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use. In 2014, wood sources made up close 
to half of the E.U.’s total renewable energy 
generation. 

Bioenergy in Austria  
and in the U.S.
Bioenergy plays an even larger role in Aus-
tria, where there is widespread understan-
ding of the climate benefits and lifetime 
greenhouse gas emissions reductions provi-
ded by sustainably managed forests [1]. In 
Austria, wood bioenergy primarily takes the 
form of residential or community-scale heat 
generated from forest, sawmill and wood 
industry residues [2]. The U.S. wood pellet 
production industry is developing along a 

A 
s Austria has recognized for several 
decades, wood biomass energy provi-

des a compelling answer to the energy „tri-
lemma” of cost, decarbonization and grid 
stability. It is currently the only renewable 
technology able to generate dispatchable 
electric power and heat, a system service 
of increasing value as a growing amount of 
intermittent wind and solar energy is de-
ployed across the European Union. 

Biomass energy derived from sustainably 
managed forests provides significant and 
measurable lifetime greenhouse gas (CHG) 
reduction benefits. The U.S. wood biomass 
industry has much to learn from Europe, 
which has a long history of wood bioenergy 

Ben Moxham

U.S. Wood Pellets – 
a sustainable Alternative to Coal 

Fig. 1: Share of wood energy sources as a percentage of renewable and total energy consumption in Europe in 2014
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Tab. 1: Supply chain GHG emissions  
for wood pellets shipped from Enviva’s 
Chesapeake port to the U.K.
Crop Production 0 Kg CO2/ton 

Harvesting and Chipping 7 Kg CO2/ton 

Transport of Feedstock 8 Kg CO2/ton 

Production 123 Kg CO2/ton 

Transport to Port 7 Kg CO2/ton 

Storage and Handling 2 Kg CO2/ton 

Transport by Sea 73 Kg CO2/ton 

Transport to Power Plant 6 Kg CO2/ton 

Total Emissions 226 Kg CO2/ton

Pellet NCV* 17 GJ/ton

Total Emissions 48 Kgs CO2/MWhp

Power Plant Efficiency 38 %

Total Emissions 126 Kgs CO2/MWhp

UK GHG Savings 82 %
* Net calorfic value  
Source: Enviva data and U.K. DECC Ofgem’s calculation methodology

Wood biomass accounts for about 44 % of all renewable energy in the EU, being by far the largest single source.
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different path in several respects. First, U.S. 
wood pellet manufacturing facilities are 
generally bigger. Enviva is the largest pro-
ducer of wood pellets in the U.S. and the 
world. Our biggest plants have a capacity 
of more than 500,000 metric tons of wood 
pellets each year. Second, U.S. wood pellet 
producers use a diverse range of feedstock 
inputs. These include low-grade wood fiber, 
tops and limbs, and commercial forest thin-
nings, as well as mill residues. Finally, most 
wood pellets produced in the U.S. are not 
consumed domestically but are exported to 
industrial-scale utilities in Europe, which 
use them to replace coal or oil products in 
electricity and heat generation. 

Forest owners benefit  
from pellets production 
American forests are an ideal source of re-
newable energy feedstocks because of their 
demonstrated capacity to continually se-
quester carbon while at the same time sup-
porting demand for forest products. Wood 

bioenergy markets provide a supplementary 
income stream to private forest landowners 
by creating demand for low-quality harvest 
residues that cannot be sold into higher 
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value markets. In many cases, these residuals 
otherwise would be left at the harvest site to 
decay and impede forest regeneration. 

This added economic benefit provides 
landowners with an important incentive 
to keep their forests as forests rather than 
converting them to other uses, thereby pro-
ducing significant carbon benefits. A May 
2015 study by researchers at Duke Univer-
sity’s Nicholas Institute for Environmental 
Policy Solutions and North Carolina State 
University examined how forests in the 
American South are affected by the E.U. 
wood pellet export market. Researchers 
examined whether these forests can meet 
E.U. sustainability guidelines and concluded 
that: „We show a substantial increase in the 
area of all forest types in the presence of in-
creased pellet demand.“ [3] 

Another study published in November 
2015 came to similar conclusions. The study 
found that wood pellets produced in the 
U.S. and exported to the United Kingdom 
have cradle-to-grave lifecycle emissions 

of 157 to 279 kilogram CO2 per megawatt 
hour (kg CO2/MWh), which is 74 to 85  % 
less than coal [4].  The authors of this study 
included the chair of the U.S. Environmental 
Protection Agency’s Science Advisory Board 
Biogenic Carbon Emissions Panel, Dr. Mad-
hu Khanna of the University of Illinois, and 
another member of the panel, Dr. Robert 
Abt of North Carolina State University.

