
How Carbon Neutral is Forest 
Bioenergy?  

By Roger A. Sedjo 

Resources for the Future 

March 1, 2012 



Topics 
• Renewables: Security, general environmental, and 

GHGs, especially. 

• Anticipated demand for biogenics, EIA  

• Role of GHGs and particularly carbon.  

• Some issues with biomass and carbon emissions, 
Manomet and Searchinger 

•  Focus on wood and forests 

• The nature of the forest and forest management 

• He role of Anticipation 

• The Model: Some aspects, Empirical foundations 

• Some results 

• Conclusions 

 



The Future of Bioenergy (biogenic 
feedstock) 

• 2009  3.72 quadrillion BTU 
• 2025   7.0          “                “ 
• 2035   9.0          “                 “ 

 
Bioenergy 
• 2010    8% of US primary energy 

consumption  
• 2035   16% of US primary energy 

consumption 
 
Source: EIA 2012 







1) Searchinger (2009) argued that if the US 
expands corn use for ethanol, then lower 
exports, higher prices and incentives for carbon 
releasing land use changes abroad.   

2) Same would hold for using crop lands for 
biofuels grasses or woody plants. 
 

3) Manomet (2010) showed that if use wood 
biomass from a mature site (e.g., 100 yrs.) for 
bioenergy, it will take a long time, 100 years to 
recapture the carbon.  No brainer. 

Searchinger Hypothesis and Manomet 
study  



The Issues 

• Is bioenergy carbon neutral, i.e., are the carbon emissions into the 
atmosphere offset with (approximately) equal carbon sequestration 
through regrowth? 

• If so, then renewable bioenergy can be substituted for fossil fuels 
thereby reducing atmospheric carbon, at least for some period of 
time.   

• IPCC Report (2001) estimated that increased biomass stocks could, 
in concept, offset the build-up in carbon from fossil fuel emissions 
until about 2050.   (no biofuels) 

• IPCC (2006) suggested that bioenergy did not need viewed as a net 
carbon source, if forest stocks were stable or expanding.   

• Currently, the EPA is struggling to determined if and how to regulate 
carbon emissions from stationary power sources.   



Manomet Study  

• Took mature forest stand in Mass (100 yrs). 

• Assumed that harvested wood used for 
electrical power production. 

• Asked what was the time path of re-
sequestration of the carbon released. 

• Showed that it was very long (100 yrs). 

• So net carbon losses in the short term. 



Perspectives 

• Do we view forests as a renewable of non 
renewable stock?  Like agriculture with a multi-
year time dimension.  

• How important is the rate of drawn-down vs. rate 
of renewable?   

• Natural forest regenerate themselves, so at some 
low levels of drawn-down regeneration equals or 
exceeds drawn down, at higher level the total 
forest stock may decline (non sustainable). 



THE NATURE OF A FOREST 

• Wild forest: unmanaged, if increase harvests for biomass 
energy, reduce the forest stock and rely on natural 
regeneration to replace.  If demand increases the stock 
decreases.  This is the type of forest implicit in most of the 
analyses. 

• Managed Commercial Forest: if expect increased future 
demand will manage by offsetting harvest with planting 
and area expansion.  This is the type of forest that provides 
most of the industrial wood for the US and indeed for the 
world.  Also, this is the type of forest that would provide 
wood biomass for bioenergy in the US. 

• A literature exists addressing this transition from wild to 
managed (Planted Forests and the Optimal Drawdown.) 



Commercial Forests:  Expansion and 
Contraction 

• If demand is expected to increase, two countervailing forces:   
1) increased harvest decreases the forest stocks, 
2) forest managers increase investments in management to increase 
forest stocks to meet expected increase in future demand.   

• The usual assess considers 1), but ignores 2).  
• Clearly 1) holds for a site, but need a systems approach rather than site 

assessment 
 

• So the accounting question is how do the system of expansions and contractions 
relate.  AGAIN, the usual accounting framework, including life cycle approaches 
ignore expansions initiated by anticipated future increases in demand. 

• Indeed suppose we begin the accounting upon planting in anticipation of use 
(instead of harvest).  This will result in the carbon being sequestered in 
anticipation of the future releases. (will return to this) 



Forest Management Activities 

• Expand area of forest 

• New plantings 

• Genetically improved seedlings 

• Change Rotation length 

• Adjust harvest levels 

 

Note: Commercial Forest Management is inherently 
anticipating future markets, otherwise they would 
never plant a tree 



Digression: When do we start the 
accounting cycle? 

• When the tree is harvest?  as in the Manomet study that 
examined a single mature forest site. 

or 
• When the tree is planted? 
• Is this planting additive, i.e., in anticipation of an increased 

demand, or is it BAU? 
• If additive, the carbon releases (later) are part of the 

carbon sequestration (earlier) in anticipated of the new 
demand. 

• When we chose to start the cycle strongly influences our 
perception of the results. Net releases or net accumulation. 

• Note again: Commercial Forest Management is inherently 
anticipating future markets.   



Basic Concept 

• If most commercial wood comes from managed forests.  
Anticipated increased demand will increase investments 
and management.   

• The increased investment will anticipate the increase in 
demand.  (Rational expectations concept for which 
Thomas Sargent was recently awarded the 2011 Nobel 
prize in economics.)  

• Proper accounting will consider the carbon implications of 
anticipatory investments that some carbon may be 
captured in forests in advance of later releases. (But will 
not be picked up in the usual life cycle approach.) 

• We will demonstrate the effects of anticipation. 



Features of the Model 

• Dynamic Optimal Control 

• Lays out the supply side and posits alternative 
future demand function levels. 

• Interactive through time and across forests. 

• Can compare BSU (constant demand) with 
alternatives levels of demand growth. 

