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Feedback From Your Energy Efficiency Planning Experience:  The Office of Technical Assistance (OTA) is seeking feedback from TURA filers and Planners on successful energy efficiency projects, as well as barriers to implementing energy efficiency measures to reduce fuel use.  The planning cycle is an opportunity for companies to identify and evaluate energy efficiency measures to reduce fuel use, thereby saving money and promoting toxics use reduction.  OTA would like to hear about the planning experience of companies and planners. Your input will help the office identify technology development needs or locate funding opportunities (grants and loans) that may resolve barriers.  The office stays abreast of the latest best management practices and new developments in pollution prevention technologies.  Your feedback will help OTA leverage resources to support additional progress in energy efficiency.   To provide OTA with your feedback on planning for energy/fuel efficiency, please contact:

John Raschko
Office of Technical Assistance
251 Causeway Street, Suite 900
Boston, MA 02114-2136
Email:  John.Raschko@state.ma.us
Phone:  617-626-1093
Fax:       617-626-1095
Also visit OTA’s website:  www.mass.gov/ota
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Guidance for Achieving Toxics Use Reduction Through Fuel Efficiency.


I.  Introduction

Beginning on July 1, 2001, many facilities were required to report to the U. S. Environmental Protection Agency (EPA) as well as the Massachusetts Department of Environmental Protection (DEP) their use of persistent, bioaccumulative, toxic chemicals (PBTs) at new lower reporting thresholds.  The primary activity that triggered reporting of PBTs was combustion of #6 and #4 fuel oils, and to a lesser extent #2, which contain polycyclic aromatic compounds (PACs) and benzo(g,h,i)perylene, both reportable PBTs.[footnoteRef:1]  The Toxics Use Reduction Act[footnoteRef:2] now requires facilities reporting PACs and/or benzo(g,h,i)perylene to prepare a toxics use reduction plan or plan update by July 1, 2002 and every two years thereafter. [1:   See Appendix A for a fact sheet prepared by the Office of Technical Assistance on reporting PACs.   While this planning guidance focuses on PACs, fossil fuels also may contain smaller amounts of polychlorinated biphenyls (PCBs) and mercury that may be subject to toxics use reporting and planning when combusted in large enough quantities.]  [2:  Massachusetts General Law Chapter 21I.] 


In December 2001, DEP published the 2002 Toxics Use Reduction (TUR) Plan Update Guidance to assist facilities in the planning process.  DEP, along with the Office of Technical Assistance and the Toxics Use Reduction Institute, is publishing this supplemental guidance to assist facilities in planning for PACs.  This guidance should be read in conjunction with the 2002 Plan Update Guidance.  Another valuable guidance document is the original Toxics Use Reduction Planning Guidance (1994, revised February 2002), which provides more comprehensive, basic planning guidance.  These guidance documents are available on DEP’s web site at http://www.mass.gov/dep/bwp/dhm/tura/turapubs.htm.

Since PACs and benzo(g,h,i)perylene (together referred to as “PACs” in this guidance) are constituents of fossil fuels (i.e., they are already in the fuel that enters a facility’s boiler to be combusted to generate heat or steam), toxics use reduction options will involve either 1) switching to a different fuel that contains less PACs (such as #2 fuel oil or natural gas), or 2) implementing efficiency measures to combust less fuel (and thereby less PACs).  Efficiency measures may include:

Increasing the efficiency of the boiler itself;
Increasing the efficiency of the use of the steam or heat produced by the boiler (e.g., insulating steam distribution lines; insulating a heated space; upgrading steam traps);
Applying conservation techniques to the manufacturing processes that use the steam or heat produced by the boiler.


II.  Expectations of the Planning Process

DEP recognizes that, for many facilities and Toxics Use Reduction Planners, focusing on fuel efficiency may be a new way of looking at toxics use reduction (compared to looking at a manufacturing process).  TURA requires facilities to undergo the planning process and make a good faith effort to identify toxics use reduction techniques.  That effort will be determined by the facility with assistance from a TUR Planner.  An important consideration to keep in mind during the planning process is that the amount of technical and economic analysis needed to determine if a fuel efficiency technique is or is not appropriate, or to decide to implement a technique, will vary from technique to technique and from facility to facility.  The “good business decision” criterion applies here and throughout the planning process.  In other words, a company should conduct an analysis sufficient to be able to make a good business decision, as they would any other business decision.  TUR planning for energy efficiency can result in significant energy cost savings; therefore it is in a facility’s own interest to make a good faith effort to identify and implement energy efficiency options.

III.  Plan Elements That Should Address Fuel Efficiency

A toxics use reduction plan contains standard elements, including:

Management policy
Scope of plan
Employee notification
Process characterization
Identifying and Evaluating TUR techniques
Identify options
Technical and economic analysis
Implementation
Plan Summary

This section describes how each of those elements should account for fuel efficiency planning.

A.  Management Policy

TURA filers must provide a statement of policy that encourages toxics use reduction (TUR).  This policy statement should describe the ways the facility encourages reduction in the use of toxic chemicals and the generation of toxic byproducts, including how TUR is encouraged in relation to research and development, financial decisions, training for new employees, and other business practices.  The fact that boiler systems are being included in a TUR plan does not require a change in any existing management policy.  However, a facility should consider whether it wants to amend its management policy to include a statement regarding commitment to toxics use reduction through fuel efficiency.  For example, a facility could consider adding bullets similar to the following:

Example 1 -  Bullets to add to the management policy:

At FEG Company:
We will continually investigate opportunities to increase the efficiency of our boilers and steam systems;
We will continually investigate opportunities for optimizing steam use in our manufacturing process.

[If a facility is new to TURA, examples of complete management policies can be found in the Toxics Use Reduction Planning Guidance, revised February 2002]

B. Scope of Plan  

The scope of plan section describes the production units and chemicals included in the plan and the types of TUR techniques evaluated.  It serves as an introduction to the plan so that the reader knows what the plan covers.  The scope of plan should identify the boiler system as one of the production units addressed by the plan.

The scope of plan should  include a description of the boiler system, including production unit number assigned, process, product (e.g., steam or hot water), unit of product, and the chemicals and Chemical Abstract Service (CAS) numbers from each relevant Form S.  In addition, it must include the process for identifying TUR options and a summary of all the toxics use reduction techniques that were considered "appropriate" and underwent a "comprehensive technical and economic evaluation."    