Low CHG emissions  
along the supply chain 
Supply chain greenhouse gas emissions 
from feedstock cultivation, processing and 
transport differ based on the type of bio-
mass used and where it was produced, but 
are always small in comparison to emissions 
from coal. They comfortably meet current 
and future emissions reductions required by 
the E.U.’s Renewable Energy Directive. Tab. 1 
provides estimated supply chain emissions 
for wood pellets using Enviva mid-Atlantic 
supply chain data and the U.K. Department 
of Energy and Climate Change’s Office of 

Fig. 2: Net system value of different renewable and low carbon energy technologies
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Gas and Electricity Markets accounting 
methodology. Biomass delivers an affor-
dable, storable and dispatchable source of 
renewable energy that plays a major role in 
Europe’s efforts to reduce carbon emissions 
and address climate change.

Wood biomass can be used to generate 
electricity more economically than a num-
ber of other forms of renewable energy. Re-
cent studies have found that the cost ad-
vantages of wood biomass are greater than 
previously thought.

Biomass most affordable  
renewable electricity
In December 2013, a Levelized Cost of 
Electricity (LCOE) analysis performed by 
the U.K. Department of Energy and Clima-
te Change found that biomass conversion 
projects cost approximately 108  £/MWh 
(128 €/MWh), making this technology the 
most affordable renewable technology af-
ter onshore wind generation projects at 
101 £/MWh (120 €/MWh) [5]. 

However, LCOE does not give a complete 
picture of the true cost of renewable ener-
gy technologies because it does not take 
into account the system costs of wind and 
solar energy. These include the need for en-
hanced transmission and distribution, the 
need for backup generation to cover fluc-
tuations in intermittent wind and solar ge-
neration, and the additional costs posed by 
these technologies in electricity balancing 
markets. 

UK-based Aurora Energy Research re-
cently analyzed these additional system 
costs to come up with a more complete 
measure than LCOE, which they have la-
beled Total Cost of Energy (TCOE). Aurora 
found that TCOE for onshore wind is actu-
ally 115 £/MWh (137 €/MWh) with biomass 
conversion at 107  £/MWh (127  €/MWh), 
making it the most cost-effective renewa-
ble technology [6]. Fig. 2 presents the de-
tailed results from Aurora’s research.

Healthy and extensive forests 
in the U.S. South
Forests in the U.S. are abundant, healthy 
and growing, and wood pellet production 
accounts for only a small part of U.S. fo-
rest product demand. The forests of the 
U.S. South are extensive and dynamic, and 
have been managed for timber and agricul-
ture since European settlement in the 18th 
Century. The trees harvested today form the 
fifth or sixth generation of Southern fo-
rests, and current forest conditions reflect 
the legacy of a long history of land use, 
strong private property rights and a robust 
forestry industry [7]. 

The South has experienced little net 
change in forest area since the 1940s, and 
Southern forests today cover 99 million 
hectares – about 45  % of total land area 
in the South [8] and over 12 times the total 
land area of Austria [9]. 

Since the rise of forest product markets 
in the 1950s, both timber production and 
forest growing stocks in the U.S. have more 
than doubled. About 86 % of Southern fo-
rests are privately owned. The biggest threat 
to forests today is land use conversion dri-
ven by urbanization and agricultural de-
mand; strong forest product markets are a 
critical incentive for retaining forestlands 
and the ecosystem services they provide.

Only 2.4 percent of forest  
harvest used for pellets
Fiber demand for bioenergy makes up a 
small portion of total Southern forest pro-
duct demand and does not dictate forest 
management practices. In 2014, wood pel-
lets accounted for only 2.4 % of the total 
volume and 3.8 % of pulpwood volume har-
vested from forests. Fig. 3 and Fig. 4 show 
the relative demand from different forest 
product industries for hardwood and pine 
wood from 2000 to 2014. During this same 
time period, total forest inventory increa-
sed by 19 % [10]. BI
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Pellet manufacturers source wood fiber 
from working forests, sawmills and other 
wood industry manufacturers. Many pro-
duction facilities have been located in the 
Southeast because of its abundance of 
working forests and growing timber inven-
tories. Wood pellet raw materials consist of:

•	 Low-grade wood fiber: Wood that is 
unsuitable for, or rejected by, the saw-
milling and lumber industries because 
of small size, defects (crooked, knotty 
etc.), disease or damage from pest in-
festation

•	 Tops and limbs: The parts of sawtim-
ber trees that cannot be processed into 
lumber

•	 Commercial thinnings: Fiber from har-
vests that promote the growth of hig-
her value timber by removing weak or 
deformed trees to reduce competition 
for water, nutrients and sunlight

•	 Mill residues: Chips, sawdust and other 
wood industry residues.

