April 13, 2009

Industrial Sector



Strategy Name:  Coal Mine Methane Recovery
Lead Staff Contact:  Robin G. Lighty (717-783-9588)

Initiative Summary:  This Coal Mine Methane Recovery Initiative would require or encourage longwall mine owners/operators to capture 20% of the methane that is released into the atmosphere during mining operations.  The initiative begins in the year XX, and by the year 2025 the initiative has reached its target.  Interim targets include XX% in the year XX.
Baseline methane capture assumptions from 2009-2025 are: 
Currently, longwall coal mine owners/operators are capturing 10%-12% of this liberated methane.  The 20% figure has been determined to be technically feasible and practical, as well as economically advantageous, if natural gas prices continue to be high. (Source: XX)
Other Involved Agencies:  US Mine Safety and Health Administration MSHA
Possible New Measure(s): The release of methane gas to the atmosphere is a major component of greenhouse gas emissions.  Methane gas is a fossil fuel and energy source, commonly known as natural gas, which occurs in various geologic formations in Pennsylvania, including coal formations.  When coal is mined and processed for use, substantial amounts of methane gas are released.  Approximately 85% of the methane gas released during the mining of coal in Pennsylvania occurs from mining in underground coal mines using the longwall method of mining.  This mining method also affords the best opportunity to capture coal bed methane before and after mining.  
The current capturing by industry of more than 10% of this gas since 2000 has already resulted in an 8% reduction in greenhouse gas emissions from all coal mining.  Surface mining of coal releases about 9% of all coal methane.  However the continuing drastic decline in annual surface mining production, as existing shallow-depth coal reserves are quickly depleted throughout the state, will reduce their release of greenhouse gas emissions by 70% by 2025.  Predicted increases in market prices for natural gas (methane) used as an energy source may encourage the mining industry to capture 20% of longwall mine methane by 2015, reducing year 2000 levels of methane emissions from all coal mining by 45%. 
The six large longwall underground coal mines now operating in Pennsylvania extract more than 62% of the more than 68 million tons of coal mined each year.  These high amounts of longwall mine production and the fact that the longwall mines recover coal from greater depths than other mines, make longwall mining the predominant method of coal bed methane release and an important contributor to greenhouse gas emissions
Projected GHG Reduction (Million Metric Tons of CO2 Equivalents): There are no specific measurements of methane gases released from mining at individual surface mine sites.  There are several published reports with estimates of methane released by surface mining activities.  This analysis uses the highest published emission factor per ton of coal mined.  This emission factor for surface and low-methane room and pillar underground mines is 127.1 cubic feet of methane released per ton of coal mined.  The high-level room and pillar underground mines emissions factor is 165 cu ft CH4 per ton of coal mined.  The longwall underground mines emission factor is 440 cu ft CH4 per ton of coal mined.  Estimates of coal bed methane released during mining is based on methane liberation and capture measurements recorded and provided by the coal industry and by the federal Mine Health and Safety Administration (MSHA), and on emission factor estimates published in the 2004 Emission Inventory Improvement Program Report, Vol. VIII, Chapter 4, “Methods for Estimating Methane Emissions from Coal Mining.”  These emission factors were applied to recent annual tons of coal mined and to projections of tonnages that are estimated to be mined in years 2010, 2015, 2020, and 2025.  
Concentrations of released methane are expressed as cubic feet per ton (2,000 lbs) of coal mined.  One unit of methane (cubic ft) is considered equal to 21 units (21 cubic ft) of CO2 equivalent greenhouse gas.  One million cubic feet of methane is equal to 404.5 metric tons of CO2 equivalent greenhouse gas.  Estimates of coal bed methane released during mining is based on methane liberation and capture measurements recorded and provided by the coal industry and by the federal Mine Health and Safety Administration (MSHA), and on emission factor estimates published in the 2004 Emission Inventory Improvement Program Report, Vol. VIII, Chapter 4, “Methods for Estimating Methane Emissions from Coal Mining.”  For all types of coal mines, the release of methane determined and predicted in this analysis is expressed as cubic feet of methane per ton of coal mined.  Total annual methane concentrations are also expressed as metric tons of CO2 equivalent.