Sample scenario:

The example below is for  ‘FEG Company[footnoteRef:3]’ which has the production floor, administrative offices, and  warehousing space in their building.  The facility is heated by two boilers which together heat the administrative space the warehouse and production floor for worker comfort heat, and provide process steam to power presses.  The building is a flat roofed 50- year old 100,000 square foot structure with little insulation, the original single-pane windows and two loading docks at the warehouse.  The boiler room consists of two 50-year old boilers, as well as various ancillary equipment.  There is little room for additional equipment in this area.  The current boilers together burn a total of 100,000 gallons of #6 fuel oil in an average year, generating 200 p.s.i. steam, although an underground natural gas pipeline does pass near the building.  The facility has an above ground oil storage tank which has the required retaining wall surrounding it, although on a few occasions the delivery company has inadvertently spilled oil outside the retaining wall, requiring a cleanup.  As a result of the occasional spills and resulting cleanups, the facility’s insurance premiums are high.  The boiler operator has been with the company for 20 years and is certified by the Department of Public Safety as a 1st class Fireman.  He also is in charge of overall facility and equipment maintenance, as well as being the company’s environmental manager.  FEG Co. management produced a Scope of Plan which is shown below. [3:  FEG Company is a fictitious entity, and as such the examples provided within this document are only examples for illustration.  ] 


Example 2 - Scope of Plan


Production Unit #1:
Boilers #1 and #2 Generation of high pressure (200 p.s.i.) steam by burning #6 fuel oil.
The product is steam which is used to provide comfort heat for the employees of the administrative space, to heat various presses on the manufacturing floor, as and to provide comfort heat for the warehouse and production floor.

Chemicals: 
polycyclic aromatic compounds (PACs) DEP-CAS#1040 
benzo(g,h,i)perylene CAS#191-24-2

Process for Identifying TUR Options: 
Reviewed trade publications
Brainstormed with facility boiler operators and production employees
Met with boiler maintenance contractor 
Utilized the Department of Energy (DOE) Best Practices web site
Met with the power press manufacturer to investigate ways to reduce the process steam load
Reviewed the Rutgers University Self-assessment manual

TUR Options to be implemented:
Tune-up boiler on an annual basis
Replace old burner in boiler #1
Repair or replace leaky radiators, valves and fittings in administrative offices
Install pipe insulation throughout facility
Shut-down boiler #2 in months when temperature average is above 50 degrees
Replace or repair leaky steam traps

TUR Options Requiring Further Evaluation:
Install additional insulation in administrative space, warehouse, and on the production floor
Schedule an appointment with an energy services company regarding a performance contract for supplying complete energy needs[footnoteRef:4]. (See Appendix D for a description of energy service companies, and the types of services they provide). [4:  A listing of energy service companies can be found at the National Association of Energy Service Companies (NAESCO) at their web site:  http://www.naesco.org . ] 

Remove two power presses from the steam loop and utilize high efficiency electric motors with variable frequency drives to provide mechanical energy.

TUR Options that were rejected:
Conversion to natural gas fired boilers
Install solar energy panels to provide a hot water pre-heat to the steam system
Install a high efficiency heating system for the office space.

C.  Employee participation

TURA requires that all employees be notified of the TUR planning process.  In addition to requirements noted in the Plan Update Guidance, facilities that burn fuels should ensure that boiler operators and/or relevant maintenance personnel are included in this notification.  These specialists also should be included in any facility teams formed to explore TUR alternatives relative to fuel efficiency.  

Example 3- Employee Notification

FEG Co. used the employee notice below, which was posted on the employee bulletin board from December 31, 2001 to April 12, 2002.  It also was included with all employee paychecks during the week of February 3, 2002.

FEG Company 
Employee Notification

The Massachusetts Toxics Use Reduction Act (TURA) requires that FEG Co. prepare a Toxics Use Reduction Plan (TUR Plan).  The purpose of the plan is to describe how, where, and the amount of reportable toxic chemicals used at our plant, and identify, evaluate, and select methods that may reduce the use and waste of these chemicals.

The plan will be developed as required by Mass. Regulations (310 CMR 50.00).  Copies can be obtained from the office manager, Elizabeth, or the facility manager, Bob.  FEG Co. must report to the state and federal government 2 chemicals that are naturally occurring in #6 fuel oil - polycyclic aromatic compounds (PACs) DEP-CAS#1040 and benzo(g,h,i)perylene CAS#191-24-2.  Note: These chemicals will be referred to in this document as PACs.  The fuel oil is used to heat the space in our facility as well as to provide steam to our presses.

The TUR Plan must include:
A management policy about TUR
A process flow diagram for the use of PACs including the quantity used and wasted
Options for reducing the use of PACs in our facility by looking at: input substitution (switching fuels), process modernization (new equipment, or upgrades), process changes (modifying if possible), product changes, improved housekeeping, and reuse of waste.
An evaluation of the options based on technical or economic feasibility (e.g., can the option be implemented, and does it pay for itself within a certain timeframe?)
A decision regarding which options, if any, FEG Co. will implement with an implementation schedule for each.

The plan must be completed by July 1, 2002 and approved by a certified TUR Planner.  The plan remains at FEG Co., but a summary is sent to  DEP.  We are seeking employee input from everyone – production workers, office staff, maintenance and boiler room staff, engineers and sales staff – that could provide input on how we can reduce the use of PACs through fuel efficiency.  Please offer any ideas you may have to Elizabeth or Bob.  Thank you.
Elizabeth Mansfield 12/31/01


D.  Process Characterization

A process characterization must be done for each production unit/chemical combination.  The process characterization includes:  


Purpose of the chemical in the process
Unit of product
Process flow diagram 
Materials accounting.

The process characterization will serve as the foundation for the rest of the TUR planning process.  This data will help pinpoint where in the process the chemicals are used and where waste originates.  It also identifies opportunities for TUR.  By clearly delineating the quantity of the chemicals that are used and lost, the company will have important information for quantifying the total cost of using the toxic chemicals.

For boiler systems, the process characterization would include the type of fuel and chemicals in the fuel (e.g., PACs), the heat and/or steam output (i.e., unit of product), a process flow diagram of the boiler, and an accounting of the chemical inputs, byproduct generation, and waste emissions.

