Florida Green-e Accreditation Standards 

For Biomass Co-Firing

Underlying Environmental Principle:  In order for any biomass co-firing project to be accredited for the Green-e label in Florida:

The percentage of biomass co-firing must achieve reductions in air emissions (SO2 , NOx, and CO2) comparable or exceeding reductions that would have occurred with installing solar or wind generation.

Introduction: With any supply-side renewable energy generation option such as wind, solar, geothermal, or biomass, the key environmental drivers to develop and implement these technologies are to make meaningful reductions in air emissions for NOx (smog), SO2 (Acid Rain), and CO2 (Climate Change). In order to achieve these environmental objectives, Green-e Certification Standards must be based on "sound science" but also reflect a "real-world pragmatism".  Central to a "pragmatic approach" must be recognition of several key points:

· Per the U.S. Department of Energy, coal is and will continue into the foreseeable future, to be the largest fuel source for electricity generation within Florida.
· Wind natural resources within Florida are poor, limiting the “technology portfolio” of Green-e options that can be developed within the State.

· Current costs per Kwh for Solar (~ 27¢ for photo-voltaic, ~11¢ for solar thermal) severely limit large scale commercialization by Utilities.
· As a voluntary program, the success of Green-e to achieve meaningful reductions in NOx, SO2, and CO2, will be highly dependent on the "price premium" charged electricity consumers to implement renewable energy technologies.


Fuel Sources For Electricity

Generation in Florida:
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Among many Environmental Interests, utilization of biomass fuels may initially be thought of as the least desirable of renewable energy options (or even questioned that it is "green") because it involves combustion technology.  However, by understanding the paradigm/model of "electricity generation and the environment", biomass co-firing can represent a highly important and complementary component in a Green-e technology portfolio, where:

· Biomass co-firing will directly displace/reduce coal use (unlike most renewable energy technologies such as wind or solar which primarily displace natural gas fired generation).

· Through extensive U.S. Department of Energy sponsored test-burns at coal-fired power plants, biomass co-firing has been shown to have sizable benefits in reducing NOx, SO2, and CO2 emissions.  Co-firing is a low cost and efficient way to convert part of Florida’s large coal-fired power plant resources to renewable energy.

· As a clear low cost renewable energy technology option, biomass co-firing can reduce the overall price premium for a utility's "green electricity program offering" (i.e., biomass, solar, etc.).

· With lower "price premiums, customer participation levels would likely increase, thus resulting in greater achievement of Green-e environmental objectives of meaningful reductions in NOx, SO2, and CO2 emission levels.

Background:  Biomass co-firing represents a "fuel switching" strategy, where the overall fuel mix of an existing power plant is changed from 100% use of fossil fuels to ~3% (by generation) from biomass and ~97% from fossil fuels.  As a "fuel switching strategy", biomass co-firing does not create new generation capacity (KW), but has the potential to  create a new renewable energy generation resource (KWh) by displacing fossil fuel use with a more environmentally friendly fuel, where biomass fuels typically contain:

· 1/100 of the sulfur content of coal (producing SO2, and Acid Rain).

· 20 to 50% of the nitrogen content of coal (producing NOx, and Smog)

· Are “carbon cycle neutral” (reducing CO2 levels, impacting Global Warming).

A key economic benefit of co-firing biomass in existing power plants is that the engineering approach uses existing infrastructure (e.g., utility boilers, turbine/generators, etc.), thus avoiding the high capital cost of building a new stand-alone power generation facility (e.g., as with solar panel arrays, wind turbines) -- costs that would have to be recovered in the pricing of a Green-e product.
Recognizing the tremendous size of power plants (in MW's) where biomass co-firing would likely occur (base-load, high capacity factor, coal fired units), relatively small percentages of biomass fuel use can result in a very significant renewable energy resource.  As the following table illustrates, co-firing only 2% (by generation) of biomass fuel at one medium size 250 MW base-load unit would generate the same amount of renewable energy of 10,000 relatively large (1 KW) solar panels.

