

 

New Plantations on Abandoned Agricultural Land 113 

26 Additional wood (in comparison to the 
counterfactual) from the conversion of 
abandoned agricultural land in USA that was 
previously annually ploughed, to an SRC 
hardwood plantation that is coppiced every 3 
years. Assumed exported to UK from South 
USA. SRC yields of: 

(a) 5 odt/ha/y 
(b) 10 odt/ha/y 
(c) 15 odt/ha/y 
(d) 30 odt/ha/y. 

Abandoned agricultural land left 
to revert to sub-tropical, moist, 
deciduous forest. 

 

27 Additional wood (in comparison to the 
counterfactual) from the conversion of 
abandoned agricultural land in USA that was 
previously annually ploughed, to an SRC 
hardwood plantation that is coppiced every 3 
years. Assumed exported to UK from Northeast 
USA. SRC yields of: 

(a) 5 odt/ha/y 
(b) 10 odt/ha/y 
(c) 15 odt/ha/y 
(d) 30 odt/ha/y. 

Abandoned agricultural land left 
to revert to temperate grassland.  

 

28 Additional wood (in comparison to the 
counterfactual) from the conversion of 
abandoned agricultural land that was 
previously annually ploughed, to an intensively-
managed pine plantation that is harvested (a) 
every 25 years, (b) every 20 years. Assumed 
exported to UK from South USA. 

Abandoned agricultural land left 
to revert to sub-tropical, moist, 
deciduous forest. 

 

29 Additional wood (in comparison to the 
counterfactual) from the conversion of 
abandoned agricultural land that was 
previously annually ploughed, to an intensively-
managed pine plantation that is harvested (a) 
every 25 years, (b) every 20 years. Assumed 
exported to UK from Northeast USA. 

Abandoned agricultural land left 
to revert to temperate grassland. 

 



Methodology 

48  

Evaluation of Scenarios 

79. A literature review has been conducted to estimate the likely available resource of 
each feedstock by 2020, and DECC’s Biomass Emissions And Counterfactual 
(BEAC) Model has been used to estimate the GHG intensity and Energy Input 
Requirement (EIR) of each scenario.  

80. The overall GHG intensity and EIR of the bioenergy scenarios have been estimated 
by accounting for the emissions and energy associated with the following: 

 Land carbon stock changes over time in above- and below-ground biomass, as well 

as soils. 

 Crop or tree establishment and maintenance (e.g. machinery diesel, fertiliser, 

pesticide). 

 Biomass harvest (e.g. machinery diesel). 

 Transport of biomass (e.g. road, rail or shipping). 

 Pre-treatment operations (e.g. pelletisation, drying). 

 Final processing (e.g. generation of electricity). 

81. Emissions associated with, and energy requirement of, the production of vehicles, 
machinery and infrastructure are not included in the model. 

GHG Intensity 

82. The GHG intensity of bioenergy is defined as: 

G G intensity  
 ife Cycle G G emissions (kg C 2 e uivalent)

Delivered Electricity (MWh)
 

83. The GHG intensity of bioenergy pathways can change significantly over time, 
therefore BEAC allows the user to investigate the GHG intensity of different 
scenarios over three different time horizons: 20, 40 and 100 years.  

84. Unless otherwise stated, the GHG emissions were calculated by assuming that 
biomass is harvested from the land continually over the entire time horizon. We used 
the difference in GHG emissions and energy output between the bioenergy and 
counterfactual scenarios to evaluate the average emissions per unit of delivered 
energy over the time horizon; these calculations therefore required evaluation of the 
following factors for both the bioenergy and counterfactual scenarios (i) the land 
carbon stock at the end of the time horizon, (ii) the total energy output over the entire 
time horizon, and (iii) the supply chain emissions released over the entire time 
horizon.  

85. The Global Warming Potential (GWP) of non-CO2 greenhouse gases were taken as 
the 100 year IPCC 2007 values in all cases (25 kg CO2e/kg CH4 and 298 kg CO2e/kg 
N2O). BEAC is open-source (open government license) and users who are interested 
to explore other weightings of non-CO2 gases can do so. 

86. The carbon stock changes of forests were calculated using the data specific to North 
American forests provided by the United States Department for Agriculture (USDA) 
(Smith et al., 2006) and the C-SORT model developed by UK-based Forest 
Research. The USDA data provides information on how the harvested wood output, 
and carbon stocks in the trees, understory, dead wood, forest floor and soil, change 
over time after the clearcut harvest and re-growth of forests in different forest types of 
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North America. The C-SORT model allows the user to define the tree species, yield 
class (measure of the growth rate of the tree), soil type, planting density, and time 
between harvest, to estimate how the carbon stock changes over time in a modelled 
forest, as well as the amount of saw logs, pulpwood and forest residues that are 
produced. The C-SORT model therefore requires assumptions to be made about a 
typical forest in a region in order to model the carbon output and biomass production 
(for the relevant scenarios, these assumptions are provided in the Annex). 

87. Calculations to determine the effect of harvesting biomass for bioenergy can be 
performed using a ‘stand-level’ or a ‘landscape- or forest-level’ approach. If the 
purpose of the calculation is to determine the impact over time associated with 
harvesting an area of land all at once (e.g. a stand of forest), calculations would be 
performed using the ‘stand-approach’ (e.g. studies by Cherubini et al., 2013; Walker 
et al., 2010). Figure 18 illustrates the change in non-soil carbon stocks that can occur 
on an area of land in South USA which is planted with Loblolly trees, and harvested, 
every 25 years; calculations would be performed by determining the change of 
carbon stock on the land over the time horizon which the calculations are being 
performed over.  

 

Figure 18. The non-soil carbon stock of a stand of Loblolly trees in South USA that are 
intensively-managed and clear-felled every 25 years (data from Smith et al., 2006). 

88. However, in North American and European forests that adhere to Sustainable Forest 
Management practices, it is often the case that not all the stands are felled at the 
same time; this ensures that a steady supply of wood is available. In these cases, the 
forests consist of a mix of unplanted, newly-planted, immature and mature stands. 
Hence, at the scale of a forest or landscape, if the management practice of the forest 
does not change and the forest consists of stands with a uniform age distribution 
(referred to as even-aged), losses of carbon stocks due to harvesting may be 
counterbalanced by sequestration in the remaining stands which are still growing. In 

this case, the forest’s carbon stock stays at an average value, shown as the dotted 
line in Figure 18. If the management practice changes, e.g. the time between harvest 
changes, the tree species changes, or harvesting practices are stopped, this average 
carbon stock will change. When calculating the carbon stock of forests consisting of 
multiple-stands, harvested at different times, the ‘landscape- or forest-level’ approach 
is used, whereby the average carbon stored in all the stands is calculated (e.g. 
Forest Research and North Energy, 2012; Biomass Energy Resource Centre, 2012; 
Mitchell et al., 2012). As a steady supply of wood for bioenergy is required, and the 
UK Bioenergy Sustainability Criteria requires the wood to be supplied from 
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‘sustainably-managed forests’, where stands are generally harvested on a rotational 
basis, calculations have been performed at the landscape-level.     

89. By fully accounting for carbon stock changes in forests, accounting for the GHG 
intensity of the land counterfactual, and considering the GHG intensities over 
different time horizons, BEAC addresses the impacts described on page 41 that are 
not accounted for by the EU Renewable Energy Directive LCA methodology.  

Energy Input Requirement 

90. The Energy Input Requirement of bioenergy is defined as: 

Energy Input  e uirement  
Energy Input (MWh)

Delivered Electricity (MWh)
 

91. The EIR calculation is used to estimate the amount of energy, other than bioenergy, 
required to deliver 1 MWh of electricity. The EIR is essentially the inverse of the 
standard metric ‘E  I’, the energy return on energy invested, and is a measure of 
how much useful energy is spent to deliver a unit of electricity; a lower EIR means 
that on a net basis, more energy is available from a given source (for further 
information on EROI see Murphy and Hall; 2010; Weissbach et al., 2013; Raugei et 
al., 2012 and Kubiszewski et al., 2010). The primary energy of the biomass is not 
included as an energy input in the calculation, just as the energy in the wind or 
sunshine is not included in the Energy Input Requirement for those technologies. 

92. The EIR has been calculated using two different methods; Figure 19 shows the terms 
used in the calculations. First, the EIR is reported on an energy-carrier input basis, 
and calculated as: 

EI energy carrier basis  
EEC

ED

 

93. Here, the energy input is considered to be energy carriers which are ready for final 
use, e.g. electricity, diesel, natural gas, fuel oil. This means that 1 MWh of electricity 
is treated to be equivalent to 1 MWh of diesel. However, other studies often extend 
the boundary when calculating the energy inputs, using primary energy inputs rather 
than the energy carrier inputs (e.g. Raugei et al., 2012; Kubiszewski et al., 2010) 
therefore the EIR for the bioenergy scenarios has also been calculated on this basis, 
to allow comparison with other studies: 

EI  primary energy basis  
EPE

ED

 

94. The energy required to produce chemicals, e.g. fertilisers, are included; most data 
were available in the form of primary energy requirement, rather than high-value 
energy carrier requirement. However, as these chemicals are often made from 

natural gas and oil (with ratios of energy carrier to primary energy close to 1), it was 
considered appropriate to use these values as approximations for both the energy 
carrier, and primary energy input values.  

95. It is important to note that owing to lack of data, the EIR values for the biomass 
technologies do not include infrastructure energy requirements. The conversion of 
coal to biomass fired power stations does not involve significant infrastructure 
requirements, therefore would not impact the EIR values significantly; however, 
future work to estimate the energy input associated with pelletising infrastructure 
would be useful. 
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Figure 19. Diagram of terms included in Energy Input Requirement (EIR) calculations. 

Consideration of Metrics for Comparing Technologies 

96. As well as GHG intensity and EIR, other metrics are important to consider when 
comparing different technologies. For example, neither of these metrics accounts for 
the intermittency and flexibility of the energy generation; biomass has advantages 
over other renewables such as solar and wind in this regard. The cost of the 
generated energy, and environmental impacts other than global warming, such as 
mining, air pollution and biodiversity implications, are also not considered.  

Display of Results in BEAC 

97. The set scenarios in BEAC show the GHG intensities and EIRs associated with 
electricity generation; however, the tool can also be used to investigate the GHG 
intensities of other energy services, such as electricity generation with Carbon 
Capture and Storage, heat from biomass boilers, and the production of transport 
fuels via the Fischer-Tropsch process43.  

98. The results are displayed in 3 headline bar charts in BEAC, with the first comparing 
the total GHG intensity of the scenario to key comparators (as illustrated in Figure 
20), the second showing the GHG intensity for each component of the life cycle 
(Figure 21), and the third showing the EIR of the scenario (Figure 22). The LCA 
stages shown in BEAC (Figure 21) are described in detail in Table 6. 

 

                                                           
43 The production of liquid fuel from the gasification of biomass, followed by catalytic processing of the syn gas. 
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Figure 20. Example headline graph in BEAC (type 1), showing the total GHG intensities for a 
biomass electricity scenario and key comparators. cfl: counterfactual. 

 

 

Figure 21. Example headline graph in BEAC (type 2), showing the GHG intensity of each stage of 
the life cycle for a biomass electricity scenario. cfl: counterfactual. 

 

Figure 22. Example headline graph in BEAC (type 3), showing the EIR of each stage of the life 
cycle for a biomass electricity scenario. 
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Table 6. Description of the LCA stages shown in Figure 21. 

Label in Figure 21 Details: 

Soils C Stock Change Change in the amount of carbon stored in soils for the 

bioenergy scenario over the time horizon. 

Land Biomass C Stock Change Change in the amount of carbon stored in above- and 

below-ground biomass for the bioenergy scenario. 

Land Emissions Difference between the bioenergy scenario and 

counterfactual for the following: 

 natural GHG emissions flux (e.g. methane 

production from tropical peat forests);  

 GHG emissions from crop/tree establishment, 

fertiliser and pesticide production and use, 

irrigation and harvest; 

 GHG emissions from biomass combustion on 

the land (e.g. roadside burning of residues).  

Pre-treatment The treatment of biomass before its final use for 

energy. Includes drying, chipping, and pelletising. 

Transport The transport of biomass by road, rail and ship: 

 from the farm/forest to the pellet facility; 

 from the pellet facility to the port; 

 from the country of origin to the UK port; 

 from the UK port to the location of final use. 

Energy Technology The GHG emissions associated with the final energy 

technology, e.g. combustion for energy and/or heat, 

production of ethanol etc. 

cfl C Stock Change Change in the amount of carbon stored in soils, and 

above- and below-ground biomass for the 

counterfactual scenario. 
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Results: Woody Residues 

Saw-Mill Residues: Scenarios 1 to 3 

 

99. Saw-mill residues are produced as by-products of primary44 and secondary 
processing mills45. These residues are already used for many purposes: coarse saw-
mill residues (chips, slabs and edgings) are feedstocks for the production of paper 
and particleboard, and also used for onsite energy generation at wood processing 
mills; fine residues (saw dust, wood flour, shavings and bark) are mainly used for 
particleboard, pellets, and onsite energy generation (FAO, 2013; Rotherham, 2009).  

Scenarios: Saw-Mill Residues 

100. In this section, the resource availability and GHG intensity associated with bioenergy 
from saw-mill residues that are not required for alternative uses, and would otherwise 
be burned as a waste, is considered (as shown in Table 7). Another scenario, which 
could be considered in future studies, is using saw-mill residues for bioenergy that 
would otherwise be sent to landfill. 

101. If a greater amount of saw-mill residue is used for bioenergy in the future than this, 
and alternative uses of saw-mill residues are displaced, it is possible to cause 
‘indirect G G impacts’. The magnitude of such indirect G G impacts is investigated 
in detail later in this report (Scenarios 19 to 21, starting on page 99).   

102. The moisture content of saw-mill residues varies, meaning that the drying required 
before pelletisation will also vary; for example, sander dust has a moisture content 
between 2 and 10 wt%, whereas sawdust has a moisture content between 25 and 55 
wt% (Cal Recycle, 2014). In this study, three drying requirements were considered: 

no drying, drying from 25 wt% to 10 wt% moisture, and drying from 50 wt% to 10 
wt%.  

  

                                                           
44 Mills that convert roundwood into primary mill products such as lumber, plywood, and wood pulp. 
45 Mills that convert primary mill products into other products, such as pallets, furniture, and flooring. 
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Table 7. Scenarios modelled to represent using saw-mill residues for bioenergy. 

Scenario 

number 

Feedstock used for pellets Counterfactual scenario 

1 Saw-mill residues in South USA; no drying. 

Saw-mill residues in Pacific Canada; no drying. 

Burn as a waste (no energy 

recovery). 

2 Saw-mill residues in South USA; dry from 25 wt% 

to 10 wt% moisture. 

Saw-mill residues in Pacific Canada; dry from 25 

wt% to 10 wt% moisture. 

Burn as a waste (no energy 

recovery). 

3 Saw-mill residues in South USA; dry from 50 wt% 

to 10 wt% moisture.  

Saw-mill residues in Pacific Canada; dry from 50 

wt% to 10 wt% moisture. 

Burn as a waste (no energy 

recovery). 

Considerations for Scenario Plausibility: Saw-Mill Residues 

103. In 2011, the majority of biomass pellets produced globally were made from saw-mill 
residues (IEA Bioenergy, 2011). In 2009, saw-mill residues represented 80 - 85% of 
the feedstocks used to manufacture pellets in British Columbia, with the remaining 15 
- 20% being forest residues and diseased trees (AEBIOM et al., 2013).  

104. The IEA has reported that the pellet industry aims to further use feedstocks other 
than saw-mill residues in the future, such as roundwood and forest residues. This is 
because large-scale users of pellets require long-term supply arrangements (~ 10 
year contracts) with well-defined volumes and prices, but the use of saw-mill residues 
for the production of pellets results in the pellet industry being directly linked to the 
construction industry, with the availability and price of feedstock being subject to 
trends and market dynamics of the wood industry (IEA Bioenergy, 2011).  

Resource Availability: Saw-Mill Residues 

105. In the USA, approximately 103 Modt of coarse and fine residues are produced from 
primary and secondary mills each year (US DOE, 2011), with ~ 87 Modt from primary 
mills, and 16 Modt from secondary mills. The majority is already used for a variety of 
purposes, as described above, including 31% (32 Modt/y) for onsite energy 
generation (e.g. energy used internally by the mills); only ~7 Modt/y is unused (US 
DOE, 2011). By 2020, it is predicted that more wood will be processed in US saw-
mills than at present, therefore more saw-mill residues will be produced, despite 
increases in saw-mill efficiencies resulting in less residue being produced per tonne 
of processed wood (US DOE, 2011). Ince and Nepal (2012) predicted an increase in 
the total amount of saw-mill residues available for any energy generation (including 
onsite energy) between 2010 and 2020 of ~ 25 Mm3/y, equivalent to ~ 11 Modt/y. 
However, the U.S. Department of Energy predicts that demand for saw-mill residues 
will increase in the future, including an increase in use for onsite energy of 10 Modt/y 
(to 42 Modt/y) by 2030 (US DOE, 2011). For the purposes of this study, it was 
assumed that the upper value in the range of the quantity of unused saw-mill 
residues in the USA that may be available for increased pellet production by 2020 is 
equal to that predicted by the US Department of Energy, of 7 Modt/y; the low value 
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was assumed to be the ‘readily available’ resource estimated by Forisk (2011) of 1.7 
Modt/y. 

106. In Canada, the paper industry uses coarse saw-mill residues as their principal 
feedstock (Rotherham, 2009). Fine saw-mill residues are used for the production of 
wood pellets, particleboard and fuel (Bradley, 2010). Approximately 14 Modt of fine 
saw-mill residues were produced in 2011, all either combusted for internal energy 
use, or used for the production of wood pellets, composite wood products, animal 
bedding, landscape gardening, food flavouring and composting (Bradley, 2010). The 
reduction in the amount of saw logs going to saw-mills after the recession led to a 
reduction in the amount of saw-mill residues being available for wood pellet 
production, therefore many pellet facilities were forced to start using alternative 
feedstocks such as forest residues (Bradley, 2010). For the purpose of this report, it 
has been assumed that by 2020, the production of fine saw-mill residues will have 
recovered to pre-recession levels, when 21.2 Modt/y of saw-mill residues were being 
produced (Canadian Bioenergy Association, 2011). This would lead to an increased 
production of residues, compared to 2013, of approximately 5 Modt/y (Canadian 
Bioenergy Association, 2011). This approach assumes that demand from other uses 
remains constant, and that the saw-mills do not increase in efficiency. In reality, the 
demand for other products is likely to increase this decade, therefore the lower value 
in the range is assumed to be zero.  

GHG Emission Intensity: Saw-Mill Residues  

107. A summary of the GHG intensities of biomass electricity for BEAC Scenarios 1-3 is 
shown in Figure 23. These results have been calculated using the default key 
parameters (transport distances, transport fuel requirements, pelletising electrical 
requirements, and efficiency of electricity generation at the biomass power station) in 
Table 29 of the Annex. Figure 23 shows that it is possible to produce electricity with 
significant GHG savings in comparison to electricity from natural gas or coal, when 
left-over saw-mill residues are used as the feedstock. 

108. The GHG impacts from transport, pelletisation and methane emissions from 
incomplete wood combustion dominate the life cycle. The transport emissions are 
significantly higher for pellets shipped from Pacific Canada than those from South 
USA, owing to the greater transport distances involved. However, the Canadian 
electrical grid has a lower GHG intensity than the USA electrical grid, therefore the 
pre-treatment stage for Canadian pellets has a lower GHG intensity than South USA 
pellets (when the same method is used). Combusting the saw-mill residues in a 
large-scale electricity plant is likely to result in more complete combustion than the 
counterfactual process used to burn the residues as a waste, therefore the results 
show significant GHG savings from reduced methane emissions of using the 
residues for electricity generation, in comparison to the counterfactual46. 

  

                                                           
46 Assuming that methane emissions from the large-scale combustion of wood pellets would be 30 kg CH4/GJ HHV feedstock, and the emissions for the 
counterfactual of incinerating the residues would be similar to domestic-scale wood combustion at 300 kg CH4/GJ HHV feedstock (US Environmental 
Protection Agency, 2008). 
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Figure 23. GHG intensity over time horizons of all time horizons, of electricity from ‘waste’ saw-
mill residues in North America, and shipped to the UK, for BEAC Scenarios 1 - 3 (a and b), using 
default BEAC values for key parameters (see Table 29 in the Annex). Bio: dry using biomass; NG: 
dry using natural gas. 

Energy Input Requirement: Saw-Mill Residues 

109. A summary of the Energy Input Requirement of biomass electricity for these 
scenarios is shown in Figure 24 (energy carrier input basis). Results are shown for 
using biomass (default in BEAC), and natural gas as the fuel for drying. Currently 
pellets from South USA generally use biomass to dry the wood; however, in Canada, 
it has been reported that both natural gas and biomass are used as fuels for drying 
(Magelli et al., 2009; Sikkema et al., 2010). 

 

Figure 24. Energy Input Requirement (EIR) for different scenarios of generating electricity in the 
UK from North American saw-mill residues, using default BEAC values for pelletising electrical 
requirement, transport, and electrical efficiency (see Table 29 in the Annex). EIR is calculated 
using energy carrier inputs. See page 50 for definition of EIR. Bio: dry using biomass; NG: dry 
using natural gas.  
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110. The EIR range for electricity from North American biomass residues has been 
determined using low and high values of key parameters47 (detailed in the Annex, 
Table 29) and is compared to other electricity generating technologies in Figure 25. 
Other studies often extend the boundary when calculating the energy inputs, using 
primary energy inputs rather than the energy carrier inputs, therefore the EIR for the 
bioenergy scenarios has also been calculated on this basis, to allow comparison with 
other studies. Biomass electricity was found to require greater energy inputs than 
electricity from nuclear, coal, natural gas, and wind power. It is important to note that 
owing to lack of data, the EIR values for the biomass technologies do not include 
infrastructure energy requirements, whereas the EIR values for the comparator 
technologies do. The conversion of coal to biomass fired power stations does not 
involve significant infrastructure requirements, therefore would not impact the EIR 
values significantly; however, future work to estimate the energy input associated 
with pelletising infrastructure would be useful so that EIR values for electricity from 
wood pellets can be directly compared with other technologies.  

 

Figure 25. Energy Input Requirement (EIR) values for UK biomass electricity from North 
American saw-mill residues (ranges calculated using the BEAC model, by varying key 
parameters within the ranges given in Table 29), and other electricity generating technologies 
(ranges determined using published literature). EIR for bioenergy is calculated using energy carrier 
inputs (blue), and primary energy inputs (red). References: Nuclear (Pressurized Water Reactor, PWR): 
Weissbach et al., 2013; World Nuclear Association, 2014. UK hard coal: data for extraction and 
electricity generation from Raugei et al., 2012 and Weissbach et al., 2013, and assuming additional 
energy required to transport coal 32 km by truck (UK Coal, 2014). Russian coal: data for extraction and 
electricity generation from Raugei et al., 2012 and Weissbach et al., 2013, and assuming additional 
energy required to transport coal by rail for 1200 km, ship 2800 km, and rail 122 km (EWS Energy, 
2014). Natural gas: Weissbach et al., 2013 (owing to limited literature data, only one data point was 
available, which uses US and German data). Wind: Kubiszewski et al., 2010; Weissbach et al., 2013. 
PV: data from Raugei et al., 2012, assuming UK average irradiance of 925 kWh/m2/y; low value is for 
ground-mounted CdTe panels, high value is for roof-mounted monocrystalline Si panels. 

                                                           
47 Key variables taken as pelletisation electricity requirement, transport distances, transport energy requirements, power station efficiency, and drying 
method. 
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Summary: Saw-mill Residues 

111. The predicted resource availability of North American saw-mill residues, the range of 
GHG emission intensities of electricity generated from pellets produced from this 
feedstock and shipped to the UK, and the associated EIR values, are shown below in 
Table 8.  

Table 8. Potential resource of North American saw-mill residues by 2020, and the estimated GHG 
intensity and Energy Input Requirement (EIR)48 associated with electricity generated from pellets 
produced from this feedstock and shipped to the UK. Low and high values in each range have 
been determined by varying the following key parameters: transport distances, transport fuel 
requirements, pelletising electrical requirements, drying methods and efficiency of electricity 
generation at the biomass power station (see Table 29 in the Annex for assumed values of 
parameters). 

 Resource 
in 2020 

 

GHG intensity49  EIR Details 

Modt/y kg CO2e/MWh MWh per MWh    
   EC basis PE basis    

Saw-mill 

Residues 

1.7 to 

12.0 

-17 to 121 0.13 to 0.81 0.25 to 0.95 Min: BEAC Scenario 1a.  

Max: BEAC Scenario 3a for 

GHG, 3b for EIR. 

  

                                                           
48 EIR values are the same for 40 and 100 year time horizons. 
49 Over all time horizons. 
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Forest Residues: Scenarios 4 to 8 

 

112. Forest logging residue is the woody material that is left over from traditional timber 
harvesting and forest management, such as tree tops and limbs, pre-commercial 
thinnings and non-merchantable trees. These residues are classified as either coarse 
(diameter > 0.1 m) or fine (diameter < 0.1 m) (Fritsche et al., 2012). To cost-
effectively extract these resources, entire trees are removed from the forest via 
whole-tree harvesting, rather than just the stem wood via stem-only harvesting 

(Biomass Energy Resource Centre, 2012). In Canada, whole-tree harvesting is the 
most common harvesting method, and the residue is often burned at the roadside to 
reduce the hazard of fire (Bradley, 2007; Lamers et al., 2013). In the USA, the 
majority of wood residues are currently left in the forest (US DOE, 2011).  

113. In the long term, there is concern that the introduction of residue removal could lead 
to a future nutrient imbalance, reduced forest productivity, and changes in species 
composition and diversity (Helmisaari and Vanguelova, 2012; Schulze et al., 2012; 
Walker et al., 2010). Indeed, dead wood is a central contributor to biodiversity in US 
forests, with red-back voles, salamanders, saproxylic insects, fungi, mosses and 
liverworts being particularly dependent on sufficient quantities and sizes of it being 
available (Walker et al., 2010). Some institutions have therefore developed 
guidelines for harvesting woody biomass from forests; a report published by the 
Forest Guild, An Assessment of Biomass Harvesting Guidelines, reviewed biomass 
harvesting guidelines in Europe, USA, and Canada, and recommended (i) that 
harvesting of residues does not occur on nutrient limited sites, (ii) that on sites with 
operational soils, between 25 and 33% of the tops and limbs should be retained 
onsite where 1/3 of the basal area is being removed on 15 - 20 year cycles, and (iii) 
that for more frequent or intense operations, a greater retention of tops and limbs 
may be necessary (Walker et al., 2010). Uncertainties remain about the long-term 
sustainability of the introduction of forest residue harvesting on different soil and 
forest types (Helmisaari and Vanguelova, 2012; Walker et al., 2010; Repo et al., 
2014).  

Scenarios: Forest Residues 

114. The scenarios considered in this report are shown in Table 9. As a steady supply of 
wood for bioenergy is required, it was assumed that wood is removed annually over 

the entire time horizon. However, as a sensitivity, the annual removal of residues 
from the forest for only the first 15 years of the time horizon was also considered, 
assuming that the residues would remain on the forest floor after this (Scenarios 6 
and 7).  
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Table 9. Scenarios modelled to represent using forest residues for bioenergy. 

Scenario 

number 

Feedstock used for pellets Counterfactual scenario 

4 (a) Coarse forest residues, removed from 

forests in South USA, continuously over the 

time horizon.  

(b) Coarse forest residues, removed from 

forests in Pacific Canada, continuously over the 

time horizon. 

Leave all residues in the 

forest. 

 

 

 

5 (a) Fine forest residues, removed from forests in 

South USA, continuously over the time horizon.  

(b) Fine forest residues, removed from forests in 

Pacific Canada, continuously over the time 

horizon. 

Leave all residues in the 

forest. 

 

6 (a) Coarse forest residues, removed from 

forests in South USA, for 15 years only (then 

residues are left in the forest again). For 

example when analysed over a time horizon of 

40 years, this involves the removal of residues 

for the first 15 years, then leaving the residues 

in the forest for the last 25 years of the time 

horizon. 

(b) Coarse forest residues, removed from 

forests in Pacific Canada, for 15 years only 

(then residues are left in the forest again). 

Leave all residues in the 

forest. 

 

 

 

7 (a) Fine forest residues, removed from forests in 

South USA, for 15 years only (then residues are 

left in the forest again).  

(b) Fine forest residues, removed from forests in 

Pacific Canada, for 15 years only (then residues 

are left in the forest again). 

Leave all residues in the 

forest. 

 

 

 

8 (a) Forest residues (both coarse and fine), 

removed from forests in South USA, 

continuously over the time horizon.  

(b) Forest residues (coarse and fine), removed 

from forests in Pacific Canada, continuously 

over the time horizon. 

Burn the residues at the 

roadside as a waste. 

Considerations for Scenario Plausibility: Forest Residues 

115. To date, the use of forest-floor residues for the production of pellets has been limited, 
owing to high transport costs, but the pellet industry report that these resources are 
expected to be used to a greater extent in the future for pellet manufacture (AEBIOM 
et al., 2013). However, users of wood pellets often require homogeneity and 
predictability of combustion characteristics, and high contents of bark and non-
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combustible elements, such as alkali metals, can cause problems of slagging, fouling 
and corrosion in boilers. The bark and ash content can be high in pellets produced 
from forest residues (Marinescu and Bush, 2013), therefore some electricity stations 
require pellets produced from other biomass, with low bark contents (e.g. 
roundwood). 

116. It is also important to note that power stations in North America are also starting to 
use these forest residues in chip form for electricity generation, which could limit the 
availability for export (Biomass Energy Resource Centre, 2012; Bradley, 2010; 
Shore, 2013); the US Department of Energy projects that forest fuel-wood 
consumption will increase from 38 Modt/y in 2010 to 96 Modt/y in 2022 (US DOE, 
2011).  

Resource Availability: Forest Residues 

117. Table 10 shows estimates from the literature of the potential resource availability of 
North American forest residues.  

Table 10. Resource availability of forest logging residues from North American forests. 

Country Resource description Resource availability Reference 

USA Forest residues, which could be 

collected after conventional 

harvesting techniques. Assuming 

that a minimum of 30 wt% should be 

left in the forest to prevent soil 

degradation and loss of habitats. 

Includes pre-commercial thinnings. 

13.0 to 47.0 Modt/y, 

depending on the biomass 

economic value.  

US DOE, 

2011 

USA Forest residues, potentially available 

from fire-treatment processes50.  

14.0 to 35.0 Modt/y, 

depending on the biomass 

economic value. 

US DOE, 

2011 

USA Forest residues from the conversion 

of forest to other uses. 

4.4 to 12.0 Modt/y US DOE, 

2011 

USA Forest residues currently left in the 

forest, assuming 35% should remain 

in the forest. Residues from fuel 

treatment were taken as zero in this 

study, as they reported ‘wood flows 

from fuel treatments are minimal 

and, based on existing research, 

costly and unproven to date.’ 

28.0 Modt/y Forisk, 2011 

 

Canada Currently burned as a waste to 

prevent fires. 

22.0 Modt/y Bradley, 

2010 

Canadian managed 

forests which are 

south of 60˚ N 

latitude51. 

Assuming that 50 wt% should be left 

in the forest to prevent soil 

degradation and loss of habitats. 

20.0 ± 0.6 Modt/y Dymond et 

al. 2010 

                                                           
50 Using the DOE, 2011 data, it would be double counting to assume that the estimates of the availabilities of residues from both conventional harvesting, 
and fire treatments, would be available. In reality, a split between these two techniques of residue collection would be employed. 
51 Forests in the three northern territories lack significant industrial forestry sectors. 
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118. In this report, the range of resource available by 2020 from residues that would 
otherwise be left in the forest was estimated from the amount of US forest residues 
that are currently left in the forest following conventional harvest52. This was taken 
from the US Department of Energy (2011), using their assumption that 50% of 
available forest residues would be collected following conventional harvest (resulting 
in a range of 6.5 to 23.5 Modt/y) and 50% of available forest residues would be 
collected during fire-treatment processes. 

119. The range of resource available from residues that would otherwise be burned at the 
roadside was assumed to be the sum of the amount available from fire-treatments of 
US and Canadian forests, and biomass from clearing of US forests for other land 
uses, estimated to be 23.8 to 51.5 Modt/y (as shown below in Table 11). 

Table 11. Assumed resource availability in 2020 of forest residues that would otherwise be 
burned as a waste. 

Details Resource Availability (Modt/y) Reference 

Residues from fire-treatment of 

US forests 

0.0 to 17.5 Lower: Forisk, 2011 

Upper: US DOE, 201153  

Residues from Canadian forests 19.4 to 22.0 Lower: Dymond et al., 2010 

Upper: Bradley, 2010 

Residues from clearing of US 

forests 

4.4 to 12.0 Lower: US DOE, 2011 

Upper: US DOE, 2011 

TOTAL 23.8 to 51.5  

GHG Emission Intensity: Forest Residues 

Forest residues which would otherwise be left in the forest  

120. We assume that, when left on the forest floor, residues decay following an 
exponential profile, with the time constant depending on the location and size of the 
debris; residues decay fastest in warm, moist conditions, and fine residues (those 
with diameters < 0.1 m) decay quicker than coarse residues (diameters > 0.1 m). The 
decay constants assumed for fine and coarse forest residues in South USA and 
Pacific Canada are shown below in Table 12. 

  

                                                           
52 In reality, there would be further residues (that would otherwise be left in the forest) available from Canadian forests. However, to determine the ranges 
of resource availability, owing to the lack of available data it was assumed here that the majority of Canadian residues would otherwise be burned at the 
roadside.  
53 Assuming 50% of available forest residues would be collected fire treatment processes. 
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Table 12. Decay constants assumed in BEAC for fine and coarse forest residues in South USA 
and Pacific Canada. 

  Assumed decay 

constant (y-1) 

Reference 

South USA Fine residues 0.185 Mattson et al., 1987 

 Coarse residues 0.083 Mattson et al., 1987 

Pacific Canada Fine residues 0.097 Vavrova et al., 2009 

 Coarse residues 0.028 Chambers et al., 2000 

121. Mattson et al. (1987) reported the decay constants for coarse and fine woody debris 
in South USA to be 0.083 and 0.185 y-1, respectively. This means that 20 years after 
the harvest of forest residues from one stand of forest in the South USA, ~19% of the 
initial carbon in the coarse residues would still have remained in the stand if it were 
not removed for bioenergy, and 2.5% of the carbon in the fine residues would have 
remained in the stand. After 100 years, only negligible amounts of either coarse or 
fine woody residues would have remained in the stand. For a forest consisting of 
multiple stands, where the residues are removed every year from a different stand, 
after 20 years ~ 47% of the initial carbon in the coarse residues would still have 
remained in the forest if it were not removed for bioenergy, and ~ 25% of the fine 
residues. After 100 years, ~ 12% of the coarse residues would have remained in the 
forest, and ~ 5% of the fine residues.  

122. Following discussions with leading scientists of forestry and soils (Schlesinger, 2014; 
Harmon, 2014) it was assumed that methane emissions from dead wood in the North 
American forests are likely negligible, even in wetland forests (Anderson-Teixeira and 
DeLucia, 2011; Biomass Energy Resource Centre, 2012; IPCC, 2006). It was also 
assumed that the removal of residues from the forest floor does not affect the growth 
rate of the trees, although uncertainties remain about potential negative (e.g. reduced 
growth rate from nutrient loss; Helmisaari and Vanguelova, 2012) or positive (e.g. 
quicker re-establishment of trees by removing debris) impacts from the introduction 
of forest residue harvesting. Further work is therefore required in this area.  

Forest Residues which would otherwise be burned at the roadside  

123. In some forests in North America, removing residues from forests may reduce the 
frequency of wildfires (e.g. overstocked forests) (US DOE, 2011; Mitchell and 
Gallagher, 2007). For the purpose of this report, it has been assumed that the 
residues that affect the frequency of fires are those that have been removed from 
forests during fire-treatment procedures, and that these would otherwise be burned 
as a waste if the demand for bioenergy were not there. In this case, the residues are 

already harvested from the forest and combusted, therefore their use for bioenergy 
does not cause a carbon stock reduction in the forest. 

124. However, if the fire-treatment procedures would only occur if the demand for 
bioenergy were there, the GHG intensity would be different as the appropriate 
counterfactual would be leaving the residues in the forest (with increased fire 
frequency), rather than burning as a waste. In this case, the GHG emissions 
associated with the removal of the residue would be determined by comparing the 
carbon stock of the forest that has had the residues removed and is exposed to less 
frequent fires, to the carbon stock of the forest that has the residues left in the forest 
and is exposed to more frequent fires. Mitchell et al. (2009) sought to answer this 
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question for forests in the Pacific Northwest USA, and concluded that although fuel 
reduction treatments in the region consistently reduced fire severity, to reduce the 
amount of carbon that is lost from a forest during a wildfire, a much greater amount of 
carbon must be removed during fire-treatment, since most of the carbon stored in 
forest biomass remains unconsumed, even by high-severity wildfires. In contrast, 
Hurteau and North (2010) investigated the effect of fuel treatments on carbon stocks 
in the dry, temperate forests of Sierra Nevada, and concluded that while there is an 
initial carbon stock reduction associated with fuel treatments in the region, treated 
forests can quickly (within several years) recover carbon stocks, if treatments involve 
understorey thinning, rather than the removal of large, fire-resistant, overstorey trees. 

125. A summary of the GHG intensities of biomass electricity for BEAC Scenarios 4-8 is 
shown in Figure 26. These results have been calculated using the default key 
parameters54 (details in Table 29), including the assumption that biomass is used to 
dry the wood prior to pelletisation. When stored outside for several months, the 
moisture content of forest residues reduces from ~ 50 wt% to ~ 25 wt%, owing to the 
drying effect of wind, sun and spontaneous internal heating due to bacteriological 
action on the materials in the interior of the pile (FAO, 2013). It was therefore 
assumed that the residues are dried at the pellet plant from 25 wt% to 10 wt% 
moisture, prior to pelletisation. The GHG intensity is shown to vary significantly 
between these scenarios, with the highest values for electricity from coarse forest 
residues that would otherwise have been left to decay in a forest in Pacific Canada 
(Scenario 4b), and the lowest values for electricity from forest residues that would 
otherwise be burned at the roadside in Pacific Canada (Scenario 8b). 

126. For forest residues that would otherwise be left in the forest (Scenarios 4 to 7), the 
GHG intensity associated with the biomass electricity depends on the location, 
residue type, time horizon which the GHG intensity is analysed over, and time for 
which the residues are removed. This variation is caused by differences in the 
reduction in carbon stock in the forest for each scenario. Removing coarse woody 
debris for energy generates electricity with a larger GHG intensity than removing fine 
woody debris, owing to the lower decomposition rates of the larger material. The 
GHG intensities of Scenarios 4 to 7 decrease with time after the collection of the 
harvest residues commences, as a result of greater decomposition at older harvest 
sites.  

127. Comparing the results for BEAC Scenarios 4 and 6, it can be seen that if the time 
horizon during which the residues are removed from the forest is shortened (e.g. only 
removed for the first 15 years of the time horizon for Scenario 6, rather than 
continuous removal over the entire time horizon of 40 or 100 years, for Scenario 4) 
the GHG intensity over the time horizon will reduce (this is provided the time horizon 
which the GHG intensity is analysed over is greater than the time which the residues 
are removed for). Again, this is because the residues would decompose over time if 
left in the forest; owing to the exponential decay profile of the residues, the removal 

of residues in the years closest to the end of the time horizon result in the greatest 
carbon stock reduction in comparison to the counterfactual of leaving the residues in 
the forest. This means, if the residues are left in the forest towards the end of the 
time horizon, the average GHG intensity (over the entire time horizon) of the 
electricity generated from the residues removed earlier in the time horizon would 
reduce.   

 

                                                           
54 Transport distances, transport fuel requirements, drying method, pelletising electrical requirements, and efficiency of electricity generation at the biomass 
power station. 
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40 year time horizon 

 
100 year time horizon 

 

Figure 26. GHG intensity over time horizons of 40 and 100 years of electricity from pelletised 
forest residues, from forests in South USA and Pacific Canada, and shipped to the UK, for BEAC 
Scenarios 4 to 8. Default BEAC values have been used for key parameters (see Table 29 in the 
Annex). 

