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Overview  
In November 2012, the   Mid-Atlantic North East Visibility Union (MANE-VU) members charged the Technical Support Committee (TSC) with evaluating the potential for combined heat and power strategies to reduce ozone and fine particulate matter levels in MANE-VU states, and recommending an appropriate strategy or strategies.  In February 2013, the TSC launched the Combined Heat & Power (CHP) Workgroup to fulfill MANE-VU’s charge.  The workgroup decided to initially focus on the reduction potential from profitable installations and retrofits of heating systems in commercial and industrial sectors with CHP.  
Purpose of this report:  This report estimates the magnitude of oxides of Nitrogen (NOX) and Sulfur Dioxide (SO2) emission reductions possible in MANE-VU from installation and retrofit of heating systems in commercial and industrial sectors with CHP.
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Background

CHP, or cogeneration, is a general term that refers to setting up systems that produce either heat or electricity to instead produce both. A traditional system with separate power and heat production can achieve an efficiency of 45%, whereas CHP can achieve efficiencies of 80%.  Further, transmission losses are decreased since electricity is now produced closer to the end user.
Since CHP systems use the same fuel to produce heat and electricity rather than the traditional separated power plant/boiler system, they also produce fewer emissions.  One way to look at it is that an institution would be producing relatively the same level of emissions as they would with just a boiler used for heating, but now the power plant no longer needs to generate a portion of the electricity to meet the institution’s needs so the overall system does not emit the same level of criteria, toxic, and greenhouse pollutants.

There are other benefits to the installation of CHP systems.  CHP systems can be set up to provide versatility to the electric grid as distributed generation by being called on during times of peak energy needs, times which often require the lowest need for heat production.   CHP systems can also continue to function to provide power locally at times when the grid fails due to acts of nature, voltage problems or during blackouts allowing the organization with the CHP system to remain electrified.
There are also challenges to implementation of CHP systems.  In a report on CHP produced by Oak Ridge National Laboratory it was stated that “challenges include unfamiliarity with CHP, technology limitations, utility business practices, regulatory ambiguity, environmental permitting approaches that do not acknowledge and reward the energy efficiency and emissions benefits, uneven tax treatment, and interconnection requirements, processes, and enforcement.
”  Additionally, since CHP units are smaller than a conventional EGU, emissions from these units could sometimes outweigh the benefits of reduced electricity production, especially in situations when the onsite steam generation did not exist prior.
Criteria Pollutant Reduction Potential from Commercial and Industrial Installation & Retrofits of Heating Systems with CHP
Potential for CHP Installation in MANE-VU States
The first step in determining potential emission reductions from CHP installations is to determine how much potential there is for such installations, especially since many states in MANE-VU have existing installed CHP. 

Studies conducted by five MANE-VU states in the 2000’s show details of the economic and technical potential of CHP systems in their states.  Additionally the US Department of Energy has data available for the technical potential for three other states, leaving only two, Maine and Rhode Island, without estimates.  In total, the technical potential in the region is approximately 38 gigawatts, somewhat greater than the current installed capacity of 15 gigawatts. 
There are also many economic factors that could prevent CHP from being feasible.  The interactions between fuel prices, electricity prices, potential unit size, physical constraints, and available capital, among other factors, could prevent some of this capacity from being realized.   Regulations also play a role in reducing the amount of economically feasible CHP.  For the purposes of the emission reduction assumptions we will assume that all technically feasible CHP programs are also economically feasible as listed in Table 1.
Table 1: Existing and technical potential for CHP systems in MANE-VU states

	State
	Existing (MW)
	Tech. Potential (MW)
	State
	Existing (MW)
	Tech. Potential (MW)

	CT

	736
	1,673
	NH

	90
	340

	DC

	11
	2,399
	NJ

	3,447
	5,989

	DE

	173
	642
	NY

	5,070
	8,500

	ME
	1,196
	-
	PA

	3,301
	10,923

	MD

	828
	2,634
	RI
	103
	-

	MA

	375
	4,751
	VT

	15
	533

	Total
	15,345
	38,384


Potential Emission Reductions

There are two ways in which installation of CHP could improve emissions levels, onsite and through replacement of electricity production elsewhere.  The onsite emission reductions would be due to retrofits and repowering necessary to convert a system to CHP that would result in an onsite boiler that produces less emissions and the offsite emission reductions would be due to a lessened need for electricity production. 
Estimating Onsite Emission Calculations
Several of the state level studies (New York, Pennsylvania, New Jersey, Connecticut, and Maryland) conducted to examine the technical potential of CHP contained consistent breakouts by unit size as seen in Table 2.  Delaware and Washington, DC were assumed to have a similar percentage breakout as Maryland.  Vermont, Massachusetts, and New Hampshire were assumed to have a similar percentage breakout as Connecticut. 
Table 2: CHP technical potential (MW) by unit size in five MANE-VU states