D. 1.  Purpose of the Chemical/Unit of Product

The plan must include a statement which explains the purpose the toxic chemical serves in the production process.  Facilities that are burning #6 fuel oil (and to a lesser extent #4 and #2 fuel oils) would be reporting on PACs and benzo(g,h,i)perylene which are naturally occurring substances within the fuel.  The unit of product may be defined as pounds of steam produced, British Thermal Units (BTUs), or a similar measure, as defined by the facility.  

Example 4 – Purpose of the chemical in the process

For FEG Co. the chemicals polycyclic aromatic compounds (PACs) DEP-CAS#1040 and benzo(g,h,i)perylene CAS#191-24-2 are naturally occurring in fuel oil and are not specifically purchased by FEG Co.   Fuel oil is burned in our boilers to create steam which heats the plant, as well as providing power for our presses.  The unit of product is pounds of 200 psi steam.


D.2.  Process Flow Diagram 

A process flow diagram is required for each production unit and chemical combination.   It must be a visual representation of the movement of the covered toxic (i.e., PACs) through the processes within a production unit (i.e., the boiler system).  The locations on the process flow diagram where chemicals enter and exit the process as products or byproducts, and the ultimate fate of the byproducts, whether treatment, recycling, transfer or direct release to the environment, must be noted.  The production unit number indicated on the Form S must be included on the diagram.  Example 5 is a process flow diagram for a boiler system.

This process flow diagram shows more than the flow of PACs through the production unit by including other major elements of the steam system, such as a summary of steam use in the facility, condensate return, and boiler blowdown.  Including these elements helps the planning process by expanding the focus beyond just boiler efficiency to also include potential improvements in steam distribution and opportunities for reducting heat demand in the facility.  Facilities may want to include on the flow diagram even more detail on the steam system (than shown in this example) to help planners identify potential efficiency opportunities.

 (
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D.3.  Materials Accounting 

A materials accounting must be done for each production unit/chemical combination.  A detailed materials accounting describes total inputs and outputs of the covered toxics in the production unit for the year on which the plan is based (e.g., use in 2001 for TUR Plans due July 1, 2002).  Facilities already will have completed much of the materials accounting needed for planning in the course of preparing their annual Form S and Form R.  The materials accounting includes the total amount and the amount per unit of product of each covered toxic that is:

Manufactured, processed or otherwise used,
Generated as byproduct,
Released to the environment or transferred off-site (i.e., emissions).  

Example  6 – Materials Accounting

PRODUCTION UNIT 1
Chemical Specific Information for FEG Co.

There are two boilers in this production unit that burn No. 6 fuel oil.  The burning of No. 6 fuel oil involves the otherwise use of PACs and benzo(g,h,i)perylene.  Most of the PACs and benzo(g,h,i)perylene in the fuel oil are combusted in the boilers, but a small amount leaves the boilers in the stack gas.

The unit of product for this production unit is pounds of 200 psi steam.  In 2001 the amount of product was 15.3 x 106 pounds of steam (from steam generation records).

The total amounts of PACs and benzo(g,h,i)perylene otherwise used annually is based upon fuel usage records and the composition of PACs and benzo(g,h,i)perylene in the fuel.  Fuel records indicate that 100,000 gallons of oil were burned in the two boilers in 2001.  The amounts of PACs and benzo(g,h,i)perylene in No. 6 oil are 2,461 ppm for PACs (from the EPA PACs guidance document), and 26.5 ppm for benzo(g,h,i)perylene (from the EPA guidance document for Pesticides and other PBTs).  Therefore:

     PACs -  (100,000 gal/yr) x (8 lbs oil/gal) x (2,461 lbs PACs/ 106 lbs oil) = 1,968.8 lbs PACs/yr

Benzo(g,h,i)perylene - (100,000 gal/yr) x (8 lbs/gal) x (26.5 lbs BP/ 106 lbs oil) = 21.2 lbs benzo(g,h,i)perylene/yr

On a per unit of product basis this results in –

     PACs –    1,968.8 lbs PACs / 15.3 x 106 lbs of steam  = 128.7 x 10-6 lbs PACs/ lb of steam

     Benzo(g,h,i)perylene –   21.2 lbs BP/ 15.3 x 106 lbs of steam  = 1.38 x 10-6 lbs BP/ lb of steam

Byproducts and Emissions

Some PACs and benzo(g,h,i)perylene are in the stack gas leaving the boilers.  The total amounts of PACs and benzo(g,h,i)perylene coincidentally manufactured annually is based upon fuel usage records and emission factors.  The emission factors for PACs and benzo(g,h,i)perylene are obtained from the EPA guidance documents cited above and are 1.65 x 10-5 lbs/103 gal oil for PACs, and 2.26 x 10-6 lbs/103 gal oil for benzo(g,h,i)perylene.  Therefore, the PACs and benzo(g,h,i)perylene leaving the boilers are:


     	PACs -  (100,000 gal/yr) x (1.65 x 10-5 lbs/ 103 gal oil) = 1.65 x 10-3 lbs PACs/yr

Benzo(g,h,i)perylene - (100,000 gal/yr) x (2.26 x 10-6 lbs/ 103 gal oil) = 2.26 x 10-4 lbs Benzo(g,h,i)perylene/yr

However, since both of these amounts are less than 0.05 pounds, they can be shown as 0.0 lbs.

The sources of byproducts and emissions at each step in the process are quantified below and shown in Example 5.  It should be noted that for this production unit byproducts and emissions are the same.

Byproduct/Emissions

    Source/Media	                 Amount	             Estimation Method	               Destination	
    WATER		     0 lbs			n/a				n/a					
										
    AIR		                   0 lbs PACs 	              Fuel usage records	 	air                
    						and emission factor
 
                                                0 lbs BP   	              Fuel usage records	               air
    						and emission factor
 
    OFF‑SITE TRANSFERS    0 Lbs		n/a				n/a	‑	

    ON‑SITE DISPOSAL          0 Lbs		n/a				n/a

The calculation of byproduct and emissions on a per unit of product basis is not necessary for both PACs and benzo(g,h,i) perylene.



