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Life Cycle Assessment is a systematic framework optimized for the analysis or    
comparison of the environmental impact of products, processes, and systems 
throughout their entire life cycle

The  methodology aims to assess the environmental effect of each activity 
associated with a given system beginning with the acquisition of raw materials 
from the earth and concluding with their return to the earth

The inherent value of this methodology lies in its holistic and systematic     
perspective

The United States' endemic foreign-oil dependence coupled with the 
environmental ramifications of fossil fuel utilization demand a shift toward 
renewable energy technologies 

Biofuels hold the promise of alleviating both oil-dependency and the dangerous 
greenhouse gas (GHG) emissions resulting from fossil-fuel use. 

Although biofuels are invariably considered environmentally friendly due to 
their biological rather than fossil fuel foundation, the net energy balance and 
impact assessment does not always tip in their favor 

Replacements must be examined from cradle to grave; and energetic 
input/outputs analyzed at all stages of the fuel life-cycle

Life-Cycle Analysis is a potentially vital instrument in the transition to and 
choice of biofuel feedstocks
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In every study greenhouse gas emissions (CO2, CH4, and N2O ) and resource demand 
were significantly lower for bio-based feedstocks on life cycle basis, representing only 
2-40% of the GHG emissions of their non-renewable counterparts
In contrast, acidification and eutrophication along with airborne pollutant emission, 

human toxicity, and ecological toxicity tip in the favor of fossil fuels 
Nitrogen and phosphorus emissions during the cultivation phase of biomass are the 

primary contributors to acidification and eutrophication. The dominant steps were 
fertilizer production and soil emissions 
The usage of fertilizer and the harvesting process account for an average of half but up 

to eighty percent of both energy consumption and emissions on a life-cycle basis
With respect to individual feedstocks, lignocellulosic biomass crops are unquestionably 

the feedstocks of choice. However, pre-treatment with ammonia and/or sulfuric acid 
also emerges as a key factor within the impact assessment
Before biofuels from lignocellulosic feedstocks are to become a feasible fossil-fuel 

replacement,  research must be conducted both in the field of fertilizer replacement
(e.g. biosolids) and conversion methodology 
With respect to Life-Cycle Analysis, the importance of a three-tiered (ecological, 

economical, and social) impact assessment cannot be ignored 
Future assessments need not repeat GHG analyses, but must include fertilizer 

dependent impacts such as eutrophication and acidification along with cost-analyses 
representing feedstock feasibility and the assessment of social ramifications  
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INTRODUCTION

In the past 10 years, many life cycle assessment case studies and several review 
studies have been conducted on biomass as a source of renewable energy. 

However, the majority of these works have looked exclusively at the benefits of 
agricultural biomass with respect to greenhouse gas emissions and energy as fossil 
fuel replacements for transportation fuel. 

The 28 LCA papers that compose this review were chosen such that two-third's 
focused on lignocellulosic feedstocks.

Lignocellulosic biomass is emerging as the most sustainable and abundant  
source of renewable energy; however, no comprehensive review study has been 
conducted on this subject

This study analyzes lignocellulosic biomass in the context of a wide range of 
feedstocks and traditional fuels
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engineering database. 

The search focused on Life Cycle Analysis as a tool for the evaluation of 
biofuels and chosen such that two-thirds of the studies either had lignocellulosic 
biomass as their primary feedstock, or included a lignocellulosic component. 

Papers were also filtered based on date of publication and location and limited to 
publications within the last ten years (1997-2007) favoring peer-reviewed journals 
and those notable in the field of LCA.

Tables 1: Inventory of Lignocellulosic 
Feedstocks Reviewed

Figure 1: SETACLife Cycle Assessment Methodology as detailed by Hunt, Sellers, and Franklin

Table 3: Impact Assessment Categories Table 4:  Impact Assessment of bioenergy carriers compared to conventional fuels 
considered on a life-cycle basis

Greenhouse
Gases/
Global
Warming

Acidifica-
tion

Eutrophic-
ation/
Pesticides/
Minerals

Ozone 
Depletion

Photoche-
mical 
oxidants/
smog/
VOCs

Particulate 
Matter 

Air Quality 
Depletion 
(including 
NOx 
emissions)

Wheat (11, 30*) �� �( �� �� �� �� ��

Winter wheat (8, 11, 17) �� �(�� �� �� N/A N/A ��

Sugar beet (8, 17, 11, 30*) �� �(�� �� �� �� �� ��

Potato (17, 11, 30*) �(�� �� �� �� �� �� ��

Rapeseed oil (8,3) �� �(�� �� �� N/A N/A N/A 

Miscanthus (8, 2, 17) �� �(�� �� �( N/A N/A ��

Poplar (8, 2, 17) �� �(�� �� �( N/A N/A ��

Willow (8, 2,17) �� �( �� �( N/A N/A ��

RME (22, 17) �� �(�� �� N/A �� N/A ��

Brassica Carinata (18) �� �� �� �� �� N/A N/A

Grass (8, 2, 17) �� �� �� �( N/A N/A ��

Cassava (9) �� N/A N/A N/A N/A �� N/A

Waste Bagasse (31*) �� �� �� N/A N/A N/A N/A

Corn Stover (10) �� �� N/A �� �� N/A ��

Agricultural Cellulosic Waste 
(20) �� �� �� N/A �� N/A N/A

Hemp (8) �� �� �� �( N/A N/A N/A

Corn (28) �� �� �� �� �� �� ��

Soy (28) �� �� �� �� �� �� ��

Triticale (17) �� �� N/A N/A N/A N/A ��

Barley  (17) �� �� N/A N/A N/A N/A ��

Rye  (17) �� �� N/A N/A N/A N/A ��

Reed (17) �� �� N/A N/A N/A N/A ��

Straw (17) �� �� N/A N/A N/A N/A ��

Beech wood residues (17) �� �( N/A N/A N/A N/A �(

RESULTS

Tables 2: Inventory of Broader Raw 
Materials Reviewed

Note that up arrows indicate an increased impact with bioenergy counterpart to fossil fuel, down a decreased impact, and up/downarrow 
no significant change