• Then ask what happens to forest size, harvest 
levels, prices, and forest carbon under the 
alternatives.  



The Model 

•   

• max
H t ,G t

 e−rt  D Q H t , V a dQ − R t X t
Q t

0

∞

0
dt    (1) 

• s. t 

•   

• X = −H t + G t                                                                                       (2) 

• H t ≥ 0; G t ≥ 0; X 0  is given  

•   

 



D(∙) is a downward sloping demand function given the wood biomass quantity 
per period. Q(∙) is the total quantity harvested generated by the demand 
function. H(∙) is the hectares harvested, G(∙) the hectare planted and V(a) is the 
wood biomass yield function, where a is the age of plants harvested. R(∙) 
represents land rent or the opportunity cost of maintaining land as forest 
rather than allowing it for alternatives uses. X(∙) is the forest land hectares. r is 
the interest rate which should reflect the risk with carbon uptake service (e.g., 
fire risk, slower than expected tree growth, etc.). The state variable here is X(t). 
The choice variables are H(t)  and G(t). The state variable will vary over time 
according to Equation (2), where X ̂ is the increased hectares of forests 
between current period and the next period.  





Figure 1: Forest Planting in the US by 
Region, 1952-2006 



Suppose No Anticipation 

• Most of the private commercial forest trees 
would not be planed 

• No forest management of commercial forests. 

• Continuation of wild forest and protection 
forest.  



Review Situation 

• Start in a world of limited wood biomass energy and have 
an expectation of an increasing demand through time. 

• If assume no management (all forests wild): demand will 
draw wood from forest and forest stock will be drawn down 
and gradually replaced through natural regeneration.   

We examine a situation where we assume that forests are 
largely managed in response to market forces (demand):   
• Note: increased demand will generate opposite forces on 

forests and forest stocks: 
–  incentives to harvest wood for biomass energy, thereby 

reducing forest stocks, but also 
–  increased incentives to invest in management for more forest, 

thereby increasing forest stocks.   



Examine a Representative Forest  

• Examine a Representative Forest and see how 
optimizing management will respond to an 
increase in demand. 

• Inferences: suppose now had 1000 managers 
that all were reacting to the common market 
conditions.  We would get the same type of 
results. 

• So, the results apply to the forest system, not 
simply to a particular firm. 

 



Representative Managed Regulated 
Forest 

Want sustainable biomass production from our 
base case forest: start with 
• 16 million ha forest 
• 32 year rotation 
• Have 32 age classes 
• With 500,000 ha per age class 
• In steady state would harvest 500,000 ha per year 

or 16 million cubic meters. (@10 m3 x 32 x 
500,000) 

• And release 4 million tons of carbon. (@ 0.25 
tons C/m3) 



Model parameters and values 

• Table 1 Parameters and values 
• Parameters  Value  
• Demand function  〖Q(t)〗_((tc))  =95.334-0.4768*〖p(t)〗_(($/tc))         
• Discount rate 0.95 
• Carbon conversation rate 0.20tC/m3 
• Demand increase scenarios Constant Demand  
• /Demand Increase of 2% per year for 40 years 
• /Demand Increase of 4% per year for 40 years 
• Yield functions Base Yield Function:  ln(V(a))=7.82-(52.9/a) 
• Land supply function  Constant Land Rent of $200 per 

Hectare 
• /Land Supply Elasticity of 0.5 : R=〖(L/ 1.265)〗^2  
• /Land Supply Elasticity  of 0.0, no land expansion allowed. 

 



BASE CASE 
Representative Managed Regulated 

Forest 

• Move from some arbitrary point to long-term 
equilibrium under: 

– Constant demand 

– Demand increase at 2%/yr. for the first 40 years 
and stable thereafter. 



Figure 2 Scenario B-Forest area path 
 Start with 16 million hectares in  32 equal age classes;  Base Yield Function;  Constant 

Land Rent;  



Figure 3 Scenario B-Carbon capture 
path 

 Start with 16 million hectares in 32 equal age classes; Base Yield Function; Constant 
Land Rent; 



Figure 4  Scenario B-Wood biomass 
price path 

Start with 16 million hectares in 32 equal age classes; Base Yield Function; Constant 
Land Rent; 



Figure 5 Scenario B-harvest path 
Start with 16 million hectares in 32 equal age classes; Base Yield Function; 

Constant Land Rent; 



Figure 16 Scenario 4-Carbon capture 
path 

Forest land fixed at 16 million ha in 28 equal age classes; Base yield function, fixed 
land 



Figure 17 Scenario 4-Wood biomass 
price path 

Forest land fixed at 16 million ha in 28 equal age classes; Base yield function.  



Figure 18 Scenario 4-Harvest path 
Forest land fixed at 16 million ha in 28 equal age classes; Base yield function.  

 

  



Conclusion (1) 
• While a typical accounting approach captures 

carbon releases due to biomass energy, it does 
not account for forest management and forest 
expanding investments that expand forest 
carbon in response to anticipated demand 
increase for biomass for energy. 

• Therefore the accounting framework or the 
usual life cycle approach is incomplete.  

 



Conclusion 2 

• For a managed regulated forest (most 
commercial forests), an anticipated substantial 
increase in future demand will generally increase 
the forest stock and forest carbon.   

• Note that there is a self-regulating feature:  Use 
implies offsetting investments. 

• These results are system wide and may not occur 
for all individual forests but apply for an 
interconnect forest system where the various 
managers react to common market forces.  

 

 

 



Conclusion (3) 

• This result for the carbon footprint of biomass 
energy is generally consistent with the IPCC 
treatment of biogenic emission, which treats 
net carbon emissions from the wood energy 
as zero. Any net carbon changes are 
monitored via changes in forest stocks.   

 