E.  Options Identification, Evaluation, and Implementation

TURA requires a comprehensive technical and economic evaluation of appropriate technologies, procedures, and training programs for potentially achieving toxics use reduction.  The regulations (310 CMR 50.46) establish the following general process for conducting that evaluation:   

Identify the universe of TUR options available to the facility.  Companies must identify techniques for potentially achieving toxics use reduction.  This should include consideration of each type of TUR technique specified in the definition of TUR.  For boilers, these would be options that improve energy or fuel efficiency.  Identifying these options could be done through a brainstorming session with appropriate employees, including the boiler operations staff.

Screen the universe.  Companies should conduct enough of a technical and economic analysis to determine if a technique is ‘not appropriate’.  A technique is not appropriate if it is clearly economically or technically infeasible or it would not result in TUR.  In the case of fuel burning, many fuel efficiency techniques may result in a fuel cost savings.  Techniques that are not appropriate may be eliminated from further evaluation.

Decide which – if any – appropriate techniques to implement.  Companies must complete a comprehensive technical and economic analysis on any appropriate techniques and make a good faith business decision about whether or not to implement the techniques.

Develop an implementation schedule.  For those techniques the facility plans to implement, companies must determine how long it will take them to put the selected techniques into practice.

Project the reductions in toxic chemicals used, byproduct generated, and the Byproduct Reduction Index (BRI) two and five years into the future.  These projections are made on the assumption that the selected techniques are implemented as planned.  Note that while companies set these projections, they are not required by TURA to achieve them.

E. 1. Identify the Universe of TUR Options Available to the Facility

Companies must identify the techniques for potentially achieving toxics use reduction that could possibly be implemented.  For boilers, this would be energy/fuel efficiency options.  Identifying these options could be done through a brainstorming session with appropriate employees, including the boiler operations staff.
 (
Steam Trap
)

Below is a list of options developed by the Office of Technical Assistance that is applicable to fuel burners.  Additional sources of energy efficency information can be found in Appendix B, as well as information on training seminars and materials that may be useful in identifying potential TUR options. Appendix C contains several of the Steam Tips available at the US Department of Enegy’s Best Practices web site for steam.  They are helpful because they provide guidance on how to evaluate specific options, including examples of how to assess the economics of the option.

Steps to Improve Fuel Efficiency

Sample List of Potential TUR Options for PACs and Benzo(g,h,i)perylene

Input Substitution
switching to cleaner fuel (assess potential adverse effects on performance and costs)
 
Production Unit Modernization
life extension program (upgrade/replace boiler sections, burners, control systems, combustion air systems, etc.)
 
Production Unit Redesign or Modification
evaluate feasibility of cogeneration
optimize the use of energy (steam, hot water, etc.) in manufacturing processes (e.g., heaters, heat exchangers, jacketed vessels, steam drums)
optimize the use of energy in non-manufacturing uses (e.g., heating and cooling systems)

Improved Operation and Maintenance (goal - maintain high efficiency/minimize fuel consumption)
monitor temperatures and pressures (e.g., water, steam, flue gas, condensate)
optimize excess air in the boiler
proper boiler feedwater treatment (maintain clean water-side heat transfer surfaces)
optimize boiler blowdown to reduce total dissolved solids (TDS) in boiler
inspect and clean fire-side heat transfer surfaces
optimize sootblower performance (consider installing sootblowers if none present)
properly size, select and maintain steam traps
insulate distribution and condensate system pipes, flanges and valves
adequately size condensate piping 
system wide inspections and adjustments (e.g., boiler tubes; fuel handling and burning equipment.; flues, ducts, dampers; insulation and casing; instruments and controls; fans and motors; steam and condensate piping)
spill and leak prevention



A substantial listing of energy conservation opportunities is available in the University Science Center’s Directory of Industrial Energy Conservation Opportunities DIECO.  This directory can be obtained from the internet at: http://www.itemdiv.org/publications/energy1.pdf


In addition to determining whether switching to a cleaner burning fuel is right for a facility, efficiency options fall into two other basic categories:  efficiency of the boiler itself and efficiency of the use of the steam or heat the boiler produces.  A boiler efficiency test can be conducted to determine whether improvements in boiler efficiency are feasible.  In general, a boiler should be achieving approximately 85% efficiency.  If an efficiency test shows only 60% efficiency, then significant improvements likely can be made that should save the facility money through reduced fuel use.  If an efficiency test shows that the boiler is operating within an acceptable range, then reduced fuel use is only likely to be gained by increasing the efficiency of the use of the steam or heat being generated.  For example, if a 10% reduction in steam demand can be achieved through improvements in the steam distribution systems, a corresponding decrease in fuel use would be achieved, potentially resulting in significant cost savings for the facility.

Example 7 – Options Identification

For FEG Co, which employees 52 people, 14 suggestions were submitted between January 1, 2002 and April 19, 2002.  Bob (facility manager) met with maintenance staff and production staff and came up with a list of options, as well as checking various trade publications and web sites provided by DEP and the Office of Technical Assistance.  Several options were determined to require additional input including: 

A. Meet with the boiler maintenance contractor to determine whether the boilers are operating at maximum efficiency.

B. Replace 50 year old burner in boiler #1.

C. Repair or replace leaky radiators, valves and fittings in administrative offices.

D. Meet with power press manufacturer to investigate ways of reducing the process steam load.

E. Remove 2 power presses from steam loop and utilize high efficiency electric motors with variable frequency drives to provide mechanical energy.

F. Consult with the gas company to determine if switching to natural gas is feasible.

G. Consult with an energy service company regarding an energy performance contract.

H. Tune up the boilers on an annual basis.

I. Install solar energy panels to preheat boiler process water.

J. Install a high-efficiency heating system for the office space.

K.  Insulate pipes and exterior walls and ceilings.

L. Shut down boiler #2 in warmer months.

M. Repair leaky steam traps.

N. Switch to #2 fuel oil.
 (
Some of the sources of information that were reviewed are contained on the next page.
)


Sources of information that were consulted included:

University City Science Center web site: http://www.itemdiv.org/publications

US Dept. of Energy’s Best Practices web site: http://www.oit.doe.gov/bestpractices

Energy Services Coalition web site: http://www.escperform.org/

Rutgers University Office of Industrial Productivity and Energy Assessment web site and self assessment workbook http://oipea-www.rutgers.edu/documents/doc_f.html

North American Insulation Manufacturers Association pipe insulation calculator http://www.pipeinsulation.org

 
E. 2. Screen the Universe

Companies should conduct enough of a technical and economic analysis to determine if a technique is "not appropriate."   A technique is not appropriate if it is clearly economically or technically infeasible, or it would not result in TUR.  Techniques that are not appropriate may be eliminated from further consideration. 

