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This memo provides an overview of black carbon (BC) emissions, which are the result of incomplete combustion of carbon-based material, including transportation, power generation and biomass combustion.  
Sources of Black Carbon

Black carbon is defined as the absorbing component of carbonaceous aerosols (fine particles in the air) in soot (particulate matter or PM).  The latest science on BC indicates it may be responsible for as much as 25% of global warming to date.
  Up to half of BC emissions result from transportation, with the remainder occurring from power plants, industrial processes and the burning of vegetation.
  Estimating transportation BC emissions is more straightforward than in other sectors.  BC emissions arise from solely from diesel fuel (e.g., trucks, buses and off-road/construction equipment), and the data is more readily available.  Of the remainder (e.g., black carbon in the electric power industry), more research is necessary determine the amount of BC generated, including industrial boilers and commercial home heating, where wood-burning stoves and heating oil may contribute significant BC emissions.  Finally, biomass burning likely has a considerable impact on BC, but defining specific sources and relative contributions has proven challenging and has not yet been addressed.
Baseline and Emissions Forecasts

Developing a black carbon baseline requires three steps, including: 1) calculating historic BC emissions, developing a forecast of BC emissions and, 3) converting BC emissions to CO2-equivalent emissions.  Roughly speaking, black carbon warming impacts are determined by estimating the insoluble organic fraction of carbon-based PM generated by combustion of diesel fuel in Maine’s transportation sector and converting to equivalent metric tons of CO2.
  Given the uncertainty inherent surrounding BC production from electricity generation and residential and commercial it may be necessary to adjust these GHG sector baselines in the future, as data become more precise.  At that time, it is anticipated that the GHG baselines will need to be adjusted using the process likely to be adopted by the NEG/ECP (i.e., every three years).
  

Potential for Control Technologies to Reduce Transportation BC

Recent federal engine and fuel regulations will play a role in reducing black carbon emissions.  Specifically, these include:  1) current U.S. Environmental Protection Agency (EPA) rules which set standards for all new on-road engines that will achieve 90 percent reductions in PM beginning in 2007; 2) pending EPA rules requiring similar reductions for all new nonroad engines (to phased in between 2008 and 2014); and 3) federal fuel standards for low sulfur and ultra low sulfur.  This combination of engine and fuel standards will allow for the use of new advanced retrofit technologies, which can reduce BC emissions by 90% (and in some cases up to 99%).  Successful integration and use of new PM-control technologies can maximize the BC benefits in Maine while providing health benefits from reduced exposure to diesel exhaust, which is linked to lung cancer and respiratory ailments.  

For Maine to achieve these levels of BC reduction from transportation sources will require the adoption of advanced technologies such as particulate traps and catalyzed filters and allow the state to achieve the levels of BC reductions as a result of new federal engine and fuel regulations mentioned above.
  Doing so will require a statewide process (e.g., a system of incentives and regulations) that incorporates engine turnover rates, the availability of low sulfur fuels and the market availability of the various control technologies.
  However, the climate benefits from such initiatives will still take considerable time to achieve, given that average vehicle turnover for heavy-duty trucks is 30 years.  Of interest, the Maine Transportation Working Group has raised the fact that Maine truck engine turnover rates may be considerably lower, (i.e., 10 year lifetime) which may offer further incentive to reduce transportation BC emissions in the state.  

Black Carbon in the Connecticut GHG Reduction Process

The Governor’s Steering Committee (GSC) asked Connecticut (CT) stakeholders to formulate policy recommendations to help the State to make progress toward or beyond GHG targets established by the New England Governors/Eastern Canada Premiers (NEG/ECP) Climate Change Agreement of 2001. As part of this process, stakeholders formulated recommendations to include black carbon as another GHG toward NEG/ECP targets.  The CT Transportation Working Group agreed to make an adjustment to the baseline to include BC emissions, which increased the absolute baseline but total percentage difference between 1990 and 2020 transportation GHG emissions remains the same.  Other sectors did not account for BC due to the lack of data.  

Black Carbon Questions for Maine Stakeholders

Stakeholders must decide whether or not to quantify BC in the state and if so, 

· Should we include BC in the Transportation sector baseline?  

· Given data limitations, is it appropriate to analyze BC in the Transportation sector and not in the others?  

· If BC is included in the baseline, should BC savings be estimated from all existing options?  
· Should we formulate new options specifically designed to reduce BC?
� Jacobson, M.Z. (2002). Control of fossil-fuel particulate black carbon and organic matter, possibly the most effective method of slowing global warming. Journal of Geophysical Research, 107(D19), ACH 16, 1-22.  Other leading climate scientists (e.g., James Hansen) have measured atmospheric conditions driven by black carbon aerosols that generally support Jacobson’s modeling-based estimates of the magnitude of BC climate impact.  


� Recent research from has found that up to half of black carbon is from the transportation sector (Streets, Bond).  


� While much work has been done on this by Environment Northeast, Energy and Environmental Analysis, Inc, and others, such estimates are still a source of uncertainty.  Further refinement will be necessary as the scientific understanding of black carbon evolves.


� The issue of black carbon will be taken up formally at the upcoming NEG/ECP meeting scheduled for summer 2004.





� Cost estimates developed during in the Connecticut GHG process indicate an estimated cost of $6 – 14 per MTCO2e reduced.  


� Environment Northeast, which contributed to this memorandum, has developed a suggested approach to integrate new PM control technologies into Maine's current fleet of on-road and off-road vehicles.  This will be shared with the Transportation Working Group and other interested parties.
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