Coal mine production for the years 2000 through 2007, and also 1997-1999 coal production used to determine 2025 estimates through trend analysis, are based on actual tonnages reported quarterly and annually to the DEP Bureau of Mining and Reclamation.  Coal mine production information is available to the public for the years 1980 through 2007 on the DEP website: 

http://www.dep.state.pa.us/dep/deputate/minres/bmr/historicalminingreports/index.html
· Year 2000 Estimated Emissions (no Methane Capture):  10,142,393 metric tons CO2 equivalent

· Year 2025 Estimated Emissions (with Current 10% Methane Capture):  7,244,985 metric tons CO2 equivalent (28.6% decrease)

· Year 2025 Estimated Emissions (with Increased 20% Methane Capture):  6,533,065 metric tons CO2 equivalent (45.4% decrease)
Total = 10.1 – 6.5 = 3.6 MMTCO2e Reduction
Economic Cost:  This initiative will be purely market-based, and driven by the price of natural gas.  Longwall mine operators will invest in any additional capital outlays necessary, if they believe a profit can be earned through the capture and sale of coal bed methane.

Implementation Steps:  The Commonwealth could choose to allow the market to determine the capture rates of coal-bed methane, or could mandate that 20% is captured by year 2025.  The latter option would require legislative statue and regulation to be created.

Potential Overlap:  N/A

Lead Staff Contact:  Richard Illig (717) 772-5834

Summary:  Implement DOE Industrial Technology Program (ITP) Best Management Practices (BMPs) to process heating and steam system operation to reduce the consumption of natural gas or other fossil fuels, such as coal and oil by 5-25% per year.  Program begins in the year XX through 2025.  Interim targets for industrial gas consumption are XX% in the year XX.
Other Involved Agencies:  U.S. DOE and PADEP

Possible New Measures
:  By implementing DOE BMPs, the DEP expects efficiency improvements between 5 to 25 percent and between 5 to 15 percent can be achieved in industrial process heating and steam systems, respectively.

The direct combustion of fossil fuel such as natural gas, fuel oil, and coal comprise 92 percent of the energy used in industrial process heating systems.  The Energy Information Administration reports U.S. industrial energy consumption in 2005 was 1,297,799BBtu
.  Process heating reportedly used 17 percent of the total energy use or 220,625,000MMBtu.  Fossil fuel combustion then equals 202,975,000MMBtu in 2005 for process heating.
The thermal efficiency of process heating equipment varies broadly between 15 and 80 percent.  This large range in efficiency allows fuel reduction opportunities between 5 to 25 percent through the application of ITP best operational practices
.

The direct combustion of fossil fuels such as natural gas, fuel oil, and coal comprise at least 71 percent of the boiler fuels used to raise steam for industrial processes.  The inclusion of propane and waste fuels is estimated to increase this percentage to at least 85 percent.

The Energy Information Administration reports industrial energy consumption in 2005 as 1,297,799BBtu.  An estimated 45 percent of industrial energy use is used to raise steam or 584,009,000MMBtu.  Fossil fuel combustion in 2005 should then equal about 496,407,650MMBtu for steam systems.
The thermal efficiency of industrial steam systems reportedly range from 65 to 85 percent.  This range in efficiency allows fuel reduction opportunities between 5 to 15 percent through the application of ITP BMPs
.

Process Heating Best Management Practices

	System Aspect
	Savings Potential

(%)
	Typical Payback

(months)
	Cost Range

	
	
	
	

	Heat Generation
	5 - 25
	1 - 6
	

	· Minimize excess air
	
	
	Nominal

	· Control air-fuel ratio
	
	
	Nominal

	· Minimize air leakage
	
	
	Nominal - Low

	
	
	
	

	Heat Transfer
	5 - 15
	3 - 12
	

	· Burner selection & furnace design
	
	
	Moderate - High

	· Replace indirect heating systems
	
	
	Moderate - High

	
	
	
	

	Heat Containment
	2 - 15
	3 - 12
	

	· Optimize insulation
	
	
	Low - Moderate

	· Maintain door and tube seals
	
	
	Nominal

	
	
	
	

	Heat Recovery
	10 - 25
	3 - 6
	

	· Pre-heat combustion air
	
	
	Moderate

	· Preheat or dry load
	
	
	Moderate

	· Cascade heat to second process
	
	
	Moderate

	
	
	
	

	Sensors / Controls
	5 - 15
	1 - 6
	

	· Routine calibration or maintenance
	
	
	Low

	· Proper location
	
	
	Low

	
	
	
	

	Process Modeling and Tools
	5 - 10
	1 - 6
	

	· Temperature settings / part load operation
	
	
	Low

	
	
	
	