Options may be deemed inappropriate and the evaluation stopped as soon as the planners have enough information to determine that the technique is "clearly technically or economically infeasible and/or is not toxics use reduction."  This screening evaluation could involve extensive research or analysis but it may be as simple as "back of the envelope" calculations or comments made during the brainstorming session in which the technique was first suggested.  Examples of such simple technical and economic analyses completed during the brainstorming session itself include,  “there is no room to install the equipment” or "we tried that last year and it didn't work."  This approach may be applicable for a facility that has already implemented a number of fuel efficiency options.  In other situations, the facility should at least identify “low hanging fruit” where changes are clearly feasible and will save the company money.  

Please note that certain boiler modifications may require an air quality  permit modification or other review by DEP.  Companies should contact the appropriate DEP Regional Office for permitting assistance. 

Example 8 – Screening the Universe and Implementation decision

FEG Co. conducted additional research and determined that some of the options identified in Example 7 were not viable.  Screening was accomplished by FEG staff using a variety of resources including the sources mentioned in the Options Identification. The results are listed below.
	Option
	Screening Result
	
	Implementation

	A. Replace 50 – year - old burner in boiler #1.
	Technically and economically feasible.
	
	As soon as possible, current burner has a high level of down time

	B. Repair or replace leaky radiators, valves and fittings in administrative offices
	Technically and economically feasible.
	
	To be completed during non-heating months

	C. Reduce the power press steam load
	Technically feasible, economic feasibility needs to be reviewed.
	
	Meet with power press manufacturer as soon as possible, no cost for consultation.  Further evaluation of long-term cost/use estimates needed

	D. Remove 2 Power Presses from steam loop and utilize high efficiency electric motors with variable frequency drives to provide mechanical energy
	Technically feasible, economic feasibility needs to be reviewed.
	
	Local utility and motor manufacturers need to be contacted.

	E. Switch to natural gas 
	Technically feasible, but not economically.
	X
	Costs of switching fuel delivery systems, burner and fluctuating fuel costs make this option infeasible at this time.

	F. Enter into energy performance contract with energy services company
	Need to determine technical  and economic feasibility
	

	Meet as soon as possible, no cost for consultation.  FEG Co. is unfamiliar with performance contracts.

	G. Tune up boilers on an annual basis
	Technically and economically feasible
	
	Immediate, FEG Co. was unaware that this was a requirement of their Air Pollution Control permit.

	H. Install  solar energy panels.
	Technically feasible, but not economically.
	X
	Not possible economically, upfront costs are currently too high, tax credits are minimal.  Future rebates from the utilities may make this possible in coming years.

	I. Install  high-efficiency heating system for the office space.
	Technically feasible, but not economically.
	X
	Not possible in the current economic climate; while the cost of equipment may be reimbursed by the utility, installation costs and mechanical space needs are limited. 

	J. Insulate pipes and exterior walls and ceilings.
	Technically and economically feasible.
	
	Within the next 6-9 months, cost as determined by software will provide a payback within 1 ½ years or less.

	K. Shut down boiler #2 in warmer months.
	Technically and economically feasible.
	
	Maintenance staff will implement this in warmer months.

	L. Repair leaky steam traps, fittings and valves.
	Technically and economically feasible.
	
	Maintenance staff will check and repair steam traps, plan to check 2 per week (15 traps to check overall).  Items will be added to Preventative Maintenance list. 

	M. Switch to #2 fuel oil.
	Technically feasible, but not economically.
	X
	Costs of switching fuel delivery systems, burner and additional cost of #2 fuel makes this prohibitively high.




E. 3. Economic Evaluation

It is necessary to identify incremental costs of TUR options, i.e., the costs of the existing process that will be avoided and those new costs, including both initial and operating costs that will be incurred.  Many indirect costs are associated with the use of toxics, and are often lumped into overhead accounts and not accurately allocated to the products or processes that generate them.  

The first step in the identification and calculation of incremental costs is to determine what cost generators (activities, materials, equipment) change between the existing and modified process.  Process flow diagrams can help to clarify both where costs are generated and how they will change with the implementation of a TUR project.  

The next step is to attach dollar values to those incremental cost items.  Because much of the cost information will not be available from a facility’s financial and cost accounting systems, it will be necessary to go to primary sources and collect raw data to form a full cost picture.  This may require an estimate of the time spent on a particular process (e.g., repairing and maintaining a boiler), or the amount of a resource that is consumed in the production of the product (e.g., how much oil is burned in the production of steam).    An example of various costs is below.

Example 9 - Costs

FEG Co. staff brainstormed a list of various costs associated with burning #6 fuel oil

	Above Ground Storage Tank Test
	Annual Reporting to DEP
	Consultant Fees

	DEP Inspections
	Downtime 
	Training of Boiler Operators and TUR Planner

	Insurance Premiums 
	Maintenance 
	Permitting 

	Repairs
	Qualifying Oil Suppliers 
	Record Keeping 


Staff realized that some costs were directly related to burning oil which contained PACs, while others were
 indirect costs.  Some of these costs were related to the age of the equipment, others to the method of fuel storage
 and type.

	FEG Co. staff identified the following sources of cost information:

	Examples of Sources of Cost Information:
	

	Primary Sources
	Types of raw data

	Interviews with boiler operators, maintenance staff
	Fuel meter readings

	Logs of fuel use
	Fuel purchase and delivery receipts

	Water bills
	Water meter readings

	Insurance policy
	Insurance bills

	Boiler repair contract
	Repair bills




E.4. Develop an Implementation Schedule 

For those techniques the facility plans to implement, companies must determine how long it will take them to put the selected techniques into practice.  

Example 10 – Implementation Schedule
 
FEG Co. reviewed the technically and economically feasible options and prepared proposed implementation schedules for Options A, B, C, D, E, F, G, J, K, and  L (as listed in Example 8).  An example implementation schedule for Option ‘J’ is shown below.