128. These results for the continuous removal of the residues from forests in Pacific 
Canada (BEAC Scenarios 4b and 5b) are comparable with those reported by Repo et 
al. (2010) for the GHG intensity of bioenergy from average sized branches (diameter 
of 0.02 m, therefore classified as fine residues) and stumps (diameter of 0.26 m, 
therefore classified as coarse residues) from boreal forests in Finland. Repo et al. 
(2010) found that the carbon stock reduction per unit energy from the removal of the 
fine residues from the forests for bioenergy was 340 kg CO2e/MWh primary energy 
(equivalent to 944 kg CO2e/MWh delivered electrical energy, assuming 36% 
efficiency) when the practice was first introduced, and decreased to 70 kg 
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CO2e/MWh primary energy (equivalent to 194 CO2e/MWh delivered electrical energy) 
over a time horizon of 100 years, as a result of decomposition of the harvest residues 
for the counterfactual scenario. For coarse residues, the GHG intensity reduced from 
340 to 160 kg CO2e/MWh primary energy (equivalent to 944 to 444 CO2e/MWh 
delivered electrical energy, assuming 36% efficiency) over this time horizon. 

129. The GHG intensities of electricity from pellets made from forest residues which would 
otherwise be burned at the roadside (Scenario 8) are similar to those associated with 
the pellets from saw-mill residues (page 57), and show significant GHG savings in 
comparison to fossil-derived electricity. 

Energy Input Requirement: Forest Residues 

130. A summary of the Energy Input Requirement of biomass electricity for these 
scenarios is shown in Figure 27 (energy carrier input basis; see page 50 for 
description). 

 

Figure 27. Energy Input Requirement (EIR) for different scenarios of generating electricity in the 
UK from North American forest residues, using default BEAC values for key parameters (see 
Table 29 in the Annex). EIR is calculated using energy carrier inputs. See page 50 for definition of 
EIR. Bio: dry using biomass; NG: dry using natural gas. 

Summary: Forest Residues 

131. The predicted resource availability of North American forest residues, the range of 
GHG emission intensities of electricity generated from pellets produced from this 
feedstock and shipped to the UK, and the associated EIR values, are shown below in 
Table 13.  
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Table 13. Potential resource of North American forest residues by 2020, and the estimated GHG 
intensity and Energy Input Requirement (EIR)55 associated with electricity generated from pellets 
produced from this feedstock and shipped to the UK. Low and high values in each range have 
been determined by varying the following key parameters: transport distances, transport fuel 
requirements, pelletising electrical requirements, drying methods and efficiency of electricity 
generation at the biomass power station (see Table 29 in the Annex for assumed values of 
parameters). 

 
Resource 
in 2020 

GHG intensity EIR Details 

Modt/y kg CO2e/MWh MWh per MWh  

 40 years 100 years EC basis PE basis    

Residues 
collected 
from forests  

6.5 to 23.5 82 to 826 80 to 536 0.17 to 0.56 0.29 to 0.68 Min: BEAC Scenario 
7a.  

Max: BEAC Scenario 
4b. 

Residues 
collected 
from 
roadside 

23.8 to 
51.5 

-14 to 58 -14 to 58 0.15 to 0.54 0.27 to 0.65 Min: BEAC Scenario 
8a. 

Max: BEAC Scenario 
8b for EIR, 8a for GHG. 

 

  

                                                           
55 EIR values are the same for 40 and 100 year time horizons. 
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Dead Wood from Natural Disturbances: Scenario 9 

132. Standing dead trees, resulting from natural disturbances such as insects, fire and 
disease, are potential feedstock for bioenergy. For example, since the late 1990s, it 
has been estimated that over 710 million m3 of Lodgepole pine has been infected by 
mountain pine beetles in British Columbia, equivalent to ~ 312 Modt (assuming a 
density of 0.44 odt/m3) (Lamers et al., 2013). The British Columbian Government has 
therefore been promoting ‘salvage-logging’ and the use of this wood for traditional 
lumber, pulp and bioenergy (IEA Bioenergy, 2011), as well as the burning of infected 
trees, to help reduce the rate of spread of the beetle (British Columbian Government, 
2014). These dead trees are one of the major feedstocks currently used by pellet 
manufacturers in Canada; in 2011, approximately 30% of the feedstocks used to 
produce wood pellets in Canada used this wood as the feedstock (IEA Bioenergy, 
2011), equivalent to ~ 0.6 Modt/y. 

Scenarios: Deadwood from Natural Disturbances 

133. The scenarios considered in this report are shown in Table 14. 

Table 14. Scenarios modelled to represent using dead trees for bioenergy. 

Scenario 
Number 

Feedstock used for pellets Counterfactual scenario 

9 Salvaged dead trees, which have been 
killed by the mountain pine beetle in 
Pacific Canada.  

(a) Leave in the forest 

(b) Remove and burn at the roadside 

Considerations for Scenario Plausibility: Deadwood from Natural Disturbances 

134. As mentioned previously, trees which have been killed from natural disturbances are 
already used as a feedstock for biomass pellets (e.g. beetle-killed trees in Pacific 
Canada). There are likely to be significant quantities of this resource available in the 
future (as detailed below). However, a significant issue associated with this feedstock 
is the inconsistency of the annualised volumes within a designated landscape, and 
high costs associated with the recovery and utilisation of such biomass. There is 
considerable variation in the area affected annually, especially from pests, and the 
severity of the damage (US DOE, 2011). In some cases, it may therefore not be 
economical to build facilities that require substantial capital and long payoff periods 
specifically to use dead trees, given the potential lack of long-term feedstock and 
high harvesting costs (Stennes and McBeath, 2006; Lloyd et al., 2014).  

Resource Availability: Deadwood from Natural Disturbances 

135. The International Energy Agency predict that the amount of dead wood, killed by 
mountain pine beetles, which is used for pellet production in Canada will increase 
steadily up to 2020, reaching approximately 1.7 Modt/y by 2020 (IEA Bioenergy, 
2011). However, this is considerably lower than the technical potential, which has 
been estimated by Dymond et al. (2010) to be 17.4 Modt/y between 2005 and 2020, 
assuming 50% should be left in the forest to prevent soil degradation and loss of 
habitats. Dymond et al. (2010) also estimated that a further 6.0 Modt/y could be 
retrieved from salvage logging trees between 2005 and 2020 in the boreal shield 
region of Canada from trees that have been diseased by Spruce worm, and that the 
total availability of insect-killed wood from Canada during this time horizon will be 
30.7 Modt/y. On top of this, Dymond et al. (2010) estimated a further 19.9 Modt/y of 
fire-killed wood could be available from Canadian forests between 2005 and 2020, 
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assuming 50% should be left in the forest. However, it is important to note that some 
of the dead trees are likely to be in stands which are too remote, or on a terrain that 
is unharvestable. There are also problems with harvesting trees that have been dead 
for several years, as the stem can break during harvest, making the process 
dangerous and difficult (Canadian Biomass Magazine, 2013; Wood Business, 2013) 

136. For the USA, the estimated availability of forest residues from fire-treatments 
calculated by the US DOE (2011) (described in the section “Forest Residues: 
Scenarios 4 to 8”, starting on page 61) includes dead trees and therefore has not 
been considered here (to avoid double counting). 

137. For the purpose of this report, a range of 1.7 to 50.6 Modt/y was assumed to be the 
potential availability of feedstocks from North American dead wood from natural 
disturbances in 2020. 

GHG Emission Intensity: Deadwood from Natural Disturbances 

Dead trees that would otherwise be left in the forest  

138. It was assumed the dead trees would be harvested, after which the land would 
undergo natural regeneration. If the dead trees had not been harvested, the trees 
would have decayed in the forest with an assumed decay constant of 0.028 y-1 for 
Pacific Canada56 (Chambers et al., 2000), whilst the land naturally-regenerated. It 
was assumed that the increase in the forest carbon stock by natural regeneration 
would occur at the same rate in both cases. In reality, future stand development and 
natural disturbances might be different for a harvested stand of dead trees, and a 
stand which has been left untreated. For example, Collins et al. (2011) studied the 
regeneration pattern of Lodgepole pine stands affected by mountain pine beetles 
after the trees had been harvested, and in dead stands which had been left 
untreated. They predicted that stands that had been treated to remove the dead trees 
would be dominated by Lodgepole pine in the future, whereas stands that had not 
been treated would be dominated by Subalpine fir trees which grew better in shaded 
environments. The modelling of the future growth of the regenerated stands showed 
that stands which had been untreated would reach the pre-beetle attack tree basal 
area after 80 years, whilst it would take 105 years for the harvested stands to reach 
this level (Collins et al., 2011). It is also possible that stands which have undergone 
salvage logging may be less susceptible to future fires, which can also affect the 
carbon stored in the forest. Further research should be undertaken to investigate the 
difference in future carbon stocks in stands which have been treated to remove dead 
trees, and those which have been left untreated, accounting for different species 
compositions, and different future natural disturbances. 

Dead Trees that would otherwise be burned at the roadside  

139. If the counterfactual to using diseased trees for bioenergy were burning at the 

roadside, the GHG intensity would be similar to that estimated for forest residues that 
would otherwise be burned as waste (see page 65).  

140. A summary of the GHG intensities of biomass electricity for BEAC Scenarios 9a and 
9b are shown in Figure 28. These results have been calculated using the default key 
parameters57 (details in Table 29), including the assumption that biomass is used to 
dry the wood prior to pelletisation. Whereas the moisture content of wood, at the time 

                                                           
56 Decay rate for dead trees in Pacific Northwest. The BEAC tool could be used to investigate other decay rates, for example, if data specific to beetle-killed 
trees were available. 
57 Transport distances, transport fuel requirements, drying method, pelletising electrical requirements, and efficiency of electricity generation at the biomass 
power station. 
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of logging, is usually ~ 50 to 55 wt% (FAO, 2013), dead wood generally has a lower 
moisture content of ~ 25 wt% (USFS, 2013). It was therefore assumed that the wood 
is dried at the pellet plant from 25 wt% to 10 wt% moisture, prior to pelletisation. 

40 year time horizon 100 year time horizon 

  

Figure 28. GHG intensity over time horizons of 40 and 100 years of electricity from pelletised 
dead trees, from forests in Pacific Canada, and shipped to the UK (BEAC Scenario 9). Default 
BEAC values have been used for key parameters (see Table 29 in the Annex). 

Energy Input Requirement: Deadwood from Natural Disturbances 

141. Figure 29 shows the EIR (energy carrier input basis; see page 50 for description) for 
UK electricity from dead trees originating from Pacific Canada, using different drying 
methods (drying from 25 wt% to 10 wt% moisture using biomass or natural gas) and 
assuming different counterfactuals. If the wood would otherwise have been left in the 
forest, the EIR is higher than if it would otherwise have been burned at the roadside. 
This is because extracting the trees, whether for energy or for burning at the 
roadside, requires additional diesel fuel than leaving in the forest.  

 

Figure 29. Energy Input Requirement (EIR) for different scenarios of generating electricity in the 
UK from dead trees on the Pacific North American coast, using default BEAC values for key 
parameters (see Table 29 in the Annex). EIR is calculated using energy carrier inputs. See page 
50 for definition of EIR. Bio: dry using biomass; NG: dry using natural gas. 

419 

1 

-200

0

200

400

600

S9a S9b

kg
 C

O
2e

/M
W

h
 d

e
liv

e
re

d
 e

n
e

rg
y 

 

Other LCA Stages

Methane Emissions from Wood Combustion

Land Carbon Stock Change

Total

167 

1 

-200

0

200

400

600

S9a S9b

kg
 C

O
2
e

/M
W

h
 d

e
liv

e
re

d
 e

n
e

rg
y 

 

Other LCA Stages

Methane Emissions from Wood Combustion

Land Carbon Stock Change

Total

0.34 

0.42 

0.31 

0.39 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

S9a. Bio S9a. NG S9b. Bio S9b. NG

EI
R

 (
En

e
rg

y 
In

p
u

t/
En

e
rg

y 
D

e
liv

e
re

d
) 

Land Management Drying and Pelletising Transport



 

73  

Summary: Dead Wood from Natural Disturbances 

142. The predicted resource availability of North American dead trees, the range of GHG 
emission intensities of electricity generated from pellets produced from this feedstock 
and shipped to the UK, and the associated EIR values, are shown below in Table 15.  

Table 15. Potential resource of North American dead wood by 2020, and the estimated GHG 
intensity and Energy Input Requirement (EIR)58 associated with electricity generated from pellets 
produced from this feedstock and shipped to the UK. Low and high values in each range have 
been determined by varying the following key parameters: transport distances, transport fuel 
requirements, pelletising electrical requirements, drying methods and efficiency of electricity 
generation at the biomass power station (see Table 29 in the Annex for assumed values of 
parameters). 

 Resource 
in 2020 

GHG intensity EIR  Details 

Modt/y kg CO2e/MWh  MWh per MWh  

 40 years 100 years EC basis PE basis    

Dead wood 
from natural 
disturbances 

1.7 to 
50.6 

-7 to 531 -7 to 241 0.22 to 
0.58 

0.26 to 
0.69 

Min: BEAC Scenario 9b.  

Max: BEAC Scenario 9a.  

 

  

                                                           
58 EIR values are the same for 40 and 100 year time horizons. 
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Summary: Woody Residues for 2020 

143. The projected resource of North American woody residues that may be available by 
2020, along with their GHG intensities when used for dedicated electricity generation 
in the UK, are summarised in Figure 30 and Figure 31, for time horizons of 40 and 
100 years, respectively. The projected resource is plotted against the Energy Input 
Requirement (EIR) in Figure 32.  

 

Figure 30. Summary of resource of North American woody residues that may be available by 
2020, and their GHG intensity over 40 years. cfl: counterfactual. 
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Figure 31. Summary of resource of North American woody residues that may be available by 
2020, and their GHG intensity over 100 years. cfl: counterfactual. 
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Figure 32. Summary of resource of North American woody residues that may be available by 
2020, and their Energy Input Requirement (for both time horizons, 40 and 100 years). The EIR is 
calculated using energy carrier inputs. See page 50 for definition of EIR. cfl: counterfactual. 
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Results: Roundwood and Energy Crops 

Increased Harvest of Naturally-Regenerated Timberland: Scenarios 10-

13 

 

144. In North America, most productive forests are of natural origin; these forests 
regenerate naturally through seeding, root suckers, or stump sprouts from existing 
trees, and generally achieve lower growth rates than intensively-managed plantation 
forests, therefore are harvested over longer rotations (typically 50 to 100 years; 
Smith et al., 2006). Figure 33 shows that in the USA, there are approximately 187 
million hectares of productive, naturally-regenerated timberland, representing 88% of 
all productive timberland, whilst in Canada, there are approximately 136 million 
hectares of naturally-regenerated timberland forests, representing 94% of all 
productive timberland.   

145. Naturally-regenerated timberlands are already used to produce biomass pellets. For 
example, it has been reported that naturally-regenerated hardwood forests in South 
USA are currently used to produce feedstock for pellet manufacture (Evans et al., 
2013). 

USA  Canada 

 

 

Figure 33. Land area by major class in the United States (Smith et al., 2010) and Canada (FAO, 
2010a). 
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Scenarios: Roundwood from Naturally-Regenerated Forests 

146. As mentioned on page 37, a potential consequence of increased demand for wood 
for bioenergy could be that forests are harvested more frequently in comparison to 
the counterfactual, in order to extract more wood in the short-term (Abt and Abt, 
2013; Walker et al., 2010., Schulze et al., 2012; Weir and Greis, 2000; Holtmark, 
2012). The scenarios considered in this section of the report are therefore aimed at 
investigating the impact of increasing the rate of harvest of a naturally-regenerated 
forest, with the counterfactual being leaving the forest under the previous 
management regime. However, the impact of continuing to harvest a naturally-
regenerated hardwood forest in the USA every 70 years, with the counterfactual 
being that the forest would be harvested less frequently, has also been considered 
(Scenario 13b). The scenarios which have been investigated are listed below in 
Table 16.  

Table 16. Scenarios modelled to represent using roundwood from Naturally Regenerated forests 
for bioenergy feedstocks. 

Scenario 
number 

Feedstock used for pellets Counterfactual scenario 

10 Additional wood (in comparison to the 
counterfactual) generated by increasing the rate 
of harvest of a naturally-regenerated hardwood 
forest in East Canada (a) from every 100 years to 
every 50 years, (b) from every 100 years to every 
80 years. 

Rotation lengths of forests in boreal Canada 
range between 30 to 120 years, with typical 
rotation lengths being 80 to 100 years; rotation 
lengths less than 60 years are considered short, 
whilst rotation lengths greater than 100 years are 
considered long (Peng et al., 2002). Scenario (a) 
therefore represents a case where the new 
rotation is considered short, and (b) represents a 
change where the new rotation is considered 
typical. 

Continue harvesting the forest every 
100 years. 

11 Additional wood (in comparison to the 
counterfactual) generated by increasing the rate 
of harvest of a naturally-regenerated conifer 
forest in Pacific Canada from every 70 years to 
every 50 years. 

These rotation lengths are typical to Douglas Fir 
in this region (Spittlehouse, 2003). 

Continue harvesting the forest every 
70 years. 

12 Additional wood (in comparison to the 
counterfactual) generated by increasing the rate 
of harvest of a naturally-regenerated conifer 
forest in boreal Canada (a) from every 100 years 
to every 50 years, (b) from every 100 years to 
every 80 years. 

These rotation lengths are typical to Canadian 
boreal forests (Peng et al., 2002). 

Continue harvesting the forest every 
100 years. 

13 (a) Additional wood (in comparison to the 
counterfactual) generated by increasing the rate 

(a) Continue harvesting the forest 
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Scenario 
number 

Feedstock used for pellets Counterfactual scenario 

of harvest of a naturally-regenerated hardwood 
forest in South USA from every 70 years to every 
60 years. 

(b) Additional wood (in comparison to the 
counterfactual) generated by continuing 
harvesting a naturally-regenerated hardwood 
forest in South USA every 70 years. 

every 70 years. 

 
 
 
(b) Reduce the rate of harvest to 
every 80 years. 

Considerations for Scenario Plausibility: Roundwood from Naturally-Regenerated Forests 

147. As mentioned above, naturally-regenerated hardwood forests are already used to 
produce bioenergy feedstocks in South USA.  

148. The demand for hardwood pulpwood in the region between 2008 and 2013, and the 
projected demand from 2014 to 2018, are shown in Figure 34. It can be seen that the 
demand for hardwood paper feedstocks declined between 2008 and 2009; this was 
caused by closures of paper mills (22 out of an initial 100 paper mills closed in the 
US South between 1990 and 2010; Forisk, 2014). However, since 2009, hardwood 
consumption for paper has remained stable, and is projected to remain stable over 
the next 5 years. The overall demand for hardwood pulpwood in the region is 
projected to increase by 5% over the next 5 years.  

149. This additional demand for hardwood pulpwood for pellet production could result in a 
greater area of hardwood forest being harvested each year in the region in 
comparison to the counterfactual; in this case, BEAC Scenarios 13a and 13b would 
be relevant. If the pulpwood would be harvested anyway and treated as a logging 
residue, then the residue scenarios considered in the section “Forest Residues: 
Scenarios 4 to 8” (starting page 61) would be appropriate. However, in this region, 
hardwood pulpwood often represents ~ 50 to 60 vol% of the harvest from a stand of 
naturally-regenerated hardwood forest; it is currently not common practice to treat 
this amount of a harvest as a residue. 

 

Figure 34. Hardwood pulpwood consumption in South USA from 2008 to 2013, and projected 
consumption between 2014 and 2018. Using green US ton consumption and projections from 
Forest2Market (2014), and assuming 50 wt% moisture. Includes the states of Texas, Oklahoma, 
Louisiana, Arkansas, Missouri, Mississippi, Alabama, Tennessee, Georgia, Florida, North 
Carolina, South Carolina and Virginia. 
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150. Discussions with the forestry industry indicate that smaller changes in the rotation 
length of naturally-regenerated forests (e.g. Scenarios 10b, 11, 12b and 13) are 
currently more likely than large reductions (e.g. Scenarios 10a and 12a, where 
rotation lengths are reduced from 100 years to 50 years). This is because such large 
reductions in rotation lengths can result in significant reductions in the amount of 
wood harvested that is large enough to be used in construction.  

Resource Availability: Roundwood from Naturally-Regenerated Forests 

151. The resource availability of additional biomass that could be harvested from 
naturally-regenerated timberlands by 2020 depends strongly on the change in the 
rate of harvest from these naturally-regenerated timberlands. For example, if the rate 
of harvest of broadleaf naturally-regenerated timberland in boreal Canada (BEAC 
Scenario 10) increased from every 100 years to every 50 years, the wood output of 
the forest would increase by ~ 84% over 40 years, and 57% over 100 years, whereas 
if the rate of harvest increased to every 80 years, the wood output would only 

increase by 23% over 40 years, and 20% over 100 years. By considering the change 
in wood outputs modelled in the BEAC scenarios, and reflecting the finding that large 
reductions in rotation length are currently not considered likely (e.g. Scenarios 10a 
and 12a, where rotation lengths are reduced from 100 years to 50 years), the range 
of potential increased wood outputs from increasing the harvest rate of naturally-
regenerated forests was taken to be 11% to 26% over 40 years, and 4% to 12% over 
100 years; the low value represents small changes in rotation length (e.g. Scenario 
13, where rotation length is reduced from 70 to 60 years) and the high value 
represents larger changes (e.g. Scenarios 11, where the rotation length is reduced 
from 70 to 50 years). Currently North American naturally-regenerated timberland 
accounts for ~ 160 Modt/y59 of wood production, therefore for the purpose of this 
report, it has been estimated that by reducing the rotation lengths, a further 17.6 to 
41.6 Modt/y could be harvested over 40 years, and 6.4 to 19.2 Modt/y over 100 
years.  

GHG Emission Intensity: Roundwood from Naturally-Regenerated Forests 

152. The main assumptions used to construct the BEAC scenarios are shown in Table 37 
of the Annex. Decreasing the time between harvest causes each stand of forest to be 
harvested more frequently, therefore a greater area of forest is harvested each year. 
The result of this increased harvest is that the average non-soil carbon stored in the 
forest reduces, and the amount of biomass extracted increases (Peng et al., 2002; 
Holtmark, 2012). As the trees are younger when harvested, the majority of additional 
biomass is in the form of pulpwood, as shown in Figure 35b. 

153. For each scenario, it has been assumed that the additional wood created by the 
bioenergy scenario, in comparison to the counterfactual, is used for bioenergy, and 
any changes in carbon stock in the forest relative to the counterfactual are attributed 
to this wood output. As mentioned previously in the section “Construction of 
Scenarios”  (page 43), it has been assumed that there is no difference in the amount 
of wood used for non-bioenergy uses between the bioenergy scenario and its 
counterfactual scenario, e.g. increased use of wood for bioenergy does not cause a 
change in the amount of wood harvested for non-energy uses. This approach has 
been taken by other studies, including that by Walker et al., 2010. 

 

                                                           
59 Calculated from the total wood production from North America (~200 Modt/y; Figure 12), and assuming ~ 40 Modt/y of this is from plantations (value for 
South USA; Smith et al., 2010). 
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a B 

  

Figure 35. Wood output from a coniferous forest in Pacific Canada (BEAC Scenario 11) from the 
CSORT model. a: Wood output of even-aged forests with different rotation lengths. b: Average 
wood output before the rate of harvest increases from harvest every 70 years to every 50 years 
(labelled zero on x-axis), and after the harvest rate increases, over 20, 40 and 100 years. 

154. The assumed carbon stored in a stand of forest at different ages is shown in Figure 
36 for each scenario; these data were used to estimate the average amount of 
carbon stored in forests of different age distributions.  

155. For each scenario and associated counterfactual, the wood output and non-soil 
carbon stored in the forest, calculated as averages over all stands, are shown in 
Figure 37. It was assumed for all scenarios that the forests were initially composed of 
an even-aged60 distribution of stands, and that after the rate of harvest increases, 
that distribution of stands would be converted to another even-aged forest. For 
example, BEAC Scenario 11 involves increasing the rate of harvest of a coniferous 
forest in Pacific Canada from harvesting every 70 years to harvesting every 50 years; 
in this case, the area of forest harvested each year would increase by 40%, causing 
the initial wood output to increase. The average non-soil carbon stock would reduce, 
as shown in Figure 37, until a new equilibrium is reached, 50 years after the initial 
increased rate of harvest. At the start of this scenario, the forest has stands with 
uniform ages between 0 and 70 years old. After 50 years, the forest has stands with 
uniform ages between 0 and 50 years old. 

  

                                                           
60 A forest consisting of a number of stands of trees, with each stand being composed of trees of the same age, and the age distribution of stands in the 

forest being uniform. 
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BEAC Scenario 10 BEAC Scenario 11 

  
BEAC Scenario 12 BEAC Scenario 13 

  

Figure 36. Non-soil carbon stock of stands of a forest at different ages, for BEAC Scenarios 10 to 
13. Data sources: Forest Research C-SORT model for Scenarios 10, 11 and 12, and Smith et al. 
(2006) for Scenario 13. 
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BEAC Scenario 10 BEAC Scenario 11 

  
BEAC Scenario 12 BEAC Scenario 13a 

  
BEAC Scenario 13b  

 

 

Figure 37. Total biomass output from, and non-soil carbon stored in, naturally-regenerated 
forests, calculated as average values over all stands in the forests, for BEAC Scenarios 10 to 13, 
using data from the Forest Research C-SORT model for Scenarios 10, 11 and 12, and Smith et al. 
(2006) for Scenario 13. cfl: counterfactual. 

156. There is significant scientific debate around the effect of management practices on 
forest soil organic carbon (SOC). Large amounts of carbon are stored in deep 
mineral soils61 of forests, but are often not considered in accounting for forest carbon 
fluxes because mineral soil carbon is commonly considered to be relatively stable 
(Buchholz et al., 2013). Johnson and Curtis (2001) reviewed the literature on forest 
management and soil carbon, and concluded that the time since harvest did not 
affect the SOC content of forest soils. However, Peng et al. (2002) reported that 
shorter rotation lengths of boreal forests of Central Canada are associated with lower 
SOC contents. Bucholz et al. (2013) recently reported that SOC contents of mineral 
soils in northeastern US forests are often reduced by harvesting, therefore increased 

                                                           
61 See Table 2 for definition.  
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harvest rates may reduce the SOC content. Further work is required in this area. A 
conservative assumption was made in this study that SOC contents of mineral soils 
in forests are independent of harvest rate. This assumption was applied to all the 
BEAC scenarios considering management changes of forests in order to increase the 
biomass output. 

A: 40 year time horizon 

 
B: 100 year time horizon 

 

Figure 38. GHG intensity over time horizons of (A) 40 years, and (B) 100 years of electricity from 
pelletised wood from naturally-regenerated forestry in North America, and shipped to the UK, for 
BEAC Scenarios 10 - 13 (labelled S10 - S13). cfl: counterfactual. Default BEAC values have been 
used for key parameters (see Table 29 in the Annex). 

157. A summary of the GHG intensities of biomass electricity for these scenarios is shown 
in Figure 38. These results have been calculated using the default key parameters62 
(details in Table 29), including the assumption that biomass is used to dry the wood 

                                                           
62 Transport distances, transport fuel requirements, drying method, pelletising electrical requirements, and efficiency of electricity generation at the biomass 
power station. 
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prior to pelletisation. All of these scenarios have GHG intensities significantly greater 
than electricity from natural gas, over 20, 40 and 100 year time horizons. 

158. The difference in GHG intensities between these scenarios depends on the growth 
curves, and hence wood yields, of the stands of trees over the assessed time 
horizons. For example, the final annual output of wood achieved once an Oak-
Hickory stand in South USA (Scenario 13a) has been fully converted to an even-
aged forest, harvested every 60 years, is slightly lower than the annual output 
associated of an even-aged forest, harvested every 70 years. However, for BEAC 
Scenario 11, reducing the time between harvests from 70 years to 50 years results in 
an overall increase in the final yield of wood, as shown in Figure 37. Thanks to the 
higher final yield achieved in Scenario 11, the carbon stock reduction per unit of 
wood output, caused by reducing the time between harvests, is lower than for 
Scenario 13a. 

Energy Input Requirement: Roundwood from Naturally-Regenerated Forests 

159. The Energy Input Requirements (energy carrier input basis; see page 50 for 
description) for BEAC Scenarios 10 to 13 are shown in Figure 39, assuming the 
wood is dried prior to pelletisation by using biomass (the default in BEAC), or using 
natural gas. The transport, drying and pelletising dominate the energy inputs. Pellets 
shipped from the East coast of North America (Scenarios 10 and 13) that have been 
produced using biomass to dry the wood prior to pelletising have the lowest EIR 
values, and pellets shipped from the Pacific coast (Scenarios 11 and 12) that have 
been produced using natural gas to dry the wood prior to pelletising have the highest 
EIR values. 

 

Figure 39. Energy Input Requirement (EIR) for different scenarios of generating electricity in the 
UK from naturally-regenerated forests in North America, using default BEAC values for key 
parameters (see Table 29 in the Annex). EIR is calculated using energy carrier inputs. See page 
50 for definition of EIR. Bio: dry using biomass; NG: dry using natural gas. 
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Summary: Roundwood from Naturally-Regenerated Forests 

160. The predicted resource availability of North American wood from increased harvest of 
naturally-regenerated timberland, the range of GHG emission intensities of electricity 
generated from pellets produced from this feedstock and shipped to the UK, and the 
associated EIR values, are shown below in Table 17.  

Table 17. Potential resource of North American wood from increasing harvest rate of naturally-
regenerated timberland by 2020, and the estimated GHG intensity and Energy Input Requirement 
(EIR)63 associated with electricity generated from pellets produced from this feedstock and 
shipped to the UK. Low and high values in each range have been determined by varying the 
following key parameters: transport distances, transport fuel requirements, pelletising electrical 
requirements, drying methods and efficiency of electricity generation at the biomass power 
station (see Table 29 in the Annex for assumed values of parameters). 

 Resource in 
2020 

GHG intensity  EIR Details 

Modt/y kg CO2e/MWh  MWh per MWh  

 40 years 100 years EC basis PE basis    

Increased 
harvest of 
naturally-
regenerated 
timberland 

17.6 to 41.6 
over 40 years 

 

6.4 to 19.2 
over 100 
years 

1270 to 
3988 

766 to 
5174 

0.16 to 0.88 0.19 to 1.03 Min: BEAC 
Scenario 11 for 
GHG over 40 y; 
BEAC Scenario 
10b for GHG over 
100 years.BEAC 
Scenario 10 for 
EIR. 

Max: BEAC 
Scenario 13a for 
GHG, BEAC 
Scenario 12 for 
EIR. 

  

                                                           
63 EIR values are the same for 40 and 100 year time horizons. 
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Roundwood from Existing Plantations: Scenarios 14 to 18 

161. The majority of North American intensively-managed plantations are in South USA. 
Pulpwood from these plantations is already used to produce pellets (Evans et al., 
2013). This section therefore focuses on the impacts of using wood from South 
plantations for the production of wood pellets.  

162. The total area of plantations in the USA is ~ 25 million hectares, representing 8% of 
all US forestland, or 12% of all productive timberland, with over 70% situated in the 
South (Table 18). These plantations are predominantly used to grow Loblolly pine (~ 
62.5% by area), Slash pine (17% by area) and Douglas fir (15% by area).  

Table 18. Pine plantations in the USA by area (Smith et al., 2010). 

Region Area of Plantations (Million ha) 

South USA 18 

Pacific Coast USA 4.5 

North USA 2.4 

Rocky Mountain USA 0.4 

163. Plantations are managed to achieve greater yields of wood than naturally-
regenerated forests, using practices such as (Fox et al., 2007): 

 planting genetically improved64 trees; 

 mechanical site preparation to improve soil physical properties; 

 herbicide application to control competing vegetation (e.g. naturally-regenerated 

trees and herbaceous vegetation); 

 fertiliser application to improve soil fertility; and 

 thinning to manage the stand density, and provide adequate growing space for the 

desired crop trees. 

164. For example, the site preparation of intensively-managed pine plantations in the 
South USA often involves chopping, piling, burning, disking, bedding, herbicide 
application and planting (Dwivedi et al., 2011); these plantations are also often 
thinned twice during the rotation, and fertilised with nitrogen and phosphorus every 6 
to 8 years (North Carolina Forestry Service, 2012; Fox et al., 2007a). Thanks to this 
intense management, these plantations typically achieve ~ 6 odt/ha/y of 
merchantable biomass over a 25 year rotation, whereas naturally-regenerated 
Loblolly forests in the same region produce less than 2 odt/ha/y over a 50 year 

rotation (Smith et al., 2006). 

165. Because plantations are generally harvested more frequently than naturally-
regenerated timberland, the average carbon stock per unit area is often lower. For 
example, in 2007, plantations represented approximately 12% of the total productive 
forest area in the USA, but only 8% of the total forest growing-stock inventory (Smith 
et al., 2010). 

                                                           
64

 Via selective breeding, not genetic modification. 
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166. Intensively-managed plantations in South USA are used to produce saw logs, chip-n-
saw and pulpwood. The thinnings, smaller diameter sections of the final harvested 
trees, and low-quality logs are used for pulpwood, and the larger, high-quality trees 
are used for chip-n-saw and saw logs.  

Scenarios: Roundwood from Existing Plantations 

167. There are a number of potential scenarios relevant to using pulpwood from existing 
plantations for the production of pellets for bioenergy, with the most appropriate 
scenario depending on the demand for the wood from other markets.  

168. If the regional demand for roundwood were low, there may be some plantations from 
which a proportion of the wood could be harvested for bioenergy, without impacting 
other markets. The scenarios listed in Table 19 were modelled to represent potential 
implications of this situation. 

Table 19. Scenarios modelled to represent using roundwood from existing plantations for 
bioenergy feedstocks, if the demand for pulpwood is low. 

Scenario 
Number 

Feedstock used for pellets Counterfactual scenario 

14  

 

Additional wood (in 

comparison to the 

counterfactual) from 

intensively-managed pine 

plantation, in South USA.  

(a) Continue harvesting every 

25 years.  

(b) Increased demand for 

pulpwood results in the 

rotation length reducing to 20 

years. 

Reducing the frequency of harvest. For example, an 

intensively-managed pine plantation in South USA that is 

harvested every 25 years, is harvested every 35 years 

instead (Carino and Biblis, 2002). Less biomass would 

be harvested, and more biomass would be stored in the 

above-ground biomass of the forest. This scenario was 

common after the recession, where fewer trees were cut, 

and the forest inventory increased (Floyd, 2013). This 

could also represent a scenario where initiatives 

encourage forest owners to extend their rotation length, 

in order to increase carbon storage (Carbon Canopy, 

2014). 

15 As above. Managing the plantation less intensively. For example, 

an intensively-managed pine plantation in South USA 

that is harvested every 25 years, is converted over 50 

years to an even-aged naturally-regenerated pine forest 

that is harvested every 50 years. 

16 As above. Harvesting the plantation, and then leaving the land to 

revert to a natural forest. For example, an intensively-

managed pine plantation in South USA that is harvested 

every 25 years, is converted over 25 years to a naturally-

regenerated pine forest that is left to continually 

sequester carbon, rather than harvested (Carbon 

Canopy, 2014).65  

17 As above. Convert the plantation to agricultural land (e.g. cotton 

field) (Abt et al., 2012).  

169. If the regional demand for roundwood for other uses were high, either more wood 
must be produced from the plantations, or the use of the wood for bioenergy would 

                                                           
65 This scenario could lead to increased natural disturbances, in comparison to the counterfactual. Owing to the large uncertainties involved, this hasn’t been 
modelled, but should be considered in future studies. 
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cause non-bioenergy uses of wood to be displaced. The scenarios listed in Table 20 
were modelled to represent the potential implications of this situation. 

Table 20. Scenarios modelled to represent using roundwood from existing plantations for 
bioenergy feedstocks, if the demand for pulpwood is high. 

Scenario 
number 

Feedstock used for pellets Counterfactual scenario 

18 Additional demand for wood for bioenergy 
causes some plantations to be managed 
more intensively, causing an increased yield. 
For example, a plantation that is harvested 
every 25 years, and produces an average 
yield of wood 74% that of an intensively-
managed plantation, is converted to an 
intensively-managed plantation by increasing 
the fertiliser input (assumed to increase from 
1 to 3 mid-rotation fertilisation applications; 
Allen et al., 2005), and improving silvicultural 
practices (e.g. adopting optimal thinning 
practices and initial planting densities; Will et 
al., 2006). 

Continue using medium-
intensity management 
practices, and harvesting 
every 25 years. 

19-21, 
covered in 
next section 
(p97) 

 

Bioenergy displacing other wood users. If 
pulpwood is used for energy, other users 
(e.g. paper and OSB manufacturers) import 
the feedstock, or the wood products are 
imported. 

Pulpwood used for other 
purposes. 

170. Some areas of forests in North America are under threat of being converted to urban 
land (Fernholz et al., 2013), and it has been suggested by some stakeholders that a 
counterfactual to using plantations for bioenergy is its conversion to urban land. 
However, as urban land uses are so valuable in comparison to agricultural land, we 
judge that such transitions are driven by different factors to those driving transitions 
between cropland and forestry, in particular population growth and household 
formation (Lubowski et al., 2006; Heimlich and Hendersen, 2001). However, if this 
scenario were credible in the future, the GHG impact would be similar to BEAC 
Scenario 17 (both arable and urban land have low above-ground carbon stocks). 

Considerations for Scenario Plausibility: Roundwood from Existing Plantations 

171. As mentioned above, intensively managed pine plantations are already used to 
produce bioenergy feedstocks in South USA. 

172. The removal of softwood pulpwood in South USA increased between the years 2000 
and 2009 (Figure 13); competition for softwood pulpwood in the region is currently 
high, with prices increasing by 10% between Quarter 2 of 2012 and 2013 
(Forest2Market, 2013), and 22% between the September/October periods of 2012 
and 2013 (Forest2Market, 2013a). Furthermore, demand for softwood pulpwood is 
projected to increase further in the South in the coming years, owing to increased 
demand for OSB, packaging, fluff pulp and containerboard, as well as wood pellets; 
Forest2Market (2014) predict that total pine pulpwood demand will increase by 11% 
between 2014 and 2018 in South USA (Figure 40).  
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Figure 40. Softwood pulpwood consumption in South USA from 2008 to 2013, and projected 
consumption between 2014 and 2018. Using green US ton consumption from Forest2Market 
(2014), and assuming 50 wt% moisture. Includes the states of Texas, Oklahoma, Louisiana, 
Arkansas, Missouri, Mississippi, Alabama, Tennessee, Georgia, Florida, North Carolina, South 
Carolina and Virginia. 

173. This indicates that counterfactuals relevant to a high demand for wood may be most 
likely (Scenario 18, and displacement scenarios 19 to 21, page 97). However, 
despite this, trends are regional, therefore there may be some cases where the 
counterfactuals relevant to a low demand for wood are the most appropriate. 
Furthermore, projections of further increases in demand are based on assumptions 
around future economic factors, and therefore may not materialise.  

Resource Availability: Roundwood from Existing Plantations 

174. Low demand for wood (BEAC Scenarios 14 to 17): In the coastal states of South 
USA (the location of the majority of intensively-managed pine plantations), total wood 
removal decreased by ~ 11 Modt/y during the recession (in the form of saw logs; 
Figure 13), therefore 11 Modt/y was taken as the high value in the range. The 
housing sector is starting to recover again (RISI, 2014), therefore the low value was 
taken to be zero, representing a case where the demand for wood for non-bioenergy 
purposes is high.  

175. High demand for wood (BEAC Scenario 18): It was assumed that a yield increase of 
35% may be possible if ‘medium-intensity’ plantations were managed more 
intensively (Allen et al., 2005). There is little data on the proportion of plantations in 
the South USA which are currently not managed optimally, from the point of view of 
annual yield. Discussions with stakeholders indicated that it would be reasonable to 
assume that 50% of current plantations are currently not managed at maximum 
intensity. If the yield of 12.5 million hectares were to increase by 1.5 odt/ha/y, an 
additional 18.8 Modt/y could be achieved by this scenario. However, if the demand 
for wood for non-bioenergy purposes were to increase significantly in the future, 
higher yields might need to be achieved anyway to meet demand (even if demand for 
bioenergy were not there), therefore the low value of the range was taken to be zero.  
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GHG Emission Intensity: Roundwood from Existing Plantations 

176. The main assumptions used to construct the BEAC scenarios are provided in the 
Annex (Table 39). For each scenario, the difference in wood output between the 
bioenergy scenario, and the associated counterfactual, results in a difference in 
carbon stored in the forest. It has been assumed that the additional wood created by 
the bioenergy scenario, in comparison to the counterfactual, is used for bioenergy, 
and any changes in carbon stock in the forest relative to the counterfactual are 
attributed to this wood output. As mentioned previously, it has been assumed that 
there is no difference in the amount of wood used for non-bioenergy uses between 
the bioenergy scenario and its counterfactual scenario, e.g. increased use of wood 
for bioenergy does not cause a change in the amount of wood harvested for non-
energy uses. These scenarios (14 to 18) therefore represent cases where the wood 
from the intensively-managed plantation is used for a mix of different products (e.g. 
construction products, paper, and bioenergy), apart from Scenario 16, where the 
counterfactual is to cease harvesting, in which case all the wood is used for 
bioenergy. 