Size of Coal-Fired Unit:
250 MWs
Size of Solar Facility:
1 KW

Co-Firing % (generation):
2%



Co-Firing Capacity:
5 MWs



Assumed Capacity Factor:
60%
Assumed Capacity Factor:
30%

Yearly Unit Dispatch:
5,256 hours
Yearly Unit Dispatch
2,628 hours

Yearly Mwh Generation:
26,280 Mwhs
Yearly Mwh Generation
2.628 Mwhs








Needed 1 KW Solar Units:
10,000

The significance of the above illustration becomes even more dramatic by recognizing that the entire state of California (which leads the U.S. in the development of solar energy) only has ~10,000 KWs of installed solar capacity.

In the peer reviewed technical paper by the Common Purpose Institute
, the above points can be further illustrated – where co-firing 3% of biomass fuels at Lakeland Electric 365 MW coal-fired McIntosh Unit, would achieve CO2 benefits equivalent to removing over 30,000 cars off the road.

Understanding Electricity Generation and Air Emissions:  The below graph illustrates the concept of how electricity providers dispatch their power plants to meet demand of their customers.  While the Graphs' data is from California, the "bell type shape" of electricity demand is representative of most "load shapes" for Utilities throughout the U.S. (e.g., lower demand at night, increasingly higher demands for electricity during the day).

While nuances exist with each Utility to meet electricity demand, generally, a Utility decides on which power plant to dispatch/run based on a unit's marginal cash operating cost -- where the cost of fuel is the largest component.  Power Plants are generally ranked into three categories of (1) Base-load units which have the lowest operating costs; (2) Intermediate-load units; and (3) Peaking-load units which have the highest operating costs (but with fast start-up, are very flexible in generating electricity to the grid quickly).  
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Large coal-fired and nuclear power plants are very representative of base-load units, and are dispatched/run at high capacity factors (~60 to 80%).  For example, a base-load unit may run 24 hours a day for the entire year except for times when maintenance is being performed on the unit.  Conversely, smaller MW peaking-load units such as a natural gas fired combustion turbine will have lower capacity factors (running only a few hours a year to meet summertime air-conditioning demand).

Understanding load shapes, how power plants are dispatched to meet demand, and how Power Providers plan new generation capacity additions is extremely important in understanding the paradigm/model of "electricity generation and the environment":

· Biomass co-firing will directly reduce/displace fossil fuel use from high capacity factor, base-load power plants.  With co-firing in Florida, the fuel displaced will overwhelmingly be coal, which typically has higher emission levels of NOx, SO2 and CO2 than peaking or intermediate-load natural gas fired units.

· Generally, renewable energy generation facilities such as wind or solar have capacity factors of ~30-35% as a result of natural resource limitations (e.g., sunlight, wind speeds) – producing electricity/energy primarily during day-light hours. 

· Implementing small amounts (in KWs) of renewable energy electricity technologies (in Florida, primarily solar) will not generally displace generation from large MW base-load units, but rather displace existing generation from smaller natural gas fired peaking and intermediate-load units (i.e., combustion turbines, combined cycle) in the dispatching of power plant resources to meet demand.

· Also, recognizing the reality that the overwhelming majority of new power plant construction is peaking and combined cycle units, placing in-service new wind or solar facilities will displace or reduce in size, the amount of new natural gas-fired capacity built to meet demand (often referred to as “avoided capacity additions”).

· Under Federal and Florida Environmental Law, while older coal-fired power plants are “grand-fathered” for air quality requirements, all new power plants are required to implement “best available control technology” (BACT) for air emissions.

Public Perception:  In developing Green-e Standards for biomass co-firing at existing power plants, sensitivity to public perception is needed.  While there are clear science/engineering based benefits to co-firing, it may be difficult for the public to initially understand how there can be environmental benefits of utilizing biomass fuels at a coal power plant.  The nexus of this educational challenge is to address public perception from the existing “micro-view” of the benefits of renewable energy options (focusing solely on individual technologies) to a “macro-view” (which focuses on achieving overall reductions of air emissions on an integrated power grid system).  Under a “micro-view”, only the individual technology options of renewable energy are considered, where it would appear counterintuitive that any combustion technology which emits NOx, SO2 and CO2 could compare favorably to zero air emission technology options such as wind or solar power.

In developing standards for biomass co-firing, it is believed that this issue of public perception must be addressed  -- requiring creativity, “thinking outside the box”, and creating standards which can build alliances with environmental groups in the marketing of Green-e products to electricity consumers (e.g., Audubon Society, Sierra Club, Nature Conservancy, etc.).