Implementation Schedule for Option ‘J’ Insulate Steam Pipes and Manufacturing Floor Ceiling 

	Project Name
	Description
	Testing and Implementation Steps
	Dates
	On Schedule?
	Comments

	Option ‘J’
Energy conservation
	Insulate steam pipes and mfg. floor ceiling
	Hire energy consultant to determine best type of insulation
	4/02
	
	Also utilized the North American Insulation Mfg. Association web page and calculator.

	
	
	Ensure product installation will not conflict with mfg process
	4/02
	
	

	
	
	Cost out installation, what can be installed in-house vs. contractor?
	5/02
	
	

	
	
	Install insulation – pipes
	6/02
	
	By in-house staff

	
	
	Install insulation – ceiling
	7/02
	
	By contractor, during summer vacation/shut-down

	
	
	Project complete
	8/02
	
	





F. Project the Reductions in Toxic Chemicals Used, Byproduct Generated, and the Byproduct Reduction Index Two and Five Years into the Future  

These projections are made on the assumption that the selected techniques are implemented as planned.  For most facilities, the PACs byproduct reported on their Form S is zero; therefore the projected Byproduct Reduction Index for 2003 and 2005 will be zero.  However, the amount of PACs used (as opposed to generated as byproduct) would likely decrease if fuel efficiency techniques will result in less fuel burned.  A facility should estimate the reduction in future gallons of fuel oil burned and calculate the reduction in PACs otherwise used using the formulas in Example 6.

This information must be included in the Plan Summary Form, which must be sent to DEP on or before July 1, 2002.  The form must be sent with a Certification Statement that is signed by both a certified Toxics Use Reduction Planner and a Senior Management Official.  The plan and form do not have to be completed by the Toxics Use Reduction Planner, although this person does need to be familiar with the plan, and must be able and willing to certify that the plan is true, accurate and complete.  A copy of the blank Plan Summary Form and Certification Statement is contained in the 2002 Plan Update Guidance.

Example 11 – Projecting Chemical Use/Byproduct

FEG Co. compiled a chart using known oil use and then made estimates based on anticipated savings of fuel if the options identified are implemented.  FEG Co. concentrated on calculating anticipated reductions in fuel use while understanding that this would correspond to reductions in PACs  use, coincidental manufacture and byproduct.  PACs  and benzo (g,h,i)perylene numbers were calculated using the OTA Fact Sheet which is located online at  http://www.state.ma.us/ota/advisory.htm .  Additional guidance was obtained from the US EPA’s PAC and PBT Guidance documents located online at:  http://www.epa.gov/tri/guidance.htm . 


	
	2001
	2 YEARS FUTURE
	5 YEARS FUTURE

	#6 FUEL BURNED
	Use: 100,000 gallons

	Use:90,000 gallons
(10% reduction)
	80,000 gallons (20% reduction)

	PACs
	Use:1,968.8 pounds
Mfg:0.0
Byprod:0.0
	Use:1,771.9 pounds
Mfg:0.0
Byprod:0.0
	Use:1,575.0 pounds
Mfg:0.0
Byprod:0.0

	Benzo(g,h,i)perylene
	Use:21.2 pounds
Mfg:0.0.
Byprod:0.0
	Use:19.8 pounds
Mfg:0.0
Byprod:0.0
	Use:17.0 pounds
Mfg:0.0
Byprod:0.0





Example 12 – Completing the TUR Plan Summary Form

FEG Co. management used the calculations developed in the materials accounting (Example 6) and the projecting chemical use (Example 11) to complete the TUR Plan Summary Form, shown below for PACs. An additional Plan Summary Form is required for benzo(g,h,i)perylene.


2002 Plan  Summary Form (A Separate Form for Each Covered Toxic is Required)

Facility Name:	FEG Company							            ID Number:	 130333
	The Following Section is Optional

	You may use the following section to provide more information about your TUR Plans and/or progress.  You may choose to use this section to describe more fully what you have attempted or accomplished, including for example, financial benefits or goals, workplace safety improvements, or other benefits from TUR  planning.  You may provide information that others may use to implement TUR, or explanations of why options were not selected or were not completely successful.  You may include information about barriers (technical, economic, regulatory, strategic, management, other) to TUR implementation or suggestions for improvements to the program.  You may also use this space to provide information about other environmentally beneficial activities.  Please feel free to continue on an additional page.

	This was the first time FEG Company has completed TUR Planning.  FEG Company will continually work to improve boiler operations. 

	

	

	

	



	
	Chemical Name/CAS#
	Changes from 2001 (Total lbs.)

	Facility-
	PACs
	Two Year (2003)
	Five Year (2006)

	Wide
	Use
	1,771.9
	1,575.0

	Data
	Byproduct
	0.0
	0.0

	
	Production Unit
	Projected BRI - From Base Year
	TUR Technique Code (As of 2006)

	
	
	Two Year (2003)
	Five Year (2006)
	

	Production
	1
	-0-
	-0-
	41 production unit modernization

	Unit Level
	
	
	
	51 improved operations and maintenance

	Data
	
	
	
