
GBEP Working Group on Capacity Building 
for Sustainable Bioenergy

Activity Group 6 – “Bioenergy and Water”
The U.S. Experience





Activity Group 6 – “Bioenergy and 
Water”: The U.S. Experience

• Improvements in water efficiency of U.S. dry 
mill corn ethanol production

• Overview of laws and regulations affecting 
private land forestry in the United States –
protecting the quantity and quality of the 
United States’ water supply



Improvements in water efficiency of 
U.S. dry mill corn ethanol production



• Research sponsored by the United States 
concluded that 

“production and use of corn  
ethanol emitted 44% fewer GHG 
emissions, consumed 54% less  
fossil energy, and required 44% 
less land in 2010 compared to 

1990 (on a life cycle basis).”
• The average dry mill facility in 2010 

emitted 59% fewer GHG emissions 
compared to that in the early 1990s.  
– This reduction is due to the 

adoption of more energy efficient 
technologies, larger sized mills, less 
dependency on coal as process 
energy, and increased ethanol yield 
from corn.

About 94% of U.S. ethanol plants used the dry milling process to produce 89% of the total volume.



Water Demand of Ethanol Production

• The majority of process water needed during corn ethanol 
production is recycled; fresh water demand is primarily 
related to water loss through evaporation during process 
energy production.
– Dry mills have seen a steady decline in fresh water requirements 

in the last two decades as a result of process optimization.
• Old ethanol biorefineries required over 15 L of water per liter (L/L) of 

ethanol.
• A USDA survey showed that water use ranged between 1 and 11 L/L of 

ethanol among biorefineries surveyed with an average of 4.7 L/L of 
ethanol in 2002.

• A survey estimated a production-weighted average water use of 3L/L 
of ethanol for dry mills in 2007.

• A 2012 survey found that water use averaged 2.7 L/L of ethanol.



Water Demand of Ethanol Production

Source: Renewable Fuels Association



Overview of laws and regulations affecting 
private land forestry in the United States



• 766 million acres (~310 
million hectares) of forest 
land 
• 8% of the world’s forest 
land
• 10% of the world’s timber 
inventory
• There are over 11 million 
individual and family forest 
landowners in the United 
States (58% Private Land)
• Public and private forest 
lands combined furnish water 
supplies for more than 180 
million Americans

• 53% of Americans 
get their drinking 
water from 
surface runoff that 
originates on 
forest land.

For more than 100 years, a critical part of the U.S. Forest Service’s mission 
has been sustaining the health of our nation’s forests to protect the quantity 

and quality of our nation’s water supply.



Forested land provides many 
ecosystem services

• Forested land absorbs rain, refills underground 
aquifers, cools and cleanses water, slows storm runoff, 
reduces flooding, sustains watershed stability and 
resilience, and provides critical habitat for fish and 
wildlife.

• When land use changes from more to less pervious 
surfaces or vegetation is lost in an uncontrolled 
manner, e.g., wildfire, insect per disease damage, or 
illegal logging, the ability of the system to retain and 
deliver water is negatively affected.



Conversion to another land use is the 
greatest threat to U.S. Forests today

• Deforestation for urbanization is one of the 
greatest threats to U.S. Forests.
– Urban land in the coterminous United States 

increased from 2.5% of total land area in 1990 to 3.1% 
in 2000 to 3.6% in 2010.

• Strong markets, including for wood pellets, 
incentivize forestry and help keep forests as 
forests.
– Landowners respond to positive market signals by 

retaining their forestland and making forest 
management investments.

– Modeling has shown that pellet markets will lead to 
greater investment in forestry, more acres in forestry, 
and a net carbon increase.



Southern Forest Futures Project

• SFF identifies 
urbanization as the 
driver of forest loss.  
Under different 
scenarios, modeling 
shows high prices lead 
to smaller loss of forests. 
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Share of Harvest going to Saw Mill vs. 
Pellet Mill in the U.S. South

• Pellets represent 
a small share of 
the market at 
current and 
projected levels.

