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Background:  With continued growth in electricity demand and with supply and/or transmission constraints affecting some areas of the Northeast, state air regulators have become concerned in recent years about the potential for increased use of on-site generators. At present, distributed generation resources in the Northeast are dominated by diesel generators, which typically have high levels of air emissions (notably PM, NOX, CO, and VOCs). In 2001, NESCAUM
 received funding from the U.S. Environmental Protection Agency to conduct a study of distributed generation in the Northeast. The study has two components: (1) an inventory assessment to estimate numbers of units in the region, their emissions characteristics and the extent to which these units have been permitted by state air agencies, and (2) an assessment of available control technologies using case studies of real-world applications. The findings of the inventory assessment are summarized below; a brief description of the control technology assessment – which has not yet been completed – follows.

Generator Inventory and Emissions Estimates: The inventory component of NESCAUM’s DG study compares estimates of total engine population to the numbers of engines actually permitted by each state. Population estimates were developed by Power Systems Research (PSR)
 using national sales data and applying several assumptions.  The results, summarized in Table 1., suggest that permitting requirements in several states currently capture fewer than half the total number of engines estimated to exist based on available sales data. 

There are several likely reasons for this finding:  (1) many engines in each state fall below the size thresholds of current permitting requirements; (2) in some cases, state environmental agencies may not have been able to provide NESCAUM with a complete list of the state’s permitted engines; (3) it is likely that many engines which should have permits, do not; and (4) error is inherent in PSR’s estimation methodology, which involves many assumptions.  For the region as a whole, combined state permitting

Table 1.  Engine Estimates and Permits by State

	Generator Engines
	CT
	ME
	MA
	NH
	RI
	VT
	NY 
	NJ
	Total


	PSR Estimated generators under 500 kW
	2,617
	441
	4,141
	570
	312
	274
	12,412
	6,994
	27,761

	PSR Estimated generators over 500 kW
	632
	122
	944
	191
	62
	36
	2,732
	1,555
	4,576

	Total PSR estimated generators
	3,249
	563
	5,085
	761
	374
	310
	15,144
	8,549
	32,337

	Total state permitted generators
	1,512
	489
	714
	346
	73
	220
	1,386
	6,077
	10,817

	State inventory as fraction of PSR Estimate
	47%
	87%
	14%
	45%
	20%
	71%
	9%
	71%
	33%


databases capture 33% of the engines estimated by PSR.  Some states capture over 70% of the estimated engines, while other states capture less than 15%. 

To more precisely characterize engine populations in areas with transmission constraints, PSR also conducted detailed equipment surveys in New York City and Fairfield County, CT.  Specifically, PSR called businesses to collect information on engine location, size, age, fuel and hours of use.  The survey information identifies discrete engines and their owners, and can be directly compared to state databases that also list specific engines.

The New York City survey identified 1,694 engines, whose owners report that they produced 487 million kWh of electricity last year.  This is roughly equivalent to a 100 MW power plant operating 5000 hrs/yr.  When these engines were compared to the state’s database of permitted engines in NYC, 206 engines were found that were permitted but not identified in the survey.  Thus, total emissions estimated from the survey may understate actual emissions by as much as 10%.  In Fairfield County the survey identified 294 engines.  These engines were compared to the 320 individual engines permitted in the county, and only 20 of them were common to both data sets.  As a result, the emissions estimated from the survey and shown below in Table 2 may represent only about half of total emissions from permitted and unpermitted units in Fairfield County.  Owners of the 294 engines identified in the survey indicated that they produced 9.3 million kWh of electricity in the past year, the equivalent of a 2 MW power plant operating for 5000 hrs/year.  Tables 2 and 3 below show the generator engines identified in these surveys and their estimated emissions.