177. The assumed carbon stored in a stand of intensively-managed Loblolly, at different 
ages, is shown in Figure 41; this growth curve was used to estimate the average 
amount of carbon stored in forests of different age distributions. For all scenarios, it 
was assumed that the forest was initially composed of a uniform distribution of 
stands, between the ages of 0 and 25 years (e.g. an even-aged forest).  

 

Figure 41. Non-soil carbon stock at different times, of a stand in an intensively-managed Loblolly 
pine plantation, located in South USA (Smith et al., 2006). 

178. For each scenario and associated counterfactual, the wood output and non-soil 
carbon stored in the forest, calculated as averages over all stands, are shown in 
Figure 42. 
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BEAC Scenario 14 BEAC Scenario 15 

  
BEAC Scenario 16 BEAC Scenario 17 

  

BEAC Scenario 18  

 

 

Figure 42. Total biomass output from, and non-soil carbon stored in, a Loblolly plantation forest, 
calculated as average values over all stands in the forests, for BEAC Scenarios 14 to 18, using 
data from Smith et al., 2006. cfl: counterfactual. 

179. The summarised GHG results for these scenarios are shown in Figure 43. These 

results have been calculated using the default key parameters66 (details in Table 29), 
including that biomass is used to dry the wood prior to pelletisation.  

  

                                                           
66 Transport distances, transport fuel requirements, drying method, pelletising electrical requirements, and efficiency of electricity generation at the biomass 
power station. 
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A: 40 year time horizon 

 
B: 100 year time horizon 

 

Figure 43. GHG intensity over time horizons of (A) 40 years, and (B) 100 years of electricity from 
pelletised wood from Loblolly Plantations in South USA and shipped to the UK, for BEAC 
Scenarios 14 to 18. cfl: counterfactual. Default BEAC values have been used for key parameters 
(see Table 29 in the Annex). 

180. The GHG impact of using plantations to produce bioenergy feedstocks can vary 

significantly, depending on the counterfactual land use, and the time between 
harvests. Overall, these results reflect that non-soil carbon stocks of forests are 
generally greatest if the forests are disturbed infrequently (e.g. by harvest or natural 
disturbances) and grow quickly. If the counterfactual to using a plantation for 
bioenergy were to involve longer rotation times and high (or the same) yields (e.g. 
Scenario 14), using the land for bioenergy would result in large GHG emissions; if the 
counterfactual were to involve shorter rotation times with lower yields, using the land 
for bioenergy would result in large GHG savings. Some scenarios involve a trade-off 
between these two factors (e.g. Scenarios 15 and 16). 
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181. If the plantation would otherwise have been harvested every 35 years, rather than 
every 25 years (Scenario 14a), the counterfactual scenario would have a greater 
carbon stock than the bioenergy scenario, and the foregone biomass growth would 
dominate the lifecycle GHG impacts. This causes the bioenergy to have a high GHG 
intensity, even when considered over a time horizon of 100 years (greater than 
electricity from natural gas).  

182. However, the GHG impacts of bioenergy are lower if the forest would otherwise be 
left to regenerate naturally after harvest (Scenario 15 and 16). This is because 
naturally-regenerated forests, having lower growth rates than intensively-managed 
plantations, take longer to increase the carbon stored on the land after harvest. After 
40 years, Figure 42 shows that keeping the forest as an intensively-managed 
plantation and harvesting every 25 years would result in more carbon being stored on 
the land than if the forest were either (i) converted over 50 years to a naturally-
regenerated forest that is harvested every 50 years (BEAC Scenario 15a), or (ii) 
converted over 25 years to a naturally-regenerated pine forest, that is left to 
continually sequester carbon, rather than harvested (BEAC Scenario 16a). Scenarios 
15a and 16a therefore show the produced bioenergy to have a low GHG impact over 
40 years (-178, and 44 kg CO2e/MWh electricity, respectively, using the default key 
parameters). When considered over a time horizon of 100 years, BEAC Scenario 15a 
still shows bioenergy to have a low GHG impact, as the carbon stock of the 
counterfactual land use would remain low over the time horizon (as the slow-growing, 
naturally-regenerated forest is assumed to be harvested every 50 years). However, if 
the forest would otherwise be left to continually sequester carbon (Scenario 16a), 
representing a case where a land owner is encouraged to increase the carbon stock 
of the land (Carbon Canopy, 2014), the counterfactual carbon stock at the end of the 
time horizon would be greater than an intensively-managed plantation (as shown in 
Figure 42), resulting in the GHG impact of the produced bioenergy being 488 kg 
CO2e/MWh electricity (using the default key parameters), similar to electricity from 
natural gas.  

183. Figure 43 also shows that if you assume the increased demand for small diameter 
pulpwood were to cause the time between harvests of the plantation to reduce from 
25 to 20 years (Scenarios 14b, 15b, 16b, 17b), then the carbon stock of the land 
would reduce, increasing the GHG impact associated with the produced bioenergy 
when compared to maintaining the time between harvests at 25 years (Scenario 14a, 
15a, 16a, 17a).  Scenarios 14b, 15b and 16b result in GHG impacts greater than 350 
kg CO2e/MWh over 40 years, and greater than 200 kg CO2e/MWh over 100 years.  

184. Scenario 17 represents a case where the pine plantation would be converted to a 
cotton plantation, if the demand for wood for bioenergy were not there; in this case 
the GHG intensities associated with the bioelectricity are negative, as the carbon 
stored in pine plantations is significantly greater than cotton plantations. Although this 
scenario shows large GHG savings, it is important to note that if this land were used 

for bioenergy, rather than cotton, the cotton could instead be grown somewhere else, 
with indirect GHG implications (which have not been modelled).  

185. Finally, the results of Scenario 18 show that if the demand for wood for energy 
caused medium-intensity plantations to be managed more intensively, causing the 
yield to increase by 35% (which would not happen otherwise), and the time between 
harvests stayed at 25 years, the produced bioenergy would have negative GHG 
intensities (electricity emission factors of -1730 and -179 kg CO2e/MWh over time 
horizons of 40 and 100 years, respectively, using the default key parameters). 
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Energy Input Requirement: Roundwood from Existing Plantations 

186. The Energy Input Requirements (energy carrier input basis; see page 50 for 
description) for BEAC Scenarios 14 to 18 over a time horizon of 40 years are shown 
in Figure 44, assuming the wood is dried prior to pelletisation using biomass (the 
default in BEAC), or using natural gas. Currently pellets from South USA generally 
use biomass to dry the wood, therefore the EIR typically varies between 0.28 and 
0.48 MWh per MWh67. If natural gas were used to dry the pellets, the EIR would be 
significantly greater at 0.58 to 0.75 MWh per MWh68. The lowest value represents a 
case where the management practice (e.g. site preparation and fertilisation) of the 
plantation is the same for the bioenergy scenario, and the associated counterfactual 
(e.g. BEAC Scenario 14). The highest value represents a case where a plantation is 
more intensively-managed to increase the yield (e.g. BEAC Scenario 18); this 
increased energy requirement results from the assumption that intensive plantation 
management requires greater fertiliser and diesel inputs69. 

 

Figure 44. Energy Input Requirement (EIR) for different scenarios of generating electricity in the 
UK from intensively-managed pine plantations in South USA, over a time horizon of 40 years, 
using default BEAC values for key parameters (see Table 29 in the Annex). EIR is calculated 
using energy carrier inputs. See page 50 for definition of EIR. Bio: dry using biomass; NG: dry 
using natural gas. 

187. For BEAC Scenario 18, the EIR is lower when considered over 100 years, rather 

than 40 years (0.40 MWh per MWh over 100 years, compared to 0.48 MWh per MWh 
over 40 years, using the default BEAC assumptions). This is because this scenario 
involves converting an even-aged, non-intensively managed plantation to an even-
aged, intensively-managed plantation over 25 years; this means that the increased 
biomass output is not realised until a stand of the newly-managed plantation is 
harvested (Figure 42). Therefore, there is a delay between the time when the energy 

                                                           
67

 Using the default key parameters. 
68 Using the default key parameters. 
69 Assumed intensively-managed plantations employ site preparation techniques of chopping, piling, burning, disking, bedding, herbicide application and 
planting. Medium-intensity management assumed to employ burning, bedding, herbicide application and planting. 
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input to the forest increases (via more intense management), and the time when the 
increased biomass output is harvested from the forest.  

Summary: Roundwood from Existing Plantations 

188. The predicted resource availability of North American wood from existing plantations, 
the range of GHG emission intensities of electricity generated from pellets produced 
from this feedstock and shipped to the UK, and the associated EIR values, are 
shown below in Table 21.  

Table 21. Potential resource of North American wood from existing plantations by 2020, and the 
estimated GHG intensity and Energy Input Requirement (EIR)70 associated with electricity 
generated from pellets produced from this feedstock and shipped to the UK. Low and high values 
in each range have been determined by varying the following key parameters: transport 
distances, transport fuel requirements, pelletising electrical requirements, drying methods and 
efficiency of electricity generation at the biomass power station (see Table 29 in the Annex for 
assumed values of parameters).  

Scenario cfl Resource 
in 2020 

GHG intensity  EIR Details 

 Modt/y kg CO2e/MWh  MWh per MWh  
  40 

years 
100 
years 

EC Basis PE Basis    

Existing 
intensively-
managed 
plantations 
(low 
demand for 
wood)71 

Harvest 
less 
frequently 

0 to 11.0 886 to 
1692 

435 
to 
949 

0.19 to 0.77 0.32 to 
1.18 

Min: BEAC 
Scenario 14a 

Max: BEAC 
Scenario 14b 

Convert to 
naturally-
regenerated 
forest 

0 to 11.0 -182 to 
515 

52 to 
712 

0.26 to 0.83 0.40 to 
1.24 

Min: BEAC 
Scenario 15a 

Max: BEAC 
Scenario 16b 

Convert to 
agricultural 
land, 
without 
indirect 
impacts 

0 to 11.0 -2504 
to 
 -1107 

-386 
to  
-78 

0.25 to 0.83 0.38 to 
1.24 

Min: BEAC 
Scenario 17a 

Max: BEAC 
Scenario 17b 

Pine 
plantation 
with 
increased 
yield (high 
demand for 
wood) 

 0 to 18.8 -2087 
to 
-1272 

-252 
to 
-46 

0.36 to 
0.9672 

 

0.5 to 
1.3773 

Min: BEAC 
Scenario 18 

Max: BEAC 
Scenario 18 

 

  

                                                           
70 EIR values calculated over a time horizon of 40 years. There are minor changes to the EIR when considered over 100 years. 
71 Maximum resource for combination of all existing intensively-managed plantation scenarios equals 11 Modt/y. 
72 EIR range (EC basis) reduces to 0.29 - 0.88 when considered over 100 years. 
73 EIR range (PE basis) reduces to 0.43 - 1.28 over 100 years. 
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Wood for Bioenergy Displacing Non-Bioenergy Uses, Which Are Then 

Supplied by Imports: Scenarios 19 to 21 

189. As described in the section “North American Wood Pellets” (page 34), currently the 
price differential between sawn timber and pulpwood (shown in Figure 15 for pine in 
South USA) causes high-quality sawn timber to be used for construction where 
markets are available, and therefore pellets are unlikely to be produced from wood 
that could be sold as sawn timber. However, pulpwood has several other uses 
competing with the production of pellets, including paper and OSB production 
(Forest2Market, 2013; Forisk, 2011a). If demand for pulpwood were to increase in 
the future, a potential scenario could be that pulpwood which would otherwise be 
used for non-bioenergy purposes is used for pellets instead (Sedjo et al., 2013; Abt 
et al., 2012; Abt and Abt, 2013). The displaced wood product might then instead be 
imported, causing additional demand and GHG consequences in another region of 
the world. For example, if thinnings from intensively-managed pine plantations were 
used as feedstock for the production of wood pellets for bioenergy, and the demand 
for pulpwood in the region were high, the thinnings may otherwise have been used 
as a feedstock for the production of paper products, leading to the paper products 
being imported instead.  

190. Alternatively, the wood product could be replaced by a non-wood substitute; the 
BEAC tool allows the user to investigate such scenarios. For example, if wood used 
for bioenergy would otherwise have been used to produce OSB, the user of BEAC 
can consider the GHG impact of replacing the OSB with a non-wood material (for 
example, concrete breeze blocks). However, as mentioned on page 43, such 
scenarios have not been reported in this study. This is because, during the 
development of this report, many stakeholders expressed the view that using non-
wood alternatives for housing construction in North America would require a 
fundamental shift in building design and cultural acceptance, therefore it was 
considered unlikely that the amount of non-wood products used for house 
construction in North America would change as a result of wood demand for 
bioenergy. Instead, it was considered more likely that increased demand for wood for 
bioenergy would result in more wood being harvested globally, therefore scenarios 
representing this outcome have been considered.   

Scenarios: Bioenergy Displacing Non-Bioenergy Uses 

191. In 2012 the USA was the second largest importer of wood products (e.g. wood 
panels, sawn wood, pulpwood and paper) in the world, with a significant proportion 
coming from Canada, Brazil, Chile, and China (Bandara and Vlosky, 2012). The 
potential indirect impacts of increased pellet production in the USA could therefore 
vary widely. The scenarios considered in this report are shown in Table 22; these 
were chosen to represent extreme cases (best and worse) in order to provide a 

range. However, there are many different potential scenarios which could play out as 
a result of increased imports to North America, therefore the potential indirect 
impacts are hard to estimate. It would be complex and difficult to model a realistic 
world scenario that would involve multiple source countries and forestry practices. 
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Table 22. Scenarios modelled to represent using pulpwood for bioenergy, causing indirect 
impacts. 

Scenario 

number 

Feedstock used for pellets Counterfactual scenario 

19 Pulpwood from South USA, causing 

indirect impact of Eucalyptus plantation 

replacing Brazilian rainforest. 

Pulpwood used for non-bioenergy purposes. 

20 Pulpwood from South USA, causing 

indirect impact of Eucalyptus plantation 

being established on Brazilian 

abandoned degraded pasture land, 

which would otherwise revert to tropical 

savannah (IEA, 2011).  

As above. 

21 Pulpwood from South USA, causing 

indirect impact of increasing the harvest 

rate of naturally-regenerated coniferous 

forest in Pacific Canada, from every 70 

years to every 50 years. 

As above. 

 

192. The import of additional wood or wood products would result in additional transport. 
The assumed transport distances for BEAC Scenarios 19 and 20, and the associated 
counterfactual, is shown in Figure 45. These distances were also assumed for 
Scenario 21, apart from the shipping distance between ports in Pacific Canada and 
South East USA, which was taken to be 10500 km.  

 

 

Figure 45. Illustration of transport involved for BEAC Scenarios 19 and 20. 
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193. Another potential scenario could be that without the demand for pulpwood for energy, 
harvested wood would be transported further for non-energy uses (i.e. in Figure 45, 
the distance between the US forest and wood product manufacturer in the 
counterfactual case would be greater than 50 km). As a sensitivity analysis, the 
impact of the distance between the US forest and the wood product manufacturer (for 
the counterfactual) on the GHG intensity of bioenergy for BEAC Scenarios 19-21 has 
therefore been investigated. 

Considerations for Scenario Plausibility: Bioenergy Displacing Non-Bioenergy Uses 

194. The pellet industry could displace other wood-using industries, if there were 
advantages to the forest owner from selling wood to the pellet industry over the other 
industries (e.g. if the pellet industry could pay more for the feedstock). Trends are 
regional and can change over time, and are therefore difficult to predict. It has been 
reported that currently, the capability of the pellet industry to pay for feedstock in the 
South USA is lower than non-bioenergy wood users such as the paper and panel 

industries (RISI, 2012). However, it has also been reported that the export pellet 
market in the South USA is more reliable and predictable than the paper market, 
owing to the use of long-term contracts by the pellet industry, and so in some cases, 
it can be more attractive for forest owners to sell their feedstock for pellets rather 
than paper (RISI, 2012).  Looking further into the future, Sedjo et al. (2013) predicts 
that in the coming decades (up to 2060), increased demand for pulpwood for energy 
will result in pellet producers competing with other pulpwood industries, causing 
increased pulpwood imports to the USA. 

Resource Availability: Bioenergy Displacing Non-Bioenergy Uses 

195. The maximum amount of low quality wood (pulpwood, and saw-mill residues which 
are required for other purposes) that could be used for bioenergy, causing the 
displacement of a non-bioenergy use of the material, was taken to be the projected 
2020 demand for paper, fibreboard and particleboard. It was assumed that the 
market for this raw material would recover to the 2006 pre-recession output (Ince and 
Nepal, 2012) of ~ 172 Modt/y (FAOSTAT, 2013). This value includes wood that will 
be required for pulp and paper, fibreboard and particleboard, and hence is used as 
an estimate of the amount of material that could be imported instead, if the material 
were not available in North America. 

196. The lower limits for these amounts was set to zero, representing a case where the 
price paid for pulpwood by non-bioenergy industries is significantly greater than the 
pellet industry, hence the pellet industry does not successfully compete for feedstock. 

GHG Emission Intensity: Bioenergy Displacing Non-Bioenergy Uses 

197. The GHG intensities of the bioenergy for BEAC Scenarios 19-21 have been 
calculated by determining the effect of the increased land management and wood 

harvest required to produce the additional imported wood, and the additional 
transport involved. The summarised GHG results for these scenarios are shown in 
Figure 46. These results have been calculated using the default key parameters74 
(details in Table 29), including the assumption that biomass is used to dry the wood 
prior to pelletisation. 

 

 

                                                           
74 Transport distances, transport fuel requirements, drying method, pelletising electrical requirements, and efficiency of electricity generation at the biomass 
power station. 
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A: 40 year time horizon B: 100 year time horizon 

  

Figure 46. GHG intensity over time horizons of (A) 40 years, and (B) 100 years of electricity from 
pelletised wood from South USA and shipped to the UK, displacing non-bioenergy wood uses 
(BEAC Scenarios 19 to 21). cfl: counterfactual. Default BEAC values have been used for key 
parameters (see Table 29 in the Annex). 

198. Converting a tropical rainforest to a Eucalyptus plantation would result in a large 
reduction in the carbon stored in the land biomass, therefore Scenario 19 shows high 
GHG intensities, similar to electricity from natural gas, over 40 years. The emission 
intensity is lower when considered over 100 years, but still greater than 200 kg 
CO2e/MWh. In contrast, converting pasture land to Eucalyptus plantations would 
result in an increase in carbon stock (although the carbon stock of the land would 
also have increased somewhat if it were not used for bioenergy), resulting in the 
generated bioelectricity of Scenario 20 having a GHG intensity of around 200 kg 
CO2e/MWh over 40 or 100 year time horizons.  Scenario 21 has the greatest GHG 
intensity (significantly greater than power from coal), where a Canadian coniferous 
forest is harvested more frequently (e.g. similar to the scenarios considered in the 
section “Increased Harvest of Naturally-Regenerated Timberland: Scenarios 10-13”, 
starting on page 77). 

199. The GHG intensity of the bioenergy for BEAC Scenarios 19-21, for different 
additional counterfactual trucking distances between the forest and the wood product 
manufacturer, is shown in Figure 47. This represents cases where harvested wood 
would be transported further in South USA to a wood product manufacturer (for non-
energy uses) if the demand for wood for bioenergy were not there (the 

counterfactual), than to a pellet facility if the demand for wood for energy were there.  
The GHG intensity of the bioenergy would reduce slightly, if the counterfactual 
involves longer trucking distances of up to 500 km; however, changes in the carbon 
stock of the land dominate the life cycle and have a much greater impact on the 
overall GHG intensity than the transport distances. 
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A: 40 year time horizon B: 100 year time horizon 

  

Figure 47. GHG intensity over time horizons of (A) 40 years, and (B) 100 years of electricity from 
pelletised wood from South USA and shipped to the UK, displacing non-bioenergy wood uses 
(BEAC Scenarios 19 to 21), with varying additional wood transport by truck for the 
counterfactual. cfl: counterfactual. Default BEAC values have been used for key parameters (see 
Table 29 in the Annex). 

Energy Input Requirement: Bioenergy Displacing Non-Bioenergy Uses 

200. The Energy Input Requirements (energy carrier input basis) for BEAC Scenarios 19 
to 21 over all time horizons are shown in Figure 48, assuming the wood is dried prior 
to pelletisation by using biomass (the default in BEAC), or using natural gas.  

 

Figure 48. Energy Input Requirement (EIR) for different scenarios of generating electricity in the 
UK from pulpwood from South USA, causing the displacement of non-bioenergy wood products 
to Brazil (BEAC Scenarios 19 - 20) and Canada (BEAC Scenario 21), over all time horizons, using 
default BEAC values for key parameters (see Table 29 in the Annex). EIR is calculated using 
energy carrier inputs. See page 50 for definition of EIR. Bio: dry using biomass; NG: dry using 
natural gas. 
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Summary: Bioenergy Displacing Non-Bioenergy Uses 

201. The predicted resource availability of North American wood causing the displacement 
of non-bioenergy uses which are then supplied by imports, the range of GHG 
emission intensities of electricity generated from pellets produced from this feedstock 
and shipped to the UK, and the associated EIR values, are shown below in Table 23.  

Table 23. Potential resource of North American wood causing the displacement of non-bioenergy 
uses by 2020, and the estimated GHG intensity and Energy Input Requirement (EIR)75 associated 
with electricity generated from pellets produced from this feedstock and shipped to the UK. Low 
and high values in each range have been determined by varying the following key parameters: 
transport distances, transport fuel requirements, pelletising electrical requirements, drying 
methods and efficiency of electricity generation at the biomass power station (see Table 29 in the 
Annex for assumed values of parameters). 

 Resource 
in 2020 

GHG intensity  EIR  Details 

Modt/y kg CO2e/MWh MWh per MWh  

 40 y 100 y EC basis PE basis    

Additional 
wood 
imports to 
North 
America for 
non-
bioenergy 
uses  

0 to 172.0 144 to 
1893 

127 to 
1761 

0.25 to 
0.89 

0.39 to 1.31 Min: BEAC Scenario 20  

Max: BEAC Scenario 21  

 

 

  

                                                           
75 EIR range is the same over all 40 and 100 year time horizons. 
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New Plantations on Naturally-Regenerated Timberland in South USA: 

Scenarios 22 to 25 

202. It has been reported that increased demand for wood from bioenergy could result in 
the establishment of new plantations in South USA (Abt et al., 2012; Evans et al., 
2013; Davis et al., 2012; USDA, 2012; Zhang and Polyakov, 2010; Sedjo et al., 
2013). In the past, new pine plantations in the South USA have been established on 
both productive naturally-regenerated timberland and agricultural land (discussed 
later in the report, starting page 113) (Wear and Greis, 2002). The USDA (2012) 
have projected that if increased demand for biomass for energy in the future were to 
result in increased areas of pine plantations, natural pine forests would likely be 
displaced.  

203. It is important to note that land devoted to intensively-managed plantations is often 
less biologically diverse than natural forest land, but can compare favourably in its 
diversity to land used for agriculture or urbanization (Andreu et al., 2011). The 
conversion of naturally-regenerated forests to intensively-managed plantations can 
therefore have detrimental biodiversity implications; in South USA this is often cited 
as a major risk factor associated with increased demand for bioenergy (Evans et al., 
2013). However, the establishment of new plantations on agricultural land can result 
in increased biological diversity on the land. 

Scenarios: New Plantations on Southern US Timberland 

204. The GHG intensity and EIR values associated with using the additional biomass for 
bioenergy created from converting naturally-regenerated timberland in South USA to 
new plantations (both energy crops76, and intensively-managed pine plantations) in 
North America has been investigated in BEAC Scenarios 22 to 25 (described in 
Table 24). The original forest types were chosen to represent typical productive 
naturally-regenerated timberlands in the South USA, which are already harvested 
regularly. Other scenarios representative of different regions, which could be 
considered in further studies, include the conversion of unmanaged, or old-growth 
forests to plantations.  

205. Conversions of naturally-regenerated forests to intensively-managed pine plantations 
that are harvested every 25 years were considered, as a 25 year rotation time is 
currently typical practice. However, increased demand for pulpwood can result in 
shorter rotation times of pine plantations. For example, rotations are typically shorter 
in Florida and Georgia than they are in North Carolina, Virginia, and South Carolina, 
as the demand for pulpwood is greater in these regions (Abt, 2013). The conversion 
of natural-regenerated timberland to intensively-managed plantations that are 
harvested every 20 years was also considered. Conversion to SRC energy crop 
plantations was also investigated; currently SRC is not grown to a significant extent 
in North America, therefore this represents a case where the requirement of high 

yields of low quality wood causes new management practices to be introduced.  

 

 

 

 

                                                           
76 Defined here as woody energy crops (such as SRC hardwoods) and herbaceous energy crops (such as Miscanthus, Switch grass). Intensively-managed pine 
plantations, which are harvested every 20-25 years, are not classified as energy crops in this report (rather, short rotation forestry) and are discussed 
separately.  
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Table 24. Scenarios modelled to represent using roundwood from converting natural-regenerated 
forested land to new plantations for bioenergy feedstocks. 

Scenario 
number 

Feedstock used for pellets Counterfactual scenario 

22 Additional wood (in comparison to the counterfactual) 
from the conversion of a naturally-regenerated 
coniferous forest in South USA that is harvested every 
50 years, to an intensively-managed pine plantation 
that is harvested (a) every 25 years, (b) every 20 years. 

Continue harvesting the forest 
every 50 years, and leaving to 
regenerate naturally. 

23 Additional wood (in comparison to the counterfactual) 
from the conversion of a naturally-regenerated 
hardwood forest in South USA that is harvested every 
70 years, to an intensively-managed pine plantation 
that is harvested (a) every 25 years, (b) every 20 years. 

Continue harvesting the forest 
every 70 years, and leaving to 
regenerate naturally. 

24 Additional wood (in comparison to the counterfactual) 
from the conversion of a naturally-regenerated 
coniferous forest in South USA that is harvested every 
50 years, to an SRC hardwood plantation that is 
coppiced every 3 years. Conversion takes (a) 3 years, 
(b) 50 years. 

Continue harvesting the forest 
every 50 years, and leaving to 
regenerate naturally. 

25 Additional wood (in comparison to the counterfactual) 
from the conversion of a naturally-regenerated 
hardwood forest in South USA that is harvested every 
70 years, to an SRC hardwood plantation that is 
coppiced every 3 years. Conversion takes (a) 3 years, 
(b) 70 years. 

Continue harvesting the forest 
every 70 years, and leaving to 
regenerate naturally. 

Considerations for Scenario Plausibility: New Plantations on Southern US Timberland 

206. Figure 49 shows how the area of pine plantations increased in South USA, between 
the years of 1980 and 2012. During the period 1990 to 2010, the area of plantations 
in South USA increased by approximately by ~ 5 Mha, reaching ~ 18 Mha, whilst the 
area of natural pine and oak-pine reduced by ~ 6 Mha (Abt et al., 2013b). Between 
2008 and 2010, the area of planted pine in the South approximately stabilised, owing 
to the recession; however, Figure 49 shows that from 2010, the area of planted pine 
started to increase again. As mentioned in the section “Potential Impacts of 
Increased Demand for Wood for Energy”, starting on page 37, it has been suggested 
that the establishment of new plantations on naturally-regenerated forests could be a 
potential consequence of increased demand for pulpwood (Abt et al., 2012; Evans et 
al., 2013; Davis et al., 2012; USDA, 2012; Zhang and Polyakov, 2010), therefore the 
total planted area in the South may increase further. However, the future planted 
forest area will depend on future prices and is therefore difficult to predict. 
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Figure 49. Area of planted pine in South USA, in different years. Includes the states of Texas, 
Oklahoma, Louisiana, Arkansas, Mississippi, Alabama, Tennessee, Georgia, Florida, North 
Carolina, South Carolina and Virginia (using data from Sheffield, 2014). 

207. At current prices, plantations managed to produce a mix of saw logs and pulpwood 
(Scenarios 22 and 23) are financially preferable to dedicated pulpwood plantations. 
Henderson and Munn (2012) reported that the pulpwood stumpage price of Loblolly 
pine in South USA would have to increase to 44 to 84% of the saw log price 
(currently this value is ~ 30%) for pulpwood only regimes to become financially 
preferable. The relative stumpage price of pulpwood and saw logs is not the only 
factor determining how foresters manage pine plantations in South USA; the stability 
and resilience of the product market is also highly important, therefore for pulpwood 
only plantations to be viable, the pulpwood market would require long-term stability. 

208. Forest-owners in the US have stated that it is currently unlikely that naturally-
regenerated forests would be converted to energy crop plantations (Scenarios 24 
and 25), owing to the high establishment costs required to prepare the land (e.g. 
stump removal etc.). However, we judge it important to model this scenario, in case it 
becomes financially viable in the future.  

Resource Availability: New Plantations on Southern US Timberland 

209. To estimate the upper value of wood resource which may be available by 2020 from 
the conversion of naturally-regenerated timberland to intensively-managed 
plantations, we assume the upper value of the rate of establishment of new, 
intensively-managed plantations in South USA to be similar to the rate of 
establishment between 1980 and 1990, a period of rapid expansion of plantation 
area in the region (average ~ 0.45 Mha/y, translating to an estimated maximum 
overall increase in plantation area of 2.70 Mha between 2014 and 2020). To estimate 
an upper bound of resource availability, we also assume that 100% of these 
plantations would be established on naturally-regenerated timberland, and the 
conversion of naturally-regenerated timberland to intensively-managed pine 
plantations would increase the average yield of the timberland from 1.8 to 5.9 
odt/ha/y77 (Smith et al., 2006), whereas the conversion of naturally-regenerated 
timberland to energy crop plantations would increase the average yield from 1.8 to 15 
odt/ha/y.  

210. The lower limit for the conversion of naturally-regenerated timberland in South USA 
to either intensively-managed pine plantations, or energy crop plantations, was taken 

                                                           
77 1.8 odt/ha/y is for a naturally-regenerated Loblolly forest, harvested every 50 years; 5.9 odt/ha/y is for an intensively-managed Loblolly pine plantation, 
harvested every 25 years (Smith et al., 2006). 
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as zero, representing a case where it is not economically attractive to convert 
naturally-regenerated timberland to either form of plantation. For conversions to 
energy crop plantations, this reflects the view expressed by some stakeholders from 
the US forest industry that the high establishment costs required to prepare the land 
for energy-crops would prevent this type of land conversion. 

211. The above assumptions result in estimated ranges of resource availability in 2020 
from the conversion of naturally-regenerated timberland to intensively-managed 
plantations in South USA of 0.0 to 11.1 odt/ha/y for conversions to pine plantations, 
and 0.0 to 35.6 odt/ha/y for conversions to energy-crop plantations.   

GHG Emission Intensity: New Plantations on Southern US Timberland 

212. The main assumptions used to construct the BEAC scenarios are shown in Table 43 
of the Annex. For each scenario, it has been assumed that the additional wood 
created by the bioenergy scenario, in comparison to the counterfactual, is used for 
bioenergy, and any changes in carbon stock in the forest relative to the 

counterfactual are attributed to this wood output.  

213. When considered at the individual forest level, scenarios where the forest is 
converted either to an intensively-managed pulpwood plantation which is harvested 
every 20 years, or to an SRC plantation, would result in additional low-quality wood 
being produced in comparison to the counterfactual. If the forest were converted to 
an intensively-managed plantation, harvested every 25 years, there would also likely 
be additional saw logs produced. However, when considered at a larger scale, FAO 
have predicted that promoting wood energy would likely result in a reduction in the 
annual growth rate of wood being used for construction between 2010 and 2030 
(UNECE and FAO, 2012). For example, if the demand for pulpwood were high, on 
average a greater proportion of the wood output from each forest might be used for 
purposes requiring pulpwood, rather than purposes requiring saw logs (e.g. 
construction products). This outcome may already be happening in South USA, 
where the high demand for low quality wood has been reported to have reduced the 
availability of chip-n-saw in the region (Forest2Market, 2013a); chip-n-saw are logs 
with dimensions greater than pulpwood but smaller than saw logs, and are 
traditionally used to make products requiring larger logs (e.g. construction products), 
therefore this trend implies that the size of logs used for purposes requiring low 
quality wood (e.g. paper, OSB and pellets) in the region could be increasing. In Nova 
Scotia, it has also been reported that high-quality hardwoods, which would usually be 
used as materials for flooring and lumber, are instead being used for electricity 
generation since a new biomass power plant was built (Ayers, 2014). It has been 
assumed in the BEAC scenarios that the overall amount of wood being used for non-
bioenergy uses (e.g. construction) would be the same for the bioenergy scenario, or 
the counterfactual scenario. However, the sensitivity of the GHG intensity to the 
amount of additional wood ending up in long-term (> 100 years) storage (e.g. in long-

lived wood products) has been considered for Scenarios 22a and 23a.   

214. The assumed carbon stored in a stand of each of the forest types investigated in 
these scenarios is shown in Figure 50. For each scenario and associated 
counterfactual, the wood output and non-soil carbon stored in the forest, calculated 
as averages over all stands, are shown in Figure 51. Owing to the increased growth 
rate, an intensively-managed Loblolly plantation that is harvested every 20 years, 
has a similar non-soil carbon stock to a naturally-regenerated Loblolly forest that is 
harvested every 50 years (Scenario 22b), whereas an intensively-managed Loblolly 
plantation that is harvested every 25 years, has a greater non-soil carbon stock than 
a naturally-regenerated Loblolly forest that is harvested every 50 years (Scenario 
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22a). The non-soil carbon stock in a naturally-regenerated hardwood forest that is 
harvested every 70 years, is significantly greater than in an intensively-managed 
plantation that is harvested every 20 years (Scenario 23b), and similar to in an 
intensively-managed plantation that is harvested every 25 years (Scenario 23a). For 
both scenarios 24 and 25, the non-soil carbon per unit area stored in an SRC 
plantation is significantly lower than that stored in a naturally-regenerated forest, as 
SRC is coppiced frequently (assumed here to be every 3 years), meaning that there 
is little time to accumulate large amounts of above-ground biomass.  

 

BEAC Scenario 22 BEAC Scenario 23 

  
BEAC Scenario 24 BEAC Scenario 25 

  

Figure 50. Non-soil carbon stock of stands of a forest at different ages, for BEAC Scenarios 22 to 
25. Data sources: Smith et al. (2006). 

215. A summary of the GHG intensities of biomass electricity for scenarios 22 to 25 is 
shown in Figure 52. These results have been calculated using the default key 
parameters78 (details in Table 29), including that biomass is used to dry the wood 
prior to pelletisation. It can be seen that the carbon stock changes associated with 
replacing naturally-regenerated timberland with intensively-managed plantations are 
significantly lower than the scenarios of increasing wood output by reducing rotation 
length alone (BEAC Scenarios 10 to 13). For the case of converting a naturally-
regenerated Loblolly forest that is harvested every 50 years, to an intensively-
managed plantation that is harvested every 25 years, the carbon stored in the forest 
can increase, resulting in a negative GHG intensity of the produced bioenergy. 

                                                           
78 Transport distances, transport fuel requirements, drying method, pelletising electrical requirements, and efficiency of electricity generation at the biomass 
power station. 
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However, if the forest is converted to a plantation that is harvested every 20 years, or 
an SRC plantation, the GHG intensities are shown to be significantly positive. 

216. These results show that the GHG intensity of bioenergy from new, intensively-
managed plantations, established on naturally-regenerated forest, would depend 
strongly on the management practices of the plantation, and the naturally-
regenerated forest it replaces; longer rotation lengths of naturally-regenerated forests 
(e.g. 70 years for Scenarios 23 and 25) generally result in greater reductions in 
carbon stock when converted to intensively-managed plantations. 

BEAC Scenario 22 BEAC Scenario 23 

  
BEAC Scenario 24a BEAC Scenario 24b 

  
BEAC Scenario 25a BEAC Scenario 25b 

  
  

Figure 51. Total biomass output from, and non-soil carbon stored in, new plantations established 
on naturally-regenerated timberland, calculated as average values over all stands in the forests, 
for BEAC Scenarios 22 to 25, using data from Smith et al. (2006). cfl: counterfactual. 
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 A: 40 year time horizon 

 
B: 100 year time horizon 

 

Figure 52. GHG intensity over time horizons of (A) 40 years, and (B) 100 years of electricity from 
pelletised wood from South USA and shipped to the UK, from intensively-managed pine 
plantations established on naturally-regenerated timberland (BEAC Scenarios 22 to 25). Default 
BEAC values have been used for key parameters (see Table 29 in the Annex). 

217. As mentioned previously, the default assumption in determining the GHG intensity of 

each scenario is that overall, there is no change in the amount of wood used for non-
bioenergy purposes, and that all the additional wood harvested is used for bioenergy. 
However, as a sensitivity analysis, the impact of a change in the amount of wood 
which ends up in long-term storage79 on the GHG intensity of the electricity has been 
investigated for Scenarios 22a and 23a (Figure 53). If an increased demand for 
biomass for energy were to result in more wood in long-term storage in comparison 
to the counterfactual (the positive % values on the x-axes in Figure 53), the GHG 
intensity of the electricity would be lower than the default (0 on the x-axes in Figure 

                                                           
79 Stored for longer periods than the time horizon that the GHG intensity is analysed over, e.g. 40 or 100 years. 
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53). On the other hand, if an increased demand for biomass for energy were to result 
in less wood in long-term storage in comparison to the counterfactual (the negative % 
values on the x-axes in Figure 53), the GHG intensity of the electricity would be 
higher than the default. To put the x-axes values in context, Ingerson (2009) reported 
that typically between 0.0 and 4.6% of the carbon originally present in a standing tree 
remains stored in wood products after 100 years, therefore it is unlikely that large 
positive x-axis values would be most representative of real scenarios considered 
over an 100 year time horizon. 

BEAC Scenario 22a BEAC Scenario 23a 

  

Figure 53. GHG intensity of electricity from additional biomass produced from converting 
naturally-regenerated timberland to intensively-managed pine plantations that are harvested 
every 25 years, as a function of the amount of the additional wood output that ends up in long-
term storage80. Zero x-axis: All the additional wood output is used for bioenergy. Positive x-axis 
values: a proportion of the additional wood output ends up in long-term storage, and the 
remaining is used for bioenergy. Negative x-axis values: the additional biomass from the change 
of management is used for bioenergy, as well as some further wood that would otherwise go to 
long-term storage. 

Energy Input Requirement: New Plantations on Southern US Timberland 

218. The Energy Input Requirements for BEAC Scenarios 22 to 25 (energy carrier input 
basis; see page 50 for description) over all time horizons are shown in Figure 54, 
where the wood is dried prior to pelletisation by using biomass, or using natural gas. 
All these scenarios use roundwood from South USA, therefore the EIR values do not 
vary significantly between scenarios (unless natural gas is used to dry the pellets, 
instead of biomass). If naturally-regenerated timberland from other regions in North 
America were converted to plantations, the transport distances would be different, 
which would affect the EIR.  

                                                           
80

 Stored for longer periods than the time horizon that the GHG intensity is analysed over, e.g. 40 or 100 years. 
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Figure 54. Energy Input Requirement (EIR) for different scenarios of generating electricity in the 
UK from intensively-managed plantations established on naturally-regenerated timberland (BEAC 
Scenarios 22a – 25a: Scenarios b have slightly different EIR values), over a time horizon of 40 
years, using default BEAC values for key parameters (see Table 29 in the Annex). EIR is 
calculated using energy carrier inputs. See page 50 for definition of EIR. Bio: dry using biomass; 
NG: dry using natural gas. 