Basis of Approach Used: Green-e Certification Standards for biomass co-firing attempt to blend sound science/engineering with a real world pragmatism in order to achieve the environmental objective of Green-e, where:

· Benchmark/Proxy environmental benefits are developed using “avoided air emission levels” that would have occurred by displacing natural gas generation with wind or solar generation.

· This Benchmark/Proxy sets the minimum levels for reductions in NOx, SO2 and CO2 that biomass co-firing must achieve at fossil fuel (primarily coal fired) power plants.

Credibility of Approach Used:  It must be emphasized that the need to use a “macro-view/integrated power grid system approach” in developing Green-e Certification Standards is shared by numerous highly credible environmental sources, such as the Union of Concerned Scientists (UCS).  In a memorandum to the Center for Resource Solutions, Dr. Steve Clemmer of the UCS wrote
:

“. . . this assurance of displacing coal means that adding biomass co-firing may even decrease system emissions [i.e., NOx, SO2, CO2] more than other renewable technologies such as wind and solar which have lower direct impacts . . . co-firing could be more effective at reducing NOx emissions than a wind or solar project that displaces the marginal fuel on the system, which may be new natural gas or nuclear generation with no NOx emissions.”

Use of the Florida’s 20/20 Report:  In conducting research on potential Green-e Standards, a very valuable resource has been Governor Jeb Bush’s 20/20 Study Commission on future electricity deregulation within Florida.  Included in the initial findings/recommendations of the 20/20 Report is an extensive review of environmental considerations by the Environmental Technical Advisory Committee (ETAC).
  While recent debacles in California and with Enron have pushed back electricity deregulation in Florida for several years, the ETAC Report can provide an important road-map (specific to Florida) in developing voluntary Green-e Standards.  Implementation of voluntary Green-e programs may also establish valuable precedents for future environmental legislation associated with electricity deregulation – creating a “working model” in a real world environment, testing what works and what does not work.

Discussion of Environmental Issues/Certification Standards: Through numerous U.S. Department of Energy sponsored test burns at coal-fired power plants, biomass co-firing has often achieved significant reductions in air emissions, especially NOx – where emission level reductions for electricity delivered to an integrated grid have exceeded or been comparable to installing wind or solar generation.

While the Florida Green-e Certification Working Group believes that a strong technical science/engineering based argument exists to include biomass co-firing in a Green-e Program, the Working Group also recognizes the probable existence of initial public perception problems with co-firing.  Because of this, it is believed that standards should exceed (to the extent possible without significantly changing economics) the above minimum benefit criteria.  The Working Group recognizes the use of subjectivity in developing the following final standards, where many will argue that they do not go far enough – while others will argue that they are too stringent.

CO2 emissions:  In developing Green-e Certification Standards for CO2, a good place to start is to assess the severity of CO2 emissions within the State.  Performing this “reality check” can provide helpful insight in developing standards specific to Florida’s energy environmental challenges.  According to the 20/20 Commission ETAC Report:

“Florida’s current inventory shows a relatively modest increase in power sector CO2 emissions since 1990, about a 5% increase. This compares very favorably with the national average of 15% during the same time period.  In addition, planned reductions at TECO [e.g., re-powering of the Gannon Power Plant’s coal units to natural gas] as well as other re-powerings which are planned could also aid meeting CO2 targets.” 

While the overwhelming majority of science based research agrees that biomass co-firing is carbon cycle neutral, concerns over initial public perception are valid and need to be addressed.
  Simply stated, time will be needed to conduct environmental outreach education efforts with the general public, explaining terms like “carbon cycle neutral” and their significance.  Power Providers must also recognize that an issue of credibility will play a major role in this educational effort, requiring “buy-ins” by leading environmental organizations to become “stake-holders” for the success of Green-e programs.  A key component of the following standards attempt to develop the necessity of “working relationships” between Power Providers and environmental organizations.

Green-e Biomass Co-firing Standard for CO2:  Any biomass co-firing application involving approved waste organic material (“open-loop”) or energy crops (“closed-loop”), must implement a “carbon sequestration banking program” in order to be certified for the Green-e label. The annual amount of carbon sequestration included in the “banking program” shall be:

A level of CO2 sequestration banking that when subtracted from current CO2 emissions from the total power generation Unit where co-firing is occurring (just not the co-firing percentage), equals 1990 (or when the Unit was first placed in service) CO2 emission levels at the Unit.