	Advanced Materials
	10 - 25
	1 - 3
	

	· Load support materials and design
	
	
	Moderate


Steam System Best Practices

	System Aspect
	Savings Potential

(%)
	Typical Payback

(months)
	Cost Range

	
	
	
	

	Generation
	5 - 15
	1 - 12
	

	· Minimize excess air
	
	
	Nominal

	· Control air-fuel ratio
	
	
	Nominal

	· Clean heat transfer surfaces
	
	
	Low

	· Improve water treatment
	
	
	Low - Moderate

	· Maintain refractory
	
	
	Moderate - High

	· Optimize de-aeration
	
	
	Low - Moderate

	· Condensate recovery
	
	
	Low - Moderate

	Distribution
	5 - 15
	1 - 12
	

	· Optimize insulation
	
	
	Low - Moderate

	· Leak repair
	
	
	Low

	· Minimize venting
	
	
	Low

	· Steam trap maintenance
	
	
	Moderate

	· Close unused lines
	
	
	Nominal

	· Replace PRVs w/backpressure turbine
	
	Longer than 1-year
	High

	· Convert high-pressure condensate to low-pressure steam
	
	
	Moderate

	
	
	
	

	End Use
	5 - 10
	1 - 12
	

	· Minimize pressure
	
	
	Nominal

	
	
	
	

	Heat Recovery
	5 - 15
	6 - 18
	

	· Install economizer
	
	
	Moderate

	· Pre-heat combustion air
	
	
	Moderate

	· Blowdown heat capture
	
	
	Moderate


Potential GHG Reduction: Pennsylvania’s industrial energy use has declined over the past decade both in terms of the number of customers and total natural gas consumption.  Flat growth or possibly a continued decline in the natural gas market is expected through 2025.  This is in part due to the development of alternative energy systems and potentially increased equipment efficiency.
If industrial process heating consumes 202,975,000MMBtu annually a 5 to 25 percent reduction could save between 10,148,750MMBtu and 50,743,750MMBtu.  Assuming a 15 percent average reduction yields 30,446,250MMBtu.

If industrial steam systems consume 496,407,650MMBtu annually a 5 to 15 percent reduction could save between 24,820,382MMBtu and 74,461,147MMBtu.  Assuming a 10 percent average reduction yields 49,640,765MMBtu.

Total energy savings from the implementation of process heating and steam system best operational practices could equal 30,446,250MMBtu + 49,640,765MMBtu or 80,087,015MMBtu.  Fossil fuel equivalents equal:

· Over 572 million gallons #2 fuel oil

· Over 3.2 million tons of coal

· Over 80,087 million cubic feet of natural gas

Emission reduction is estimated as MMTCO2E/yr = 4.02257.  (Tons CO2/yr = 4,657,981)

Economic Costs: 
· Efficiency improvement costs (that result in fuel savings up to 10%) are very low and often part of routine maintenance costs

· 10 to 15 percent fuel savings may result from small to medium cost system improvements

· Fuel savings greater than 20 percent may result from medium to high cost system improvements

· Energy savings pay back time frames are typically very good.

Savings Identified by Industry U.S. DOE Energy Assessments
	Industry (# assessed)
	Average Energy-Savings (MMBtu/yr)
	Avg. Savings ($/yr)

	Chemicals (1)
	330,000
	$1,565,000

	Forest Products (5)
	199,500
	$366,000

	Mining (2)
	20,100
	$102,500

	Petroleum (3)
	98,500
	$466,000

	Steel (2)
	226,700
	$690,000


Implementation Steps
· Conduct DOE workshops that advance best practice implementation for process heating and steam systems.

· Advance the use of DOE process heating and steam system analysis tools.

· Require assessment and benchmarking of all process heating and steam systems utilizing state and federal assessment resources.
· Require review, and implementation when cost effective, of best practices for all large natural gas systems.

· Curtail service to any large un-assessed process heating or steam system in an emergency.

· Partner with utilities to develop energy use reduction programs for large energy users.

Potential Overlap

· Lost and Unaccounted for Natural Gas, Landfill Methane Capture, Recycling, Solid Waste, etc.


Lead Staff Contact: Mark Hand (717) 787-9377

Summary: Reduce lost and unaccounted (L&U) for natural gas from retail operations by 15% by the year XX.  The program begins in the year XX and the interim targets for improving fugitive emissions are:  
Other Involved Agencies: PUC, U.S. Department of Transportation, and EPA Gas STAR Program
Possible New Measure(s): Reduce Lost and Unaccounted for Natural Gas from retail operations by 15% through various actions, such as: improved operation and maintenance, replacement of aging pipes, replacement of inaccurate metering, reducing the number of accidental line breaks and thefts, and requiring more accurate reporting of L&U natural gas.
 Reported L&U natural gas in 2005 was 19.6 billion cubic feet.  