Summary: New Plantations on Southern US Timberland 

219. The predicted resource availability in 2020 of North American wood from the 
conversion of naturally-regenerated timberland to intensively-managed plantations, 
the range of GHG emission intensities of electricity generated from pellets produced 
from this feedstock and shipped to the UK, and the associated EIR values, are 
shown below in Table 25.  
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Table 25. Potential resource of wood by 2020 from intensively-managed plantations established 
on naturally-regenerated timberland in South USA, and the estimated GHG intensity and Energy 
Input Requirement (EIR)81 associated with electricity generated from pellets produced from this 
feedstock and shipped to the UK. Low and high values in each range have been determined by 
varying the following key parameters: transport distances, transport fuel requirements, 
pelletising electrical requirements, drying methods and efficiency of electricity generation at the 
biomass power station (see Table 29 in the Annex for assumed values of parameters). 

 Resource 
in 2020 

GHG intensity82  
 

EIR  Details 

Modt/y kg CO2e/MWh  MWh per MWh  
 40 

years 
100 

years 
EC basis PE basis    

Conversion of 
South US 
naturally-

regenerated 
timberland to 
intensively-

managed pine 
plantations 

0.0 to 
11.1 

-185 to 
685 

62 to 
417 

0.26 to 
0.83 

0.39 to 
1.24 

Min: BEAC Scenario 
22a  

Max: BEAC Scenario 
23b 

Conversion of 
South US 
naturally-

regenerated 
timberland to 
intensively-

managed energy 
crop plantations 

0.0 to 
35.6 

426 to 
870 

235 to 
561 

0.20 to 
0.78 

0.34 to 
1.21 

Min: BEAC Scenario 
24a over 40 years, 25b 
over 100 years. 

Max: BEAC Scenario 
24b 

 

  

                                                           
81 EIR values calculated over a time horizon of 40 years. There are minor changes to the EIR when considered over 100 years. 
82 Assuming default assumption that the amount of wood entering long-term storage is the same for the bioenergy and counterfactual scenario. 
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New Plantations on Abandoned Agricultural Land: Scenarios 26 - 29 

220. If productive agricultural land is used for the establishment of new plantations 
dedicated to producing bioenergy feedstocks at a large scale, the production of 
commodities that were previously grown there will likely be displaced to other 
regions, causing indirect GHG impacts. However, if agricultural land that is no longer 
required for the production of other commodities is used for the establishment of new 
bioenergy plantations, these indirect effects can be avoided. Such land includes 
agricultural land that is abandoned owing to relocation of agriculture or its 
degradation from intensive use.  

221. Campbell et al. (2008) estimated that between the years 1700 and 2000, between 
474 and 579 million hectares of land shifted out of agricultural use globally, with the 
majority being left to revert to native ecosystems. The highest concentrations of 
abandoned croplands were found over the Eastern United States, as a result of the 
relocation of cropland to the Midwest region of North America; much of these lands 
have transitioned to secondary forests. It is important to note that allowing land to 
revert to its native state can have significant ecological benefits over mono-culture 
plantations (Monbiot, 2013) which should be considered when determining whether 
land should be used for the establishment of bioenergy plantations. 

Scenarios: New Plantations on Abandoned Agricultural Land 

222. The GHG intensity and EIR values associated with using the additional biomass for 
bioenergy created from converting abandoned agricultural land to new plantations 
(both energy crops83, and intensively-managed pine plantations) in North America 
has been investigated in BEAC Scenarios 26 - 29. As abandoned agricultural land is 
assumed not to be required for other agricultural purposes, the counterfactual to 
using it for new bioenergy plantations is assumed to be leaving the land to revert to 
its native state. 

223. There is a wide range of potential yields of energy crops, depending on the species 
(e.g. herbaceous crops, such as Miscanthus, and woody energy crops, such as SRC 
hardwoods), land type, and climate; lower yields are expected on abandoned 
agricultural land, and higher yields on high-quality arable land. The average global 
yields typically vary between 5 odt/ha/y (on low quality land) and 15 odt/ha/y (on 
high-quality land) (UK Committee of Climate Change, 2011). Campbell et al., (2008) 
estimated the global-average potential yield of bioenergy crops grown on abandoned 
agricultural land to be 4.3 odt/ha/y. In the United States, average yields of 
switchgrass energy crops, grown on upland sites, have been reported to be 8.7 
odt/ha/y, whereas lowland sites on average achieved 12.9 odt/ha/y (Wullschleger et 
al., 2010). However, on some sites, very high yields of up to 30 odt/ha/y have been 
reported (Wullschleger et al., 2010). Energy crop yields of 5, 10 and 15 odt/ha/y have 
therefore been investigated for each scenario to represent a typical range, and 30 

odt/ha/y has also considered to investigate the lowest potential impact.  

  

                                                           
83 Defined here as woody energy crops (such as SRC hardwoods) and herbaceous energy crops (such as Miscanthus and Switch grass). Intensively-managed 
pine plantations, which are harvested every 20-25 years, are not classified as energy crops in this report (rather, short rotation forestry) and are discussed 
separately. 
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Table 26. Scenarios modelled to represent using new plantations for bioenergy (energy crop 
plantations and intensively-managed pine plantations), grown on abandoned agricultural land. 

Scenario 
number 

Feedstock used for pellets Counterfactual scenario 

26 Additional wood (in comparison to the 
counterfactual) from the conversion of 
abandoned agricultural land in USA that was 
previously annually ploughed, to an SRC 
hardwood plantation that is coppiced every 3 
years. Assumed exported to UK from South 
USA. SRC yields of: 

(a) 5 odt/ha/y 
(b) 10 odt/ha/y 
(c) 15 odt/ha/y 
(d) 30 odt/ha/y. 

Abandoned agricultural land left to 
revert to sub-tropical, moist, 
deciduous forest. 

27 Additional wood (in comparison to the 
counterfactual) from the conversion of 
abandoned agricultural land in USA that was 
previously annually ploughed, to an SRC 
hardwood plantation that is coppiced every 3 
years. Assumed exported to UK from Northeast 
USA. SRC yields of: 

(a) 5 odt/ha/y 
(b) 10 odt/ha/y 
(c) 15 odt/ha/y 
(d) 30 odt/ha/y.  

Abandoned agricultural land left to 
revert to temperate grassland. 

28 Additional wood (in comparison to the 
counterfactual) from the conversion of 
abandoned agricultural land in the USA that 
was previously annually ploughed, to an 
intensively-managed pine plantation that is 
harvested (a) every 25 years, (b) every 20 
years. Assumed exported to UK from South 
USA. 

Abandoned agricultural land left to 
revert to sub-tropical, moist, 
deciduous forest. 

29 Additional wood (in comparison to the 
counterfactual) from the conversion of 
abandoned agricultural land that was previously 
annually ploughed, to an intensively-managed 
pine plantation that is harvested (a) every 25 
years, (b) every 20 years. Assumed exported to 
UK from Northeast USA. 

Abandoned agricultural land left to 
revert to temperate grassland. 

Considerations for Scenario Plausibility: New Plantations on Abandoned Agricultural Land 

224. As mentioned previously, it has been reported that the establishment of new 
plantations on agricultural land is a potential consequence of increased demand for 
biomass for energy (Abt et al., 2012; Davis et al., 2012; Zhang and Polyakov, 2010; 
Sedjo et al., 2013; Daigneault et al., 2012). However, the establishment of 
plantations will depend on various factors, including future prices of biomass for 
energy and other uses, and is therefore difficult to predict.  

Resource Availability: New Plantations on Abandoned Agricultural Land 

225. Cai et al. (2011) estimated that ~ 43 million hectares of degraded, low-quality 
cropland exists in the USA, which is either already abandoned, or, owing to its low 
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productivity, would have little impact on food production if it became abandoned. 
However, the amount of degraded land that is converted to biomass plantations in 
the future will depend on demand (for bioenergy and other uses), economic factors, 
such as the establishment cost of plantations, and the land rent, therefore it is highly 
unlikely that all this land will be used for plantations by 2020. Sedjo et al. (2013) used 
a forest sector management model to examine the economic potential of dedicated 
fuel-wood plantations on US marginal lands, as well as the use of existing forests to 
produce pulpwood, saw logs and residues for bioenergy (alongside other products). 
They estimated that between 0.46 to 0.56 million hectares of new dedicated 
plantations that are economically viable could be established on US degraded land 
by 2020. If all this land were used to grow new, intensively-managed, dedicated pine 
plantations, with an average yield of 5.9 odt/ha/y (Smith et al., 2006), a total of 2.7 to 
3.3 Modt/y of biomass could be produced. Although this analysis is specific to new, 
dedicated fuel-wood plantations, the authors claim that these results would also 
apply to using marginal lands for new energy crop plantations. If all this land were 
used to grow energy crops, with an average yield of 15 odt/ha/y (actual typical yield 
could be lower as the land is marginal), then a total of 6.9 to 8.4 Modt/y of biomass 
could be produced by 2020. 

226. Looking further into the future at the potential availability of abandoned land, Powell 
and Lenton (2012) reported that by 2050, if diets shift towards lower meat 
consumption, and agricultural efficiencies were to increase significantly, significant 
areas of newly abandoned agricultural land could be available (up to 1 Gha globally). 
However, the authors concluded that current trend towards higher meat diets is likely 
to limit the availability of land dedicated to bioenergy plantations. The World 
Resources Institute (2013) recently concluded that climate change, amongst other 
factors, may detrimentally affect food crop yields to such an extent that there will be 
little agricultural land available to be dedicated to non-food purposes. Sedjo et al. 
(2013) estimated that between 0.72 and 0.93 million hectares of new dedicated 
plantations will be established on US degraded land by 2060.  

GHG Emission Intensity: New Plantations on Abandoned Agricultural Land 

227. The main assumptions used to construct the BEAC scenarios are shown in Table 45 
of the Annex. For each scenario, it has been assumed that the additional wood 
created by the bioenergy scenario, in comparison to the counterfactual, is used for 
bioenergy, and any changes in carbon stock in the forest relative to the 
counterfactual are attributed to this wood output. For each scenario and associated 
counterfactual, the wood output and non-soil carbon stored in the forest, calculated 
as averages over all stands, are shown in Figure 55. 
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BEAC Scenario 26 BEAC Scenario 27 

  
BEAC Scenario 28 BEAC Scenario 29 

  

Figure 55. Total biomass output from, and non-soil carbon stored in, new plantations established 
on abandoned agricultural land, calculated as average values over all stands, for BEAC 
Scenarios 26 to 29. Forest data from Smith et al. (2006). SRC data displayed for a yield of 10 
odt/ha/y (yields of 5, 15 and 30 odt/ha/y have also been modelled). cfl: counterfactual. 

228. A summary of the GHG intensities of bioelectricity for these scenarios is shown in 
Figure 56. These results have been calculated using the default key parameters84 
(details in Table 29), including that biomass is used to dry the wood prior to 
pelletisation. The achieved yield of the plantation, and the foregone carbon 
sequestration, greatly affect the GHG intensity of the generated electricity.  

  

                                                           
84 Transport distances, transport fuel requirements, drying method, pelletising electrical requirements, and efficiency of electricity generation at the biomass 
power station. 
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A: 40 year time horizon 

 
 

B: 100 year time horizon 

 

Figure 56. GHG intensity over time horizons of (A) 40 years,  and (B) 100 years of electricity from 
pelletised wood from the conversion of abandoned agricultural land to energy crop plantations 
(BEAC Scenarios 26-27) and intensively-managed pine plantations (BEAC Scenario 28-29), and 
shipped to the UK. cfl: counterfactual. Default BEAC values have been used for key parameters 
(see Table 29 in the Annex). 

229. For scenario 26, electricity generated from energy crops that achieve a yield of 30 
odt/ha/y has a lower GHG impact than electricity generated from energy crops with 
lower yields (5 to 15 odt/ha/y), assuming all other variables (e.g. fertiliser input) are 
constant, because the greater the amount of biomass which can be produced from 
the land, the greater the amount of energy which the life cycle GHG impact is divided 
by.  

230. If energy crops are grown on abandoned land that would otherwise revert to sub-
tropical deciduous forest (Scenario 26), the foregone biomass growth dominates the 
life cycle, and the overall GHG intensity of biomass electricity is significant (e.g. 277 
to 1263 kg CO2e/MWh over 40 years, and 214 to 759 kg CO2e/MWh over 100 years, 
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using BEAC default values). If the land would otherwise revert to grassland (Scenario 
27), the foregone biomass growth is much smaller, hence the overall GHG impact of 
using the land for bioenergy is significantly lower.  

231. If abandoned land is used to establish intensively-managed pine plantations, with 
rotation lengths of 20 - 25 years (Scenario 28 and 29), the carbon stock of the land 
would increase to a greater equilibrium value than if the land were used for energy 
crops, but still lower than if the land were left to revert to sub-tropical deciduous 
forest (as shown in Figure 55). The GHG intensity of the electricity is therefore 
significantly positive if the land would otherwise revert to a sub-tropical deciduous 
forest (679 to 835 kg CO2e/MWh over 40 years, and 439 to 500 kg CO2e/MWh over 
100 years, using BEAC default values), and negative if the land would otherwise 
revert to grassland. However, it is important to note that the foregone carbon growth 
depends on many factors, including the region, type of natural vegetation, and quality 
of the land (e.g. whether it has been degraded), so these values have large 
uncertainties (Zawadzka et al., 2013). 

232. As mentioned previously, the default assumption in determining the GHG intensity of 
each scenario is that overall, there is no change in the amount of wood used for non-
bioenergy purposes, and that all the additional wood harvested is used for bioenergy. 
However, as a sensitivity analysis, the impact of a change in the amount of wood that 
ends up in long-term storage85 on the GHG intensity of the electricity has been 
investigated for Scenarios 28a and 29a (Figure 57). If an increased demand for 
biomass for energy were to result in more wood in long-term storage in comparison 
to the counterfactual (the positive % values on the x-axes in Figure 57), the GHG 
intensity of the electricity would be lower than the default (0 on the x-axes in Figure 
57). On the other hand, if an increased demand for biomass for energy were to result 
in less wood in long-term storage in comparison to the counterfactual (the negative % 
values on the x-axes in Figure 57), the GHG intensity of the electricity would be 
higher than the default. 

BEAC Scenario 28a BEAC Scenario 29a 

  

Figure 57. GHG intensity of electricity from additional biomass produced from converting 
abandoned agricultural land to intensively-managed pine plantations that are harvested every 25 
years, as a function of the amount of the additional wood output that ends up in long-term86 
storage. Zero x-axis: All the additional wood output is used for bioenergy. Positive x-axis values: 
a proportion of the additional wood output ends up in long-term storage, and the remaining is 
used for bioenergy. Negative x-axis values: the additional biomass from the change of 
management is used for bioenergy, as well as some further wood that would otherwise go to 
long-term storage. 

                                                           
85

 Stored for longer periods than the time horizon that the GHG intensity is analysed over, e.g. 40 or 100 years. 
86

 Stored for longer periods than the time horizon that the GHG intensity is analysed over, e.g. 40 or 100 years. 
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Energy Input Requirement: New Plantations on Abandoned Agricultural Land 

233. The Energy Input Requirements (energy carrier input basis) for BEAC Scenarios 26 
to 29 over all time horizons are shown in Figure 58, assuming the wood is dried prior 
to pelletisation by using biomass (the default in BEAC), or using natural gas. All 
these scenarios use wood from South or Northeast USA, therefore the EIR values do 
not vary significantly between scenarios (unless natural gas is used to dry the pellets, 
instead of biomass).  

 

Figure 58. Energy Input Requirement (EIR) for different scenarios of generating electricity in the 
UK from plantations established on abandoned agricultural land (BEAC Scenarios 26 – 29), over 
a time horizon of 40 years, using default BEAC values for key parameters (see Table 29 in the 
Annex). EIR is calculated using energy carrier inputs. See page 50 for definition of EIR. Bio: dry 
using biomass; NG: dry using natural gas. 

Summary: New Plantations on Abandoned Agricultural Land 

234. The predicted resource availability in 2020 of North American wood from the 
conversion of abandoned agricultural land to plantations (energy crops and 
intensively-managed pine), the range of GHG emission intensities of electricity 
generated from pellets produced from this feedstock and shipped to the UK, and the 
associated EIR values, are shown below in Table 27.  
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Table 27. Potential resource from the establishment of new plantations of abandoned agricultural 
land by 2020, and the estimated GHG intensity and Energy Input Requirement (EIR)87 associated 
with electricity generated from pellets produced from this feedstock and shipped to the UK. Low 
and high values in each range have been determined by varying the following key parameters: 
transport distances, transport fuel requirements, pelletising electrical requirements, drying 
methods and efficiency of electricity generation at the biomass power station (see Table 29 in the 
Annex for assumed values of parameters). 

Scenario cfl Resource 
availability 

in 2020 

GHG 
intensity  

 

EIR  
  

Details 

 Modt/y kg 
CO2e/MWh 

MWh per MWh  

  40 
years 

100 
years 

EC basis PE basis    

Conversion 
of 

abandoned 
land to 
energy 
crop 

plantations 

Revert to 
forest 

6.9 to 8.4 219 
to 

1526 

164 
to 

929 

0.18 to 
0.82 

0.32 to 
1.25 

Min: BEAC 
Scenario 26(d) 

Max: BEAC 
Scenario 26(a) 

 

Revert to 
grassland 

6.9 to 8.4 41 to 
206 

69 to 
272 

0.16 to 
0.80 

0.31 to 
1.23 

Min: BEAC 
Scenario 27(d) 

Max: BEAC 
Scenario 27(a) 

Conversion 
of 

abandoned 
land to 

intensively-
managed 

pine 
plantations 

Revert to 
forest 

2.7 to 3.3 578 
to 

1016 

336 
to 

621 

0.26 to 
0.83 

0.39 to 
1.24 

Min: BEAC 
Scenario 28(a) 

Max: BEAC 
Scenario 28(b) 

Revert to 
grassland 

2.7 to 3.3 -2093 
to -
721 

-263 
to 10 

0.25 to 
0.81 

0.38 to 
1.22 

Min: BEAC 
Scenario 29(a) 

Max: BEAC 
Scenario 29(b) 

 

  

                                                           
87 EIR values calculated over a time horizon of 40 years. There are minor changes to the EIR when considered over 100 years. 
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Summary: Roundwood and Energy Crops for 2020 

235. The projected resource of North American roundwood and woody energy crops that 
may be available by 2020, along with their GHG intensities when used for dedicated 
electricity generation in the UK, are shown in Figure 59 and Figure 60, for time 
horizons of 40 and 100 years, respectively. The projected resource is plotted against 
the Energy Input Requirement (EIR) in Figure 61.  

 

Figure 59. Summary of resource availability of North American roundwood and woody energy 
crops that may be available by 2020, and their GHG intensity over 40 years. cfl: counterfactual. 
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Figure 60. Summary of resource availability of North American roundwood and woody energy 
crops that may be available by 2020, and their GHG intensity over 100 years. cfl: counterfactual. 
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Figure 61. Summary of resource of North American roundwood and woody energy crops that 
may be available by 2020, and their Energy Input Requirement (40 year time horizon). The EIR is 
calculated using energy carrier inputs. See page 50 for definition of EIR. cfl: counterfactual.
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Conclusions 

236. A summary of the GHG impacts of different scenarios is shown below in Table 28. 

237. This work shows that in 2020 it may be possible to meet the UK’s demand for solid 
biomass for electricity88 using biomass feedstocks from North America that result in 
electricity with GHG intensities lower than 200 kg CO2e/MWh, when fully accounting 
for changes in land carbon stock changes 89. However, there are other bioenergy 
scenarios that could lead to high GHG intensities (e.g. greater than electricity from 

coal, when analysed over 40 or 100 years) but would be found to have GHG 
intensities less than 200 kg CO2e/MWh by the Renewable Energy Directive LCA 
methodology. 

238. The energy input requirement of biomass electricity generated from North American 
wood used by the UK in 2020 is likely to be in the range 0.13 to 0.96 MWh energy 
carrier input per MWh delivered energy, significantly greater than other electricity 
generating technologies, such as coal, natural gas, nuclear and wind. The Energy 
Input Requirement is smallest when (i) the transport distances are minimised, (ii) the 
moisture content of the biomass is reduced by passive drying and drying using local 
biomass resources as fuel, and (iii) the energetic efficiency of the technology is 
maximised.  

  

                                                           
88 Projected to be 9.0 to 16.0 Modt/y. 
89 Using the BEAC methodology, where forest carbon stocks, foregone carbon sequestration and indirect impacts are taken into consideration. 
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Table 28. Overview of GHG impacts of bioenergy scenarios, for continuous bioenergy generation 
over 40 years. 

 GHG Impact in kg CO2e/MWh electricity 

less than 100 between 100 and 
400 

greater than 400 varies 
significantly, 
depending on 

precise details of 
scenario 

Woody residues Forest residues that 
would otherwise be 
burned as a waste. 

Saw-mill residues 
that would 

otherwise be burned 
as a waste. 

Trees killed from 
natural disturbances 
(e.g. beetles), that 
would otherwise 

burned as a waste. 

Fine residues that 
would otherwise be 

left to decay in a 
forest (all regions). 

Coarse residues 
that would 

otherwise be left to 
decay in a Southern 

US forest. 

 

Coarse residues 
that would 

otherwise be left to 
decay in a boreal 

forest (e.g. 
Canada). 

Trees killed from 
natural disturbances 
(e.g. beetles), that 
would otherwise be 
left in a boreal forest 

(e.g. Canada)
90

. 

 

Roundwood and 
energy crops 

Increasing the yield 
of a plantation, 

without increasing 
the rate of harvest. 

Wood from a forest 
that would 

otherwise be 
converted to 

agricultural land (if 
no indirect impacts). 

Converting land that 
would otherwise 

revert to grassland 
to biomass 

plantations (pine or 
energy crops). 

 Additional wood 
output from 

increasing the 
harvest rate of 

forests (reducing 
the rotation length). 

Wood from a forest 
that would 

otherwise be 
harvested less 
frequently

91
. 

Converting forests 
into energy crop 
plantations (e.g. 
Short Rotation 

Coppice). 

Converting land that 
would otherwise 

revert to forests to 
biomass plantations 

(pine or energy 
crops)

92
. 

Converting 
naturally-

regenerated forests 
into pine plantations 

(increasing the 
growth rate)

93
. 

Additional wood 
output from an 

intensively-
managed plantation 

that would 
otherwise be 

converted to a 
naturally-

regenerated 
forest

94
. 

 

 

  

                                                           
90 It was assumed that the increase in carbon stock of the forest by natural regeneration would occur at the same rate if the beetle-killed trees were 
salvaged or left untreated in the forest. Further research into the future carbon stocks of both scenarios would be beneficial, accounting for different species 
compositions, and different future natural disturbances. 
91 Additional wood in comparison to the counterfactual used for energy, where the counterfactual forest management involves longer rotation times, hence 
a greater carbon stock. 
92 For all scenarios considered in this report, the GHG intensity of energy crops grown on land reverting to forest is greater than 400 kg CO2e/MWh over 40 
years, apart from if the yield of the energy crop is 30 odt/ha/y, in which case the GHG intensity was calculated to be 277 kg CO2e/MWh using the default 
BEAC key parameters. 
93 Depends strongly on the rotation lengths and growth rates of both the bioenergy scenario and the counterfactual. 
94 Depends strongly on the rotation lengths and growth rates of both the bioenergy scenario and the counterfactual. 
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Annex: Scenario Assumptions 

BEAC Standard Assumptions 

239. The assumptions in Table 29 apply to all the example scenarios included in the 
BEAC model, and outlined in this report. The detailed results and references can be 
found in the BEAC model. 

Table 29. Assumptions used for all the BEAC scenarios outlined in this report. 

Details Assumption Data Source  

Biomass carbon 
content. 

47%. Anderson-Teixei and 
Delucia, 2011. 

Dry biomass lower 
heating value. 

Softwood: 19.2 MJ/kg. AEBIOM, 2008. 

Hardwood: 19.0 MJ/kg.  

SRC willow: 18.4 MJ/kg.  

Biomass moisture 
content. 

Harvested roundwood: 50 wt%. Ofgem, 2012a. 

Harvested forest residues and 
deadwood: 25 wt%. 

Ofgem, 2012a. 

Saw mill residues: 10 to 50 wt%. Cal Recycle, 2014. 

Wood pellets: 7 wt%. Discussions with pellet 
manufacturers. 

Drying fuel prior to 
wood pelletisation. 

Default: Biomass. Data from Ofgem, 
2012a. See BEAC 
model for details of 
energy requirements 
(this depends on initial 
moisture content). 

Low: Biomass. 

High: Natural Gas. 

Drying fuel 
requirements prior to 
pelletisation, using 
biomass. 

Initial moisture content 10 wt%: no 
drying. 

Ofgem, 2012a. 

Initial moisture content 25 wt%: 130 
kWh/t output. 

 

Initial moisture content 50 wt%: 519 
kWh/t output. 

 

Drying fuel 
requirements prior to 
pelletisation, using 
natural gas. 

Initial moisture content 10 wt%: no 
drying. 

Ofgem, 2012a. 

Initial moisture content 25 wt%: 133 
kWh/t output 

 

Initial moisture content 50 wt%: 532 
kWh/t output 

 

Pelletising electrical 
requirement 
(excluding drying). 

Default: 190 kWh per tonne of pellets. Discussions with pellet 
manufacturers.  

Low: 100 kWh per tonne of pellets. NNFCC, 2013. 

High: 239 kWh per tonne of pellets. NNFCC, 2013. 

   



Annex: Scenario Assumptions 

128  

Details Assumption Data Source  

Combust in 
dedicated biomass 
power station. 

Default: Efficiency 35.5% based on the 
lower heating value of fuel (LHV). 

Default: DECC 
modelling assumptions. 
High and low from 
discussions with 
industry. 

Low: Efficiency 30% based on LHV. 

High: Efficiency 40% based on LHV. 

Surface transport 
methods and 
distances. 

Default: Transport wood 50 km from 
forest to pellet facility by truck, pellets 
100 km from pellet facility to the port by 
truck (apart from pellets from Interior-
West Canada, which are transported 
630 km by rail), and 100 km from port to 
plant by rail. 

Discussion with pellet 
manufacturers; NNFCC, 
2013. 

 Low: Transport wood 25 km from forest 
to pellet facility by truck, pellets 75 km 
from pellet facility to the port by truck 
(apart from pellets from Interior-West 
Canada, which are transported 320 km 
by rail), and 75 km from port to plant by 
rail. 

 

 High: Transport wood 75 km from forest 
to pellet facility by truck, pellets 150 km 
from pellet facility to the port by truck 
(apart from pellets from Interior-West 
Canada, which are transported 1600 km 
by rail), and 150 km from port to plant by 
rail. 

 

Shipping distances.  South USA to UK: 7200 km Sea Distances Voyage 
Caculator, 2013. 

 Pacific Canada to UK: 16300 km 

 Interior-West Canada to UK: 16300 km95 

 North West USA to UK:16000 km 

 Northeast USA: 5800 km  

 East Canada to UK: 4900 km 

 Brazil to Southeast USA: 5200 km 

 Pacific Canada to Southeast USA: 
10500 km. 

 

Rail emissions and 
energy requirements. 

Default: Pellet rail emissions would 
reduce by 15% between 2013 and 2020, 
from 0.017 to 0.015 kg CO2e/t km, and 
energy consumption will reduce by 7.5% 
from 0.054 to 0.050 kWh/t km. 

Emissions in 2013: US 
Department of 
Transportation, Bureau 
of Transportation 
Statistics, 2014. 

Future emissions 
reduction: NNFCC, 
2013. Assuming 50% 
emissions savings from 
energy savings and 
50% from fuel switching. 

Low: Pellet rail emissions would reduce 
by 15% between 2013 and 2020, from 
0.017 to 0.015 kg CO2e/t km, and 
energy consumption will reduce by 7.5% 
from 0.054 to 0.050 kWh/t km. 

High: Pellet rail emissions and energy 
consumption in 2020 would stay the 
same as in 2013, at 0.017 kg CO2e/t km, 

                                                           
95 Assumes pellets are transported to Pacific coast for shipping. 
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Details Assumption Data Source  

and 0.054 kWh/t km, respectively. 

Truck emissions and 
energy requirements. 

Default: Pellet truck emissions and 
energy consumption would reduce by 
12.35% between 2013 and 2020. 
Emissions would reduce from 0.110 kg 
CO2e/t km to 0.096 kg CO2e/t km, and 
energy consumption would reduce from 
0.339 to 0.297 kWh/t km. 

Emissions in 2013: 
Oakridge, 2013; US 
Department of 
Transportation, Bureau 
of Transportation 
Statistics, 2014a. 
Assuming 50% load 
factor. 

Future emission 
reduction: ETI, 2012. 
Assuming 100% 
emissions savings from 
energy savings. 

 Low: Pellet truck emissions and energy 
consumption would reduce by 12.35% 
between 2013 and 2020. Emissions 
would reduce from 0.110 kg CO2e/t km 
to 0.096 kg CO2e/t km, and energy 
consumption would reduce from 0.339 
to 0.297 kWh/t km. 

 High: Pellet truck emissions and energy 
consumption in 2020 would stay the 
same as in 2013, at 0.110 kg CO2e/t km, 
and 0.339 kWh/t km, respectively. 

Shipping emissions 
and energy 
requirements. 

 

Default: Pellet shipping emissions would 
reduce by 20% between 2013 and 2020, 
from 0.006 to 0.005 kg CO2e/t km, and 
energy consumption would reduce by 
10% from 0.018 to 0.016 kWh/t km. 

Emissions in 2013: MAN 
Diesel and Turbo, 2014.  

Future emission 
reduction: NNFCC, 
2013. Assuming 50% 
emissions savings from 
energy savings and 
50% from fuel switching. 

 Low: Pellet shipping emissions would 
reduce by 20% between 2013 and 2020, 
from 0.006 to 0.005 kg CO2e/t km, and 
energy consumption would reduce by 
10% from 0.018 to 0.016 kWh/t km. 

 High: Pellet shipping emissions and 
energy consumption in 2020 would stay 
the same as in 2013, at 0.006 kg CO2e/t 
km, and 0.018 kWh/t km, respectively. 

 

US electrical grid. US grid GHG intensity (in kg 
CO2e/MWh) would reduce by 16% 
between 2013 and 2020, from 520 to 
439 kg CO2e/MWh. 

NNFCC, 2013. 

Canadian electrical 
grid. 

Canadian grid GHG intensity (in kg 
CO2e/MWh) would reduce by 18% 
between 2013 and 2020, from 180 to 
148 kg CO2e/MWh. 

NNFCC, 2013. 

Industrial-scale 
electricity generation 
methane emissions. 

Methane emissions from electricity 
generation assumed to be 30 g CH4/GJ 
(based on HHV in feedstock), equivalent 
to 0.0029 kg CO2e/kWh (based on LHV 
in feedstock). 

US Environmental 
Protection Agency, 
2008. 

Industrial-scale 
electricity generation 
nitrous oxide 
emissions. 

Nitrous oxide emissions from electricity 
generation assumed to be 4 g N2O/GJ 
(based on HHV in feedstock), equivalent 
to 0.0046 kg CO2e/kWh (based on LHV 
in feedstock). 

US Environmental 
Protection Agency, 
2008. 
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Details Assumption Data Source  

Losses of feedstock 
per transport leg.  

Truck: 0.1 wt%. Discussion with pellet 
facilities.  

Rail: 0.1 wt%. 

Ship: 0.1 wt%. 

 

Assumptions Specific to Individual Scenarios 

BEAC Scenarios 1 to 3 

 Bioenergy Scenario: Pellets produced from saw mill residues, originating from the 

(a) US South, and (b) Pacific Canada, for the production of electricity in a dedicated 

biomass power station in the UK.  

 Land Counterfactual: Burn the saw mill residues as a waste. No energy recovery. 

The assumptions in Table 30 were used to determine the GHG intensities and EIR values for 

BEAC Scenarios 1 to 3, along with the standard assumptions listed in Table 29. 

Table 30. Assumptions used specifically in BEAC Scenarios 1 to 3. 

Details Assumption Data Source  

Saw mill residue 
moisture. 

Scenario 1: 10 wt% Cal Recycle, 2014. 

Scenario 2: 25 wt%.  

Scenario 3: 50 wt%.  

Methane emissions from 
saw-mill residue 
combustion (when 
treated as a waste). 

Assumed similar to methane emissions from 
domestic wood combustion, at 300 g 
CH4/GJ (based on HHV in feedstock), 
equivalent to 0.029 kg CO2e/kWh (based on 
LHV in feedstock). 

US Environmental 
Protection Agency, 2008. 

Nitrous oxide emissions 
from saw-mill residue 
combustion (when 
treated as a waste). 

Assumed similar to nitrous oxide emissions 
from domestic wood combustion, at 4 g 
N2O/GJ (based on HHV in feedstock) 
equivalent to 0.0046 kg CO2e/kWh (based 
on LHV in feedstock). 

US Environmental 
Protection Agency, 2008. 

BEAC Scenarios 4 to 7 

 Bioenergy Scenario: Pellets produced from removing coarse (Scenarios 4 and 6) 

and fine (Scenarios 5 and 7) forest residues from forests in (a) South USA and (b) 

Pacific Canada, for the production of electricity in a dedicated biomass electricity 

station in the UK. 

 Land Counterfactual: Leave the residues to decay in the forest. 

The assumptions in Table 31 were used to determine the GHG intensities and EIR values for 

BEAC Scenarios 4 to 7, along with the standard assumptions listed in Table 29. 
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Table 31. Assumptions used specifically in BEAC Scenarios 4 to 7. 

Details Assumption Data Source  

Decay rate of coarse woody 
debris (Scenarios 4 and 6). 

Decay constant 0.083 year-1 in 
South USA. 

Mattson et al., 1987. 

Decay constant 0.028 year-1 in 
Pacific Canada. 

Chambers et al., 2000. 

Decay rate of fine woody debris 

(Scenarios 5 and 7). 

Decay constant 0.185 year-1 in 
South USA. 

Mattson et al., 1987. 

 Decay constant 0.097 year-1 in 
Pacific Canada. 

Vavrova et al., 2009. 

Decay of woody debris. Methane emissions are 
negligible. 

Schlesinger, 2014; Harmon, 
2014; Anderson-Teixei and 
Delucia, 2011; Biomass Energy 
Resource Centre, 2012; IPCC, 
2006.  

Diesel required for harvest. 4 litres diesel per oven dry tonne 
of residue harvested. 

Forestry Commission, 2012. 

The key data used to determine the difference in the land carbon stock between the bioenergy 

scenario and counterfactual, for BEAC Scenarios 4 to 7, are listed in Table 32; these data have 

been calculated using the decay constants in Table 31. 

Table 32. Key carbon stock data used to determine the GHG intensities of BEAC Scenarios 4 to 7. 

 Total residue harvested during time 
horizon, if 1 odt of residues are removed 

from a different stand each year (odt). 

Carbon from removed residues 
that would remain in the forest at 

the end of the time horizon (t 
C/ha) 

 Bioenergy Scenario Counterfactual 
Scenario 

Bioenergy 
Scenario 

Counterfactual 
Scenario 

Scenario 4a. Coarse residues, South USA, Continuous removal.  

40 years 40 0 0 5.46 

100 years 100 0 0 5.66 

Scenario 4b. Coarse residues, Pacific Canada, Continuous removal.  

40 years 40 0 0 11.31 

100 years 100 0 0 15.77 

Scenario 5a. Fine residues, South USA, Continuous removal. 

40 years 40 0 0 2.54 

100 years 100 0 0 2.54 

Scenario 5b. Fine residues, Pacific Canada, Continuous removal. 

40 years 40 0 0 4.77 

100 years 100 0 0 4.87 

Scenario 6a. Coarse residues, South USA, Removal for 15 years only. 

40 years 15 0 0 0.51 

100 years 15 0 0 0.00 

Scenario 6b. Coarse residues, Pacific Canada, Removal for 15 years only. 
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 Total residue harvested during time 
horizon, if 1 odt of residues are removed 

from a different stand each year (odt). 

Carbon from removed residues 
that would remain in the forest at 

the end of the time horizon (t 
C/ha) 

 Bioenergy Scenario Counterfactual 
Scenario 

Bioenergy 
Scenario 

Counterfactual 
Scenario 

40 years 15 0 0 2.86 

100 years 15 0 0 0.53 

Scenario 7a. Fine residues, South USA, Removal for 15 years only. 

40 years 15 0 0 0.02 

100 years 15 0 0 0.00 

Scenario 7b. Fine residues, Pacific Canada, Removal for 15 years only. 

40 years 15 0 0 0.33 

100 years 15 0 0 0.00 

BEAC Scenario 8 

 Bioenergy Scenario: Pellets produced from removing forest residues from forests 

in (a) South USA and (b) Pacific Canada, for the production of electricity in a 

dedicated biomass electricity station in the UK. 

 Land Counterfactual: Burn the residues at the roadside as a waste. 

The assumptions in Table 33 were used to determine the GHG intensities and EIR values for 

BEAC Scenario 8, along with the standard assumptions listed in Table 29. 

Table 33. Assumptions used specifically in BEAC Scenario 8. 

Details Assumption Data Source  

Methane emissions from 
forest residue 
combustion (when 
treated as a waste). 

Assumed similar to methane emissions from 
domestic wood combustion, at 300 g 
CH4/GJ (based on HHV in feedstock), 
equivalent to 0.029 kg CO2e/kWh (based on 
LHV in feedstock). 

US Environmental 
Protection Agency, 2008. 

Nitrous oxide emissions 
from forest residue 
combustion (when 
treated as a waste). 

Assumed similar to nitrous oxide emissions 
from domestic wood combustion, at 4 g 
N2O/GJ (based on HHV in feedstock) 
equivalent to 0.0046 kg CO2e/kWh (based 
on LHV in feedstock). 

US Environmental 
Protection Agency, 2008. 

BEAC Scenario 9 

 Bioenergy Scenario: Pellets produced from salvaged dead trees, which have been 

killed by the mountain pine beetle in Pacific Canada, for the production of electricity 

in a dedicated biomass electricity station in the UK. 

 Land Counterfactual: (a) leaving the dead trees in the forest, and (b) removing the 

dead trees and burning as a waste. 

The assumptions in Table 34 were used to determine the GHG intensities and EIR values for 

BEAC Scenario 9a, along with the standard assumptions listed in Table 29. 
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Table 34. Assumptions used specifically in BEAC Scenario 9a. 

Details Assumption Data Source  

Decay rate of dead trees. Decay constant 0.028 year-1 in 
Pacific Canada. 

Chambers et al., 2000. 

Decay of dead trees. Methane emissions are 
negligible. 

Schlesinger, 2014; Harmon, 
2014; Anderson-Teixei and 
Delucia, 2011; Biomass Energy 
Resource Centre, 2012; IPCC, 
2006.  

Diesel required for harvest. 2.45 litres diesel per m3 of wood 
harvested. 

Forestry Commission, 2012. 

The key data used to determine the difference in the land carbon stock between the bioenergy 

scenario and counterfactual, for BEAC Scenario 9a, are listed in Table 35; these data have 

been calculated using the decay constant in Table 34. 

Table 35. Key carbon stock data used to determine the GHG intensity of BEAC Scenario 9a. 

 Total wood harvested during time horizon, 
if 100 odt of dead trees are salvaged from 

a forest at the start of the time horizon 
(odt) 

Carbon from removed dead 
wood that would remain in the 

forest at the end of the time 
horizon (t C/ha) 

 Bioenergy Scenario Counterfactual 
Scenario 

Bioenergy 
Scenario 

Counterfactual 
Scenario 

40 years 100 0 0 15.34 

100 years 100 0 0 2.86 

The assumptions in Table 36 were used to determine the GHG intensities and EIR values for 

BEAC Scenario 9b, along with the standard assumptions listed in Table 29. 

Table 36. Assumptions used specifically in BEAC Scenario 9b. 

Details Assumption Data Source  

Methane emissions from 
forest residue 
combustion (when 
treated as a waste). 

Assumed similar to methane emissions from 
domestic wood combustion, at 300 g 
CH4/GJ (based on HHV in feedstock), 
equivalent to 0.029 kg CO2e/kWh (based on 
LHV in feedstock). 

US Environmental 
Protection Agency, 2008. 

Nitrous oxide emissions 
from forest residue 
combustion (when 
treated as a waste). 

Assumed similar to nitrous oxide emissions 
from domestic wood combustion, at 4 g 
N2O/GJ (based on HHV in feedstock) 
equivalent to 0.0046 kg CO2e/kWh (based 
on LHV in feedstock). 

US Environmental 
Protection Agency, 2008. 

BEAC Scenarios 10 to 13 

 Bioenergy Scenario: Pellets produced from the additional wood output from 

increasing the rate of harvest of a North American naturally-regenerated forest, for 

the production of electricity in a dedicated biomass electricity station in the UK (apart 

from 13b, where the harvest rate of the forest does not change). 