• Saw timber 
drives final 
harvesting and 
management 
decisions; pellets 
are not a 
sufficient market 
to drive 
landscape-scale 
change.
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Wood Pellet Fiber Feedstock

Tops and limbs: Parts of the tree that cannot be refined into 
lumber. 

Low grade round wood (whole trees): The whole trees that 
U.S. producers use are either commercial thinnings or are 
being harvested in the course of normal timber harvests but do 
not meet sawtimber specification (knotted, diseased, rotten, 
malformed). 

“In-woods” chips: Chips made by suppliers in the forest out of 
low grade wood and waste materials that are left over after a 
primary harvest. 

Mill waste and residues: Wood chips and sawdust from other 
types of mills, primarily sawmills. 

U.S. wood pellet producers’ feedstock consists entirely of byproducts of harvests for 
saw timber, some of which are in whole tree form and mill residues.

Why we do pre-
commercial thinning?  
Pine and mixed 
pine/hardwood stands 
are often overly-dense 
resulting in slow tree 
growth and increased 
risk of insect and disease 
damage to trees.  The 
health of these stands 
benefit from early 
thinning of biomass 
which is not yet 
merchantable.  



Overview of Laws and Regulations 
Affecting U.S. Private Land Forestry

• Forest sustainability is pursued through multiple channels in the United States.
• Environmental protection laws (i.e. Clean Water Act and The Endangered 

Species Act), the existence of federal assistance programs, state rules and 
regulations, and the implementation of Best Management Practices (BMPs) 
provide reasonable assurance of sustainable forest management.
– Implementation of BMPs in the U.S. South is estimated at 92%.
– Federal and state species protections and air and water quality regulations apply 

across all ownership types.  

• Multiple U.S. entities monitor the impacts of all harvesting activities, including 
bioenergy harvesting and processes for addressing any sustainability 
challenges, if they emerge through:
– Federal, State, and Tribal investment in forest inventory and monitoring;
– A suite of federal laws and regulations related to air, water, and endangered 

species; 
– Investments in harvest tracking, harvest and logger certifications;
– Permitting and/or training programs;
– Public lands conservation;
– State-driven efforts at BMPs; and 
– State Forest Action Plans



The U.S. has a strong system of monitoring, 
reporting, and regulating the conservation and 
stewardship of its forest landscapes which 
provide a reasonable assurance of sustainable 
forest management.

A Handful of our Key Activities:
• Forest Inventory and Analysis 

Program
• National Report on Sustainable 

Forests
• Southern Forest Resource 

Assessment
• The Southern Forest Futures 

Project
• State Forest Action Plans

• Trees and Forests: America’s Critical Green Infrastructure



State agency regulation of forestry 
practices is extensive. 

• In 2000, 1,453 state government agencies or entities (departments, 
bureaus, divisions, commissions) were known to implement policies 
and programs that influenced the condition (use, management, 
protection) of nonfederal forests (Ellefson et al.,  2001 and 2002). 
– Of that total, approximately 540 were engaged in some manner in the 

regulation of forestry practices on nonfederal forests; 37 of which had 
regulatory functions as their sole responsibility (issuance of permits, 
enforcement of rules, licensing of occupations).  

– The remaining 500 or so entities of state government exercised 
regulatory duties that were viewed as part of broader program 
responsibilities focused on nonfederal forests (for example, chemical 
and pesticide abatement, resource protection [fire, insects, diseases], 
water pollutant management, air pollutant management, forest and 
wildlife management, mine and mineral reclamation, watershed and 
wetland management, waste management, and public health 
programs).



State agency regulation of forestry 
practices is extensive. 

• State authority focused specifically on forests and the application of 
forestry practices to forests is not only extensive among states, but it is 
also quite variable in intent. 
– In the early 1990s, state regulatory authority involving forestry practices were 

focused on promoting water quality (24 states with regulatory authority), 
promoting reforestation (13 states), improving timber harvesting (18 states), 
protecting forest health from wildfire, insects and diseases (26 states), 
protecting wildlife and endangered species (20 states), and enhancing 
recreation qualities (seven states) (Ellefson et al., 1995). 