In order to satisfy the requirements of a “carbon sequestration banking program” to qualify an individual project for Green-e, a Power Provider may take the following credits:

· No more than 50% of the CO2 actual air emissions benefits of co-firing a “carbon cycle neutral fuel”.

· Creating “carbon sinks” by working with environmental groups (e.g., Audubon Society, Sierra Club) to plant trees for non-commercial use (e.g., Everglades reforestation, phosphate mining reclamation in central Florida, etc.).

· “Below ground” carbon sequestration from the use of energy crops (i.e., closed-loop biomass).

· The “avoided CO2 emissions” from non-biomass Green-e projects implemented by the Power Provider (e.g., solar, wind, geothermal, etc.).
NOx emissions:  NOx formation during the combustion process occurs mainly through the oxidation of nitrogen in the combustion air (thermal NOx) and nitrogen bound in the fuel matrix (fuel NOx).  Thermal NOx formation during the combustion process can be suppressed by reducing flame temperatures (by co-firing higher moisture biomass fuels) and limiting oxygen concentration. Fuel NOx formation is a more complex process involving local concentration of oxygen and nitrogen and is reduced by minimizing the availability of oxygen during the early stages of the combustion process. Combustion zone geometry is particularly important, with higher heat release rates and shorter residence times all contributing to higher NOx levels.  

The effectiveness of the NOx control process is dependent on the fuel type burned, with lower NOx emissions from coals with lower nitrogen contents and lower ratios of fixed carbon to volatile matter (i.e., higher reactivity).

In developing certification standards for NOx, two resources were utilized:  (1)  The State of Florida Department of Environmental Protection, (2)  Governor Bush’s 20/20 Commission studying potential electricity deregulation in Florida.

From data provided by the Florida Department of Environmental Protection, a current estimate of BACT standards for natural gas-fired units would be .1 pounds per MWH.
  Using previously made arguments that installing wind or solar power generation in Florida would displace natural gas-fired generation, one NOx standard for co-firing would be to achieve reductions of .1 pounds per MWH on the amount of electricity produced using biomass fuels.  For clarification, it is exceedingly important to understand that this NOx reduction standard only applies to the co-firing percentage – not the entire Unit.   

Also, in drafting NOx certification standards for biomass co-firing, extensive research was performed trying to find precedents or potential precedents for NOx reductions that could be applied to the voluntary Green-e program.  In the 20/20 Commission Report, two potential NOx reduction Models from Massachusetts and Texas are discussed as to potential applicability in Florida.  While the 20/20 Report does not endorse or recommend one Model over another, it was noted that the Texas Model was perhaps more applicable to Florida air quality conditions (with Massachusetts having a very high rate of current non-attainment areas).  In the Texas Model, a 50% reduction in NOx emissions is required. 

Green-e Biomass Co-firing Standard for NOx:  Using this background information, two Green-e co-firing standards for NOx emissions have been developed, where a Power Provider would perform a “benchmark test burn” at a Unit under normal operating conditions (i.e., using a fuel mix of 100% coal) and then performing a “control test burn”, co-firing biomass fuel.  In order for any biomass co-firing project to achieve Green-e certification, the achievement of NOx reductions from the “benchmark test burn” must be the greater of:

· A reduction of .1 pounds per MWH from the electricity produced using biomass fuel, or

· A 50% reduction in NOx emissions from the generation percentage of co-firing (e.g., at a co-firing rate of 2%, reductions in NOx emissions from the total power generation Unit would have to be 1%).

SO2 Emissions:  With biomass fuels containing ~1/100th of the sulfur content of coal (and no correlation between fuel and thermal engineering considerations as exists with NOx formation), it would appear that Green-e co-firing standards for SO2 should be the easiest of the three air emission issues addressed.  However, based on results of many U.S. Department of Energy sponsored co-firing test burns, co-utilization of biomass fuels with coal has not resulted in significant reductions in stack emissions for SO2 (CEM data).  The reason for this is the tremendous efficiency of pollution control equipment installed at many of the selected power plants where co-firing tests were performed (perhaps by the fact that for SO2, Florida has adopted standards that are more stringent than the national standards).  For example, at Tampa Electric’s Polk Power Station (a coal gasification IGCC Unit), 98% of sulfur is removed under normal operations (without biomass co-firing).