	81 miscellaneous

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Planning Year:	2002						            Date Completed:  June 18, 2002	
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 (
Who Must File TURA Form S for Polycyclic Aromatic Compounds?
U
nder the reporting requirements, a facility must file a Form S for the PAC category or the individually listed benzo(g,h,i)perylene if it meets ALL THREE of the following criteria:
Has one of the following SIC codes: 10-14, 20-40, 44-51, 72, 73, 75, or 76;
 AND
Has 10 or more full-time employees or the equivalent of 20,000 hours per year; AND
Manufactures (including imports), processes or otherwise uses 100 pounds per year or more of the PAC category or 10 pounds per year or more of benzo(g,h,i)perylene.
Rep
orting Polycyclic Aromatic Compounds:
The amount of PACs or benzo(g,h,i)perylene that is manufactured, including coincidentally manufactured, processed or otherwise used must be accounted for in determining if a facility meets the reporting threshold.
The 
fuel uses shown below will meet the reporting threshold for the PAC category:
No. 6 fuel oil: approx. 5,100 gal/year
No. 2 fuel oil: approx. 1.4*10
6
 gal/year
No. 4 fuel oil (blend of No. 2 and No. 6 oils):
40% No. 2/ 60% No. 6: approx. 8,400 gal/year
50% N
o. 2/ 50% No. 6: approx. 10,100 gal/year
Therefore, any facility that combusts a significant amount of fossil fuels (e.g., coal or oil) should determine if they exceed the threshold for both the PAC category and the individually listed benzo(g,h,i)perylen
e. The PAC category and benzo(g,h,i)perylene thresholds must be determined separately and CAN NOT be reported together.  They require a separate TRI Form R and TURA Form S.
For examples of threshold determinations for PACs, refer to the EPA “EPCRA – Sectio
n 313: Guidance for Reporting Toxic Chemicals: Polycyclic Aromatic Compounds Category” document. For benzo(g,h,i)perylene, refer to the “EPCRA – Section 313: Guidance for Reporting Toxic Chemicals: Pesticides and Other PBT Chemicals” document. Both are ava
ilable at: 
http://www.epa.gov/tri/g
u
i
d
ance.ht
m
) (
Appendix A Fact Sheet
Reporting Polycyclic Aromatic Compounds
Office of Technical Assistance
www. /ota
Executive Office of
Environmental Affairs
) (
Revised Polycyclic Aromatic Compounds Category for TRI and TURA Reporting:
On October 29, 1999, the Environme
ntal Protection Agency (EPA) added two chemicals to the polycyclic aromatic compounds (PAC) category on the Emergency Planning and Community Right-to-Know Act (EPCRA) Section 313 chemicals list and lowered the Toxics Release Inventory (TRI) reporting thres
hold to 100 pounds per calendar year for the entire category.  Including the two added chemicals (benzo(j,k)fluorine and 3-methycholanthrene), there are now 21 chemicals that comprise the PAC category.  Benzo(g,h,i)perylene, another PAC, was added to the E
PCRA list of individual chemicals and has a reporting threshold of 10 pounds per calendar year.  The Massachusetts Toxics Use Reduction Act, M.G.L. c. 21I (TURA) adopted all of the modified reporting requirements and thresholds.
Classification of Polycycli
c Aromatic Compounds:
The EPA classified the PAC category and the individually listed benzo(g,h,i)perylene as Persistent, Bioaccumulative, and Toxic (PBT) chemicals.  PBT chemicals are a concern because they are highly toxic, do not break down easily in th
e environment, and accumulate in living tissues.  The reduced threshold of this category for federal and state chemical reporting requirements is part of a nationwide initiative to reduce the risks to human health and the environment from exposure to PBT p
ollutants.
Most PACs are constituents of fossil fuels.   However, other industrial processes are also sources, such as:
Hot mix asphalt plants – SIC 2951
Asphalt roofing manufacture – SIC 2952
Iron foundries – SIC 3321, 3322
Primary aluminum producers – SI
C 3363, 3365
Coke ovens – SIC 3312
Pulp mills – SIC 3274
Portland cement kilns – SIC3241
Carbon black manufacturing – SIC 2895
)
 (
Quantifying Polycyclic Aromatic Compounds:
The quantity of PACs and benzo(g,h,i)perylene must be determined separately for each activity – ma
nufactured, processed, or otherwise used.  It is required that a facility subject to reporting under TRI and TURA use the best readily available data applicable to their operations.  The following sources of data are listed from most accurate to least accu
rate.
Fuel-specific data (e.g., from supplier).
Facility-specific emission factors.
In the absence of better data, use EPA's default factors provided in the EPA guidance documents.
The EPA’s average default values for PAC and   benzo(g,h,i)perylene content
 in common fuels and asphalt, with applicable emissions factors for quantifying byproduct, are shown in Tables 1 and 2, respectively.  Example 1 shows how to use these factors to quantify PACs and benzo(g,h,i)perylene for the use of No. 6 fuel oil.  Since 
EPA did not include default values for No. 4 fuel oil in their guidance documents, it is recommended that users of No. 4 oil compute PACs and benzo(g,h,i)perylene content and emission using the procedure shown in Example 2.
Modification of Reporting Proced
ures:
Reporting procedures for PBTs have been modified and apply to both the PAC category and the individually listed benzo(g,h,i)perylene.
) (
Table 1. EPA average default values for PAC
 
content and emissions factors for common fuels and asphalt.
Source
PAC content
A
verage emissions factors
No. 2 fuel oil 
10.0 ppm (ref. 1)
(a)
No. 6 fuel oil 
2,461 ppm (ref. 2)
1.65*10
-5
 lbs/1000 gallons oil combusted (ref 5)
d
Coal-fired boiler, controlled
           (a)
1.12*10
-6
 lbs/ton coal combusted (ref. 5)
e
 
Natural gas-fir
ed boiler
           (a)
8.69*10
-7 
lbs/MMCF natural gas combusted (ref. 6)
b
Natural gas-fired boiler
           (a)
4.37*10
-7
 lbs/MMCF natural gas combusted (ref. 6)
c
Gasoline
17.0 ppm (ref. 3)
(a)
Wood waste combustion, with particulate matter controls
 