 Land Counterfactual: See Table 16. Continue previous management regime (apart 

from 13b, where the forest is harvested less frequently).  
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The assumptions in Table 37 were used to determine the GHG intensities and EIR values for 

BEAC Scenarios 10 to 13, along with the standard assumptions listed in Table 29.  

Table 37. Assumptions used specifically in BEAC Scenarios 10 to 13. 

Details Assumption Data Source  

Forest carbon modelling: 

Scenario 10. Naturally-regenerated hardwood 
forest, based on Birch, Yield 
Class 4 m3/ha/y, spacing 
between trees 1.5 m.  

C-SORT model of Forest 
Research. Details on page 48. 

Scenario 11. Naturally-regenerated conifer 
growth, based on Douglas fir, 
Yield Class 12 m3/ha/y, spacing 
between trees 1.2 m. 

C-SORT model of Forest 
Research. Details on page 48. 

Scenario 12. Naturally-regenerated conifer 
growth, based on Lodgepole 
pine, Yield Class 4 m3/ha/y, 
spacing between trees 1.5 m. 

C-SORT model of Forest 
Research. Details on page 48. 

Scenario 13. Naturally regenerated hardwood 
forests, based on Southeastern 
US Oak-Hickory forests.  

United States Department for 
Agriculture data (Smith et al., 
2006). Details on page 48. 

Soil Organic Carbon No difference in SOC between 
bioenergy scenario and land 
counterfactual. 

Discussed on page 81. 

Diesel required for harvest. 2.45 litres diesel per m3 of wood 
harvested. 

Forestry Commission, 2012. 

The key data used to determine the difference in the land carbon stock between the bioenergy 

scenario and counterfactual, for BEAC Scenarios 10 to 13, are listed in Table 38; these data 

have been calculated using the growth models listed in Table 37 (see Figure 37 for growth 

curves). 

Table 38. Key carbon stock data used to determine the GHG intensities of BEAC Scenarios 10 to 
13. 

 Average wood production over time 
horizon (odt/ha/y) 

Non-soil carbon stock at end of 
time horizon (t C/ha) 

 Bioenergy Scenario Counterfactual 
Scenario 

Bioenergy 
Scenario 

Counterfactual 
Scenario 

Scenario 10a.   

40 years 3.068 1.664 43.53 80.72 

100 years 2.610 1.664 41.84 80.72 

Scenario 10b.   

40 years 2.044 1.664 70.77 80.72 

100 years 1.992 1.664 68.78 80.72 

Scenario 11.   

40 years 5.537 4.386 84.83 114.32 

100 years 4.910 4.386 83.41 114.32 
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 Average wood production over time 
horizon (odt/ha/y) 

Non-soil carbon stock at end of 
time horizon (t C/ha) 

 Bioenergy Scenario Counterfactual 
Scenario 

Bioenergy 
Scenario 

Counterfactual 
Scenario 

Scenario 12a.  

40 years 2.501 1.526 31.36 67.74 

100 years 1.888 1.526 29.49 67.74 

Scenario 12b.  

40 years 1.830 1.526 57.34 67.74 

100 years 1.715 1.526 54.56 67.74 

Scenario 13a.  

40 years 1.668 1.508 75.20 84.42 

100 years 1.563 1.508 74.02 84.42 

Scenario 13b.  

40 years 1.508 1.365 84.42 91.06 

100 years 1.508 1.430 84.42 93.12 

BEAC Scenarios 14 to 18 

 Bioenergy Scenario: Pellets produced from existing intensively-managed pine 

plantations in South USA, for the production of electricity in a dedicated biomass 

electricity station in the UK. 

 Land Counterfactual: See Table 19 and Table 20. 

The assumptions in Table 39 were used to determine the GHG intensities and EIR values for 

BEAC Scenarios 14 to 18, along with the standard assumptions listed in Table 29.  

Table 39. Assumptions used specifically in BEAC Scenarios 14 to 18. 

Details Assumption Data Source  

Forest carbon modelling for Bioenergy Scenarios: 

Scenarios 14 to 18. Intensively-managed Loblolly 
pine plantation (achieving high 
productivity) using data specific 
to the US Southeast from the 
USDA. 

United States Department for 
Agriculture data (Smith et al., 
2006). Details on page 48. 

Land carbon modelling for Counterfactuals: 

Scenario 14. Intensively-managed Loblolly 
pine plantation, using data 
specific to the US Southeast 
from the USDA.  

United States Department for 
Agriculture data (Smith et al., 
2006). Details on page 48. 

Scenarios 15 and 16. Low productivity, naturally-
regenerated Loblolly forest, using 
data specific to the US Southeast 
from the USDA. 

United States Department for 
Agriculture data (Smith et al., 
2006). Details on page 48. 

Scenario 17. Cotton plantation above-ground 
carbon stock of 2.2 t C/ha.  

Winrock, 2011. 
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Details Assumption Data Source  

Scenario 18. Loblolly pine plantation, 
managed to a medium-intensity, 
achieving 74% of the yield of an 
intensively-managed plantation. 

Allen et al., 2005. 

Soil Organic Carbon:   

Scenarios 14 to 16, and 18. No difference in SOC between 
bioenergy scenario and land 
counterfactual.  

Discussed on page 81. 

Scenario 17. IPCC methods used to estimate 
changes in SOC content when 
the forest is converted to cotton, 
assuming the carbon content 
under native vegetation would be 
40.09 t C/ha, and the Stock 
Change Factor96, F, would 
change from 1 to 0.69. 

IPCC, 2006; Winrock, 2011. 

Site preparation of pine plantations: 

Intensively-managed 
plantations. 

Chopping: 28.1 litres diesel/ha Dwivedi et al., 2011. 

Piling: 149.76 litres diesel/ha  

Burning: 18.7 litres diesel/ha  

Disking: 37.4 litres diesel/ha  

Bedding: 37.4 litres diesel/ha  

Herbicides: 18.7 litres diesel/ha  

Planting: 56.1 litres diesel/ha  

Plantations managed to 
medium-intensity. 

Burning: 18.7 litres diesel/ha Dwivedi et al., 2011. 

Bedding: 37.4 litres diesel/ha  

Herbicides: 18.7 litres diesel/ha  

Planting: 56.1 litres diesel/ha  

Fertilisation of plantations:   

Intensively-managed 
plantations. 

Average annual application 
calculated by assuming 
application of 54.7 kg P/ha at 
planting, then 27.3 kg P/ha and 
191 kg N/ha at ages 7, 14 and 21 
years. 

Fox et al., 2007a; North Carolina 
Forestry Service, 2012. 

 Total of 4 applications of fertiliser 
during 1 rotation, requiring 18.7 
litres diesel/ha per application. 

Dwivedi et al., 2011. 

Plantations managed to 
medium-intensity. 

Application of 27.3 kg P/ha at 
planting, then 27.3 kg P/ha and 
191 kg N/ha at mid-rotation. 

 

 Total of 2 applications of fertiliser 
during 1 rotation, requiring 18.7 
litres diesel/ha per application. 

Dwivedi et al., 2011. 

                                                           
96 Carbon stock change = SOC under native vegetation × (Ffinal – Finitial). 
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Details Assumption Data Source  

Diesel required for harvest. 3.42 litres diesel per odt of wood 
harvested. 

Timmons and Mejia, 2010. 

The key data used to determine the difference in the land carbon stock between the bioenergy 

scenario and counterfactual, for BEAC Scenarios 14 to 18, are listed in Table 40; these data 

have been calculated using the growth data detailed in Table 39 (see Figure 42 for growth 

curves). 

Table 40. Key carbon stock data used to determine the GHG intensities of BEAC Scenarios 14 to 
18. 

 Average wood production over time 
horizon (odt/ha/y) 

Non-soil carbon stock at end of 
time horizon (t C/ha) 

 Bioenergy Scenario Counterfactual 
Scenario 

Bioenergy 
Scenario 

Counterfactual 
Scenario 

Scenario 14a.  

40 years 5.913 4.608 80.92 103.01 

100 years 5.913 4.669 80.92 103.01 

Scenario 14b.  

40 years 6.183 4.608 66.53 103.01 

100 years 5.917 4.669 66.53 103.01 

Scenario 15a. 

40 years 5.913 4.804 80.92 73.42 

100 years 5.913 3.115 80.92 69.64 

Scenario 15b. 

40 years 6.183 4.804 66.53 73.42 

100 years 5.917 3.115 66.53 69.64 

Scenario 16a. 

40 years 5.913 3.696 80.92 75.30 

100 years 5.913 1.478 80.92 146.83 

Scenario 16b. 

40 years 6.183 3.696 66.53 75.30 

100 years 5.917 1.478 66.53 146.83 

Scenario 17a. 

40 years 5.913 3.696 80.92 2.20 

100 years 5.913 1.478 80.92 2.20 

Scenario 17b.     

40 years 6.183 3.696 66.53 2.20 

100 years 5.917 1.478 66.53 2.20 

Scenario 18.     

40 years 4.949 4.371 80.92 59.81 

100 years 5.528 4.371 80.92 59.81 
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BEAC Scenarios 19 to 21 

 Bioenergy Scenario: Pellets produced from pulpwood in South USA, for the 

production of electricity in a dedicated biomass electricity station in the UK, causing 

the displacement of non-bioenergy wood uses, which are then supplied by imports.  

 Land Counterfactual: Pulpwood used for non-bioenergy purposes. 

The assumptions in Table 41 were used to determine the GHG intensities and EIR values for 

BEAC Scenarios 19 to 21, along with the standard assumptions listed in Table 29.  

Table 41. Assumptions used specifically in BEAC Scenarios 19 to 21. 

Details Assumption Data Source  

Forest carbon modelling for Bioenergy Scenarios (indirect impacts): 

Scenario 19 and 20. Eucalyptus plantations are 
established over 6 years 
(staggered planting). Each stand 
is harvested every 6 years, and 
achieves an average yield of 30 
odt/ha/y on good quality land 
(Scenario 19) and 20 odt/ha/y on 
degraded land (Scenario 20).  

FAO, 2013a. 

 Average non-soil carbon stock 
calculated by approximating the 
time-averaged, above-ground 
carbon stock to be 50% of the 
carbon stock when the trees are 
6 years old, and that the carbon 
in the roots represents 35% of 
the above-ground carbon. 

IPCC, 2006. 

Scenario 21. Naturally-regenerated conifer 
growth, based on Douglas fir, 
Yield Class 12 m3/ha/y, spacing 
between trees 1.2 m. 

C-SORT model of Forest 
Research. Details on page 48. 

Land carbon modelling for Counterfactuals (indirect impacts): 

Scenario 19. Mature tropical rainforest, where 
the carbon stock stays constant 
over time (carbon emissions from 
biomass decay are equal to 
absorption from new growth).  

 

Scenario 20. Abandoned pasture land; for the 
first 10 years the land would 
revert to native grassland, with a 
final non-soil carbon content of 
7.18 t C/ha. The land would then 
start to revert to native woody 
savannah, with rate of growth of 
above ground biomass of 4 t dry 
matter/ha/y, until reaching a total 
above ground biomass level of 
80 t dry matter/ha (~ 37.6 t 
C/ha). The roots would provide 

Using data from IPCC (2006). 
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Details Assumption Data Source  

an additional 15.0 t C/ha. 

Scenario 21. Naturally-regenerated conifer 
growth, based on Douglas fir, 
Yield Class 12 m3/ha/y, spacing 
between trees 1.2 m. 

C-SORT model of Forest 
Research. Details on page 48. 

Soil Organic Carbon (indirect impacts): 

Scenarios 19 and 21. No difference in SOC between 
bioenergy scenario and land 
counterfactual.  

Discussed on page 81. 

Scenario 20. The soil in the region is mineral, 
with a SOC content of 45.3 t 
C/ha under native vegetation. 
IPCC methods were used to 
estimate changes in SOC 
content when the land is 
converted to Eucalyptus, or left 
to revert to its native state, 
assuming the Stock Change 
Factor would change from 0.7 to 
1.0.  

Winrock, 2011; IPCC, 2006. 

 When the land is converted to 
Eucalyptus plantations, it was 
assumed that a new SOC 
equilibrium would be reached 
after 20 years. 

IPCC, 2006. 

 When land is left to revert to its 
native state, the soils of 
abandoned land typically reach a 
new equilibrium after 30 - 100 
years, depending on the state of 
degradation of the land and the 
climate, with tropical land 
reaching equilibrium sooner. We 
assumed that the soil would 
reach new equilibrium in 50 
years. 

Post and Kwon, 2000; Uhl et al., 
1988; Richter et al., 1999; 
Johnson, 1992. 

Management of Eucalyptus plantations: 

Diesel for establishment. 19.82 litres/ha/y (annualised). Ofgem, 2012a. 

Herbicides. 2.0 kg Active Ingredient/ha/y.  

Phosphate fertiliser. 13.06 kg P205/ha/y.  

Potassium fertiliser. 11.94 kg K2O/ha/y.  

Lime. 7.78 kg lime/ha/y.  

Harvest and chipping. 3.49 litres diesel per odt of wood 
harvested. 

 

The key data used to determine the difference in the land carbon stock between the bioenergy 

scenario and counterfactual, for BEAC Scenarios 19 to 21, are listed in Table 42. 
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Table 42. Key carbon stock data used to determine the GHG intensities of BEAC Scenarios 19 to 
21. 

 Average wood production over time 
horizon (odt/ha/y) 

Non-soil carbon stock at end of 
time horizon (t C/ha) 

 Bioenergy Scenario Counterfactual 
Scenario 

Bioenergy 
Scenario 

Counterfactual 
Scenario 

Scenario 19.  

40 years 28.125 0 57.11 202.83 

100 years 29.250 0 57.11 202.83 

Scenario 20.  

40 years 18.75 0 38.07 52.64 

100 years 19.50 0 38.07 52.64 

Scenario 21. 

40 years 5.537 4.386 84.83 114.32 

100 years 4.910 4.386 83.41 114.32 

BEAC Scenarios 22 to 25 

 Bioenergy Scenario: Pellets produced from wood from new plantations in South 

USA, established on naturally-regenerated timberland, for the production of 

electricity in a dedicated biomass electricity station in the UK.  

 Land Counterfactual: Leave the forest as naturally-regenerated timberland. 

The assumptions in Table 43 were used to determine the GHG intensities and EIR values for 

BEAC Scenarios 22 to 25, along with the standard assumptions listed in Table 29.  

Table 43. Assumptions used specifically in BEAC Scenarios 22 to 25. 

Details Assumption Data Source  

Forest carbon modelling for Bioenergy Scenarios: 

Scenarios 22 and 23. Intensively-managed Loblolly 
pine plantation (achieving high 
productivity) using data specific 
to the US Southeast from the 
USDA. 

United States Department for 
Agriculture data (Smith et al., 
2006). Details on page 48. 

Scenario 24 and 25. SRC hardwood plantation, based 
on SRC willow that is harvested 
every 3 years, and achieves an 
average yield of 10 odt/ha/y. 

Biomass Energy Centre, 2014. 

 Average non-soil carbon stock 
calculated by approximating the 
time-averaged, above-ground 
carbon stock to be 50% of the 
carbon stock when the trees are 
3 years old, and that the carbon 
in the roots represents an 
additional 3.9 tC/ha. 

Using data from Zan et al., 2001.  
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Details Assumption Data Source  

Land carbon modelling for Counterfactuals: 

Scenarios 22 and 24. Low productivity, naturally-
regenerated Loblolly forest, using 
data specific to the US Southeast 
from the USDA. 

United States Department for 
Agriculture data (Smith et al., 
2006). Details on page 48. 

Scenario 23 and 25. Low productivity, naturally-
regenerated Oak-Hickory forest, 
using data specific to the US 
Southeast from the USDA. 

United States Department for 
Agriculture data (Smith et al., 
2006). Details on page 48. 

Soil Organic Carbon. No difference in SOC between 
bioenergy scenarios and the 
relevant counterfactuals. 

Discussed on page 81. 

Management of intensively-
managed pine plantations. 

Same as in Table 39.  

Management of SRC plantations:   

Diesel for establishment. 12.3 litres/ha/y (annualised). Ofgem, 2012a. 

Herbicides. 2.25 kg Active Ingredient/ha/y.  

SRC cutting requirements. 250 kg cutting/ha/y.  

Harvest and chipping. 3.1 litres diesel per odt of wood 
harvested. 

 

The key data used to determine the difference in the land carbon stock between the bioenergy 

scenario and counterfactual, for BEAC Scenarios 22 to 25, are listed in Table 44; these data 

have been calculated using the growth data detailed in Table 43 (see Figure 51 for growth 

curves). 

Table 44. Key carbon stock data used to determine the GHG intensities of BEAC Scenarios 22 to 
25. 

 Average wood production over time 
horizon (odt/ha/y) 

Non-soil carbon stock at end of 
time horizon (t C/ha) 

 Bioenergy Scenario Counterfactual 
Scenario 

Bioenergy 
Scenario 

Counterfactual 
Scenario 

Scenario 22a.  

40 years 3.771 1.795 80.92 69.64 

100 years 5.056 1.795 80.92 69.64 

Scenario 22b.  

40 years 4.281 1.795 66.53 69.64 

100 years 5.157 1.795 66.53 69.64 

Scenario 23a. 

40 years 3.742 1.508 80.92 84.42 

100 years 5.045 1.508 80.92 84.42 

Scenario 23b. 

40 years 4.278 1.508 66.53 84.42 

100 years 5.156 1.508 66.53 84.42 
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 Average wood production over time 
horizon (odt/ha/y) 

Non-soil carbon stock at end of 
time horizon (t C/ha) 

 Bioenergy Scenario Counterfactual 
Scenario 

Bioenergy 
Scenario 

Counterfactual 
Scenario 

Scenario 24a. 

40 years 10.821 1.795 10.95 69.64 

100 years 10.328 1.795 10.95 69.64 

Scenario 24b. 

40 years 5.795 1.795 29.63 69.64 

100 years 8.398 1.795 10.95 69.64 

Scenario 25a. 

40 years 10.902 1.508 10.95 84.42 

100 years 10.361 1.508 10.95 84.42 

Scenario 25b.     

40 years 4.366 1.508 60.05 84.42 

100 years 7.557 1.508 10.95 84.42 

BEAC Scenarios 26 to 29 

 Bioenergy Scenario: Pellets produced from wood from new plantations in South 

USA, established on abandoned agricultural land, for the production of electricity in a 

dedicated biomass electricity station in the UK.  

 Land Counterfactual: Leave the forest to revert to its native state. 

The assumptions in Table 45 were used to determine the GHG intensities and EIR values for 

BEAC Scenarios 26 to 29, along with the standard assumptions listed in Table 29; these data 

have been calculated using the growth data detailed in Table 44 (see Figure 55 for growth 

curves). 

Table 45. Assumptions used specifically in BEAC Scenarios 26 to 29. 

Details Assumption Data Source  

Forest carbon modelling for Bioenergy Scenarios: 

Scenarios 26 and 27. SRC hardwood plantation, based 
on SRC willow that is harvested 
every 3 years, and achieves an 
average yield of 5 to 30 odt/ha/y. 

Discussed on page 113. 

 Average non-soil carbon stock 
calculated by approximating the 
time-averaged, above-ground 
carbon stock to be 50% of the 
carbon stock when the trees are 
3 years old, and that the carbon 
in the roots represents an 
additional 3.9 tC/ha. 

Using data from Zan et al., 2001. 

Scenarios 28 and 29. Intensively-managed Loblolly 
pine plantation (achieving high 
productivity) using data specific 
to the US Southeast from the 

United States Department for 
Agriculture data (Smith et al., 
2006). Details on page 48. 
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Details Assumption Data Source  

USDA. 

Land carbon modelling for Counterfactuals: 

Scenarios 26 and 28. Abandoned agricultural land that 
was previously ploughed 
annually; for the first 10 years the 
land would revert to native scrub 
land, with a final non-soil carbon 
content of 7.18 t C/ha. The land 
would then start to revert to 
native sub-tropical, moist, 
deciduous forest, with the rate of 
growth of above ground biomass 
of 7.0 t dry matter/ha/y for 20 
years, and then 2.0 t dry 
matter/ha/y until reaching a total 
above ground biomass level of 
220 t dry matter/ha (~ 103.4 t 
C/ha). The roots would provide 
an additional 24.8 t C/ha and 
litter 4.8 t C/ha. 

Using data from IPCC (2006). 

Scenario 27 and 29. Abandoned agricultural land that 
was previously ploughed 
annually; for the first 10 years the 
land would revert to native scrub 
land, with a final non-soil carbon 
content of 7.4 t C/ha. The land 
would stay as scrub land and the 
carbon stock would stay at 7.4 t 
C/ha.  

Using data from IPCC (2006). 

Soil Organic Carbon.   

Scenarios 26 and 28. The soil in the region is mineral, 
with a SOC content of 40.1 t 
C/ha under native vegetation. 
IPCC methods were used to 
estimate changes in SOC 
content when the land is 
converted to plantations, or left to 
revert to its native state, 
assuming the Stock Change 
Factor would change from 0.48 
(full till in tropical, moist region) 
to 1.  

Winrock, 2011; IPCC, 2006. 

 When the land is converted to 
plantations, it was assumed that 
a new SOC equilibrium would be 
reached after 20 years. 

IPCC, 2006. 

 When land is left to revert to its 
native state, the soils of 
abandoned land typically reach a 
new equilibrium after 30 - 100 
years, depending on the state of 
degradation of the land and the 
climate, with tropical land 

Post and Kwon, 2000; Uhl et al., 
1988; Richter et al., 1999; 
Johnson, 1992. 
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Details Assumption Data Source  

reaching equilibrium sooner. We 
assumed that the soil in this 
region would reach new 
equilibrium in 50 years. 

Scenarios 27 and 29. The soil in the region is mineral, 
with a SOC content of 56.5 t 
C/ha under native vegetation. 
IPCC methods were used to 
estimate changes in SOC 
content when the land is 
converted to plantations, or left to 
revert to its native state, 
assuming the Stock Change 
Factor would change from 0.8 
(full till in temperate, dry region) 
to 1. 

Winrock, 2011; IPCC, 2006. 

 When the land is converted to 
plantations, it was assumed that 
a new SOC equilibrium would be 
reached after 20 years. 

IPCC, 2006. 

 When land is left to revert to its 
native state, the soils of 
abandoned land typically reach a 
new equilibrium after 30 - 100 
years, depending on the state of 
degradation of the land and the 
climate, with tropical land 
reaching equilibrium sooner. We 
assumed that the soil in this 
region would reach new 
equilibrium in 75 years. 

Post and Kwon, 2000; Uhl et al., 
1988; Richter et al., 1999; 
Johnson, 1992. 

Management of intensively-
managed pine plantations. 

Same as in Table 39.  

Management of SRC plantations. Same as in Table 43.  

The key data used to determine the difference in the land carbon stock between the bioenergy 

scenario and counterfactual, for BEAC Scenarios 26 to 29, are listed in Table 46; these data 

have been calculated using the growth data detailed in Table 45. 

Table 46. Key carbon stock data used to determine the GHG intensities of BEAC Scenarios 26 to 
29. 

 Average wood production over time 
horizon (odt/ha/y) 

Non-soil carbon stock at end of 
time horizon (t C/ha) 

 Bioenergy Scenario Counterfactual 
Scenario 

Bioenergy 
Scenario 

Counterfactual 
Scenario 

Scenario 26a.  

40 years 4.875 0.000 7.43 103.29 

100 years 4.950 0.000 7.43 133.00 

Scenario 26b.  

40 years 9.750 0.000 10.95 103.29 
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 Average wood production over time 
horizon (odt/ha/y) 

Non-soil carbon stock at end of 
time horizon (t C/ha) 

 Bioenergy Scenario Counterfactual 
Scenario 

Bioenergy 
Scenario 

Counterfactual 
Scenario 

100 years 9.900 0.000 10.95 133.00 

Scenario 26c. 

40 years 14.625 0.000 14.48 103.29 

100 years 14.850 0.000 14.48 133.00 

Scenario 26d. 

40 years 29.25 0.000 25.05 103.29 

100 years 29.70 0.000 25.05 133.00 

Scenario 27a. 

40 years 4.875 0.000 7.43 7.40 

100 years 4.950 0.000 7.43 7.40 

Scenario 27b. 

40 years 9.750 0.000 10.95 7.40 

100 years 9.900 0.000 10.95 7.40 

Scenario 27c. 

40 years 14.625 0.000 14.48 7.40 

100 years 14.850 0.000 14.48 7.40 

Scenario 27d.     

40 years 29.25 0.000 25.05 7.40 

100 years 29.70 0.000 25.05 7.40 

Scenario 28a.     

40 years 2.217 0.000 80.92 103.29 

100 years 4.435 0.000 80.92 133.00 

Scenario 28b.     

40 years 2.870 0.000 66.53 103.29 

100 years 4.592 0.000 66.53 133.00 

Scenario 29a.     

40 years 2.217 0.000 80.92 7.40 

100 years 4.435 0.000 80.92 7.40 

Scenario 29b.     

40 years 2.870 0.000 66.53 7.40 

100 years 4.592 0.000 66.53 7.40 
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Attachment C 



10/19/2017 RE Potential discrepancy in Enviva Northampton permit and review.htm

file:///C:/Users/Patrick/Desktop/RE%20Potential%20discrepancy%20in%20Enviva%20Northampton%20permit%20and%20review.htm 1/2

To:                                               Puram, Yukiko
Subject:                                     RE: Poten�al discrepancy in Enviva Northampton permit and review
 
 
From: Puram, Yukiko [mailto:yuki.puram@ncdenr.gov] 

 Sent: Thursday, September 21, 2017 8:17 AM
 To: Patrick Anderson <panderson@powellenvironmentallaw.com>

 Subject: RE: Poten�al discrepancy in Enviva Northampton permit and review
 
Mr. Anderson,
 
Thank you so much for your comments. I believe you are right. I must have made an error when I created the table. We
will verify the correct emission factor for each source, and then correct the table accordingly at the end of the public
comment review period.
 
Sincerely,
 
Yuki Puram
 
 
Yuki Puram
Environmental Engineer
Division of Air Quality
North Carolina Department of Environmental Quality
 
919 707 8470    office
yuki.puram@ncdenr.gov
 
217 West Jones Street
1641 Mail Service Center
Raleigh, NC 27699
 

 
Email correspondence to and from this address is subject to the
North Carolina Public Records Law and may be disclosed to third parties.
 

From: Patrick Anderson [mailto:panderson@powellenvironmentallaw.com] 
 Sent: Wednesday, September 20, 2017 1:56 PM

 To: Puram, Yukiko <yuki.puram@ncdenr.gov>
 Subject: Poten�al discrepancy in Enviva Northampton permit and review

 
Ms. Puram,
I no�ced what appears to be a discrepancy between the dra� permit/permit review and the Enviva Ahoskie stack test
(which is a�ached), and I’m hoping you can help clarify.  In the permit and review document, there is a table of VOC
emission factors (at pg 7 in the review, and pg 9 in the permit) based on stack tests at Enviva Ahoskie.  When I looked at
the stack test document, however, the VOC emission factors apply to different sources than in the permit and review.
 
For instance, in the permit, the dryer factor is .093 lb/ODT, while in the stack test summary the factor is .784 lb/ODT; and
the opposite is true for the pellet cooler, e.g. it is .784 lb/ODT in the permit but .457 lb/ODT in the stack test summary.
 
It appears to just be a transcrip�on error, but I wanted to know which version is correct. 



10/19/2017 RE Potential discrepancy in Enviva Northampton permit and review.htm

file:///C:/Users/Patrick/Desktop/RE%20Potential%20discrepancy%20in%20Enviva%20Northampton%20permit%20and%20review.htm 2/2

 
Thanks again for your help,
Patrick
 
Patrick Anderson
719-963-4072
Law Clerk
Powell Environmental Law
315 W. Ponce de Leon Ave, Suite 842
Decatur, GA 30030
 



 

 

 

 

Attachment D 



DIVISION OF AIR QUALITY 

March 25, 2015 

 

MEMORANDUM 

 

To:  Robert Fisher, Washington Regional Office 

 

From:  Shannon Vogel, Stationary Source Compliance Branch 

 

Subject: Enviva Pellets Ahoskie, LLC 

  Ahoskie, Hertford County, North Carolina 

  Facility ID 4600107, Permit No. 10121R02 

  VOC Emissions Testing Performed by Air Control Techniques, Inc. 

Tracking No. 2014-115st - Dry Hammermill ES-DHM-2 (6/25/14) 

Tracking No. 2014-116st - Dryer ES-DRYER (7/2-3/14) 

Tracking No. 2014-117st – Pellet Cooler ES-CLR2 (6/26/14) 

 

 

Air Control Techniques, Inc. (ACT) performed EPA Method 25A on June 25-26 and July 2-3, 2014 in 

order to determine the VOC emissions from the wood pellet processes while operating at a higher 

softwood/hardwood ratio.  The EPA Method 25A results are acceptable for VOC “emission factors” in 

pounds of alpha-pinene per oven dry tons pulp (lb/ODT). 

 

ES-DRYER is a direct heat wood-fired dryer controlled by simple cyclone CD-DC and wet electrostatic 

precipitator CD-WESP.  ES-CLR1, CLR2, CLR3, and CLR 4 are four pellet coolers controlled by two 

multicyclones CD-CLR-C1 and CD-CLR-C2.  ES-DHM-1 through 4 are four dry wood hammermills 

controlled by four simple cyclones CD-DHM-C1 through C4 and two fabric filter CD-DHM-FF1 and 

CD-DHM-FF2. 

 

The test report included transcription errors in the results and reported production rates.  The VOC as 

propane and VOC as alpha-pinene test results are acceptable only as tabulated below. 

 

Source ID/Date Softwood Production VOC as propane VOC as α-pinene 

Hammermill 

6/25/14 
33% 10.1 ODT/hr 

1.01 lb/hr 0.94 lb/hr 

0.101 lb/ODT 0.093 lb/ODT 

Pellet Cooler 

6/26/14 
45% 22.4 ODT/hr 

34.4 lb/hr 32.0 lb/hr 

0.492 lb/ODT 0.457 lb/ODT 

Dryer 

7/2-3/14 
30% 40.9 ODT/hr 

11.02 lb/hr 10.24 lb/hr 

0.844 lb/ODT 0.784 lb/ODT 

 

If you have any questions regarding the results of this review, please contact me at (919) 707-8416 or 

Shannon.vogel@ncdenr.gov. 

 

cc: Central Files, Hertford County 

 IBEAM Documents 4600107 
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Providing for the needs of society always
leads to some impact on the environ-
ment. Processing trees into products

may have minimal impact compared to other
materials, but each step in processing does
provide an opportunity for pollutants to be
released. Some of these are the same volatile
organic compounds (VOCs) that are biogeni-
cally released as trees grow, for example, the
terpenes. Other compounds, while emitted in
small quantities, are on the U.S.
Environmental Protection Agency’s (EPA) list
of 189 hazardous air pollutants (HAPs), for
example, methanol and formaldehyde.
Particulate matter (PM) is also an important
air pollutant.

Air pollution is different from water or
soil contamination in that air is freely
exchanged among regions. A major event,
such as a volcanic eruption, can affect an
entire hemisphere. When such pollution

problems are man-made, global solutions
are required. An example solution is the
1987 Montreal Protocol on Substances that
Deplete the Ozone Layer, which bans the
manufacture of most chemicals that con-
tribute to ozone depletion. Another prob-
lem may be global warming and the Kyoto
Protocol developed in 1997 addresses this

by specifying reductions of greenhouse gas
emissions in developed countries. The
American Forest and Paper Association
(AF&PA) has assembled a Climate Change
Options Advisory Group to look into issues
related to the Kyoto Protocol and domestic
government actions dealing with green-
house gases to evaluate strategies for com-
pliance (15).

For pollutants with shorter lives in the
atmosphere, the effects of air pollution are
regional; however, possible solutions may
be difficult to implement. For example, acid
rain is due largely to sulphur emissions from
power plants that burn coal. Limiting sul-
phur emissions is technically possible, but
it’s difficult due to the cost burden that con-
trols would place on the companies, and
ultimately, the consumer. Other problems
are more complex. For example, smog and
ozone are not caused by a single pollutant

and solutions are ambiguous due to the
complex nature of atmospheric chemistry
(see sidebar). There are also uncontrollable
biogenic sources of emissions; for example,
in 1997 in the United States, there were an
estimated 28,194,000 tons of biogenic VOC
emissions compared to 19,214,000 tons of
man-made VOC emissions (19).

EMISSIONS FROM
WOOD DRYING
The Science and the Issues

FEATURE

By Michael R. Milota
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Emissions From Processing Wood

VOC emissions from various processes are shown
in Table 1. VOCs are compounds that contain carbon
and participate in atmospheric photochemical reac-
tions, excluding CO, CO2, and others specified in the
federal regulations. Emissions start with the felling
of the tree and the petroleum-fuel-powered equip-
ment used to harvest and transport logs to the mill.
Slash burning, where still practiced, emits PM. Dust
can be produced as the wood is sawn, cut, or broken
down into products or when pneumatic conveyance
is used. VOCs may also be released while the wood
is green, for example in chip piles or on conveyors.

Processes in which wood is heated result in
more significant emissions. The energy for these
processes often comes from wood-fired boilers
that can produce  CO, CO2, NOx, and PM. Mills that
have either installed or switched to gas-fired boil-
ers reduce the total emissions from their facility.
During wood breakdown in refiners, especially if
pressurized, additional organic compounds may
be produced and released at the refiner or during
conveying or drying.

Dryers are an important source of VOC emissions
because compounds present in the wood are given
off with the water. Most notable in softwoods are �-
and �-pinene. In some cases, reactions in the gas
phase may occur and compounds emitted from the

dryer may not have been originally present in the
wood. An example of this is the air oxidation of �-
pinene to ringed compounds with aldehydes,
ketones, and hydroxyl groups such as verbenol, ver-
benone, 3-pinene-2-ol, myrtenol, and myrtenal (16).
One might detect 25 or 30 compounds in the terpene
family in dryer exhaust, 5 or 10 of which can be
quantified (8,16). Other nonterpene VOCs are
formed and emitted, including acids such as formic,
acetic, and propionic. Total organic emissions from
softwood lumber are 1 to 4 pounds per 1,000 board
feet (Table 2). Removing the VOCs sets the pitch,
making the wood suitable for appearance applica-
tions. From veneer dryers, 0.3 to 2.8 lb./Mft.2 (3/8-
in.) can be emitted with hardwoods being at the low
end and softwoods, especially pines, at the high end
(9). These values are 2 to 4 pounds per ovendry ton
(ODT) from dryers for oriented strandboard furnish
(12). Values for medium density fiberboard and
hardboard dryers can show significant variability
because production facilities don’t use identical
processes (e.g., resin can be added either before or
after drying, there are different temperatures and
moisture conditions in the refiners, etc.).

HAPs are also emitted during wood drying (Table
2), and these are also VOCs. In the case of a direct-
fired dryer, the combustion process can increase
dryer HAPs. Steam-heated veneer dryers emit HAPs
at a rate of about 0.05 to 0.09 lb./Mft.2 (3/8-in.) with

Ozone (O3) is normally present in the tropos-
phere in equilibrium with nitric oxide (NO) and
nitrogen dioxide (NO2) by the following set of
reactions (3):

where k is a rate constant. M is often N2 or O2,
which absorbs reaction energy. The concentra-
tion of O3 at equilibrium depends on the ratio of
[NO2]/[NO] for fixed values of k1 and k3. The for-
mation of O3 is favored by increased sunlight, but
its concentration does not get too high because it
reacts rapidly with nitric oxide.

Hydrocarbons undergo photodecomposition
or are oxidized by O3, OH, and other compounds

in the atmosphere to form various free radicals.
These can react with NO to form NO2 . This is illus-
trated with the peroxy radical from formaldehyde:

This changes the [NO2]/[NO] ratio and forces
the level of O3 to be greater to achieve chemical
equilibrium. The NAAQS for O3 is 0.08 ppm (aver-
age of 4th highest concentration over 3 years) or
0.12 ppm (highest 1-hour average in any 1 year). 

Actual O3 levels in the troposphere are the
result of much more complex chemistry.
Reducing either NOx or VOCs may not reduce
the O3 level in every region. For example, in a
region with high biogenic VOC emissions, O3
levels might be more effectively reduced by
reducing NOx emissions rather than hydrocar-
bon emissions.

HOW OZONE IS FORMED IN THE TROPOSPHERE

NO2 + h�  
k1

NO + O

O + O2 + M
k2

O3 + M

NO + O3   

k3
NO2 + O2

HO2• + NO   NO2 + OH•



methanol being the dominant HAP and acetaldehyde
and formaldehyde present in lesser amounts (9). For
oriented strand dryers, the values range from 0.7 to
1.8 lb./ODT, with formaldehyde or acetaldehyde
being dominant (12). Wide ranges occur in reported
values and the dominant HAP varies due to species
and temperature.

PM can also come from the dryers. In addition to
dust, PM includes hydrocarbons that condense to
form aerosols when the exhaust gas cools. This pro-
duces the visible plume known as blue haze that is
associated with high dryer temperatures.

Materials used to glue, coat, and finish wood
may also contribute to the emissions from a facili-
ty. The most well-known example is formaldehyde
from the pressing of panels containing urea- or
phenol-formaldehyde resins. Resin manufacturers
have been creating resins that work at lower tem-
peratures with lower free formaldehyde and
formaldehyde scavengers in an effort to reduce
emissions from presses. Pressing at higher wood
moisture contents (MCs) increases emissions from
the press (4,23) but may reduce emissions from
the dryer. Other emissions occur during coating
and finishing operations, largely due to the sol-
vents used. Some manufacturers have switched to
water-based preservation and coating treatments
to avoid using oil-based solvents, but problems
with raised grain limit this.

History of Air Pollution
in the United States

Air pollution concerns from burning coal go
back 500 years and pollution concerns due to
other sources have existed since there were cities.
Modern pollution control in the United States
probably began with the Air Pollution Control Act
of 1955. This Act required the U.S. Public Health
Service to assist communities in reducing a new
form of pollution: photochemical smog. This was
followed by additional Clean Air Acts in 1963 and
1967, which provided for research to better under-
stand the problem. On January 1, 1970, President
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Industry No. of VOC emissions

Code facilities (tons/yr.)

Logging 2411 2 326

Sawmills and planing mills 2421 56 17,721

Softwood veneer and plywood 2436 37 16,318

Hardwood veneer and plywood 2435 5 1,691

Particleboard 2492 4 1,448

Reconstituted wood products 2493 34 12,381

Pulp mills 2611 40 27,172

Paper mills 2621 85 58,482

Category

Table 1. VOC emissions from processing wood. Includes only facilities with the poten-
tial to emit at least 100 tons/yr. (21).

Title Subject
I National Ambient Air 

Quality Standards

II Mobile sources

III Hazardous air pollutants

IV Acid deposition control

V Permits

VI Stratospheric ozone 
protection

VII Enforcement

VIII Miscellaneous provisions

IX Clean air research

X Disadvantaged business 
concerns

XI Employment transition 
assistance

Clean Air Act Titles



Nixon signed the National
Environmental Policy Act.
Although aimed at federal agen-
cies, this act set the ground-
work for today’s environmental
and pollution control policies.
Later that same year, the EPA
was created by executive order.
A Clean Air Act, passed in 1970
and amended in 1977, autho-
rized the EPA to establish the
National Ambient Air Quality
Standards (NAAQS) for seven
criteria pollutants: PM, sulfur
oxides, nitrogen dioxide, lead,
carbon monoxide, hydrocar-
bons, and ozone. Among other
requirements, the Act directed
each state to develop a state
implementation plan to achieve
the NAAQS. 

Summary of 1990
Clean Air Act 

The most recent amendments
to the Clean Air Act, proposed by
President Bush in 1989, were
signed into law on November 15,
1990. The amendments used
approaches to reducing pollution
that were different from past leg-
islation in that market-based
principles and emission banking
and trading were introduced. The
amendments target clean fuels, energy efficiency, and
acid rain and provide for extensive reporting mecha-
nisms to assure compliance. There are 11 titles in the
Act (see sidebar). Titles I, III, and V have the most
immediate effect on the forest products industry.