Natural Gas Consumers in Pennsylvania
 – 2,839,282

Residential – 2,600,574 (91 percent)

Commercial – 233,132 (8 percent)

Industrial – 5,576 (0.2 percent)

Pennsylvania Natural Gas Consumption by End User: 

Residential – 245 Bcf (40 percent)

Commercial – 145 Bcf (24 percent)

Industrial – 185 Bcf (30 percent)

Electric Power Generation – 33 Bcf (6 percent)

Natural gas (NG) companies report L&U natural gas to the Public Utility Commission.  The American Gas Association defines L&U as the difference between the total gas available from all sources, and the total gas accounted for as sales, net interchange, and company use. It is important to reduce natural gas losses because natural gas (methane) is approximately 21 times more powerful greenhouse gas emission than carbon dioxide. 

NG is released to the atmosphere through fugitive and vented emissions. Fugitive emissions are methane leaks often through pipeline and system components (such as compressor seals, pump seals, and valve packing). Vented emissions are methane leaks from a variety of equipment and operational practices directly attributed to an organization’s actions (e.g., purge and blow down activities from operation) or accidental line breaks/thefts. 

The reported L&U values are not accurately estimating gas companies’ individual contributions to fugitive or vented emissions for the following reasons:

1) End-use consumer meters (likely to be residential sector meters) do not accurately measure delivered volumes. This is because some meters do not accurately account for temperature and pressure sensitivities. It is thought that consumer meters are approximately + or – 3% in measurement accuracy. 

2) Natural gas companies use a portion of their product in various stages of the transmission process (i.e. compressors), which is not separately quantified. 

3) Gas theft may also be occurring, although it is assumed to be a relatively minor loss with regard to L&U reporting. 

4) The PUC does not have standardized calculation/reporting procedures for L&U. Some utilities report gains instead of losses in L&U. This means that it is not possible to draw conclusions from the PUC’s statewide L&U statistics.

5) The PUC indicates there are approximately 6,000 line breaks per year due to accidents (i.e. digging-up a line during construction). These individual accidents that cause releases have not been quantified. 

Therefore there are three primary areas that need to be addressed to improve our understanding L&U natural gas: 

· Accurate measurement and reporting;

· Operations and maintenance improvements (or replacements) to lines and aging parts; and

· Minimization of accidental losses through line breaks. 

Projected 2025 Reduction: 

0.2 MMT CO2e
	Lost & Unaccounted-for Natural Gas for Major Pennsylvania Gas Distribution Utilities +
	
	
	

	
	
	
	

	Company
	Total Lost & Unaccounted-for (mcf)
	Total Deliveries (mcf)
	Percent L & U
	
	
	Assume 15% of

 L & U is Preventable

	Columbia
	       1,252,493 
	      112,953,730 
	1.1%
	
	15%
	     2,939,754.90 

	Dominion - Peoples
	       4,767,103 
	        93,059,502 
	5.1%
	
	CO2e MM Tons**
	             161,143 

	Equitable
	       6,871,103 
	        67,142,740 
	10.2%
	
	
	

	National Fuel
	          163,550 
	        53,079,559 
	0.3%
	
	 ** At equivalent 120.593 lb/mcf

	PECO Gas
	       2,493,685 
	        87,908,874 
	2.8%
	
	
	

	PG Energy *
	          119,512 
	        48,117,054 
	0.2%
	
	
	

	Phila. Gas Works
	       3,106,403 
	        91,469,723 
	3.4%
	
	
	

	PPL Gas
	       1,203,005 
	        27,642,650 
	4.4%
	
	
	

	UGI - Gas*
	         (378,488)
	        95,817,773 
	-0.4%
	
	
	

	Totals
	     19,598,366 
	      677,191,605 
	2.9%
	
	
	

	
	
	
	
	
	
	

	 + There are no PUC standards for lost and unaccounted for gas
	
	
	

	* Both companies, owned by UGI, report in a way that results in little or even negative lost gas.  The PUC staff has proposed that reporting be standardized…
	
	
	