Table 2:  New York City PSR Survey: Engines and Emissions Estimates
	New York City
	Number of

Engines
	MWh/yr
	NOx (tons/yr)
	CO (tons/yr)
	SO2 (tons/yr)
	PM (tons/yr)
	CO2 (tons/yr)
	VOCs
 (tons/yr)

	Diesel
	1,413
	355,098.45
	6,081.50
	1,542.22
	95.85
	246.96
	292,625.71
	3.54

	Natural Gas
	246
	122,851.01
	1357.50
	2,285.03
	0.37
	5.84
	67,568.06
	17.44

	Gasoline
	35
	8,977.85
	73.17
	N/A
	3.77
	4.49
	6,912.94
	N/A

	Total
	1,694
	486,927.31
	7,512.17
	3,827.25
	99.99
	257.28
	367,106.71
	20.98


Table 3:  Fairfield County PSR Survey:  Engines and Emissions Estimates

	Fairfield County
	Number of

Engines
	MWh/yr
	NOx (tons/yr)
	CO (tons/yr)
	SO2 (tons/yr)
	PM (tons/yr)
	CO2 (tons/yr)
	VOCs3 (tons/yr)

	Diesel
	195
	2,859.21
	53.98
	12.83
	1.97
	2.86
	2,352.04
	0.04

	Natural Gas
	76
	3,646.25
	40.29
	67.82
	0.01
	0.17
	2,005.44
	0.52

	Gasoline
	23
	2,817.17
	22.96
	N/A
	1.18
	1.41
	2,169.22
	N/A

	Total
	294
	9,322.63
	117.24
	80.65
	3.17
	4.44
	6,526.70
	0.56


Control Technology Assessment: In the control technology assessment portion of its DG study, NESCAUM is evaluating existing and emerging emission control technologies (including retrofit technologies) for small diesel generators.   This is important because an existing uncontrolled diesel engine can produce 100 to 200 times more NOX per kWh output than a combined cycle gas turbine power plant.  Moreover, the particulate fraction of diesel exhaust is considered carcinogenic by the California Air Resource Board and may have more adverse local public health effects since many of these engines have low stacks and emit close to ground level.  The control technology evaluation portion of the analysis includes both technical feasibility and cost effectiveness evaluations for the following technologies:(1) Diesel Particulate Filters (DPFs); (2) Diesel Oxidation Catalysts (DOCs); (3) Crankcase Emission Control; (4) Selective Catalytic Reduction (SCR) for NOX control; (5) SCR combined with DPF; (6) Exhaust Gas Recirculation (EGR); and (7) other technologies including lean NOX catalyst systems, engine timing retard, and NOX adsorber catalysts.

Estimates of technical feasibility and cost effectiveness will be based on six case studies of actual applications of some of the technologies (mostly DPFs, DOCs, and SCR) to engines ranging from 1,000 hp to almost 3,000 hp in size. 

NESCAUM expects to issue a final report containing the results of its inventory work and evaluation of control technologies in early 2003.  For more information please contact:
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� NESCAUM (Northeast States for Coordinated Air Use Management) is a non-profit association of the state air management agencies of New England, New York and New Jersey.


� PSR is a market research company that performs market estimates and surveys for the engine industry.


� AP-42 emissions factors (� HYPERLINK http://www.epa.gov/ttn/chief/ap42/ch03/ ��www.epa.gov/ttn/chief/ap42/ch03/�) were used for all engines.  More recent emissions data are available, but the AP-42 emissions factors were used because a majority of engines identified in the survey have been in use for more than 10 years.  By comparison, if emissions factors typical of newer engines – such as those assumed in the RAP model rule process (� HYPERLINK http://www.rapmaine.org/DGEmissionsMay2001.PDF ��www.rapmaine.org/DGEmissionsMay2001.PDF�) – had been used, the predicted diesel emissions would decrease to the following percentages of emissions in Tables 2 and 3:  NOx: 57%, CO: 69%, SO2: 33%, PM: 39%, CO2: 87%.  An emissions factor for VOCs was not available for comparison. 


� VOCs emission factor combines total PAHs, Benzene, Toluene, Xylenes, Formaldehyde, Acetaldehyde, and Acrolein from AP-42.  These values were not available for gasoline engines.