– Further review of state regulatory foci in 2000, determined that forest practice 
laws focused on: forestry practices generally (11 states), lake and stream 
protection (27 states), forested wetland protection (23 states), stream 
crossings (23 states), sediment and erosion control (29 states), chemical 
applications (15 states), and storm water discharges (10 states). 

• These intentions were often carried out in combination with non-
regulatory approaches.  For example, 35 percent of states in 2000 used 
voluntary programs plus legal regulatory authority to impose penalties on 
landowners and operators for failure to voluntarily apply best 
management practices.



State Forest Action Plans – Addressing 
Conversion, Fragmentation, and 

Parcelization - Keeping Forests as Forests
The future of Georgia’s forests is imperiled by 
forest fragmentation and 
parcelization…Urbanization and resulting forest 
land losses place extraordinary stresses on wildlife 
and biodiversity…conversion of forest land to urban 
use is the greatest threat to the sustainability of 
Georgia’s water quality and quantity. GEORGIA 
STATEWIDE ASSESSMENT OF FOREST RESOURCES

The state’s forests also face many challenges 
due to man’s activities, the most notable of 
which are wildfires and conversion of 
forestland to other uses….The conversion of 
forest land to residential development has 
also increased wildfire risk in many areas of 
the state. SOUTH CAROLINA’S STATEWIDE 
ASSESSMENT OF FOREST RESOURCES

• State Forest Action Plans, while they have been around 
for decades, became mandatory of all U.S. States in the 
2008 Farm Bill
•They offer practical, long-term plans for investing state, 
federal, and other resources where they can be most 
effective in achieving national conservation goals.

www.forestactionplans.org

http://www.forestactionplans.org/


Forest Best Management Practices (BMPs)
• BMPs exist in every southern state to minimize 

impacts to water quality & other resources from 
silvicultural activities

• State level BMPs are either mandatory (regulatory) or 
voluntary (non-regulatory) in nature.   

• States track BMP implementation                                         
on a state-by-state basis & most                                          
recent report indicates that BMP                                                                   
implementation across the South                                           
is very high at 92%

• Logger training & certification                                
programs have proven to be a key                                          
element in strengthening the use                                       
of forestry BMPs



“average overall 
BMP 

implementation 
for the 

southern region 
was 92% 

(2012), up from 
87% in 2008.”



U.S. Forest Service Forest Inventory and Analysis 
(FIA) Program  - The U.S.’s Forest Census

• The FIA program has been conducting field inventories for more 
than 80 years, using state of the art technology to provide 
estimates of the status, condition, and trends of the Nation’s 
forests.  
– Consists of extensive field measurements including more than 4.5 

million remote sensing plots interpreted for land use; more than 
125,000 permanent field plots systemically located across all U.S. forest 
lands; more than 100 characteristics measured at each plot location; 
and more than 1.5 million trees measured to evaluate volume, 
condition, and vigor. 

– Includes data on forest inventory,                                                               
health indicators, and timber                                                                 
product output.  

• These estimates are critical to the                                            
development and implementation                                                                 
of policies and practices that                                                  
support sustainable forestry in                                                       
the United States. http://www.fia.fs.fed.us/ 



U.S. Forest Service Forest Inventory and Analysis 
(FIA) Program  - The U.S.’s Forest Census

• As the Nation's continuous forest census, the FIA program projects how 
forests are likely to appear 10 to 50 years from now. 

• In a nutshell, FIA collects, analyzes, reports, and distributes data about 
the Nation’s forests: how much forest exists, who owns it, what 
condition it's in, where it’s located, how it’s used, and how it's changed.  

• FIA enables us to evaluate whether current forest management practices 
are sustainable in the long run and to assess whether current policies 
will allow the next generation to enjoy America's forests as we do today. 

• Data from FIA are used everyday to assess sustainability and evaluate 
wildlife habitat among many other things by a multitude of entities:  
National, state, and local policymakers; 
universities; businesses; tribal governments; 
national forest and other natural resource 
agencies; interest groups; and many more.

http://www.fia.fs.fed.us/

http://www.fia.fs.fed.us/


National Report on Sustainable Forests
• Provides the most comprehensive picture of the 

current condition of the United States’ forest 
resources and covers various ecological, social, and 
economic aspects of sustainability.