Economic Cost: The PUC states that about 12,000 miles of aging gas mains need replacing (3,278 miles of cast iron, 8,907 miles of unprotected bare steel-see table below).   The estimated cost of replacing gas mains is $1 million/mile.  Assuming a straight-line relationship between lost gas and pipe replacement, this is approximately $12 billion. It is also expected to take approximately 20 years, at normal levels of replacement, to complete these replacements. The PUC believes there may be future federal government requirements to eliminate these older pipes.  Pipeline replacements are not assumed to be performed solely due to the GHG benefits under this measure, but rather due to other regulatory requirements and business operations decisions.
Pennsylvania Distribution Sector – Report on Cast Iron and Unprotected Steel

	
	Miles of  
	Miles of
	 Total Miles
	% of Statewide 
	% of Statewide 

	
	Cast Iron
	Unprotected 
	Distribution
	Total Cast Iron
	Total Unprotected 

	Company
	
	Bare Steel
	
	
	Bare Steel

	Columbia Gas of PA
	            74 
	             2,188 
	                 7,260 
	2.3%
	25%

	Dominion Peoples
	            66 
	             1,908 
	                 6,566 
	2.0%
	21%

	Equitable Gas
	            47 
	                830 
	                 3,307 
	1.4%
	9%

	National Fuel Gas
	            93 
	             1,051 
	                 4,916 
	2.8%
	12%

	PECO
	           836 
	                369 
	                 6,614 
	25.5%
	4%

	UGI Penn Natural
	            82 
	                305 
	                 2,562 
	2.5%
	3%

	PGW
	        1,624 
	                  -   
	                 3,019 
	49.5%
	0%

	PPL Gas
	            28 
	                661 
	                 3,619 
	0.9%
	7%

	T.W. Phillips
	             -   
	             1,295 
	                 2,955 
	0.0%
	15%

	UGI
	           428 
	                300 
	                 5,012 
	13.1%
	3%


Replacing all customer meters with “temperature and pressure compensated” meters may cost $100 per meter (PUC estimate). There are about 2.6 million households using natural gas (not including commercial and industrial consumers which may have temperature/pressure meters). This will result in improved metering and a reduction in the measuring of L&U.

Improved reporting requirements from all utilities on L&U losses. This would require PUC staff to develop standardized accurate reporting methods.  

Reduce accidental line breaks throughout Pennsylvania. Stricter enforcement of the Pennsylvania One Call System could help reduce these losses. This could require additional staff time to enforce, but may be offset by fines and penalties.  

Encourage utilities to participate in existing voluntary industry programs. EPA’s Natural Gas STAR Program is focused on reducing methane emissions through technology transfer using best practices in operation and maintenance.  Natural Gas STAR provides analytical tools and services to assist in calculating companies methane emissions. 

Implementation Steps:
· Encourage utilities to regularly perform self-assessments and report (to the PUC) operation and maintenance practices that have resulted in environmental savings. 

· Require improved and standardized reporting to the PUC on L&U, so that atmospheric system losses can be better understood and separated from non-atmospheric losses. 

· Investigate the savings from increased enforcement of the Pennsylvania One Call system. 

· Possible phase-out of older metering devices with more accurate “pressure and temperature compensated” metering. 

Potential Overlap:
· Demand Side Management – Natural Gas

· Increased Use of Landfill Methane


TBD
Industry 3: Reduce Lost and Unaccounted for Natural Gas


Work Plan for Potential GHG Reduction Measure





Industry 1: Coal Mine Methane Recovery


Work Plan for Potential GHG Reduction Measure





Industry 2: Industrial Natural Gas Consumption Best Management Practices Work Plan for Potential GHG Reduction Measure 








Industry 4: Advanced Iron and Steel Making








� Statistics taken from U.S. DOE Energy Information Administration


� Units of measurement: MMBtu = million Btu; BBtu = billion Btu; MMTCO2E = million metric tons CO2 equivalent.


� See � HYPERLINK "http://www1.eere.energy.gov/industry/bestpractices/pdfs/em_proheat_bigpict.pdf" ��http://www1.eere.energy.gov/industry/bestpractices/pdfs/em_proheat_bigpict.pdf�


� See � HYPERLINK "http://industrial-energy.lbl.gov/files/industrial-energy/active/0/Steam%20Sourcebook.pdf" ��http://industrial-energy.lbl.gov/files/industrial-energy/active/0/Steam%20Sourcebook.pdf�





� US EPA. (2007). Project Opportunities Study for Partner X. Natural Gas Star Program. 


� Gas Consumers and Gas Consumption information was provided through an American Gas Association query - 2005 Data. 


� Developed by the PUC using U.S. Department of Transportation Data
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