Moreover, by offsetting the effects of a 
diminishing U.S. pulp and paper industry, 
pellet mills provide incentive for the effi-

cient use of forest resources, improvements 
to forest health and resiliency and critical 
support to rural economies. The pulp and 
paper sector is undergoing long term struc-
tural changes due to the rise of electronic 
media and a decline in paper demand that 
has deviated from growth trends in the 
overall U.S. economy. The U.S. South, which 
supplies 18 % of the world’s pulpwood, has 
been particularly affected, with over 500 
mill closures since 2005 [11].  

Monitoring and  
certification programs
Sustainability regulations are imperative 
for maintaining the long-term viability of 
working forests and ensuring the benefits 
of bioenergy. Existing forest monitoring 
and certification sustainability assurances 
effectively preserve important ecosystem 
services and functions. 

Globally recognized certification pro-
grams include criteria to ensure that fores-
try practices maintain biodiversity and eco-
system services. For example, as part of the 
certification process for the Sustainable 
Biomass Partnership feedstock complian-

Common wood pellet feedstocks for the pellet production in the U.S. South
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ce standard, members must include „con-
trol systems and procedures to verify that 
negative impacts on groundwater, surface 
water and water downstream from forest 
management are minimized”. [12]  

In the U.S., demonstrating compliance 
with this indicator relies on a system of 
applicable laws and regulations as well as 
individual sourcing policies of the certified 
entity. For this particular indicator, bio-
mass producers can provide evidence that 
the federal-level Clean Water Act (CWA) 
requires that surface and groundwater 
sources are preserved; state-level rules on 

Best Management Practices dictate how 
the CWA’s requirements should be applied; 
and state forestry agencies monitor forest 
management activities to ensure these ru-
les are being implemented. A number of 
federal agencies monitor the growth and 
sustainability of forests. These include the 
U.S. Department of Agriculture Forest Ser-
vice [13] and the U.S. Department of the 
Interior. They have standards that protect 
wildlife habitat and water quality and en-
sure forest regrowth. One of the „strategic 
goals” of the Forest Service [14] is to sup-
port wood biomass markets as a strategy 

Sawdust (Mill waste) In-woods chips  
(forestry residuals)

Tops and Limbs  
(Forest Residuals – Slash)

Low grade wood fiber

Fig. 3: The Pellet industry accounted for 4.5 % of total hardwood removals in 2014.
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Fig. 4: The Pellet industry accounted for 1.9 % of total softwood removals from forests in 2014.
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for managing federally owned forestlands. 
State governments create and enforce their 
own state-level Best Management Practi-
ces (BMPs) for forest harvesting that ensure 
the protection of soil and water quality and 
threatened and endangered species. 

Enviva‘s own initiatives  
for forest sustainability
Enviva goes beyond these controls and has 
developed several of its own initiatives 
to promote forest sustainability. We have 
a proprietary „track and trace” program 
that compiles detailed information on the 
source and characteristics of every tru-
ckload of wood we use.  We also conduct 
ongoing audits to ensure that our timber 
suppliers protect water quality, limit other 
ecological impacts and operate according 
to Best Management Practices.  

Moreover, Enviva has made a signifi-
cant financial commitment to the future 
of forestry through The Enviva Forest Con-
servation Fund. This 5 million U.S. Dollar, 
10-year-program is designed to protect and 
conserve tens of thousands of hectares of 
sensitive bottomland forests in northeast 
North Carolina and southeast Virginia. The 
Enviva Forest Conservation Fund is admi-
nistered by the U.S. Endowment for Fores-
try and Communities and awards grants to 
organizations whose mission is to protect 
ecologically sensitive areas and conserve 
working forests. 

The goal of most private landowners is to 
manage their forest for a sustainable supply 
of timber that provides a financial return. 
This includes maintaining the productivity 
and ecosystem function of their forestland. 
Without demand for timber, landowners 
would have little incentive to keep their land 
in forest, as other land uses would become 
more attractive. Strong forest products mar-
kets incentivize forestry as a land use, which 
in turn supports biodiversity and the ecosys-
tem services provided by forests. �
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