Green-e Biomass Co-firing Standard for SO2: Two types of standards have been developed for: (1) Power Plants which comply closely with “best available control technology (BACT) standards for SO2; and (2) all other Units.  

· For Units that comply closely with BACT standards, there will be no Green-e requirements for additional reductions in SO2 emissions, as long as total SO2 emissions at the Unit stay below current levels (just not the co-firing percentage).

· For all other Units, reductions in SO2 emissions on the electricity generated from biomass fuels at the co-fired Unit (but not the entire Unit) shall be required.  The level of required reductions (pounds per MWH) shall be based on the greater of:

· BACT emission standards for new natural gas generation facilities (e.g., the avoided SO2 emissions of installing wind/solar power), or

· A 25% reduction in SO2 emissions based on the “Texas Model” as discussed in the 20/20 Commission ETAC Report.

In the event that a Unit does not achieve the above Green-e requirements, the deficit amount (in pounds of SO2) of the non-achievement may be rectified by the following actions taken by the Power Provider to create Green-e SO2 credits:

· The permanent retirement of SO2 tradable credits that the Power Provider holds in association with trading provisions of the Clean Air Act.

· The “avoided SO2 emissions” from non-biomass Green-e projects implemented by the Power Provider (e.g., solar, wind, geothermal, etc.)

 In order to verify Green-e Standards for SO2, a “benchmark test burn” at a Unit under normal operating conditions would be performed (i.e., using a fuel mix of 100% coal) and then a “control test burn”, co-firing biomass fuel. 

[From comments that I have received from Working Group Members, there is a request that we think about minimum Green-e portfolio standards.  The concern is that biomass co-firing projects will unduly dominate a Power Provider’s Green-e offering.  People feel that a Power Provider MUST offer some minimum levels/percentages of non biomass co-firing power projects in any Green-e offering.  As this is a totally subjective call, I will leave this to any consensus reached within the Working Group]

� “Carbon Dioxide Reduction And Sequestration By Co-Firing Energy Crops In Electric Utility Coal  


    Boilers In Florida”, available on-line at http://www.treepower.net/papers/co2.html


�  For the full text of Dr. Clemmer’s letter to Ms. Meredith Wingate of the Center for Resource Solutions, 


    please see Attachment A, or view the document at �HYPERLINK "http://www.ucsusa.org/energy/cofiring.pdf"��http://www.ucsusa.org/energy/cofiring.pdf� 


�   This ETAC full report (169 pages) can be viewed at:  


http://www.myflorida.com/myflorida/government/taskandcommissions/energy_commission/pdfs/environmental_tac_report.pdf


�   Page 18 of the 20/20 Commission Report.


�  As background engineering information, coal contains ~70% carbon (by weight, as received), where


    many biomass fuels such as yardwaste and trees grown as energy crops ("closed-loop biomass") contain 


    ~25% carbon (by weight, as received).  However, biomass fuels (~ 4,500 BTUs per pound) typically


    have ~ one-third the BTU content of coal per pound.


�  The basis of this requirement is to reduce Greenhouse Gas emissions to 1990 levels per the Global  


    Warming Treaty Kyoto Protocols. 


� Based on scientific research conducted by the University of Florida and others, co-firing certain types of  


  crops grown exclusively for electricity production fuel use (i.e., "closed-loop biomass") has greater impact 


  in reducing CO2 emissions than other forms of renewable energy options (solar, wind, geothermal).  The   


  reason for this is the below ground carbon sequestered in the crops root systems.  For fast growing trees' 


  (e.g., willow, cottonwood, eucalyptus) which re-grow after each harvest (called coppice, where replanting 


  is not necessary after each harvest), below ground carbon sequestration may approach 50% of the carbon  


  contained in the tree's stems and leaves, harvested for fuel use.





� One of the most recent BACT Determinations issued for a natural gas combined cycle unit was for a new unit at OUC Stanton, in Orlando. The new unit is capable of generating 700MW (permitted for 8760 hours annually) and maximum NOx emissions are 314.5 tons annually. In terms of pounds per MWH, this yields: [314.5 * 2000] / [700 * 8760] or approximately 0.1 lb / MWH





� Page 15 of the Florida 20/20 Commission ETAC Report.
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