Title I contains provisions that define attainment
(i.e., being in compliance with) and maintenance of
NAAQS. In regions that are in attainment, New
Source Reviews (NSRs) are required to assure that
regional air quality is maintained under the
Prevention of Significant Deterioration (PSD) pro-
gram. NSRs are triggered if the expected PM
exceeds 25 tons/yr., the PM10 (PM <10 �m) exceeds
15 tons/yr., or the VOCs exceed 40 tons/yr. from new
or certain modified equipment (1). Then an air-qual-
ity analysis must be done and the Best Available
Control Technology (BACT) may be required if PSD
limits are exceeded. In nonattainment areas, new
equipment or certain modifications require the
installation of control technology that offers the
Lowest Achievable Emission Rate (LAER) plus emis-

sions offsets from other equipment to cause an
overall improvement in air quality. For example, a
wood-processing facility in one of the 119 nonat-
tainment areas might not be allowed to add capaci-
ty or might have to use a dehumidification kiln
rather than a steam kiln to avoid producing emis-
sions from a boiler.

Title III covers toxic air pollutants, typically car-
cinogens, mutagens, and reproductive toxins. For
wood dryers, the main HAPs are methanol,
formaldehyde, and acetaldehyde. The EPA is in the
process of establishing maximum achievable control
technology (MACT) standards with which major
sources will have to comply. Major sources have the
potential to emit 10 tons/yr. of any one HAP or 25
tons/yr. of any combination of HAPs. The values are
for a company’s contiguous property. So all sources
are added together for an integrated mill.

Title V addresses permitting of major sources
(>100 tons/yr. for VOCs), the purpose of which is to
ensure compliance. Permits are typically adminis-
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Emissions

HAPs

Process Type of wood VOC
a Methanol Formaldehyde Total b

Douglas-fir 1.47 - - c

Lumber (14,25)
(lb./MBF) Southern pine - - - - - -

- - - -

0.56 0.04 0.02 0.09

Southern
softwood 0.04 0.01 0.06

Hardwood 0.04 0.001 0.05

Western
softwood b 1.0 0.043 0.12 0.22Particleboard (11)

(lb./ODT)
Southern pine 2.1 0.01 0.027 0.60

Southern pine 4.1 0.12 0.31 0.69Oriented
strandboard (12)

(lb./ODT) Hardwood 0.33 0.57

Western softwood 1.5 - - - -

Southern pine 5.5 - - - -

Hardwood - - - -
1.2 g

Hardwood 1.6 - - - - 1.04

Western softwood

2.1 f

 to 43

2 8.

.30

2 0. 1 8.

MDF (10)
(lb./ODT)

e

1 0.

Hardboard  (13)
(lb./ODT)

e

a

Plywood (9)
(lb./Mft   (3/8 in.)3 

.

Includes all organic compounds measured by Method 25A.
b May also include acetaldehyde, acrolein, benzene, phenol, toluene, and others.
c   --indicates either data not available or cannot be expressed accurately in table.
d Dry-furnish dryer.
e Tube dryers.
f Blowline addition.
g Non-blowline addition.

a 

Table 2.  Summary of emissions data from steam-heated dryers.



tered by states and specify how much is emitted and
how it is monitored. Permit limits will be in effect for
5 years. Permits are based on estimates of emissions.
If companies inaccurately report high unit emissions
(e.g., mass/unit of production), they may be required
to limit production for the life of the permit. If com-
panies inaccurately report values that are subse-
quently proved to be lower than their actual emis-
sions, they will be subject to large fines. All permit
applications and documents are public information,
which means that any individual could obtain certain
information that mills might consider sensitive. Fees

associated with the permits cover the cost of permit-
ting and are based on the amount of pollution pro-
duced. Emission sources that don’t qualify as major
sources usually require other types of permits issued
by the states.

Effects of Pollution Control Laws

EPA data (19) indicate that total U.S. VOC, SO2,
and NOx emissions peaked around 1970 and have
steadily decreased (Fig. 1). Exact comparisons over
time are difficult because of improved measuring
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Figure 1. Trends in anthropogenic VOC, NOx, and SO2 emissions in the United States from 1900 to 1997 (19).
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Figure 2. Average ozone levels for 300 to 600 reporting stations in the United States from 1978 to 1997 (19).



techniques and other factors such as a 31 percent
population increase since 1970. Ozone concentra-
tions have also steadily decreased (Fig. 2) as have
PM emissions (data not shown). Lead emissions
decreased from 250,000 tons/yr. in the early 1970s to
near zero now (data not shown). Vehicular pollution

and solvents are major contributors of VOC emis-
sions (Fig. 3). Regulation is having an effect and will
continue to do so in the future as more of the 1990
Clean Air Act is phased in over the next 10 years.

A tremendous amount of educational, regulatory,
regional, and company-specific information can be
found on the EPA website. A good starting point is
http://www.epa.gov/ttn/. 

Controlling Emissions

The first step in controlling emissions should be
to optimize the process so that emissions are mini-
mized. For wood dryers, this can mean lower air
temperatures, drying to higher MCs, or, perhaps,
completely redesigning the process so a liquid efflu-
ent is produced and no gases are released. In addi-
tion to optimizing the process, another option is to
apply a device to clean the  emissions in the exhaust
air. Some or all of these options may not be possible
or economical in an existing facility or even in a new
facility (Fig. 4).

A number of methods exist for removing emis-
sions from exhaust gas. The organic concentra-
tion in dryer gas is usually too low to justify chem-
ical recovery or to allow the gas to self combust.
Therefore, a fuel such as natural gas is burned and
the effluent is mixed with the combustion gas to
decompose the emissions, usually at about
1600°F. Recuperative thermal oxidizers utilize
conventional heat exchangers for energy recovery
and regenerative thermal oxidizers (RTOs) use
beds of hot ceramics as the heat exchange media
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Figure 3. VOC emissions in the United States by principal source category, 1997 (19).

Figure 4. Numerous kiln vents would make the addi-
tion of control equipment difficult at many facilities.



(Fig. 5). Exclusive of lumber kilns, none of which
have emissions control equipment, approximately
20 percent of the other dryers in the industry
have RTOs (22). The removal efficiencies of RTOs
in other industries can be greater than 99.9 per-
cent, but lower efficiencies have been reported for
RTOs on wood dryers (9,12), probably because
organic compounds are condensed during the
intake phase and are exhausted without passing
through the burner.

The high temperatures that destroy VOCs in
RTOs cause NOx emissions. NOx compounds have
the potential to increase ozone levels just like VOCs.
This combined with high energy consumption raises
questions regarding their overall benefit. The results
of a life-cycle analysis on this issue are expected
from the AF&PA later this year (7).

Catalysts are sometimes used to allow the oxi-
dation to occur at lower temperatures. This saves
energy and reduces NOx emissions. However, the
catalyst can be poisoned if temperatures are not
carefully controlled. This control is more difficult
with multicomponent gases in variable concen-
trations because the energy available from the
combustion of organic compounds in the gas
varies. Less than 2 percent of wood dryers have
catalytic oxidizers.

Biofilters decompose organic compounds using
microorganisms at a low temperature. Biofilters
require pretreatment of the gas to ensure that it is at
a low enough temperature and a high enough MC so
the organisms can survive. They work best when the

organisms are fed a steady diet of the same com-
pounds. They operate at low temperatures so they
do not create NOx compounds like RTOs. There are
few, if any, biofilters on wood dryers, but some are
used on the exhaust from hot presses (24). 

Adsorption can be used to take organic com-
pounds out of the effluent and onto a media such
as carbon, silica gel, or zeolite. Similarly, absorp-
tion into a liquid can be done in a packed bed. In
either case, the sorption media is then stripped
and the organic compounds are obtained in gas at
a much higher concentration. At that point, they
can be burned or recovered. The higher concen-
tration results in lower capital and operation costs
for an RTO. The range in molecular weights and
solubilities of the organic compounds and the high
MC of dryer exhaust might make it difficult to use
these techniques.

PM is controlled in a variety of ways. Dust is often
collected with the cyclones and filtration systems
(baghouses) commonly seen at mills. Other PM can
be controlled with scrubbers and electrostatic pre-
cipitators (ESPs). Scrubbers pass exhaust air
through a water spray. ESPs put an electric charge
on PM and collect it on an oppositely charged wall.
Approximately 40 percent of non-lumber wood dry-
ers have particulate control (22). These systems are
generally not effective on VOCs or HAPs. In a scrub-
ber, for example, an organic molecule follows the air
stream lines around the water droplets. PM, due to
its mass, impinges with the water droplets and is
collected. Similarly, in an ESP, individual molecules,
even if charged, are not moved rapidly enough to the
plate to be collected.

Test Methods to
Measure Pollutants

Measuring or estimating emissions is required for
reporting purposes under Title V and may also be
necessary to demonstrate that a facility is not a
major source of emissions so that a permit is not
necessary under Title V. To avoid measuring, emis-
sion factors can be used to estimate emissions.
Factors for various types of equipment and process-
es in the wood products industry can be found in
Chapter 10 of EPA document AP-42 (20). Emission
factors relate the quantity of a pollutant to the activ-
ity associated with its release, for example, pounds
of hydrocarbon released per 1,000 board feet of pro-
duction. Even though this document comes from the
EPA, companies that use the information are respon-
sible for assuring that the values apply to their facil-
ity. The factors in AP-42 are rated for general relia-
bility based on the number of tests, acceptability of
test procedures, and applicability to sources nation-
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Figure 5. Diagram of a regenerative thermal oxi-
dizer. Valves control the ceramic bed through
which the gas flows first. Energy is recovered in the
second bed. The valves are large and can be diffi-
cult to maintain because of frequent movement.



wide. No confidence intervals are associated with
the values and emission factors are often only an
order of magnitude estimate of the actual emissions.

For many processes, the simplest way to deter-
mine emissions is to do a material balance, i.e., mea-
suring the mass of materials going into the product
from all sources and measuring the mass of the prod-
uct coming out of the process and the difference
between the two equals the emissions. This
approach has been applied to wood drying with
results (5) that are in reasonable agreement with
other measurement methods (e.g., EPA Method 25A).

EPA Method 25A is often used to estimate VOC
emissions. The method requires that the exhaust
flow rate and its hydrocarbon concentration be mea-
sured (Fig. 6). A  total hydrocarbon analyzer is used
for the concentration measurement and the mass of
VOCs released is reported “as carbon.”  This value
would be the actual mass of the carbon atoms emit-
ted if the detector response was not affected by car-
bon substitution. For example, formaldehyde,
methanol, and methane would have different
responses. Sometimes (parts of AP-42, for example)
the emissions are reported “as propane” meaning
that the mass includes eight hydrogen atoms for
every three carbon atoms. Reporting VOCs as car-
bon is most common in the forest products industry.

Methanol and formaldehyde can be measured by
drawing a gas sample through chilled aqueous
impingers in series. The gas flow rates from the
process and through the impingers are measured.
Based on the gas flows and the quantity absorbed in
the impingers, the average emission rates over the
collection interval can be determined. This is often
referred to as the NCASI (National Council for Air
and Stream Improvement) Chilled Impinger Method.
Other HAPs are measured by collecting a gas sample
and measuring the components with gas chro-
matography/mass spectrophotometry.

For accurate stack measurements of PM, EPA
Method 5 may be used. In this method, a sample is
drawn isokinetically from the exhaust and PM is col-
lected on a glass fiber filter. The particulate mass is
dust plus any material that condenses at or above
the temperature of the filter (usually 120°C). It is
often argued that some hydrocarbon gets counted
twice, once before it condenses, using Method 25A,
and then again after condensation, using Method 5.

For day-to-day compliance purposes, the percent
opacity of the gas plume may be monitored by qual-
ified observers to demonstrate compliance (EPA
Method 9). While the observation process is not as
simple as it sounds, it is an easy way to tell when
particulate emissions are too high (2). Qualified
observers must be recertified every 6 months by an
EPA-approved school. Each facility’s Title V permit
contains specific measuring intervals and limita-

tions. Usually 80 percent of the daylight must pass
through the plume. Continuous measuring systems
are also available, but these have trouble distin-
guishing water droplets from particulate. 

Small-scale kilns (<75 board feet) were construct-
ed at Mississippi State and Oregon State Universities
(OSU) to estimate emissions from lumber drying.
Method 25A and the NCASI Chilled Impinger Method
are used to determine emissions. Values for VOCs
measured at the OSU kiln compared favorably
with field measurements on Douglas-fir (25).
Measurements made at both facilities on southern
pine also compared well with each other and with
field studies conducted by NCASI (14). Besides pre-
dicting emission factors, the small-scale kilns are
useful for predicting how process changes affect
emissions. Similar small-scale dryers might be use-
ful for experiments on veneer, particles, and flakes.

Current Regulatory Changes

The Clean Air Act requires that HAPs from major
sources be controlled using MACT standards deter-
mined by the EPA. Because all test data are available
to the EPA (this occurs through reporting to the
states), the EPA can compare data from controlled
and uncontrolled sources to help in determining
MACT standards. One look at AP-42 will give the
reader a good idea of the large variability in data
available to the EPA. Industry concerns regarding
the lack of good quality data resulted in a decision
by AF&PA to fund a MACT study to obtain better
data. 

NCASI carried out the MACT study at 29 facilities
that manufacture hardwood and softwood plywood,
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Figure 6. Mark Lavery of Oregon State University
is preparing a section of a dryer exhaust duct for
Method 25A testing.



engineered lumber, particleboard, medium density
fiberboard, oriented strandboard, and hardboard.
The study covered many types of equipment and the
objectives were to determine the potential for emis-
sions and the efficiency of existing controls. The EPA
will use this and other information to set MACT stan-
dards. Nothing is certain, but it appears that most
rotary, tube, and softwood veneer dryers at major
source plants will be subject to 90 percent control
efficiency for HAPs (24). Presses at major composite
panel plants may also be subject to the 90 percent
control efficiency requirements (24). A decision
from the EPA is expected late this year, with final
rules promulgated  early in 2002 (7). Mills will then
have 3 years to come into compliance (7).

Methanol emissions are a significant factor in
determining if a mill is a major source that must
comply with the MACT standards. In plywood man-
ufacturing, methanol emissions account for well
over half of the dryer and press HAPs. A petition
submitted by the AF&PA to delist methanol as a HAP
has been reviewed. The EPA will either issue a notice
of denial or accept the petition and issue a notice of
proposed rule making by August 2000 (7). If there is
any new significant evidence on the issue, the EPA’s
deadline would be extended.

Current NAAQS cover PM10 (PM <10 �m). These
are 50 �g/m3 for an annual mean and 150 �g/m3 for
a 24-hour mean. In 1997, the EPA promulgated a final
decision on standards for PM smaller than 2.5 �m
(PM2.5) to be 15 �g/m3 for a 99th percentile, 3-year
mean, and 65 �g/m3, for a 24-hour mean. The annual
PM10 standard would also change to a 99th per-
centile, 3-year mean. Last October, the U.S. Court of
Appeals ruled that the EPA overstepped its constitu-
tional authority because the rule created double
jeopardy; a violation of the PM2.5 rule could also
result in a PM10 violation. It is likely that new rules
will be formulated for PM2.5 and PM2.5 to PM10.
This would cause the industry to have to introduce
improved particulate control. The actual effects of
this are a few years away because, by the standard’s
definition, the ambient air quality data will take 3
years to collect. Implementation of this would vary
by region according to requirements in a state’s
implementation plan under Title I. 

What the Future Holds

In the 20-year picture, we will probably see
emission control on most dryers and other equip-
ment. In the 50- to 100-year outlook, it is likely that
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Carbon monoxide Reduced transport of oxygen by circulatory system, reduced alertness, 
aggravates cardiovascular disease

Oxides of nitrogen Increases susceptibility to respiratory pathogens

Ozone Coughing, chest discomfort, decreases pulmonary function; 
increased asthma attacks

Particulate matter Larger particles, >5 or 10 �m, are deposited in the nose; 
smaller particles go to tracheobronchial and pulmonary regions; 
moved out of tracheobronchial region by fiber cilia to trachea 
where they are swallowed

VOCs in general Absorption from airstream to body is determined by deposition of 
particulate and solubility; causes increase in ozone level

    Acetaldehyde Irritation to eyes, skin, and respiratory tract; paralysis and death 
in high concentrations; probable low-hazard human carcinogen

    Formaldehyde Eye, nose, and throat irritations, respiratory problems; reproductive 
problems; probable medium-hazard human carcinogen

    Methanol Visual disturbances, blindness, headache, giddiness, insomnia; 
no information on reproductive disorders or carcinogenicity 

Pollutants and their effects on health and the environment (18).



technology will be developed so that all processes
will be closed; however, water will still be removed
from dryers. 

In the meantime, dryers may be operated at lower
temperatures and wood dried to higher MCs or with
more careful control of final MC to reduce emissions.
Improved sorting practices for veneer and lumber
might make final MC control easier. There are many
research opportunities available to determine the
relationships between emissions and wood proper-
ties, equipment operating conditions, and process-
ing methods. A method for fixing the wood resins so
they are not emitted from the wood would be useful.
Better insulation, the use of energy recovery units,
and other measures, especially on dryers heated by
wood-fired boilers, will help to minimize emissions
during energy production. Controls that even out
the steam demand on the boiler will be important to
its clean operation. Using electrical energy such as
heat pump units for drying may also reduce a mill’s
emissions but these need to be evaluated for their
overall environmental impact. 

Industrial enterprises are working to control the
emissions from their processes. But industry can
only do so much. A clean environment also depends
on the habits and choices of individuals, with auto-
mobile use being the major factor. For industry and
individuals, there are costs and inconveniences
associated with reducing pollution, but clean air is a
goal worth striving for. 
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by microorganisms
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Emissions of hazardous air
pollutants from lumber drying

Mike Milota✳

Paul Mosher

Abstract
NCASI Method 105 was used during lumber drying to measure emissions of methanol, phenol, formaldehyde, acetaldehyde,

propionaldehyde, and acrolein from red alder (Alnus rubra), ponderosa pine (Pinus ponderosa), white wood (a mix of western
pines, fir, and spruce), Douglas-fir (Pseudotsuga menzeisii), western hemlock (Tsuga heterophylla) and white spruce (Picea
glauca). Methanol and acetaldehyde were emitted in the greatest quantities. Results indicate a strong dependence on temperature
for methanol and formaldehyde while the other compounds do not show a consistent trend. At conventional temperature, the
acetaldehyde was often emitted in a greater amount than the methanol. At the higher temperature the reverse was true. The
information should be helpful to mills drying these species for making a decision about whether they are a major source for HAPs
as defined by the Environmental Protection Agency. The results should also be helpful in planning future testing.

The emission of organic compounds is of great impor-
tance to the forest products industry due to current and pend-
ing federal maximum achievable control technology (MACT)
rules related to the hazardous air pollutants (HAPs) emitted
from dryers, presses, and boilers. Hazardous air pollutants are
a subset of the total organic material or volatile organic com-
pounds (VOCs) emitted during processing. For purposes of
the MACT rules, methanol, phenol, formaldehyde, acetalde-
hyde, propionaldehyde, and acrolein are considered surro-
gates for all HAPs from wood dryers and presses. These
HAPs were measured for some western species in the work
presented.

A facility with the potential to emit greater than 10 t/y (tons
per year) of any one HAP or 25 t/y of combined HAPs from
the site is considered a major source for HAPs and must com-
ply with the MACT rules. This means adding end-of-pipe
control equipment on certain dryers, presses and boilers, con-
tinuous monitoring, and certain reporting requirements. Lum-
ber dry kilns were excluded from the requirement for controls;
however, this exclusion is in review due to court rulings in
June of 2007.

Facilities had the opportunity to demonstrate that the con-
centration of HAPs crossing the fence line did not pose a
health risk to neighbors in lieu of control equipment (known
as the low-risk option). Qualifying for this required knowing
how much HAPs are emitted and modeling the dispersion of
the HAPs into the environment. Lumber dry kilns were par-
ticularly problematic in qualifying for this option because of
small amounts of acrolein and the lack of a single discharge

point. This option was also affected by recent court rulings
and will probably not be available in the future.

Three methods are generally accepted by regulatory agen-
cies for HAP testing from wood processing equipment. All
can be found in the National Council for Air and Stream Im-
provement’s Methods Manual (NCASI 2007). Methanol,
formaldehyde, and phenol are measured using NCASI
Method CI/WP–98.01 by bubbling a gas sample through wa-
ter in chilled impingers and absorbing the HAPs into the water
phase. The other HAPs are too volatile or unstable for Method
98.01 to work well. This is compensated for in NCASI
Method 99.02 by sampling the gas leaving the impingers us-
ing an evacuated Summa canister. This method, however, is
expensive, much more complex, and can give variable results.
NCASI Method ISS/FP–A105.01 was recently developed as a
modification to Method 98.01 to eliminate the need for can-
isters by derivatizing the aldehydes to more stable and less
volatile aldehyde oximes which remain in the water phase.

NCASI (2002), one in a series of technical bulletins on the
emissions from many types of wood processing equipment,
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reports on southern pine lumber dried in commercial and
laboratory kilns. The HAPs were measured by Method 99.02,
and the results are shown in Table 1. This was some of the
first work on HAPs from lumber drying and formed a basis for
regulations and agency testing requirements. Methanol was
the HAP emitted in the largest quantity, and it seemed clear
from the results that a producer would reach 10 t/y of metha-
nol before reaching 25 t/y of combined HAPs from lumber
kilns. Based on this assumption, most testing of kiln exhaust
has been conducted using NCASI Method 98.01 for methanol
and formaldehyde and, at least for lumber, the other four
MACT HAPs have been largely ignored.

MacDonald et al. (2002) measured the full spectrum of
compounds emitted from radiata pine. The methanol emis-
sions from the radiata were lower than the southern pine, how-
ever, the drying temperature was lower. Milota and Mosher
(2006) demonstrated that there is a strong effect of tempera-
ture on methanol emissions. In unpublished work done in
2005, Milota found low levels of HAP emissions from white
spruce (Table 1). This was consistent with the low starting
moisture content.

The present work was initiated after higher than expected
levels of acetaldehyde were measured from lumber as it dried.
This work had two main objectives. One was to determine the
HAP emissions for several species. A second was to deter-
mine how the emissions of the lesser reported HAPs, such as
acetaldehyde, vary with kiln temperature. The results are sig-
nificant to many facilities that have based operating permits
only on the levels of methanol and formaldehyde emitted.
They are also important to facilities that want to use actual
measured emission factors rather than Environmental Protec-
tion Agency (EPA) estimates.

Procedures
Red alder (Alnus rubra), ponderosa pine (Pinus pondero-

sa), white wood (a mix of western pines, fir, and spruce),
Douglas-fir (Pseudotsuga menzeisii), and western hemlock
(Tsuga heterophylla) were obtained from mills in western Or-
egon and Washington. White spruce (Picea glauca) was ob-
tained from a western Canadian mill. All lumber was sampled
by mill personnel, cut to 4-foot (1.22-m) lengths, and wrapped
in plastic. Sampling was conducted over an extended time at
the mills to assure that pieces from different logs were
sampled. The lumber arrived in Corvallis within 48 hours of
shipping. The lumber was then stored in either a refrigerator
or freezer, depending on the length of time until it would be
dried. The red alder lumber was 5/4 random width. The soft-
woods were 2 by 4 or 2 by 6 dimension lumber.

The small laboratory kiln and procedures described in Mi-
lota and Mosher (2006) were used to dry the wood. The kiln is

approximately 1.22 m (4 ft.) on each side. Dry- and wet-bulb
temperatures are measured on the entering-air side of the load.
The kiln is indirectly heated by steam to maintain the desired
dry-bulb temperature. Humidity is controlled by regulating
dry compressed air entering the kiln to maintain the desired
wet-bulb temperature.

Prior to drying, the lumber was trimmed to 1.12 m (44 in) by
removing 50 mm from each end and placed in the kiln on
19-mm-thick stickers (3/4 in). The loads were two to three
boards wide, depending on the lumber width, and 10 to 14
courses high, depending on thickness. The conventional tem-
perature drying schedules (<94 °C) were provided by the
mills supplying the lumber. The higher temperature drying
schedule was selected to match that used in NCASI (2002).
The final dry-bulb setting for each schedule is shown in the
results. The air velocity was 750 ft/min (3.8 m/s). Each board
was weighed prior to and after drying, then ovendried and
reweighed so that the initial and kiln-dry moisture contents
could be determined. Drying from green to the final moisture
content was accomplished without opening the kiln or other
interruptions.

Hydrocarbon measurement
A 1.8 L/min gas sample was withdrawn from the kiln near

the exhaust port and directed to a JUM VE7 hydrocarbon ana-
lyzer. Heated dilution gas was metered into the hydrocarbon
sample gas, if necessary, to lower the gas moisture content to
less than 15 percent. All components were heated to prevent
the condensation of water or organics. The hydrocarbon ana-
lyzer was calibrated every three to six hours by introducing
calibration gases (EPA protocol 601 ppm, EPA Protocol 300
ppm, and < 0.1 ppm air) near the probe tip at ambient pressure.
The methodology followed is similar to EPA Method 25A
(Code of Federal Regulations 1991).

HAP sampling
The sampling train for Method 105 is shown in Figure 1.

The impingers were in a stirred glycol solution maintained at
−1 °C. Prior to each sampling interval, the impingers were
lab washed and 15 mL of BHA solution were added to each.
The solution contained a stoichiometric excess of 0-benzyl-
hydroxylamine hydrochloride for derivitization of the alde-
hydes to aldehyde oximes. After assembly, the sampling train
was checked for leaks by drawing a vacuum. The gas flow rate
through the sampling train, 450 to 500 mL/min, was measured
using a bubble meter before and after each sampling interval.
There were 7 to 28 sampling intervals per kiln charge, each
from two to three hours in duration after which the liquid from
the impingers was weighed and placed in a vial. The im-
pingers were rinsed with water, then hexane, and these rinses

Table 1. — Past studies of MACT HAP emissions.

Source Species Temperature

MC

Methanol Formaldehyde Acetaldehyde Propionaldehyde AcroleinInitial Final

(°F (°C)) (percent) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (lb/mbf) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NCASI 2002 Loblolly pine1 235 (112.7) NA 22 0.240 0.018 0.044 0.002 0.006

NCASI 2002 Loblolly pine2 235 (112.7) NA 12 to 15 0.200 0.013 -- -- --

Milota 2005 White spruce1 221 (105) 32.4 15 0.021 0.0014 0.018 NA 0.0006

McDonald 2002 Radiata pine 212 (100) 140 3.5 0.139 0.005 0.042 NA NA
1Measured using NCASI Method 99.02.
2Measured using NCASI Method 98.01.

FOREST PRODUCTS JOURNAL VOL. 58, NO. 7/8 51



were added to the vial. It was then refrigerated. Blanks of
BHA solution, duplicate samples, and recovery spikes were
collected for almost every charge. In the lab the samples were
extracted with hexane. The aqueous fraction was analyzed by
gas chromatography with a flame ionization detector for
methanol and phenol. The hexane fraction was analyzed by
gas chromatography with a nitrogen-phosphorous detector for
the oximes of formaldehyde, acetaldehyde, propionaldehyde,
and acrolein. The complete procedures are described in
NCASI (2007).

A kiln blank and a sticker blank were run by bringing the
kiln to 82.2 °C over a 30-minute period with no wood or stick-
ers. At this point, a 2-hour Method 105 sample was taken. The
kiln was then briefly opened, the stickers normally used for
drying were placed in the kiln, and the kiln was closed. An-
other 2-hour Method 105 sample was then taken. The samples
were then analyzed as described above.

Calculations
Hydrocarbon emissions are calculated from the concentra-

tion detected by the analyzer and the vent rate of the dryer.
The analyzer reading in parts per million is converted to a dry
gas concentration (mass/volume) using psychrometric rela-
tions and the ideal gas law. This value is then is multiplied by
the dry gas flow rate (volume/time) and the result integrated
over time. The total hydrocarbon values are expressed as car-
bon (denoted as lbc) meaning that only the mass of the carbon
is used in calculating the hydrocarbon mass in the wood ex-
haust. No correction is made for the response of the analyzer
to oxygenated compounds.

The mass of HAPs in the impingers is determined from the
concentrations detected in the water or hexane and quantity of
each solvent. The HAPs emitted from the kiln are calculated
by scaling up the mass collected in the impingers by the ratio
of the gas flow rate through the kiln to the gas flow rate
through the impingers. This ratio varies from approximately
20 to 400 depending on the vent rate of the kiln. HAP sam-
pling at the kiln occurred during 60 to 80 percent of the kiln
cycle. For the periods between samples, an average emission
rate was calculated based on the mass collected during the
periods before and after the interval.

Results and discussion
VOC emissions of 1.6 and 3.0 lbc/mbf were measured from

ponderosa pine lumber at conventional and high temperature,
respectively (Table 2). The value measured at low tempera-
ture compares favorably with1.42 lbc/mbf measured previ-
ously (Milota 2006b) for drying at 82.2 °C. The value mea-
sured at high temperature was within the range of 2.4 to 4.4

reported in NCASI (2002) for loblolly pine dried at 112 °C.
For Douglas-fir and western hemlock (Tables 3 and 4), the
levels of VOC emissions are similar to those reported in Mi-
lota (2006b) and Milota and Mosher (2006), respectively.
There are no values for comparison to the VOC emissions for
the spruce and white wood (Tables 5 and 6). The 0.17 lb/mbf
of VOC emissions from red alder lumber during drying
(Table 7) are slightly lower than previously reported (Milota
2006a), 0.2 lb/mbf. However, given the variability in the past
work, the present value is not inconsistent. VOC emissions
increased to 0.66 at 235 °F. Current industrial practices do not
use this high of a temperature; however, red alder can be dried
with good quality at high temperature (Kozlik and Boone
1987).

The methanol emissions from ponderosa pine at conven-
tional temperature were lower (0.035 versus 0.065 lb/mbf)
and the formaldehyde emissions were similar (0.0027 versus
0.0029 ln/mbf) to those reported in Milota (2006b) for pon-
derosa pine at 82.2 °C. At high temperature, the methanol and
formaldehyde emissions were lower than reported for loblolly
pine dried at the same temperature (Table 1), 0.144 compared
to 0.22 to 0.24 lb/mbf and 0.009 versus 0.013 to 0.018 lb/mbf,
respectively.

The acetaldehyde and propionaldehyde emissions from
ponderosa pine were similar to those reported for loblolly pine
and the acrolein emissions were higher. The acrolein reported
by NCASI was measured using Method 99.02 and the stability
of acrolein might result in a low value. Phenol emissions were
not detected for ponderosa pine or any other species in this
study.

The methanol and formaldehyde emissions from Douglas-
fir lumber (Table 3) measured at 76.7 °C (170 °F), 0.024 and
0.0008 lb/mbf, are almost identical to those previously re-
ported at the same temperature (Milota 2006b), 0.023 and
0.0010 lb/mbf. These increase by over a factor of four as the
temperature is raised to 112.7 °C (235 °F). The quantity of
acetaldehyde emitted was similar to methanol at conventional
temperature; however, at high temperature, the acetaldehyde
emitted (0.067 lb/mbf) was considerably less than the metha-
nol (0.117 lb/mbf).

The methanol emissions from western hemlock lumber
(Table 4) ranged from 0.075 to 0.187 lb/mbf and the formal-
dehyde emissions from 0.0014 to 0.0045 lb/mbf. These are 10
to 20% lower than predicted by the equation in Milota and
Mosher (2006). The equation, however, is based on emissions
as measured by Method 98.01. Past work (Milota and Mosher
2008) suggests that Method 105 gives lower results, espe-
cially for formaldehyde. The methanol emissions more than
double between 82.2 °C and 112.7 °C and the formaldehyde
emissions more than triple. The quantity of acetaldehyde
emitted was similar to or greater than the methanol at con-
ventional temperature but less than the methanol at the high
temperature.

White spruce (Table 5) had lower HAP emissions than the
other species; however, the wood was at low initial moisture
content. The past results in Table 1 are from the same ship-
ment of spruce; however, the previous work was done using
NCASI Method 99.02 during drying at 105 °C. If one adjusts
for temperature, it can be seen in Table 6 that the HAP
emissions in the present study are somewhat higher than

Figure 1. — HAPs sampling train. Three trains were used so
that duplicates and recovery spikes could be run.
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previously measured; however, the measurement method is
different. Again in this data set, the methanol emissions
greatly increase with temperature while the acetaldehyde
emissions do not.

The exact values for the HAP emissions from the white
wood sample are of limited value because it is a mixture of
species that can change with log supply. The sample dried was

at least 50 percent ponderosa pine accounting for the rela-
tively high VOC emissions. The important thing to note from
this data is the trend for methanol emissions to increase with
temperature while acetaldehyde emissions do not (Table 6).

The methanol emissions from red alder at the lower tem-
perature, 0.173 lb/mbf, were greater than for many of the soft-
woods. This may be due to the greater number of methoxy

Table 2. — HAP emissions from ponderosa pine. The last row is the ratio of the emissions at high temperature to lower
temperature.

Temperature

MC

VOC Methanol Formaldehyde Acetaldehyde Propionaldehyde AcroleinInitial Final

(°F (°C)) (percent) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (lb/mbf) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - -

170 (76.7) 82.6 15.0 1.59 0.035 0.0027 0.042 0.0019 0.0017

235 (112.7) 89.1 15.0 3.00 0.144 0.0092 0.028 0.0032 0.0045

ratio 4.11 3.41 0.66 1.68 2.64

Table 3. — HAP emissions from Douglas-fir.

Sample Temperature

MC

VOC Methanol Formaldehyde Acetaldehyde Propionaldehyde AcroleinInitial Final

(°F (°C)) (percent) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (lb/mbf) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

B 170 (76.7) 56.9 15.0 0.241 0.024 0.0008 0.030 0.0004 0.0005

C 180 (82.2) 43.7 15.0 0.575 0.050 0.0023 0.050 0.0005 0.0009

A 200 (93.3) 64.3 15.0 0.707 0.068 0.0018 0.043 0.0005 0.0009

A 200 (93.3) 59.5 15.0 0.879 0.069 0.0019 0.071 0.0006 0.0004

C 235 (112.7) 47.7 15.0 1.206 0.117 0.0043 0.067 0.0008 0.0012

Table 4. — HAP emissions from western hemlock.

Sample Temperature

MC

VOC Methanol Formaldehyde Acetaldehyde Propionaldehyde AcroleinInitial Final

(°F (°C)) (percent) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (lb/mbf) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

D 180 (82.2) 102.3 15.0 0.142 0.075 0.0014 0.078 0.0020 0.0012

F 180 (82.2) 93.5 17.5 0.236 0.094 0.0015 0.141 0.0008 0.0012

E 200 (93.3) 83.9 15.0 0.214 0.044 0.0008 0.133 0.0008 0.0024

E 200 (93.3) 98.6 15.0 0.239 0.077 0.0014 0.128 0.0010 0.0011

F 235 (112.7) 81.6 15.0 0.247 -- -- -- -- --

F 235 (112.7) 76.2 15.0 0.226 0.187 0.0045 0.084 0.0014 0.0019

Table 5. — HAP emissions from white spruce. The last row is the ratio of the emissions at high temperature to lower temperature.

Temperature

MC

VOC Methanol Formaldehyde Acetaldehyde Propionaldehyde AcroleinInitial Final

(°F (°C)) (percent) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (lb/mbf) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

180 (82.2) 33.5 15.0 NA 0.025 0.0013 0.036 0.0003 0.0005

235 (112.7) 32.7 15.0 0.11 0.078 0.0044 0.031 0.0007 0.0010

ratio 3.12 3.38 0.86 2.33 2.00

Table 6. — HAP emissions from white wood. The last row is the ratio of the emissions at high temperature to lower temperature.

Temperature

MC

VOC Methanol Formaldehyde Acetaldehyde Propionaldehyde AcroleinInitial Final

(°F (°C)) (percent) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (lb/mbf) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

190 (87.7) 119.2 15.0 1.39 0.074 0.0045 0.144 0.0044 0.0050

235 (112.7) 106.8 15.0 2.31 0.188 0.0101 0.049 0.0043 0.0058

ratio 1.66 2.54 2.24 0.34 0.97 1.16
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groups on the hardwood lignin compared to softwood lignin.
Acidic conditions in the wood in the presence of water at the
temperatures encountered during drying might cleave these
groups. The acetaldehyde was also relatively high for the red
alder compared to most of the softwoods. The glucuronoxylan
component of the hardwood hemicellullose has a greater
number of acetyl groups per monomer unit than the hemicel-
lulose in softwoods. Acid hydrolysis of these groups at the
dryer temperature may contribute to acetaldehyde formation.
Neither of these suggested mechanisms has been proven,
however. As with the softwoods, the HAP emissions increase
with temperature. Despite the HAP emissions being higher
from the red alder, hardwood mills tend to be smaller than
softwood mills and are unlikely to be a major source for
HAPs.

All of the HAPs measured in this paper were obtained by
NCASI Method 105. The spike recoveries ranged from ap-
proximately 60 to 99 percent. The poorest spike recoveries
were for the formaldehyde. The best spike recoveries were for
methanol (usually > 90%) and acetaldehyde (usually > 80%).
While these are satisfactory in the published method for the
concentrations measured, they indicate that another method
might give higher results for the emissions. A comparison of
Method 105 to 98.01 can be found in Milota and Mosher
(2008).

The pattern of emissions during the kiln cycle is shown for
hemlock at high and conventional temperature in Figure 2. At
the conventional temperature (top graph), the rate of emis-
sions decreases with time for all compounds after the initial
warm up period. This was generally true for all species tested.
Acetaldehyde emissions in particular are high early in the
cycle while the temperature is lower. At high temperature
(bottom graph), the rate of methanol and formaldehyde emis-
sions increased dramatically as the wood dries. This occurred
with every species tested. At high temperature, the rate of
emission of the other HAPs do not follow a consistent pattern.

The kiln and sticker blanks had minimal emissions. When
the stickers were present, the emissions were similar to or less
than less than from the empty kiln for all HAPs except metha-
nol. Methanol was not detected from the empty kiln. We
therefore conclude that the stickers are not contributing to the
HAPs, except methanol. If the sticker blank had been a 48-
hour cycle, the methanol, acetaldehyde, and formaldehyde re-
leased would have been approximately 1, 0.01, and 9 percent,
respectively, of that emitted during a typical kiln cycle. The
formaldehyde value is higher; however, it still constitutes
only about 1 to 3 percent of the total HAPs that would be
detected during a kiln cycle. Thus, any effect on total HAPs
due the kiln and stickers is minor. Also, if the kiln had been
run longer prior to testing, the results would likely be lower
because the kiln would have had time to bake out. As run, the

kiln and sticker blanks represent a worst case. The results sug-
gest that either HAPs are adsorbing onto the kiln walls or ab-
sorbing in the wet-bulb water and desorbing or, that residue in
the kiln is degrading.

Subpart DDDD (Code of Federal Regulations 2004) con-
tains some emission factors intended to be used with the low-
risk option; however, they tend to be more broadly applied by
state regulatory agencies. Data in this paper suggest that the
acrolein estimate in Subpart DDDD is high by a factor of eight
or more and mills could easily justify a lower value by site
specific testing. The EPA estimate for acetaldehyde, 0.065
lb/mbf, is low for hemlock and alder and high for the other
species tested. Similarly, the estimate for formaldehyde
(0.034 lb/mbf) is high in many cases, but low at high tempera-
ture. In contrast to the EPA estimate of 0.01 lb/mbf, no phenol
was detected.

Table 7. — HAP emissions from red alder. The last row is the ratio of the emissions at high temperature to lower temperature.

Temperature

MC

VOC Methanol Formaldehyde Acetaldehyde Propionaldehyde AcroleinInitial Final

(°F (°C)) (percent) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (lb/mbf) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

180 (82.2) 102.1 8.0 0.173 0.124 0.0009 0.114 0.0014 0.0011

235 (112.7) 100.1 10.2 0.659 0.416 0.0048 0.129 0.0016 0.0018

ratio 3.55 5.45 1.13 1.14 1.64

Figure 2. — Rate of HAP emissions (lb/mbf/hr) from hemlock
lumber drying at conventional- (upper) and high-temperature
(lower) drying.
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To date, the industry has not paid much attention to acetal-
dehyde emissions from lumber drying when deciding if a fa-
cility is a major source for HAPs because the methanol emis-
sions from lumber drying were assumed to be so much greater
than the other HAPs. This assumption was based on the
NCASI (2002) study in which southern pine lumber was dried
at a 112.7 °C. As a result, other studies have concentrated on
quantifying the methanol. The current research suggests that
this is a poor assumption and the acetaldehyde emissions may
be at least equal to and often greater than the methanol emis-
sions at conventional kiln temperatures.

Conclusions
HAP emissions vary greatly among species. The hardwood

species tested had the highest HAP emissions, probably due to
the great number of methoxy groups in hardwood lignin and
the higher hemicellulose content and number of acetyl groups.