• The report is based on 67 Montréal Process 
indicators for the conservation and sustainable 
management of forests.

• The United States and 11 other countries that house 
90% of the World’s temperate and boreal forests and 
60% of all forests endorsed the Montréal Process 
indicators.

http://www.fs.fed.us/research/sustain/

• The Montréal Process Working Group was formed in 1994 as a bold, 
intergovernmental response to the pressing need for sustainable forest 
management.  One of its first tasks was to develop and implement 
these indicators.

http://www.fs.fed.us/research/sustain/


National Report on Sustainable Forests

• Discussions on the creation of these indicators focused on 
the need to establish mutually agreed upon criteria and 
indicators which would provide a framework for data 
collection and evaluation and, to the extent possible, 
standardize reporting on forest management at a national 
level.  

• The criteria are unique in that they function on the 
assumption that a nation cannot achieve forest 
sustainability without the support and understanding of its 
public.  

• Taken together, the criteria and indicators provide a mutual 
understanding and implicit definition of what is meant by 
sustainable forest management and provide a common 
framework for describing, monitoring, and evaluating 
progress toward sustainability.



Clean Water Act (CWA)

• CWA is the primary federal law governing 
discharge of pollutants into waters and quality 
standards for surface waters

• Compliance & Monitoring - EPA works with 
federal, state & tribal regulatory partners to 
monitor compliance with CWA

• Forestry pollution prevention programs in 
Southern U.S. vary by State as regulatory, 
quasi-regulatory & non-regulatory

http://www2.epa.gov/laws-regulations/summary-clean-water-act

http://www2.epa.gov/laws-regulations/summary-clean-water-act


Endangered Species Act (ESA)

• ESA is a program for conservation of 
threatened & endangered plants and animals 
& habitats 

• ESA applies to all private forest land

• Landowners must “avoid” threatened, 
endangered and proposed species

• If known species present, consult with FWS

http://www2.epa.gov/laws-regulations/summary-endangered-species-act

http://www2.epa.gov/laws-regulations/summary-endangered-species-act


Coastal Zone Management Act

• The U.S. Congress passed the Coastal Zone 
Management Act in 1972

• Goal is to “preserve, protect, develop, and 
where possible, to restore or enhance the 
resources of the nation’s coastal zone”

• Established “Management Measures” must 
be addressed for forestry operations

http://coast.noaa.gov/czm/act/sections/#1455

http://coast.noaa.gov/czm/act/sections/


The U.S. Forest Service has a long 
history of protecting watersheds.  
The USFS is taking steps with partners to 

protect the United States’ water sources by:
• Restoring and protecting riparian forests to reduce stream 

temperatures and increase the quality of aquatic habitats.
• Improving or decommissioning roads to reduce erosion, increase 

flood plain connectivity, decrease peak flows, and reduce 
temperature impacts.

• Restoring meadows, wetlands, and flood plains to improve 
ecological continuity, increase water storage, reduce flood flows, 
and raise late summer flows.

• Restoring and maintaining persistently wet places as biological 
oases for watershed resilience and for aquatic species.

• Removing migration barriers and reestablishing habitat connectivity 
to help species adapt to changing conditions.

• Strategically reducing wildfire risks in watersheds vulnerable to 
excessive erosion, stream temperature increases, and other 
impacts.



Forest Biomass Wrap-up

• Sound forest management practices are pursued through multiple 
channels in the United States and our State and Federal regulations 
are working -- U.S. forest biomass inventories and carbon stocks are 
seeing positive growth trends.

• The U.S. forest ecosystem is under pressure from increased 
urbanization and global climate change.
– Conversion is the greatest threat to U.S. forest land today.  Conversion 

of forested land not only reduces the number of forest acres, but 
impacts water quality and quantity, wildlife habitat, fire risk, and much 
more.

• Strong markets for forest products, including wood pellets, result in 
more forest cover and healthier forests overall as markets provide 
financial incentive for forest owners to keep their forests as forests 
instead of converting them to other land uses.  



Thank you

www.usda.gov/energy
http://www.fs.fed.us/