	Unit Size
	NY
	PA
	NJ
	CT
	MD

	.05 - .5 MW
	1,540
	1,506
	1,286
	383
	708

	.5 - 1 MW
	1,778
	1,145
	877
	381
	499

	1 - 5 MW
	2,940
	1,722
	1,387
	570
	514

	5 - 20 MW
	1,728
	1,403
	1,094
	240
	218

	> 20 MW
	490
	5,147
	1,352
	99
	695

	Total
	8,477
	10,923
	5,996
	1,674
	2,634


The New York assessment also contained emission reductions from replacing a subset of their units along the same unit size breakout with natural gas fired CHP systems (pp. 7-7, 7-8).  Average annual emission rates for existing and replacement (in the case of SO2) systems were calculated on a per MW basis for NOX and SO2 using New York’s base case scenario.  
Several sources of NOX emission rates were used when calculating emissions from replacement systems.  Emission rates from Delaware’s stationary generator rule were used for Delaware for systems under 5MW.  The OTC 2010 stationary generator model rule was applied for New Jersey for systems under 15MW.  5MW. For all other states the RICE NSPS and OTC model rule were used for CHP systems sized less than 5 MW.  All systems greater than 20 MW regardless of state used the combustion turbine new source performance standard.  Additionally, average emission rates for the 5-20 MW category were calculated by averaging regulatory values for units sized 5-15 MW (given 2/3 weight) and 15-20 MW (given 1/3 weight).  Finally,  a second set of calculations were made showing what would be the case if all MANE-VU states adopted the 2010 stationary generator rule for the replacement systems.
One should note that the replacement systems themselves produce more emissions than the original systems. The calculated rates are listed in Table 3, with the rate for heating only boilers being based on the generation capacity of a similar sized CHP system.
Table 3: Annual average emission rates (lb/MWh) for CHP replacement and existing heating only boilers

	Unit Size
	NOX
	SO2

	
	CHP - DE

	CHP – NJError! Bookmark not defined.
	CHP – OTC M.R.

	CHP – Fed.
	Heating Only
	CHP 
	Heating Only

	.05 - .5 MW
	0.60
	0.88
	0.88
	2.96

	-
	-
	-

	.5 - 1 MW
	0.60
	0.88
	0.88
	2.96
	0.6355
	0.0062
	0.0031

	1 - 5 MW
	0.60
	0.88
	0.88
	2.96
	0.8246
	0.0070
	0.0028

	5 - 20 MW
	1.871516
	1.871516
	1.871516
	1.87


	0.7750
	0.0069
	0.0027

	> 20 MW
	1.2016
	1.20
	1.20
	1.20
	0.5546
	0.0055
	0.0022



Estimating Offsite Emission Calculations
The other way in which CHP systems can reduce pollution is by reducing the amount of electricity that power plants need to produce.  In order to estimate reductions from the electricity sector we relied on EPA’s CHP Emission Calculator.  
Several assumptions were made in order to estimate the emission reductions from the power sector due to implementation of CHP:  

· Systems would replace generation in a fashion to be determined following the MANE-VU committee meeting. 

· The emission rates and heat input from the displaced energy would be based on the 2018 ERTAC EGU v2.2 average fossil fuel production projections.
· Transmission loss would be based on the average in the Eastern Interconnection.
· CHP systems would only be used to provide heating (and not cooling) services.

· CHP systems would undertake routine maintenance during times when not needed for heating.
To calculate the number of hours the CHP systems would run during the year, the number of heating degree days and cooling degree days were averaged from 2004-2013 for each of month of the year.  The ratio of heating degree days to total degree days was used to approximate the number of hours in the month the heating system would run.  The number of heating hours was averaged for New Hampshire, Massachusetts, and Vermont since they were combined for the other calculations.  Since no degree day data was available for Washington DC, Maryland’s values were used instead.   An overview of the heating/cooling degree days and heating hours are in Table 4.   

Table 4: Average annual heating and cooling degree days and calculated hours for heating by state from 2004-2013

	State
	Annual Average Degree Days
	Heating Hours
	State
	Annual Average Degree Days
	Heating Hours

	
	Heating 
	Cooling 
	
	
	Heating 
	Cooling 
	

	CT
	5,780
	625
	6,386
	NH
	7,327
	310
	7,268

	DC
	-
	-
	-
	NJ
	5,045
	913
	5,900

	DE
	4,414
	1,210
	5,545
	NY
	5,909
	647
	6,405

	MD
	4,497
	1,200
	5,568
	PA
	5,623
	734
	6,208

	MA
	6,043
	534
	6,622
	VT
	7,778
	249
	7,498


The information for system size in megawatts, hours of operation, and grid information was entered into EPA’s CHP Calculator to determine reductions in generation and emissions from the power grid as the result of conversion to CHP.

Results

The onsite disbenefits from the replacement of boilers in MANE-VU with CHP systems would yield an increase in the range of 134,982 to 43,838 tons of NOX (depending on implementation of the 2010 stationary generator model rule) and 357 tons of SO2 annually.  Despite these increases one should consider that these new systems should now displace generation from polluting EGUS, which we will analyze next.  More details on the disbenefits are in Table 5.

The offsite benefits from reduced power generations following the replacement of boilers in MANE-VU with CHP systems would yield a decrease of ?? tons of NOX and?? tons of SO2 annually.  One should keep in mind that the reductions might not necessarily occur in the state in question.  
Table 5: Onsite NOX and SO2 emission disbenefits in the MANE-VU region from CHP replacement 
	State
	Emissions Benefits
	State
	Emissions Benefits

	
	Onsite
	
	Onsite

	
	NOX
	NOX
	SO2
	
	NOX
	NOX
	SO2

	CT
	7,754
	1,441
	16
	MD
	8,196
	2,331
	19

	DC
	7,464
	2,123
	17
	NJ
	6,967
	6,967
	52

	DE
	375
	375
	5
	NY
	40,395
	8,967
	85

	MA/NH/VT
	29,091
	5,405
	59
	PA
	34,740
	16,229
	104

	Total
	134,982
	43,838
	357


When the on and offsite benefits are considered together, regionally the replacement of all boilers in MANE-VU with CHP systems would yield an increase of ?? to a decrease of ?? tons of NOX (depending on implementation of the 2010 stationary generator model rule) and ?? tons of SO2 annually.  
One should consider these estimates with an important caveat that the benefits are an optimistic estimate given that the reports cited in Table 1 describe the technical potential of CHP installations and there may be economic challenges with conversion in some of these cases, in particular for smaller systems.  
Conclusions
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