Overall, HAP emissions increase with temperature; how-
ever, not all the HAPs are affected by temperature in the same
way. Methanol and formaldehyde emissions increase dra-
matically with temperature while acetaldehyde emissions
may decrease.

At conventional temperatures, the acetaldehyde emissions
are on the same order as the methanol emissions and should
not be neglected when calculating total HAPs.
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DATE APPLICATION RECEIVED:  April 16, 2015 (Revision received May 20, 2015)   
 
FACILITY DESCRIPTION 
Carolina-Pacific Briquetting Co., LLC (located in Allendale, SC) will manufacture wood fuel pellets from clean, untreated wood chips and 
sawdust purchased from area sawmills.  The facility will purchase wet Southern yellow pine chips and sawdust in order to produce 75,000 
tons per year of wood fuel pellets at 10% moisture. The plant furnish will be purchased from area sawmills at approximately 50% moisture. 
The material will require grinding and drying down to 10% moisture to accommodate the pellet extruding process. The chips and sawdust 
will be dried and ground into furnish for the pellet machines where pellets are extruded. The finished pellets will be exported for use in 
power plants.  
 
PROJECT DESCRIPTION 
A Synthetic Minor Construction Permit application for review under the Expedited Review Program was received from Carolina-Pacific 
Briquetting Co., LLC (briefly identified as Thunderbolt Biomass, Inc.) on 09/23/2014 to construct a wood pelletizing facility. Following the 
administrative review process, the application was denied on 10/01/2014 due to technical and modeling deficiencies. An updated 
application was received on 01/07/2015, which was also denied on 01/12/2015. At the request of the facility, the BAQ met with the facility 
and consultants to discuss the application requirements on 02/12/2015. The applications were subsequently returned to the facility via the 
consultant. An updated application was received on 04/16/2015, which was also deemed deficient. Upon receipt of a revision to the 
application, the facility was advised that the project would be processed under the BAQ's normal review procedures. It should be noted that 
conference calls were also held with the facility and/or consultants on 10/02/2014, 10/16/2014, 10/22/2014, 10/28/2014, 01/29/2015, 
02/12/2015, 04/22/2015, & 05/06/2015. The paragraphs that follow describe the proposed wood pelletizing process, in detail. 
 
The clean, untreated, wet furnish will be delivered to the plant via live bottom trailers and then deposited onto a wet storage pad (ID WSP). 
The wet furnish will be moved from the wet storage pad to the live bottom feed hoppers (IDs FH1and FH2). Material will convey via a 
covered conveyor belt from the feed hoppers to a covered vibratory screening conveyor (ID VS1) which will separate the fine material that 
needs no further grinding from the material that requires further grinding prior to the drying process. The vibratory screener will deliver the 
material for grinding to the hammermill (ID WHM1) and the fines directly to the hammermill discharge pan. All material leaving the 
hammermill will air convey to a cyclone (ID WHC1) collector. From the cyclone collector, flakes will discharge through a rotary air lock 
feeder to surge bin 1 (ID SB1). From surge bin 1, the wet flakes will convey via enclosed augers to either of two dryers (IDs DR1 and 
DR2). The material from the dryers will be air conveyed to dual cyclone (IDs DCY1 and DCY2) collectors. The dry material will pass from 
the cyclone collectors through rotary air lock feeders to a collection conveyor. From the collection conveyor (ID CC1), the dry material will 
convey to an elevator (ID EV1) to a pellet furnish silo (ID S1). From the pellet furnish silo, the dry material will convey by an enclosed feed 
auger to a dry hammermill (ID DHM1). The dry hammermill will grind the dry flakes into pellet machine furnish. The pellet mill furnish 
from the hammermill will air convey to a collection cyclone (ID DHC1) and pass through a rotary air lock feeder to surge bin 2 (ID SB2). 
The pellet machine furnish will convey via enclosed augers from surge bin 2 to pellet mill 1 (ID PM1) and to pellet mill 2 (ID PM2). The 
two pellet mills will extrude pellets into an air aspirated conveying system consisting of an enclosed conveyor belt and an enclosed elevator. 
The hot pellets will drop from the elevator into the pellet cooler (ID PCO1) via a rotary air lock feeder. The cool pellets will convey from 
the pellet cooler via an enclosed belt conveyor to an aspirator (ID AS1) that will clean the pellets of any fines or crumbles. The pellet load 
out and storage (PSAL) area is located in an enclosed building and houses the aspirator. The aspirator hangs from the ceiling at a distance 
height of approximately 14 feet above the building floor. Finished pellets will drop from the aspirator into haul trailers (which are covered 
before exiting the building). If haul trailers are not available, the pellets will drop to the floor for future load out. A front-end loader will 
load these pellets onto trucks for delivery to the port.  
 
The dryers are furnished direct heat from a 40 MMBTU/hr direct-fired suspension burner using dry pine fines. The suspension burner fuel is 
gathered from two sources:  (1) Dry material is scalped from conveyor (ID CC1) via an air induction system, as needed, to supply material 
furnish through the fuel hammermill (ID FHM1) and into the burner fuel bin (ID FB1); and (2) Dry fines from baghouse 1 (ID BH1) and the 
various cyclones are collected via the air power unit (ID APU). The APU is a positive pressure air convey system that collects the rejects 
from the baghouse 1 (ID BH1) collection filter, the aspirator cyclone (ID AC1), the pellet cooler cyclone (ID COC1), and the pellet mill 
aspiration cyclone (ID PMC1). Rejects are then recycled through the baghouse 2 (ID BH2) where they are collected and dropped through a 
rotary air lock feeder into the fuel line after the fuel hammermill (ID FHM1). The fuel hammermill entrains the fuel into the burner fuel bin 
(ID FB1).  
 
NOx emissions are reduced by:  (a) The use of low NOx burners and (b) implantation of recycling the stack gases to the burners. Recycling 
these gases help by reducing the flame temperature thus reducing the thermal creation of NOx. Also, recycling the gas adds inerts to the air 
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stream and dilutes the free oxygen concentration and reduces the ability for NOx to form. The burners/dryers stack gases are recycled at 
50% back into the furnace for destruction of VOCs and HAPs. The exhaust from baghouse 1 (ID BH1), which collects from various 
cyclones is routed to an air plenum to supply combustion air for the burners. The burners will utilize 50% of the supply into the plenum, the 
remaining 50% will exhaust to the atmosphere. This allows for destruction/control at 90% of the entrained VOCs and HAPs. There are no 
air emissions from IDs SB1, SB2, CC1, EV1, and S1. Refer to the files for a process flow diagram and other supporting information.  
 
COLLOCATION DETERMINATION 
This facility is not co-located.  
 
SOURCE TEST REQUIREMENTS 
(1)  Initial source testing within 180 days of startup to demonstrate compliance and to verify estimated emission rates from the dryer stacks 

shall be performed for the following:  visual emissions, total PM,  PM10, PM2.5, nitrogen oxides, carbon monoxide, volatile organic 
compounds, acetaldehyde, formaldehyde, & methanol. Performance testing for VOC destruction efficiency shall be performed on the 
dryers/burners every four years thereafter.  

(2)  Within 180 days of startup, source testing of the baghouses shall be performed to establish minimum and maximum pressure drops 
across the units.   

 
SPECIAL CONDITIONS, MONITORING, LIMITS 
(1)  The facility shall monitor inlet and outlet burner/dryer temperatures continuously. By maintaining proper burner/dryer temperatures, the 

destruction of VOCs can be optimized.   
(2)  The facility shall install an O2 sensor to monitor the gas stream. The established operating ranges from the performance tests will be 

used to help maintain optimization of burner/dryer conditions and indicate that CO and NOx emissions are being minimized.  
(3)  Exhaust gases shall be recycled to the burners at a 50% rate. All combustion equipment shall be properly maintained.  
(4)  The burner system has a 40 MMBTU/hr natural gas burner that will be used as a backup for the 40 MMBTU/hr wood suspension 

burner. The natural gas burner will be used to keep the plant running, while performing service and maintenance on the wood 
suspension burner. The natural gas burner and the wood burner shall not be operated simultaneously.  

 
EMISSIONS  

UNCONTROLLED POTENTIAL EMISSIONS (PROJECT ONLY) 
Equipment ID Pollutant lb/hr TPY Method for Estimating Emissions 

WSP 
PM 0.165  0.7227 TNRCC (3.96 lb PM/acre-day) 

PM10 0.0825 0.3614 Assume 50% of PM 
PM2.5 0.0165 0.0723 Assume 10% of PM 

FH1 
PM 0.179 0.787 TNRCC, Wood and Chip Handling  (0.0084 lb/ton) 

PM10 0.0895 0.3935 Assume 50% of PM 
PM2.5 0.0179 0.0787 Assume 10% of PM 

FH2 
PM 0.179 0.787 TNRCC, Wood and Chip Handling  (0.0084 lb/ton) 

PM10 0.0895 0.3935 Assume 50% of PM 
PM2.5 0.0179 0.0787 Assume 10% of PM 

VS1 
PM 0.179 0.787 TNRCC, Wood and Chip Handling  (0.0084 lb/ton) 

PM10 0.0895 0.3935 Assume 50% of PM 
PM2.5 0.0179 0.0787 Assume 10% of PM 

WHM1 
PM 0.5136 2.25 KY DEQ (0.024 lb/ton)  

PM10 0.26 1.13 Assume 50% of PM 
PM2.5 0.051 0.225 Assume 10% of PM 

DR1+DR2/BU1 

PM 25.74 112.74 AP 42, 5th ed., Table 10.6.2-1, 2/02 Update (2.2 lb/ODT)  
PM10 12.87 56.37 Assume 50% of PM 
PM2.5 2.57 11.27 Assume 10% of PM 
SO2 1 4.38 AP 42, 5th ed., Table 1.6-2, 9/03 Update (0.025 lb/MMBtu)  
NOx 6.78 29.72 AP 42, 5th ed., Table 10.6.2-2, 2/02 Update (2.7 lb/ODT)  
CO 40.95 179.36 AP 42, 5th ed., Table 10.6.2-2, 2/02 Update (3.5 lb/ODT)  

VOC 55 240.86 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (4.7 lb/ODT)  
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UNCONTROLLED POTENTIAL EMISSIONS (PROJECT ONLY) 

Equipment ID Pollutant lb/hr TPY Method for Estimating Emissions 
CO2 3,352 14,682 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.075 lb/ton) 

Acetaldehyde  0.8775 3.84 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.075 lb/ton) 
Acrolein  0.2691 1.18 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.023lb/ton) 
Benzene  0.0889 0.39 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.0076 lb/ton) 

Chloroform  0.0012 0.01 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (1.0E-04 lb/ton) 
Cumene  0.0234 0.10 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.0020 lb/ton) 

Formaldehyde  1.638 7.17 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.14 lb/ton) 
HCl  0.7593 3.33 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.0649 lb/ton)  

Methanol  1.287 5.64 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.11 lb/ton) 
MIBK  0.0807 0.35 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.0069 lb/ton) 
MCl  0.0211 0.09 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.0018 lb/ton) 

Phenol  0.3276 1.43 AP 42, 5th ed., Table 10.6.2-3, 2/02 Update (0.028 lb/ton) 
Propionaldehyde  0.1521 0.67 AP 42, 5th ed., Table 10.6.2-3, 2/02 Update (0.013 lb/ton) 

Styrene  0.0042 0.02 AP 42, 5th ed., Table 10.6.2-3, 2/02 Update (3.6E-04 lb/ton) 
Toluene  0.1521 0.67 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.013 lb/ton) 
Xylene  0.0614 0.27 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (5.25E-03 lb/ton)  
Lead 0.0019 0.0084 AP 42, 5th ed., Table 1.6-4, 9/03 Update (4.8E-05 lb/MMBtu) 

DHM1 

PM 21.60  94.608 KY Wood Study (2 lb/ODT) 
PM10 10.80 47.304 Assume 50% of PM 
PM2.5 2.16 9.461 Assume 10% of PM 
VOC 27 118.3 GA stack test data, 1/29/13 (2.5 lb/ODT) 

Acetaldehyde 0.0432 0.19 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.004 lb/ton) 
Formaldehyde 0.0864 0.38 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.008 lb/ton) 

Methanol 0.0432 0.19 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.004 lb/ton) 

FHM1 

PM 8.00 35.04 KY Wood Study (2 lb/ODT) 
PM10 4.00 17.55 Assume 50% of PM 
PM2.5 0.80 3.504 Assume 10% of PM 
VOC 10 43.8 GA stack test data, 1/29/13 (2.5 lb/ODT) 

Acetaldehyde 0.016 0.07 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.004 lb/ton) 
Formaldehyde 0.032 0.14 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.008 lb/ton) 

Methanol 0.016 0.07 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.004 lb/ton) 

PM1 
PM 10 43.8 KY Wood Study (2 lb/ODT) 

PM10 5 21.9 Assume 50% of PM 
PM2.5 1.0 4.38 Assume 10% of PM 

PM2 
PM 10 43.8 KY Wood Study (2 lb/ODT) 

PM10 5 21.9 Assume 50% of PM 
PM2.5 1.0 4.38 Assume 10% of PM 

PCO1 

PM 5.0 21.9 KY Wood Study (0.5 lb/ODT) 
PM10 2.5 10.95 Assume 50% of PM 
PM2.5 0.50 2.19 Assume 10% of PM 
VOC 5 21.9 GA stack test data, 1/29/13 (0.5 lb/ODT) 

Acetaldehyde 0.01 0.04 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.001 lb/ton) 
Formaldehyde 0.02 0.09 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.002 lb/ton) 

Methanol 0.01 0.04 AP 42, 5th ed., Table 10.6.2-3, 6/02 Update (0.001 lb/ton) 

AS1 
PM 5.0 21.9 Engineering calculations (0.5 lb/ODT) 

PM10 2.5 10.95 Assume 50% of PM 
PM2.5 0.50 2.19 Assume 10% of PM 

PSAL 
PM 2.16 9.46 MO DNR (0.24 lb/ODT) 

PM10 1.08 4.73 Assume 50% of PM 
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UNCONTROLLED POTENTIAL EMISSIONS (PROJECT ONLY) 

Equipment ID Pollutant lb/hr TPY Method for Estimating Emissions 
PM2.5 0.216 0.946 Assume 10% of PM 

Roadways 
PM 1.425 6.24 2.85 lb/VMT  

PM10 1.425 6.24 Assume PM10 = PM 
PM2.5 0.14 0.62 Assume 10% of PM 

Note:  (1)  Emission rates for the dryers/burners (Equip IDs DR1, DR2, BU1) are based on worst case (wood burner) and 8760 hours per day.  
(2)  ODT = oven dried ton; EF = emission factor  
(3)  Equip ID BU1 emissions have been calculated for the NOx from the natural gas burner as if it was running full time (worse case).  
(4)  Sample calculations:  

(a)  DR1, DR2, BU1:  Xylene emission rate = (m,p-Xylene + o-Xylene) emission factor x 11.7 ton/hr   
= (0.0048 lb/ton + 0.00045  lb/ton) x 11.7 ton/hr = 0.0614 lb/hr  

(b)  Roadways:  EF = 1.5 x (s/12)0.9 x (W/3)0.45 = 1.5 x (8.4/12)0.9 x (25.42/3)0.45 = 2.85      
 PM = 2.85 lb/VMT x 0.5 VMT/day = 1.425 lb/day  

 
CONTROLLED/LIMITED POTENTIAL EMISSIONS (PROJECT ONLY) 

Equipment ID Pollutant lb/hr TPY Method for Estimating Emissions 

WSP 
PM 0.165  0.7227 TNRCC (3.96 lb PM/acre-day) 

PM10 0.0825 0.3614 Assume 50% of PM 
PM2.5 0.0165 0.0723 Assume 10% of PM 

FH1 
PM 0.0849 0.3719 Mass flow rate of 10.11 tph 

PM10 0.0425 0.1860 Assume 50% of PM 
PM2.5 0.0085 0.0372 Assume 10% of PM 

FH2 
PM 0.0849 0.3719 Mass flow rate of 10.11 tph 

PM10 0.0425 0.1860 Assume 50% of PM 
PM2.5 0.0085 0.0372 Assume 10% of PM 

VS1 
PM 0.0169 0.0744 Mass flow rate of 20.22 tph, 90% control factor 

PM10 0.0085 0.0372 Assume 50% of PM 
PM2.5 0.0017 0.0074 Assume 10% of PM 

WHM1 
PM 0.0485 0.2126 Mass flow rate of 20.22 tph, 90% control factor 

PM10 0.0243 0.1063 Assume 50% of PM 
PM2.5 0.0049 0.0213 Assume 10% of PM 

DR1+DR2/BU1 

PM 2.22 9.74 Mass flow rate of 5.055 tph, 90% control factor 
PM10 1.11 4.88 Assume 50% of PM 
PM2.5 0.22 0.97 Assume 10% of PM 
SO2 1 4.38 45% control factor 
NOx 5.86 25.68 Mass flow rate of 10.11 tph, 45% control factor 
CO 35.39 154.99 Mass flow rate of 10.11 tph 

VOC 26.2 114.4 Mass flow rate of 10.11 tph, 45% control factor 
CO2 2,579 9,669  

Acetaldehyde  0.417 1.83 

45% control factor 

Acrolein  0.1279 0.5602 
Benzene  0.0422 0.1851 

Chloroform  5.56E-04 0.002 
Cumene  0.011 0.049 

Formaldehyde  0.778 3.41 
HCl  0.361 1.58 
Lead 0.0019 0.0084 

Methanol  0.612 2.68 
MIBK  0.038 0.168 
MCl  0.010 0.044 

Phenol  0.156 0.682 
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CONTROLLED/LIMITED POTENTIAL EMISSIONS (PROJECT ONLY) 

Equipment ID Pollutant lb/hr TPY Method for Estimating Emissions 
Propaldehyde  0.072 0.317 

Styrene  0.002 0.0088 
Toluene  0.072 0.317 
Xylene  0.029 0.128 

DHM1 

PM 0.19 0.83 9.018 ton/hr, 98.951% control factor 
PM10 0.095 0.415 Assume 50% of PM  
PM2.5 0.019 0.083 Assume 10% of PM 
VOC 12.44 54.31 45% control factor 

Acetaldehyde 0.0198 0.0869 
45% control factor Formaldehyde 0.0397 0.174 

Methanol 0.0198 0.087 

FHM1 

PM 0.0032 0.014 1.089 ton/hr, 98.951% control factor 
PM10 0.0016 0.007 Assume 50% of PM 
PM2.5 0.0003 0.001 Assume 10% of PM  
VOC 1.50 6.56 45% control factor 

Acetaldehyde  0.002 0.010 
45% control factor Formaldehyde 0.005 0.021 

Methanol 0.002 0.010 

PM1 
PM 0.095 0.41 9.009 ton/hr, 98.951% control factor 

PM10 0.048 0.205 Assume 50% of PM 
PM2.5 0.0095 0.041 Assume 10% of PM  

PM2 
PM 0.095 0.41 9.009 ton/hr, 98.951% control factor 

PM10 0.048 0.205 Assume 50% of PM 
PM2.5 0.0095 0.041 Assume 10% of PM 

PCO1 

PM 0.047 0.21 9.009 ton/hr, 98.951% control factor 
PM10 0.024 0.105 Assume 50% of PM 
PM2.5 0.0047 0.02 Assume 10% of PM 
VOC 2.477 10.851 45% control factor 

Acetaldehyde 0.005 0.022 
45% control factor Formaldehyde 0.0099 0.043 

Methanol 0.005 0.022 

AS1 
PM 0.047 0.21 9.009 ton/hr, 98.951% control factor 

PM10 0.024 0.105 Assume 50% of PM 
PM2.5 0.0047 0.02 Assume 10% of PM 

PSAL 
PM 0.216 0.946 9 ton/hr, 90% control factor 

PM10 0.108 0.473 Assume 50% of PM 
PM2.5 0.0216 0.0946 Assume 10% of PM 

Roadways 
PM 0.80 3.50 0.5 VMT/day, 44% control factor 

PM10 0.80 3.50 Assume PM10 = PM 
PM2.5 0.08 0.35 Assume 10% of PM 

Note:  (1)  The cyclones and baghouses are inherent to the wood pelletizing process. The cyclones and baghouses shall be installed and operating properly 
at all times when the wood pelletizing process is running.    

(2)  Sample calculations:  
(a) Equip ID VS1:  PM emission rate = 0.0084 lb/ton x 20.22 ton/hr x (1 - 90/100) = 0.017 lb/hr limited/controlled  
 

FACILITY WIDE EMISSIONS 

Pollutant 
Uncontrolled Emissions Controlled/Limited Emissions 

TPY TPY 
PM 394.83 18.02 

PM10 197.41 10.77 
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FACILITY WIDE EMISSIONS 

Pollutant 
Uncontrolled Emissions Controlled/Limited Emissions 

TPY TPY 
PM2.5 39.48 1.80 
SO2 4.38 4.38 
NOx 29.72 25.68 
CO 179.36 154.99 

VOC 424.82 186.19 
Lead 7439-92-1  8.4E-03 8.4E-03 

Acetaldehyde 75-07-0 (H, T, V, 112(r)) 4.15 1.95 
Acrolein 107-02-8 (H, T, V, 112(r)) 1.18 0.56 

Benzene 71-43-2 (H, T, V) 0.39 0.19 
Chloroform 67-66-3 (H, T, V, 112(r)) 0.01 0.0024 

Cumene 98-82-8 (H, T, V) 0.10 0.049 
Formaldehyde 50-00-0 (H, T, V, 112(r)) 7.78 3.65 

Hydrogen Chloride (HCl) 7647-01-0 (H, T, 112(r)) 3.33 1.83 
Methanol 67-56-1 (H, T, V) 5.94 2.80 

Methyl isobutyl ketone (MIBK) 108-10-1 (H, T, V) 0.35 0.168 
Methylene chloride (MCl) 75-09-2 (H, T) 0.09 0.044 

Phenol 108-95-2 (H, T, V) 1.43 0.682 
Propaldehyde 123-38-6 (H, T, V) 0.67 0.317 

Styrene 100-42-5 (H, T, V) 0.02 0.009 
Toluene 108-88-3 (H, T, V) 0.67 0.317 
Xylene 1330-20-7 (H, T, V) 0.27 0.128 

HAP (single greatest - Formaldehyde) 7.78 3.65 
HAP (total)  26.37 12.69 
GHG (CO2e) 34,878 34,878 

 
OPERATING PERMIT STATUS 
This is a new facility.  The facility is a major source for Title V for PM10, CO, & VOC emissions. The facility is taking federally 
enforceable emission limitations of less than 250 TPY PM & VOC for PSD avoidance. Within 12 monts of startup, the facility shall submit 
a Title V Operating Permt application.  
 
REGULATORY APPLICABILITY REVIEW 

Regulation Comments/Periodic Monitoring Requirements 

Section II.E - Synthetic Minor 
(Applicable)  This facility has the PTE greater than 250 TPY PM & VOC. However, the facility is 
taking federally enforceable emission limits of less than 250 TPY each of PM & VOC for PSD 
avoidance.  

Standard No. 1 

(Applicable)  The fuel burning sources below are subject to Opacity (Section I), PM (Section II), and 
SO2 (Section III) limits imposed by this standard. 
 
 
 
 
 
 
 

Equip  
ID 

Opacity 
(%) 

PM Allowable 
0.6 lb/106 BTU 

(lb/hr) 

SO2 Allowable 
2.3 lb/106 BTU 

(lb/hr) 
BU1 20 24 92 
BU2 20 24 92 

Standard No. 3 (state only) (Not Applicable)  The facility burns virgin wood waste, therefore this regulation does not apply.  

Standard No. 4 
(Applicable)  The wood pelletizing process has opacity limits (including any fugitives) of 20% each 
emission source and particulate matter (PM) allowable emissions rates (based on a process weight rate 
in tons per hour) of 19.18 lb/hr imposed by this standard. Monitoring and recordkeeping will consist 
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Regulation Comments/Periodic Monitoring Requirements 

of weekly visual inspections of all sources for opacity, weekly O & M checks & daily pressure drop 
recordings on the baghouses.  

Standard No. 5 (Not Applicable)  This is a new facility. Therefore, it was not in existence in 1979 or 1980. 

Standard No. 5.1 (state only) 
(Not Applicable)  The Department finds that this standard is no longer necessary. The standard will be 
repealed effective 06/26/2015.   

Standard No. 5.2 

(Applicable)  A stationary source that emits or has the PTE NOx generated from fuel combustion 
constructed after 06/25/2004 is subject to Sections III & VI of this standard. The NOx emission limit 
is based on the limit established for fuel combustion sources not otherwise specified, which is low 
NOx burners or equivalent technology capable of achieving 30% reduction from uncontrolled levels. 

Standard No. 7 
(Applicable)  The facility is a potential major source for PSD as the PTE PM & VOC exceeds 250 
TPY. However, to avoid PSD status, the facility has requested federally enforceable emission 
limitations of less than 250 TPY PM & VOC.   

61-62.6 
(Applicable)  The fugitive PM emissions are controlled in a manner that should not produce 
undesirable levels of PM emissions. 

40 CFR 60 and 61-62.60 (Not Applicable)  This process does not contain sources subject to this standard.    
40 CFR 61 and 61-62.61 (Not Applicable)  None of the processes, which are regulated by this regulation, apply.   

40 CFR 63 and 61-62.63 

The facility is a potential major source of HAP emissions (PTE > 10 TPY single HAP or > 25 TPY 
total HAP). However, the facility is taking federally enforceable emission limitations of less than 
10/25 TPY for MACT avoidance.   
 
(Not Applicable)  This facility is not a PCWP manufacturing facility, as defined by Subpart DDDD, 
NESHAP: Plywood and Composite Wood Products. Also, since the facility is taking limits to avoid 
being major for HAP emissions, it is not subject to the requirements of this regulation.    
 
(Not Applicable)  There are no emergency generators & fire water pumps. The facility is on municipal 
water system with municipal fire protection services. Subsequently, the facility is not subject to 
Subpart ZZZZ NESHAP for Stationary Reciprocating Internal Combustion Engines (RICE).   

61-62.68 
(Not Applicable)  The facility does not store or use chemicals subject to 112(r) above the threshold 
quantities), therefore this regulation does not apply. 

40 CFR 64 
(Applicable)  The wood pelletizing process exceeds Title V threshold limits (> 100 TPY CO & VOC), 
after controls.    

 
AMBIENT AIR STANDARDS REVIEW 

Regulation Comments/Periodic Monitoring Requirements 

Standard No. 2 

(Applicable)  This facility has demonstrated compliance through modeling. See Modeling Summary 
dated 06/18/2015. The following operational restriction has been established to ensure compliance 
with the modeled emission rates:  The cyclones and baghouses are inherent/required control devices 
that shall be in place and operational whenever processes controlled by the cyclones and baghouses 
are running, except during periods of control device malfunction or mechanical failure. 

Standard No. 7.c 
(Applicable)  The MSBD for Allendale County is 12/27/2007 for PM10, SO2, & NOx. This facility has 
demonstrated compliance through modeling for the PSD Class II increments. See Modeling Summary 
dated 06/18/2015.  

Standard No. 8 (state only) 
(Applicable)  This facility has demonstrated compliance through modeling for all TAPs. See 
Modeling Summary dated 06/18/2015. 

 
PUBLIC NOTICE 
This construction permit will undergo a 30-day public notice period to establish synthetic minor limits  in accordance with SC Regulation 
61-62.1, Section II(N). This permit was placed on the SC DHEC Public Notice website on June 26, 2015. The comment period was open 
from June 26, 2015 to July 25, 2015. No comments were received during the comment period. 
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SUMMARY AND CONCLUSIONS 
It has been determined that this source, if operated in accordance with the submitted application, will meet all applicable requirements and 
emission standards.  
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EXPEDITED REVIEW 

 

DATE APPLICATION RECEIVED:  December 10, 2014 

 

FACILITY DESCRIPTION AEC Pellet 1 USA LLC proposes to construct a wood pellet manufacturing facility in the town of 

Winnsboro, which is located in Fairfield County.  The facility will be designed for an annual production rate of approximately 530,000 tons 

and a maximum hourly production rate of 71 tons.  The owner/operator has requested federally enforceable limits to avoid the requirements 

of S.C. Regulation 61-62.5, Standard No. 7 – Prevention of Significant Deterioration and the HAP major source thresholds for S.C. 

Regulation 61-62.70 – Title V Operating Permit program.  The facility will require a Title V operating permit due to the potential of criteria 

pollutants to exceed 100 tons per year.  The SIC code is 2499 for Wood Products, Not Elsewhere Classified, and the NAICS code is 321999 

for All Other Miscellaneous Wood Product Manufacturing.   

 

PROJECT DESCRIPTION  The process will consist of a Woodyard (Emission Unit 01), which receives and stores logs, wood chips 

and bark.  The logs are delivered to the site and debarked before going to chippers.  The chipped wood is stored in two silos (IDs S1 and 

S2), which will be equipped with two bin vent filters (IDs BV1 and BV2) that will be used to reclaim particulate materials; therefore they 

are not considered as add-on control devices, since they will be inherent to the process.   

 

The bark from the logs delivered to the facility will be used along with bark delivered from offsite as combustion fuel in two rotary dryers at 

Emission Unit 02 (IDs D1 and D2) that will dry the wood chips.  The dryers are rated at 80 million BTU/hr each and will use natural gas as 

fuel during startup.  The rotary dryers will be equipped with a wet electrostatic precipitator (CD-WESP) for particulate control and a 78.4 

million BTU per hour regenerative thermal oxidizer (CD-RTO) for control of criteria pollutants, HAPs, and TAPs.  Propane may be used as 

a backup fuel for natural gas at the thermal oxidizer with a limit of 20% of the furnace capacity.  Water from the wet electrostatic 

precipitator will be recycled, and solids recovered from the recycled water will be added to the bark and combusted in the rotary dyers.  The 

drying area will have four dried chip silos (IDs S3 through S6), which will be equipped with bin vent filters (IDs BV3 through BV6), which 

are inherent to the process and are not considered as add-on control devices.   

 

The dried chips will be sent to seven pelletizing lines in the Pelletizing Area (Emission Unit 03), where the chips are converted to pellets.  

Each line consists of a hammermill with a fabric filter (inherent to the process), two pellet mills, and one pellet cooler with a cyclone 

(inherent to the process).  The Pelletizing area will emit gases that will be routed to the regenerative thermal oxidizer in the drying area.  

Pneumatic fines from the process will be captured in two filters that are inherent to the process.  A baghouse will be installed at the process 

building exhaust (CD-BH1) as an add-on device for control of particulates.   

 

The pellets will be sent to a Storage/Loadout area (Emission Unit 04), where four pellet storage silos (IDs S7 through S10), two loadout 

silos (IDs S11 and S12), and two telescopic sleeves (IDs LOAD1 and LOAD2) will be used for railcar loading.  The Storage/Loadout silos 

will each be equipped with a bin vent filter (IDs BV7 through BV12) to reclaim process materials.  The filters are inherent to the process.  

An add-on baghouse (CD-BH2) will be installed at the railcar loading station.  A 500 hp emergency generator will be installed and designed 

to use ultra-low sulfur (0.15%) fuel oil.   

 

SOURCE TEST REQUIREMENTS The Regenerative Thermal Oxidizer  (CD-RTO) is required to source test to show compliance 

with the manufacturer’s guaranteed destruction removal efficiency of at least 95%, to establish operating ranges for the combustion chamber 

outlet temperature, and to confirm emission factors for VOCs, PM, PM10, PM2.5, NOx, CO, Acetaldehyde, Formaldehyde, HCL, and 

Methanol.  

 

The Wet Electrostatic Precipitator (CD-WESP), via the stack at CD-RTO, will be source tested to establish operating ranges for the 

secondary voltage and secondary amperage.  Particulate emission factors from the WESP will not be required since the WESP exhausts 

through the regenerative thermal oxidizer.  

 

Baghouses CD-BH1 and CD-BH2, as well as all bin vent filters (BV1 through BV12), cyclones at the pellet coolers PC1 – PC7, and fabric 

filters at the hammermills (IDs HM1 – HM7) and pneumatic fines return (IDs F1 and F2), will be required to test for PM, PM10, and PM2.5 

to confirm the emission factors established for the process design during construction permitting.  The pressure drop ranges for the 

baghouses will be established during the source testing.  All pounds per oven dried ton emission factors determined from source tests shall 

be based on US short tons. 
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The requirement to conduct source testing at the bin vent filters, fabric filters, and cyclones may be waived if, prior to the 

commencement of operation, the owner/operator submits a manufacturer’s guarantee to confirm the emission factors provided in the 

construction permit application, and the information is approved by the Engineering Services Division. 

 

An initial VOC source test shall be performed at the baghouse at the Process Building Exhaust (CD-BH1), the Fines Collection System (F1 

– F2), and the baghouse at the Storage/Loading Area for Railcars (CD-BH2) to confirm the estimated emissions at the process building and 

to estimate emissions fines collection system and storage/loading area for railcars. 

 

EMISSIONS 

Emissions from Storage and Handling Operations (Emission Unit 01): 

The pollutants from the storage and handling operations at Emission Unit 01 are:  PM, PM10, PM2.5, VOCs, formaldehyde (HAP (H), TAP 

(T), VOC (V)), acetaldehyde (H, T, V), and methanol (H, T, V).  The particulate emissions estimates from two bin vent filters at the chip 

silos (IDs BV1 and BV2) are based on proposed design exit grain loadings of 0.02 grains/standard cubic feet for PM and PM10, 0.015 

grains/standard cubic feet for PM2.5, and exhaust flow rates of 300 standard cubic feet per minute at each source.  The efficiency of the bin 

vent filters at the chip silos was estimated at 99%.  The efficiency was included in the uncontrolled emission rates for all bin vent filters and 

other equipment that are inherent to the process.  The VOC and HAP emissions were derived from an internal memorandum from the 

Georgia Department of Natural Resources dated 1/29/13, with a subject of “Emission Factors for Wood Pellet Manufacturing”, which 

recommended emission factors based on testing results from Georgia Biomass.  The facility estimated that 40% of emissions would come 

from the chip pile/rechipper, 30% would be emitted from the bark pile, and 30% would be emitted from the process building.  The facility 

provided particulate emissions from the chip and bark piles using an estimate from a US EPA Region 10 memorandum dated May 8, 2014, 

which stated an emission factor of 0.38 tons per acre-year from wind erosion of an apparent wood residue piles (0.087 pounds of PM per 

acre-hour).  An estimate of 2.3 acres of wood residue piles was used in the calculations.  The moisture content in the wood would result in 

minimal PM emissions.  PM10 was estimated as 50% of PM, while PM2.5 was estimated as 25% of PM.   

 

Emissions from Dryers (Emission Unit 02): 

The Drying area emissions are estimated based on a manufacturer’s guarantee from MEC, Proposal No. D-0150-14-R1, dated December 22, 

2014.  The gases from the two rotary dryers are routed to the wet electrostatic precipitator and then to the regenerative thermal oxidizer.  

The guaranteed emissions include both control devices.  The assumptions are:  100% softwood content and significant VOC destruction in 

the recycle stream.  The recycle stream is a significant portion of the dryer exhaust that is re-routed to a “blend” chamber located 

immediately downstream of the combustion chamber for the purposes of eliminating VOCs when the stream is introduced to the combustion 

gases and reducing fuel consumption through the use of heated air as opposed to ambient air.  The remainder of the exhaust is routed to the 

control devices.  The amount of VOCs added to the combustion gases via the recycle stream is insignificant, and this amount was not 

considered in the emissions estimates.  The facility is required to conduct source testing to confirm the VOC emissions.  The exhaust from 

the hammermills and pellet coolers at Emission Unit 03 are also routed to the thermal oxidizer.  The pollutants and guaranteed efficiencies 

are:  PM, PM10, PM2.5 (97.7% each); VOCs (95.7%); CO (85%); formaldehyde (95%). 

 

The uncontrolled NOx emissions from the dryers were estimated to be 2.7 pounds per ton of oven dried wood material, based on an emission 

factor for particleboard dryers from EPA AP-42, Volume 1, 5th Edition, Chapter 10.6.2-2 (rotary dyer, green, direct wood-fired, softwood).  

With a total throughput of 71 tons per hour and a design heat capacity of 80 million BTU per hour per dryer, the uncontrolled emissions 

would result in 1.19 pounds per million BTU (combined) from the dryers.  The manufacturer’s guarantee states that the dryers will emit 

128.4 tons NOx per year, which would result in 0.18 pounds per million BTU.   

 

Particulate emissions from the bin vent filters at the four dried chip silos (IDs BV3 through BV6) are based on proposed design exit grain 

loadings of 0.02 grains/standard cubic feet for PM and PM10, 0.015 grains/standard cubic feet for PM2.5, and an efficiency of 99%.    The 

proposed design exhaust flow rate is 300 standard cubic feet per minute at each source. 

 

The following emissions were estimated using data in EPA AP-42, Volume 1, 5th Edition:  condensable particulate matter (Table 10.6.1-1); 

SO2 (Table 1.6-2); acetaldehyde (Table 10.6.2-3); methanol (Table 10.6.2-3); and hydrochloric acid (Table 1.6-3).  The controlled 

emissions of acetaldehyde and methanol are estimated using an efficiency of 95% based on the manufacturer’s guarantee for VOC control, 

and the hydrochloric acid efficiency is given a conservative estimate of 55% when compared with the recommended 70% efficiency in the 

memorandum from the Georgia Department of Natural Resources.  These pollutants are emitted through the thermal oxidizer stack. 
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Emissions from Pelletizing Area (Emission Unit 03): 

The gases from the pelletizing area are routed to the regenerative thermal oxidizer that is used to incinerate the dryer gases at Emission Unit 

02.  These emissions are included in the guaranteed emissions from the proposal provided for the regenerative thermal oxidizer.  The 

controlled particulate emissions from the two filters (IDs F1 and F2) at the fines collection system and pneumatic conveyer and the process 

building exhaust baghouse (CD-BH1) are estimated based on the proposed design exit grain loadings of 0.015 grains/standard cubic feet for 

PM and PM10 and 0.005 grains/standard cubic feet for PM2.5.  The design efficiency for each filter is 99%.  The exhaust flow rate at the 

pneumatic fines return is will be designed for 3,500 standard cubic feet per minute at each source.  The exhaust flow rate from the process 

building exhaust will be designed for 7,500 standard cubic feet per minute.   

 

Emissions from Storage/Loadout Area (Emission Unit 04): 

The pollutants from the storage/loadout area are:  PM, PM10, and PM2.5.  The particulate emissions estimates from the six bin bent filters at 

the pellet and loadout silos (BV7 through BV12) are based on proposed design exit grain loadings of 0.02 grains/standard cubic feet for PM 

and PM10, 0.015 grains/standard cubic feet for PM2.5, and a proposed exhaust flow rate of 300 standard cubic feet per minute at each source. 

 The efficiency of the bin vent filters at the chip silos is estimated at 99%.  The controlled particulate emissions from the railcar loadout 

sleeve baghouse (CD-BH2) are based on the design exit grain loadings of 0.015 grains/standard cubic feet for PM and PM10 and 0.005 

grains/standard cubic feet for PM2.5.  The design efficiency is 99%.  The exhaust flow rate is designed to be 2,000 standard cubic feet per 

minute.   

 

Example Calculation of PM Emissions: 

Controlled Railcar Loadout Sleeve Baghouse (CD-BH2): 

PM = 0.015 grain/standard cubic feet x 2,000 standard cubic feet/minute x 1 lb/7000 grains x 60 minutes/hour = 0.26 lb/hour 

Uncontrolled Railcar Loadout Sleeve Baghouse: 

PM = 0.26 lb/hr/(1-0.99) = 26 lb/hr 

 

Greenhouse Gas Emissions: 

The facility provided emissions of greenhouse gases for this project.  The potential emissions of greenhouse gases reported as CO2e are 

greater than 100,000 TPY.  No distinction was made between biogenic gases and non-biogenic gases.  On June 23, 2014, the United States 

Supreme Court issued a decision that the EPA was not authorized to specify greenhouse gases as a pollutant that would establish 

applicability to the requirements of the Title V Operating Permit program or the Prevention of Significant Deterioration.  The Court did 

establish that the EPA had the authority to regulate greenhouse gases.  Until the EPA makes further revisions to regulations regarding 

greenhouse gas emissions, the Department will not require facilities to quantify these emissions for regulatory purposes. 

 

 

FACILITY WIDE EMISSIONS 

Pollutant 
Uncontrolled Emissions Controlled/Limited Emissions 

TPY TPY 

PM 1,787 60 

PM10 1,787 60 

PM2.5 1,427 53 

VOC 2,382 220 

SO2 18 18 

NOx 154 189 

CO 333 50 

Acetaldehyde (H, T, V) 34 2 

Formaldehyde (H, T, V) 31 2 

HCl (H, T) 13 6 

Methanol (H, T, V) 34 2 

Total HAP 112 12 

 

OPERATING PERMIT STATUS Within twelve months of commencement of operation, the facility will be required to 

submit a Title V operating permit application. 
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REGULATORY APPLICABILITY REVIEW 

Regulation Comments/Periodic Monitoring Requirements 

Section II.E - Synthetic Minor 

This regulation applies to the facility. 

 

The facility has the potential to emit greater than 250 tons per year of the following pollutants:  PM, 

PM10, PM2.5, VOC, and CO.  The facility also has the potential to emit greater than 10 tons per year of 

an individual Hazardous Air Pollutant (HAP) or a combination of 25 tons per year of any group of 

HAPs.  

 

In order to avoid applicability to the requirements of Standard No. 7 – Prevention of Significant 

Deterioration, and the major HAP applicability for Title V operating permit program, the facility has 

implemented federally enforceable limits for the following pollutants: 

 

 Regulated NSR pollutant emissions to less than 250 tons per year 

 Individual HAP emissions to less than 10 tons per year  

 Total HAP emissions to less than 25 tons per year  

Standard No. 1 

This standard does not apply to the facility. 

 

The facility has no fuel burning operations.  The dryers and regenerative thermal oxidizer are direct-

fired sources, as opposed to indirect fired sources.  

Standard No. 3 (state only) 

The facility is subject to the requirements of this standard, which is Waste Combustion and Reduction. 

  

The regenerative thermal oxidizer, CD-RTO, is a source of waste combustion and reduction of VOC 

from the two dryers and the pelletizing area.  For industrial incinerators (Section III.I), the opacity is 

limited to less than or equal to 20%, and the particulate matter emissions are limited to less than or 

equal to 0.5 lbs/million BTU.  The capacity of the thermal oxidizer is 78.4 million BTU per hour. 

 

Since a non-hazardous, gaseous waste will be combusted in the incinerator, the Department will allow 

an exemption from the periodic source testing requirements in Section VIII and the operator training 

requirements of Section IX, of the standard.  There are no periodic monitoring requirements for non-

hazardous, gaseous waste materials in the standard. 

Standard No. 4 

The facility is subject to the requirements of this standard, which is Emissions from Process 

Industries.   

 

Each emission source is subject to an opacity limit of less than or equal to 20%, since the facility will 

be constructed after December 31, 1985.  Weekly visual inspections shall be conducted to monitor 

opacity at all sources. 

At Emission Unit 02 (Drying Area), the pellet production rate is 71 tons per hour.  The dried pellets 

have a moisture content of 10%.  The wet wood (prior to entering the dryers) contains a moisture 

content of 50%.  The maximum process rate is calculated as follows: 

71 tons/hour * (100% - 10%) / (100% - 50%) = 128 tons/hour 

 

At Emission Unit 01 (Woodyard), the maximum process weight rate is 176 tons per hour based on the 

following information:  128 tons per your enter the dryer at a maximum rate of 6000 hours per year.  

The wood consists of 10% park, which results in the following formula:   

128 tons/hr * 7,500 hours/yr / 6000 hours/yr * (100% + 10%) = 176 tons/hr. 

 

The maximum process weight rate at Emission Units 03 and 04 is 71 tons per hour.   

 

The uncontrolled emissions at the dryers at Emission Unit 02 (IDs D1 and D2) and the process 

building at Emission Unit 03 (ID BLDG) exceed the maximum allowable emission rate; therefore, 
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Regulation Comments/Periodic Monitoring Requirements 

control devices are required to meet the limit.  The control devices are a wet electrostatic precipitator 

for the dryers (CD-WESP) and a baghouse for the process building (CD-BH1).  The uncontrolled 

emissions at these sources are also greater than 100 tons per year; therefore the facility will be 

required to monitor per the more stringent requirements of 40 CFR 64 – Compliance Assurance 

Monitoring; however, until a CAM plan is submitted, the facility will be subject to the general 

monitoring requirements for the affected control devices. 

 

Each field of the wet electrostatic precipitator (CD-WESP) shall conduct monitoring of the secondary 

voltage and secondary amperage each shift.  The wet electrostatic precipitator exhausts through the 

regenerative thermal oxidizer (CD-RTO).  The thermal oxidizer is also subject to the opacity and PM 

requirements of Standard No. 4.   

 

Visual inspections shall be performed at all sources on a weekly basis.  The baghouse pressure drops 

at CD-BH1 and CD-BH2 (control device for the loading area at emission Unit 04) will be monitored 

once per shift.  Weekly operation and maintenance check shall be performed for the baghouses and all 

bin vent filters. 

Standard No. 5 

This standard does not apply to the facility. 

 

The facility is not an existing process described under one of the parts of Section II of Standard 5, 

since the facility did not commence operation before July 1, 1979. 

Standard No. 5.1 (state only) 

The facility is subject to the requirements of this standard, which is Best Available Control 

Technology (BACT)/Lowest Achievable Emission Rate (LAER) Applicable to Volatile Organic 

Compounds, since the net VOC emission increase exceeds 100 tons per year, and the construction 

permit would be issued on or after June 25, 2004. 

 

A BACT analysis was conducted, and it was determined that BACT for the dryers, hammermills, 

pellet mills, and pellet coolers is a regenerative thermal oxidizer with a control efficiency of 95%.  

The sources will be routed to thermal oxidizer CD-RTO for VOC destruction.   

Standard No. 5.2 

The facility is subject to the requirements of this standard, Control of Oxides of Nitrogen (NOx), since 

it is being constructed after June 25, 2004. 

 

The dryers at Emission Unit 02 (IDs D1 and D2) are the affected sources.  The NOx emission limit is 

based on the limit established for fuel combustion sources not otherwise specified, which is low NOx 

burners or equivalent technology capable of achieving 30% reduction from uncontrolled levels.  Each 

dryer has a design heat capacity of 80 million BTU per hour.  With an uncontrolled estimate of 2.7 

pounds NOx per ton of oven dried wood material from the dryers (from AP-42, Chapter 10.6.2-2) and 

a throughput of 71 tons per hour, the uncontrolled emissions would result in 1.19 pounds per million 

BTU (combined) from the dryers.  A 30% reduction would result in a limit of 0.83 pounds per million 

BTU (combined).  The manufacturer’s guarantee states that the dryers will emit 128.4 tons NOx per 

year, which would result in 0.18 pounds per million BTU, which is below the required limit.  Source 

testing will be conducted to confirm the emission factors provided in the guarantee.   

 

CD-RTO is not subject to the standard because it is acting as a control device, per Section I (b)(4). 

Standard No. 7 

The facility is not classified as one of the 28 categories for which the potential to emit would exceed 

100 tons per year for applicability to the requirements of Standard 7.  The follow uncontrolled 

emissions exceed the 250 ton per year major source threshold established for other categories:  PM, 

PM10, PM2.5, VOC, and CO.  In order to avoid the requirements of Standard 7, the facility established 

synthetic minor limits for these pollutants so that they will be below 250 tons per year.   

61-62.6 
The facility is subject to the requirements of this standard.   
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Regulation Comments/Periodic Monitoring Requirements 

The fugitive PM emissions from this facility shall be minimized. 

40 CFR 60 and 61-62.60 

The facility will become subject to the New Source Performance Standards (NSPS), specifically 

Subpart IIII - Standards Of Performance For Stationary Compression Ignition Internal 

Combustion Engines. 

 

The facility will install a diesel-fired emergency generator, ID EG, at Emission Unit 04. 

As indicated in paragraphs (a)(2) and (a)(3) of 40 CFR §60.4200, the requirements of this subpart 

are applicable to owners and operators of stationary CI ICE that commence construction after July 

11, 2005, where the stationary CI ICE are: 

(a)(2)(i) Manufactured after April 1, 2006, and are not fire pump engines, or 

(a)(2)(ii) Manufactured as a certified National Fire Protection Association (NFPA) fire pump 

engine after July 1, 2006. 

The emergency generator will use only ultra-low sulfur fuel oil and will have a non-resettable hour 

meter installed prior to the commencement of operation. 

The facility is not subject to Subpart Ea- Standards of Performance for Incinerators because the 

definition of an incinerator in Section 60.51 of the subpart means any furnace used in the process of 

burning solid waste for the purpose of reducing the volume of the waste by removing combustible 

matter.  The incinerator at the facility will burn gases. 

40 CFR 61 and 61-62.61 
The facility does not meet the requirements to become subject to any of the National Emission 

Standards for Hazardous Air Pollutants (NESHAP), since there are no affected sources. 

40 CFR 63 and 61-62.63 

The facility will become subject to the National Emission Standards for Hazardous Air Pollutants for 

Source Categories (NESHAP), specifically Subpart ZZZZ – Stationary Reciprocating Internal 

Combustion Engines (RICE).   

 

The diesel-fired emergency generator, ID EG, at Emission Unit 04 will be subject to the requirements 

of Subpart ZZZZ.  As indicated in section 40 CFR 63.6585, facilities that own or operate a stationary 

RICE at a major or area source of HAP emissions, except if the stationary RICE is being tested at a 

stationary RICE test cell/stand. 

 

The facility was evaluated for applicability to the requirements of Subpart DDDD, National Emission 

Standards for Hazardous Air Pollutants:  Plywood and Composite Wood Products.  This subpart 

applies to facilities that manufacture plywood and/or composite wood products by bonding wood 

material (fibers, particles, strands, veneers, etc.) or agricultural fiber, generally with resin under heat 

and pressure, to form a structural panel or engineered wood product.  The facility must also be located 

at a major source of HAP emissions. 

 

Since the facility is subject to federally enforceable limits to avoid being a major source of HAP 

emissions, and the facility does not bond the wood material with resin under heat and pressure, it is 

not subject to the requirements of Subpart DDDD. 

61-62.68 

The facility is not subject to the requirements of this regulation. 

 

This facility does not store or use chemicals subject to 112(r) above the threshold quantities. 

40 CFR 64 

Certain emission units are subject to the requirements of this regulation, which is Compliance 

Assurance Monitoring (CAM). 

 

According to 40 CFR §64.2, Section (a) - General applicability, this subpart is applicable if the 
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Regulation Comments/Periodic Monitoring Requirements 

following conditions are met for emission units at major sources:  

(a)(1) The unit is subject to an emission limitation or standard for the applicable regulated air 

pollutant (or a surrogate thereof); 

(a)(2) The unit uses a control device to achieve compliance with any such emission limitation or 

standard; and 

(a)(3) The unit has potential pre-control device emissions of the applicable regulated air pollutant that 

are equal to or greater than 100 percent of the amount, in tons per year, required for a source to be 

classified as a major source. 

 

The two dryers at Emission Unit 02 (IDs D1 and D1) and the process building exhaust at Emission 

Unit 03 (ID BLDG) are subject to Standard 4 for PM emissions.  The emission units use control 

devices to achieve compliance with the emission limits.  The uncontrolled emissions at these sources 

are greater than 100 tons per year; therefore the requirements of CAM are applicable.   

 

Operational ranges shall be established during source testing for the secondary voltage and secondary 

amperage at the wet electrostatic precipitator (CD-WESP) at the dryers.  The pressure drop ranges 

shall also be established for the process building exhaust baghouse (CD-BH1).   

 

The affected sources are not considered to be large CAM sources, since the post-control device 

emissions are less than the major source thresholds; therefore, a CAM plan is due at the time of the 

first operating permit renewal. 

 

The dryers (IDs D1 and D2) at Emission Unit 02 are subject to the requirements of Standard No. 5.1 – 

Best Available Control Technology (BACT)/Lowest Achievable Emission Rate (LAER) Applicable 

to Volatile Organic Compounds, and is required to install meet a 95% destruction rate as BACT; 

however, this is a state-only requirement, and is not a federally enforceable limit.  The requirements of 

CAM do not apply to the dryers. 

 

The facility has requested federally enforceable limits to remain below the HAP major source 

thresholds; however, CAM is not applicable for long-term mass accumulation limits (tons per year); 

therefore the requirements of CAM do not apply for sources that emit HAP emissions. 

 

 

MODELING REVIEW 

Regulation Comments/Periodic Monitoring Requirements 

Standard No. 2 

This standard applies to the facility.   

 

The facility has demonstrated compliance with the requirements of Standard 2.  The most recent 

modeling summary is dated December 23, 2014. 

Standard No. 7.c 

The facility is not subject to the requirements of this standard. 

 

There are no PSD minor source baselines that have been established for PM10, SO2, and NO2 in 

Fairfield county. 

Standard No. 8 (state only) 

This standard applies to the facility.   

 

The facility has demonstrated compliance with the requirements of Standard 8.  The most recent 

modeling summary is dated December 23, 2014. 
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Standard 5.1 BACT Determination 

 

The facility submitted a Best Available Control Technology (BACT) determination for the wood fired dryers (IDs D1 and D2 at Emission 

Unit 02), hammermills (IDs H1 through H7 at Emission Unit 03), pellet mills (IDs PM1 through PM14 at Emission Unit 03), and pellet 

coolers (IDs PC1 through PC7 at Emission unit 03). 

 

The facility reviewed the EPA’s Reasonably Available Control Technology (RACT)/Best Available Control Technology (BACT)/Lowest 

Achievable Emission Rate (LAER) Clearinghouse database to identify control technologies for controlling VOC emissions.  The following 

categories were reviewed: 

 Industrial-size boilers/furnaces – biomass 

 Plywood manufacturing (including plywood dryers, plywood presses, and other plywood manufacturing processes) 

 Particle and strand board manufacturing  

 Board manufacturing, material handling 

 Board press 

 Board manufacturing dryers 

 Miscellaneous particle and strand board operations 

 Wood lumber kilns 

 

The search yielded 85 listings and identified the following technologies:   

 Regenerative Thermal Oxidizer with an efficiency range of 90% to 95% 

 Catalytic Oxidation with an efficiency range of 25% to 90% 

 Either Regenerative Thermal Oxidizer or Regenerative Catalytic Oxidation with an efficiency of 90% 

 Biofilter with an efficiency of 75% 

 

The top-down approach requires that the technology that has been determined to be the most efficient at removing VOCs must be installed 

unless it can be demonstrated that due to energy, environmental, or economic factors, the technology is not achievable.  It was determined 

that BACT for the proposed process was a regenerative thermal oxidizer with 95% efficiency.  The facility will install a regenerative 

thermal oxidizer to meet this efficiency to combust VOC emissions from the dryers, hammermills and pellet mills.  

 

The facility went through the Top Down BACT Analysis of the identified control technologies and arrived at a Regenerative Thermal 

Oxidizer as BACT for the process with a DRE of 95%.  The facility will be installing an RTO to control VOC emission from the affected 

equipment. 

 

 

PUBLIC NOTICE 

This construction permit will undergo a 30-day public notice period to establish synthetic minor limits in accordance with SC Regulation 

61-62.1, Section II(N). This permit was placed on the SC DHEC Public Notice website on February 11, 2015. The comment period was 

open from February 11, 2015 to March 12, 2015. No comments were received during the comment period. 

 

 

ADDITIONAL PUBLIC PARTICIPATION 

 

 

SUMMARY AND CONCLUSIONS 

It has been determined that this source, if operated in accordance with the submitted application, will meet all applicable requirements and 

emission standards. 
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1.  GENERAL PROJECT INFORMATION 

Air Pollution Regulations 

Projects at stationary sources with the potential to emit air pollution are subject to the applicable environmental 

laws specified in Section 403 of the Florida Statutes (F.S.).  The statutes authorize the Department of 

Environmental Protection (Department) to establish regulations regarding air quality as part of the Florida 

Administrative Code (F.A.C.), which includes the following applicable chapters:  62-4 (Permits); 62-204 (Air 

Pollution Control – General Provisions); 62-210 (Stationary Sources – General Requirements); 62-212 (Stationary 

Sources – Preconstruction Review); 62-213 (Operation Permits for Major Sources of Air Pollution); 62-296 

(Stationary Sources - Emission Standards); and 62-297 (Stationary Sources – Emissions Monitoring).  

Specifically, air construction permits are required pursuant to Rules 62-4, 62-210 and 62-212, F.A.C. 

In addition, the U. S. Environmental Protection Agency (EPA) establishes air quality regulations in Title 40 of the 

Code of Federal Regulations (CFR).  Part 60 specifies New Source Performance Standards (NSPS) for numerous 

industrial categories.  Part 61 specifies National Emission Standards for Hazardous Air Pollutants (NESHAP) 

based on specific pollutants.  Part 63 specifies NESHAP based on the Maximum Achievable Control Technology 

(MACT) for numerous industrial categories.  The Department adopts these federal regulations on a quarterly basis 

in Rule 62-204.800, F.A.C. 

Glossary of Common Terms 

Because of the technical nature of the project, the permit contains numerous acronyms and abbreviations, which 

are defined in Appendix A of this permit. 

Facility Description and Location 

Green Circle Bio Energy, Inc. is an existing facility which processes wood chips into wood fuel pellets.  It is 

categorized under Standard Industrial Classification Code No. 2499, Wood Products, Not Elsewhere Classified.  

The Cottondale Wood Pellet Facility is located in Jackson County at 2500 Green Circle Parkway in Cottondale, 

Florida.  The UTM coordinates of the existing facility are Zone 16, 653.89 km East, and 3401.68 km North.  This 

site is in an area that is in attainment (or designated as unclassifiable) for all air pollutants subject to state and 

federal Ambient Air Quality Standards (AAQS). 

Facility Regulatory Categories 

 The facility is a major source of hazardous air pollutants (HAP). 

 The facility has no units subject to the acid rain provisions of the Clean Air Act. 

 The facility is a Title V major source of air pollution in accordance with Chapter 213, F.A.C. 

 The facility is a major stationary source in accordance with Rule 62-212.400, F.A.C. for the Prevention of 

Significant Deterioration (PSD) of Air Quality. 

Project Description 

This project modifies permit 0630058-011-AC to address VOC and PM emissions identified during recent stack 

testing of hammer mills and pellet mills.  The project will control VOC and PM emissions from the hammer mill 

and pellet mill aspiration systems by routing these emissions to the Dryer Line Furnaces (90% VOC destruction  

efficiency) and then to the WESPs (97% PM removal efficiency) and finally to the RTOs (95% VOC destruction 

efficiency.)  The woodyard operations remain unchanged.  Dryer 3 remains in the permit and will be constructed 

if supplemental dry wood chips are insufficient to attain the desired hourly and annual pellet production rates.  

The additional 10 horizontal hammer mills authorized by permit 0630058-011-AC will not be installed.  One of 

three new proposed pellet mills authorized by permit 0630058-011-AC has been installed.  The other two pellet 

mills are to be installed later. 
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Processing Schedule 

June 27, 2013 Received the application for a Title V source air pollution construction permit. 

July 3, 2013 Requested additional information. 

July 23, 2013 Received additional information; application complete. 

2.  PSD APPLICABILITY 

General PSD Applicability 

For areas currently in attainment with the state and federal AAQS or areas otherwise designated as unclassifiable, 

the Department regulates major stationary sources of air pollution in accordance with Florida’s PSD 

preconstruction review program as defined in Rule 62-212.400, F.A.C.  Under preconstruction review, the 

Department first must determine if a project is subject to the PSD requirements (“PSD applicability review”) and, 

if so, must conduct a PSD preconstruction review.  A PSD applicability review is required for projects at new and 

existing major stationary sources.  In addition, proposed projects at existing minor sources are subject to a PSD 

applicability review to determine whether potential emissions from the proposed project itself will exceed the 

PSD major stationary source thresholds.  A facility is considered a major stationary source with respect to PSD if 

it emits or has the potential to emit: 

 250 tons per year or more of any regulated air pollutant; or 

 100 tons per year or more of any regulated air pollutant and the facility belongs to one of the following 28 

PSD-major facility categories:  fossil fuel-fired steam electric plants of more than 250 million British thermal 

units per hour heat input, coal cleaning plants (with thermal dryers), Kraft pulp mills, portland cement plants, 

primary zinc smelters, iron and steel mill plants, primary aluminum ore reduction plants, primary copper 

smelters, municipal incinerators capable of charging more than 250 tons of refuse per day, hydrofluoric, 

sulfuric, and nitric acid plants, petroleum refineries, lime plants, phosphate rock processing plants, coke oven 

batteries, sulfur recovery plants, carbon black plants (furnace process), primary lead smelters, fuel conversion 

plants, sintering plants, secondary metal production plants, chemical process plants, fossil fuel boilers (or 

combinations thereof) totaling more than 250 million British thermal units per hour heat input, petroleum 

storage and transfer units with a total storage capacity exceeding 300,000 barrels, taconite ore processing 

plants, glass fiber processing plants and charcoal production plants. 

Once it is determined that a project is subject to PSD preconstruction review, the project emissions are compared 

to the “significant emission rates” defined in Rule 62-210.200, F.A.C. for the following pollutants:  carbon 

monoxide (CO); nitrogen oxides (NOX); sulfur dioxide (SO2); particulate matter (PM); particulate matter with a 

mean particle diameter of 10 microns or less (PM10); volatile organic compounds (VOC); lead (Pb); fluorides (Fl); 

sulfuric acid mist (SAM); hydrogen sulfide (H2S); total reduced sulfur (TRS), including H2S; reduced sulfur 

compounds, including H2S; municipal waste combustor organics measured as total tetra- through octa-chlorinated 

dibenzo-p-dioxins and dibenzofurans; municipal waste combustor metals measured as particulate matter; 

municipal waste combustor acid gases measured as SO2 and hydrogen chloride (HCl); municipal solid waste 

landfills emissions measured as non-methane organic compounds (NMOC); and mercury (Hg).  In addition, 

significant emissions rate also means any emissions rate or any net emissions increase associated with a major 

stationary source or major modification which would construct within 10 kilometers of a Class I area and have an 

impact on such area equal to or greater than 1 μg/m
3
, 24-hour average. 

If the potential emission exceeds the defined significant emissions rate of a PSD pollutant, the project is 

considered “significant” for the pollutant and the applicant must employ the Best Available Control Technology 

(BACT) to minimize the emissions and evaluate the air quality impacts.  Although a facility or project may be 

major with respect to PSD for only one regulated pollutant, it may be required to install BACT controls for 

several “significant” regulated pollutants. 
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PSD Applicability for Project 

As provided in the application, the following table summarizes potential emissions and PSD applicability for the 

project. 

Table A.  Potential Emissions (Tons/Year) and PSD Applicability 

 

Pollutant 

(TPY) 

Pre-Project 

Potential 

Emissions* 

Contempo-

raneous 

Emissions 

Post Project 

Potential 

Emissions 

Total 

Emissions 

Change 

Significant 

Emissions 

Rate 

Subject 

to PSD 

CO 22.20 N.A. 33.30 11.10 100 N.A. 

NOX** 245.30 N.A. 367.95 122.65 40 N.A. 

PM/PM10 222.37 N.A. 228.51 5.14 25/15 N.A. 

SO2 0.34 N.A. 0.51 0.17 40 N.A. 

VOC 1369.71 N.A. 439.72 (929.99) 40 NO 

* emissions from permit 0630058-010-AC.  PM and VOC emissions adjusted based on 2012 engineering-

level VOC and PM stack testing for hammer mill and pellet mill aspiration systems, and pellet mill 2 pellet 

cooler cyclone exhaust. 

**NOX emissions increase with addition of Dryer Line 3. 

 

Refer to project 0630058-011-AC for background information.  The facility is not being considered an existing 

major stationary source with respect for PSD because based on the knowledge at the time the existing potential 

emissions did not exceed the 250 tons per year threshold for this type of facility.  The recent VOC and PM stack 

testing for hammer mill and pellet mill aspiration systems, and pellet mill 2 pellet cooler cyclone exhaust revealed 

very large amounts of VOC were being emitted from these emissions points.  This is consistent with the 

knowledge recently gained by our sister agency, Georgia Department of Natural Resources Environmental 

Protection Division, where a similar facility also tested at these process steps.  The testing showed that Green 

Circle was actually a major stationary source with respect for PSD from its initial construction due to revised 

estimated emissions of over 757 TPY of VOC because of the uncontrolled emissions from the hammer mills and 

pellet mills .  The Department is willing to approve this project because: (1) the original and subsequent 

applications were submitted in good faith based on emissions factors widely accepted at the time, (2) the applicant 

took the initiative to test upon learning of the Georgia facility’s test results, and, (3) the control systems proposed 

in this revision; incineration by furnace followed by WESP and RTO, are considered BACT for the VOC and PM 

that will be collected from the hammer mill and pellet mill aspiration systems. 

 

As in project 0630058-011-AC, source Obligation Rule 62-212.400(12)(b), FAC, is not deemed applicable in this 

case because, although a number of emissions units’ emissions and operational limits are being increased, the 

resulting emissions increases can also be ascribed to increasing the facility annual production rate and not solely 

by relaxing any emissions and operational limits. 

 

The emissions increases from this project do not trigger a PSD preconstruction review because the potential 

emissions increases from the proposed project as revised are less than the PSD major stationary source threshold 

for this type of facility.  After this project is completed, Green Circle will be categorized as a major stationary 

source for NOX and VOC with respect to PSD. 

3.  APPLICATION REVIEW 

Application Fee 

Title V Facility - no permit processing fee. 
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Discussion of Emissions 

2010 Testing 

VOC stack testing was conducted on January 25-29, 2010 on Pelletizing Lines 1, 2, and 3 (EU’s 004, 005, and 

006).  Results were 42.8 lb/hr or 177.10 tons per year for all three pelletizers total. 

VOC stack testing was conducted on January 26-27, 2010 on Dryer Lines 1 and 2, (EU’s 002 and 003).  Results 

were 1.8 lb/hr or 7.9 tons per year for Dryer Line 1 and 2.6 lb/hr or 11.4 tons per year for Dryer Line 2. 

With the wood pellet production rate of 66.4 tons per hour (permit limit is 77 tons per hour, 554,304 tpy), a VOC 

emission factor of 0.639 pounds of VOC per ton of pellets produced. 

2013 Testing 

VOC stack testing was conducted on April 23-25, 2013 on the hammer mill line 2 and lines 3-10 aspiration 

systems with and without shavings.  Results were 56.5 lb/hr with shavings and 47.4 lb/hr without shavings for line 

2, and 17.0 lb/hr with shavings and 16.0 lb/hr without shavings for lines 3-10. 

VOC stack testing was conducted on April 23-25, 2013 on the pellet mill line 2 aspiration system with and 

without shavings.  Results were 13.9 lb/hr with shavings and 14.6 lb/hr without shavings. 

VOC stack testing was conducted on April 23-25, 2013 on the pellet mill line 2 cooler stack with and without 

shavings.  Results were 17.7 lb/hr with shavings and 20.6 lb/hr without shavings. 

Testing established a VOC emissions factor of 0.87 pounds per ton of pellets produced from the pellet cooler with 

a pellet production permit limit of 121 tons per hour and 827,000 tpy. 

The substantial increase in VOC emissions initiated the modification of permit 0630058-011-AC to route all gases 

from the hammer mill and pellet mill aspiration systems to the Dryer Furnaces. 

From permit application 0630058-014-AC, uncontrolled gas flow rates, VOC, and PM emissions from the pellet 

mill and hammer mill aspiration systems are as follows: 

Aspiration System 

Process Description 

Gas Flow 

(dry 

standard 

cubic feet 

per minute) 

VOC 

(pounds 

per hour) 

PM 

(pounds 

per 

hour) 

Pellet Mill Line 1 6,600 20.5 0.70 

Pellet Mill Line 2 6,600 20.5 0.70 

Pellet Mill Line 3 6,600 20.5 0.70 

Hammer Mill Line 1 2,200 74.6 0.28 

Hammer Mill Line 2 2,200 74.6 0.28 

Hammer Mill Line 3 9,500 96.1 1.11 

TOTAL 33,700 306.8 3.77 

 

VOC: (306.8 pounds per hour)  X  (8760 hours per year)  X  (1 ton per 2000 pounds) = 1344 tons per year 

PM: (3.77 pounds per hour)  X  (8760 hours per year)  X  (1 ton per 2000 pounds) = 16.5 tons per year 

 



TECHNICAL EVALUATION AND PRELIMINARY DETERMINATION 

Green Circle Bio Energy, Inc. Project No. 0630058-014-AC 

Cottondale Wood Pellet Plant To Modify 0630058-011-AC 

Page 6 of 7 

The Teaford direct fired 125 MMBtu/hr biomass furnaces have 25,000 dscfm for the under grate air fan and 

34,000 dscfm for the over fire air fan.  The Permittee proposes to vent 33,700 DSCFM from the hammer mill 

aspiration systems and the pellet mill aspiration systems to either or both of the Dryer Furnaces to replace some of 

the combustion air currently drawn from ambient. 

The following table shows an emissions history from all the permits, including updated uncontrolled VOC and 

PM emissions from the hammer mill and pellet mill aspiration systems and the pellet cooler cyclones exhaust. 

 

History of Facility-Wide Potential Emissions 

Permit 

Number 
Issued/Effective Date 

PM/PM10* 

(tons per 

year) 

NOX 

(tons per 

year) 

CO 

(tons per 

year) 

VOC* 

(tons per 

year) 

SO2 

(tons per 

year) 

0630058-001-AC July 13, 2007 216.98 247.96 25.61 757.52 0.32 

0630058-002-AC September 29, 2008 217.65 247.96 25.61 1044.81 0.32 

0630058-003-AC July 13, 2009 218.45 245.30 22.20 1195.90 0.34 

0630058-004-AC June 14, 2010 220.66 245.30 22.20 1259.00 0.34 

0630058-005-AC March 16, 2011 220.66 245.30 22.20 1259.00 0.34 

0630058-006-AC January 4, 2011 220.66 245.30 22.20 1259.00 0.34 

0630058-008-AC April 12, 2011 221.34 245.30 22.20 1278.86 0.34 

0630058-009-AC July 14, 2011 221.34 245.30 22.20 1278.86 0.34 

0630058-010-AC March 23, 2012 222.37 245.30 22.20 1369.71 0.34 

0630058-011-AC April 18, 2012  244.53 367.95 33.30 1776.08 0.51 

0630058-012-AV May 16, 2012 246.97 245.30 22.20 1369.71 0.34 

0630058-013-AV July 8, 2013 246.97 245.30 22.20 1369.71 0.34 

0630058-014-AC IN PROCESS 228.51 367.95 33.30 1777.08 0.51 

*VOC and PM emissions estimates include uncontrolled emissions based on stack testing done in 2012 after 

issuance of permit 0630058-011-AC. 

 

Hammer mill and pellet mill aspiration system emissions of VOC and PM are routed to the Dryer Line Furnaces.  

The Dryer Line Furnaces remove 90% of VOC emissions.  Dryer Line Furnace exhaust gas is run through the 

Dryer, with 50% of the gas recirculating through the Dryer Line.  The remainder of the gas is routed to the WESP, 

which removes 97% of PM emissions and then to the RTO, which has a 95% VOC removal efficiency. 

 

State Requirements 

Rules 62-4.070(3), 62-210.200(PTE) and 62-297.310(2), F.A.C. 

Federal NSPS Provisions 

40 CFR 60 Subpart Db for the Dryer Line Furnaces 
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Federal NESHAP Provisions 

N.A. 

Other Draft Permit Requirements 

N.A. 

4.  PRELIMINARY DETERMINATION 

The Department makes a preliminary determination that the proposed project will comply with all applicable state 

and federal air pollution regulations as conditioned by the draft permit.  This determination is based on a technical 

review of the complete application, reasonable assurances provided by the applicant, and the conditions specified 

in the draft permit. Rick Prusa is the project engineer responsible for reviewing the application and drafting the 

permit.  Additional details of this analysis may be obtained by contacting the project engineer at 850.595.0634 or 

rick.prusa@dep.state.fl.us. 



 

 

 

 

Attachment K 



DIVISION OF AIR QUALITY 

July 15, 2013 

 

MEMORANDUM 

 

To:  Patrick Butler, Raleigh Regional Office 

  Robert Fisher, Washington Regional Office 

 

From:  Shannon M. Vogel, Stationary Source Compliance Branch 

 

Subject: Enviva Pellets Ahoskie, Hertford County, 4600107, Permit No. 10121R00 

Enviva Pellets Northampton, Northampton County, 6600167, Permit No. 10203R01 

VOC and Hazardous Air Pollutant Testing Performed November 15 and 16, 2012 at 

Enviva Pellets Wiggins LLC, Perkinston, Mississippi 

 

The Stationary Source Compliance Branch (SSCB) has reviewed the emissions testing performed at 

Enviva Pellets Wiggins, LLC facility in Mississippi.  Environmental Monitoring Laboratories, Inc. (EML) 

performed EPA Method 25A for volatile organic compounds (VOC) and NCASI Method A105.01 for 

formaldehyde, methanol, acrolein, acetaldehyde, phenol, and propionaldehyde.  Enviva requested the test 

results be reviewed for use in estimating emissions from the Ahoskie and Northampton facilities. 

 

The emission sources tested at the Wiggins facility were the press aspiration fan, pellet cooler aspiration, 

hammermill aspiration baghouse and the No. 2 dryer.  The final results were reported by EML as 

concentration in parts per million (ppm) and pound per hour emission rates.  The production rates for the 

press aspiration, pellet cooler aspiration and hammermill aspiration were submitted in conjunction with 

emissions estimates for the Ahoskie and Northampton facilities per Joe Harrell email attachment. 

 

Pollutant 
Pellet Press 

Aspiration 

Pellet Cooler 

Aspiration 

Hammermill 

Aspiration 
Dryer 

VOC as C, lb/hr1 18.27 1.56 3.19 27.98 

VOC as Propane, lb/hr 22.38 1.91 3.91 Not reported 

Formaldehyde, lb/hr 0.0044 0.0028 0.0029 0.382 

Methanol,  lb/hr 0.0611 0.0292 0.0154 1.126 

Acrolein, lb/hr 0.0011 ~0.0006   <0.0003   0.0796 

Acetaldehyde, lb/hr 0.0059 0.0031 0.0018 0.246 

Phenol, lb/hr ~0.0006  <0.0005   <0.0008   <0.0018 

Propionaldehyde, lb/hr 0.0006 0.0003 0.0018 0.0146 

Production Rate, ODT/hr2 15.25 15.25 7.33 Not reported 

Total VOC, lb/hr1 22.45 lb/hr 1.946 lb/hr 3.94 lb/hr --- 

Total VOC, lb/ODT 1.47 lb/ODT 0.128 lb/hr 0.536 lb/ODT --- 

Total VOC, lb/hr1,2 22.43 lb/hr 1.94 lb/hr 3.92 lb/hr Not reported 
Total VOC, lb/ODT1,2 1.47 lb/ODT 0.13 lb/ODT 0.53 lb/ODT Not reported 
% Softwood During Testing 59% 59% 59% Not reported 

VOC Emission Factor 

adjusted to 10% softwood2 
0.25 lb/ODT 0.02 lb/ODT 0.09 lb/ODT Not reported 

1.  Total VOC include EPA Method 25A VOC as propane and methanol, formaldehyde, acetaldehyde and propionaldehyde. 

2.  Reported in May 23, 2013 spreadsheet from Joe Harrell of Enviva. Total VOC includes “as propane” molecular weight and  

      response factor corrections for methanol, formaldehyde, acetaldehyde and propionaldehyde. 

3.  ODT = oven dried ton of pulp 

 

The reported total VOC emission rate reported by Enviva in the May 23, 2013 email included corrections 

to VOC as propane for methanol, acetaldehyde and propionaldehyde. VOC are regulated based on the 
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total weight of the VOC.  DAQ allows reporting of VOC as propane for a VOC mixture of unknown 

molecular weight.  Corrections of speciated VOC test results to VOC as propane for reporting purposes is 

not acceptable.  The total VOC emissions estimates rates not adjusted to VOC as propane did not differ 

significantly from the reported VOC emissions. 

  

SSCB did not review the applicability/representativeness of the test results at the Enviva Wiggins facility 

to similar emission sources at the Ahoskie and Northampton facilities.  However, the testing appeared to 

be performed correctly and the emission factor results are acceptable, provided the “as VOC” 

“as propane” adjustments are not included in the overall VOC estimations. 

 

In the attached spreadsheet, Enviva reported a VOC emission factor in terms of pounds per oven dried ton 

(lb/ODT) adjusted for a softwood percentage of 10% for the Ahoskie and Northampton facilities.  The 

proposed emission factors are acceptable for initial emissions estimates only.  Further testing should be 

required to examine the validity of the 59% to 10% adjustment and the representativeness of the Wiggins 

sources/emission points to the emission sources at the Ahoskie and Northampton facilities. 

 

If you have any questions regarding the results of this review, please contact me at (919) 707-8416 or 

shannon.vogel@ncdenr.gov. 

 

cc: Central Files, Hertford and Northampton County 

IBEAM Documents – 4600107 and 6600167 

Kevin Godwin, Air Permits Section 
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March 20, 2014 

MEMORANDUM 

 

To:  Patrick Butler, Raleigh Regional Office 

 

From:  Shannon M. Vogel, Stationary Source Compliance Branch 

 

Subject: Enviva Pellets Northampton LLC 

  Garysburg, Northampton County, North Carolina 

  Facility ID 6600167, Permit No. 10203R00 

  Total Particulate Matter (PM), Volatile Organic Compounds (VOC), Carbon Monoxide 

  (CO), and Nitrogen Oxides (NOx) Emissions Tests of Wood Dryer ES-DRYER 

  Performed October 3, 2013 by Air Control Techniques, Inc.    Tracking No. 2013-166st   

 

SSCB has reviewed the subject report.  The test results are acceptable and demonstrate compliance with 

the applicable emissions standards.  Emission Source ID ES-DRYER is a direct heat wood-fired dryer 

controlled by simple cyclone CD-DC in series with wet electrostatic precipitator CD-WESP.  15A NCAC 

2D .0515 Particulates From Miscellaneous Industrial Processes and 15A NCAC 2Q .0317 Avoidance 

Conditions for 15A NCAC 2D .0530 Prevention of Significant Deterioration apply to ES-DRYER. 

 

Air Control Techniques, Inc. performed EPA Methods 5/202, 25A and 18, 10 and 7E to determine the 

total PM, VOC, CO, and NOx emissions, respectively.  The test results are acceptable and tabulated 

below.  15A NCAC 2D .0515 limits total PM based on actual process rate.  The VOC and CO emission 

limits in accordance with 2Q .0317 are stated in permit condition 2.1.A.4.a as 250 tons per 12 month 

period, each.  Permit Condition 2.1.A.4.b requires testing to establish emission factors for VOC and CO 

emissions to replace the emission factors of 0.95 and 0.81 pounds per oven dried ton (lb/ODT) for VOC 

and CO, respectively.  No emission limits for NOx are included in the permit.  The average process rate 

during testing was 72 tons per hour throughput.  The 2D .0515 total PM limit is 48.0 pounds per hour. 

 

Pollutant Test Results Emission Limit Standard Compliance 

Filterable PM 1.54 lb/hr --- --- --- 

Condensible PM 1.52 lb/hr --- --- --- 

Total PM 3.07 lb/hr 48.0 lb/hr 2D .0515 Yes 

VOC as propane1 

43.3 lb/hr 

189.5 ton/12 month 
250 ton/12 month2 

2Q .0317 
Yes 

0.724 lb/ODT 0.95 lb/ODT Yes 

CO 

13.5 lb/hr 

59.0 ton/12 month 
250 ton/12 month 

2Q .0317 
Yes 

0.23 lb/ODT 0.81 lb/ODT Yes 

NOx 
27.8 lb/hr 

121.9 ton/12 month 
--- --- --- 

1.  VOC as propane calculated based on EPA Method 25A minus EPA Method 18 methane results. 

2.  Ton per 12-month results were calculated based on 8760 hours per year. 

 

Permit Condition 2.1.A.4.d states “The Permittee shall not process more than 10% softwood on an annual 

basis.”  Joe Harrell of Enviva reported a hardwood/softwood ratio during testing of 94%/6%.  Enviva 

reported a rate of ~60 oven dried ton pulp per hour (ODT/hr) based on the 17% average moisture content.  

If you have any questions regarding the results of this review, please contact me at (919) 707-8416 or 

shannon.vogel@ncdenr.gov.  Compliance with the applicable emission standard was demonstrated. 

 

cc: Central Files, Northampton County   IBEAM Documents - 6600167 