           (a)
5.15*10
-5
 lbs/ton wood waste combusted (ref. 5)
f
Paving Asphalt
178 ppm (ref. 4)
(a)
The EPA guidance does not contain this data. This should not be interpreted to mean that PACs are not present; you are required to use the best readily 
available information to determine PACs usage. 
Source Classification Codes (SCC) Number 1-02-006-01, 02, 03; uncontrolled; based on 10 units tested: 2 firetube, 1 scotch, 7 watertube, rated capacity range: 7.2-178 MMBtu/hr.
SCC Number 1-03-006-01, 02; unc
ontrolled; based on 5 packaged watertube boilers tested, rated capacity range: 17.4-126 MMBtu/hr. 
EPA recommends that facilities choose between this value and the one above by matching the type of boiler.
Section 1.3, Fuel Oil Combustion, Table 1.3-9; SCC 
1-01-004-01/04
Section 1.1, Supplement E, Table 1.1-13; factors developed from emissions data from six sites firing bituminous coal, four sites firing subbituminous coal, and from one site firing lignite. Factors apply to boilers using both wet limestone s
crubbers or spray dryers with an ESP or fabric filter. The factors also apply to boilers using only an ESP or fabric filter. Emission factor should be applied to coal feed, as fired, and are lb of pollutant per ton of coal combusted.
Section 1.6, Supplemen
t E, Table 1.6-4. 
Units are lb of pollutant/ton of wood waste burned. Emission factors based on wet, as fired wood waste with average properties of 50 weight % moisture and 4500 Btu/lb heating value. PM controls include fabric filter, multi-cyclones, ESP, 
and wet scrubbers.
) (
De minimis 
Exemption Eliminated:
 The amount of PACs and benzo(g,h,i)perylene contained in the fuel must be quantifi
ed to determine whether reporting is required, regardless of how minimal their concentration is in the fuel.
Range Codes Prohibited:
 An actual amount must be reported for PACs and benzo(g,h,i)perylene.  Using range codes for reporting is not an option.
Dat
a Precision:
 PACs and benzo(g,h,i)perylene must be reported precisely, based on the accuracy of supporting data.  The minimum reportable amount is 0.1 pounds.  If the amount is less than 0.05 pounds, “0” should be recorded rather than “N/A” (not applicable
).
Exclusion from Form A:
  The use of Form A for reporting PACs and benzo(g,h,i)perylene is prohibited.  Form R must be used.
Nuances in Filing Form S:
The thresholds for PBT classified chemicals are the same for state and federal regulations; therefore ma
ny Massachusetts companies are required to file both TRI Form R and TURA Form S.  Though the reporting procedures for both forms are similar, there are some differences in filing Form S.  These are:
Massachusetts TURA regulations have a broader SIC coverag
e than the federal EPCRA regulations.
A facility filing a Form S must report chemical use as well as waste/byproduct generation.
)
 (
OTA Assistance Services
The Office of Technical Assistance (OTA) provides one-on-one technical assistance on pollution prevention (P2), toxics use reduc
tion (TUR) and compliance – as well as guidance in the form of workshops, case studies, manuals and other materials.  OTA helps toxics users in Massachusetts to identify TUR/P2 opportunities within their operations and initiate planning efforts.  Contact O
TA at:
251 Causeway Street, Suite 900, Boston, MA 02114
Phone:  (617) 626-1060 or on-line at www.mass.gov./ota
) (
Example 1:
A Massachusetts facility has an SIC code covered by both TURA and TRI.  It has more than 10 full-time employees and burns 100,00
0 gallons of No. 6 fuel oil annually.  The density of No. 6 fuel oil is approximately 8 lbs/gallon.   Using the factors from the EPA guidance documents, PACs and benzo(g,h,i)perylene would be quantified as follows:
PACs:
(100,000 gallons) x (8 lbs oil/gall
on) x (2461 lbs PAC/1*10
6
 lbs oil) = 
1968.8 lbs/yr
 PACs otherwise used.
(100,000 gallons) x (1.65*10
-5
 lbs/1000 gallons oil) = 
0.00165 lbs/yr
 PACs coincidentally manufactured.
Benzo(g,h,i)perylene:
(100,000 gallons) x (8 lbs oil/gallon) x (26.5 lbs benzo
(g,h,i)perylene/1*10
6
 lbs oil) = 
21.2 lbs/yr
 benzo(g,h,i)perylene otherwise used.
(100,000 gallons) x (2.26*10
-6
 lbs benzo(g,h,i)perylene/1000 gallons oil) = 
2.26*10
-4
 lbs/yr
 benzo(g,h,i)perylene coincidentally manufactured.
The facility exceeded the rep
orting thresholds for both the PAC category and 
benzo(g,h,i)perylene
.  Therefore, Form R and Form S must be submitted for both the PAC category and 
benzo(g,h,i)perylene
.
Section 1.2 of the Form S for the PAC category would be completed as follows:
1.2a Ma
nufactured:
0
1.2c Otherwise Used:
1969
1.2e Shipped in or as Product:
0
1.2b Processed:
0
1.2d Generated as Byproduct:
0
Section 1.2 of the Form S for the individually listed 
benzo(g,h,i)perylene
 would be completed as follows
:
1.2a Manufactured:
0
1.2c 
Otherwise Used:
21
1.2e Shipped in or as Product:
0
1.2b Processed:
0
1.2d Generated as Byproduct:
0
) (
Table 2. EPA average default values for Benzo(g,h,i)perylene content and
 
emissions factors for common fuels and asphalt.
Source
Benzo(g,h,i)perylene content
Average emissions factors
No. 2 fuel oil 
0.0
5 ppm  (ref. 7)
(a)
No. 6 fuel oil 
26.5 ppm  (ref. 2)
2.26*10
-6
 lbs/1000 gal oil combusted (ref. 5)
Coal-fired boiler, controlled
(a)
2.70*10
-8
 lbs/ton coal burned (ref. 5) 
Gasoline
2.55 ppm  (ref. 3)
(a)
Wood waste combustion (with PM controls, 50% 
moisture basis, 4500 Btu/lb higher heating value) 
(a)
1.41*10
-6
 lbs/ton wood waste burned (ref. 5)
Paving Asphalt
1.2 ppm  (ref. 4)
(a)
The EPA guidance does not contain this data.  This should not be interpreted to mean that benzo(g,h,i)perylene is not
 present; you are required to use the best readily available information to determine benzo(g,h,i)perylene usage. 
)
 (
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Example 2 – Quantifyi
ng PACs and Benzo(g,h,i)perylene for the combustion of No. 4 fuel oil:
No. 4 fuel oil is a blend of No. 2 oil and No. 6 oil.  Since the proportions of Nos. 2 and 6 oils can vary, contact your oil supplier for the composition of the No. 4 oil you are using 
(if they don’t have it, assume a 50/50 blend).  With this information, the quantities of PACs and benzo(g,h,i)perylene otherwise used and coincidentally manufactured can be calculated using the following formulas and the EPA default values:
[X]
 = fraction 
of No. 2 oil
density No. 2 oil = 7.1 lbs/gal
[Y]
 = fraction of No. 6 oil
density No. 6 oil = 8.0 lbs/gal
For No. 4 oil that is a 40/60 blend: 
[X]
 = 0.4, 
[Y]
 = 0.6; for a 50/50 blend: 
[X]
 = 0.5, 
[Y]
 = 0.5
Otherwise used:
PACs:
lbs/yr PACs
 =
[(gal/yr No. 4
) x
 (
[X]
 
gal No. 2/
gal No. 4
) 
x (7.1 lbs No. 2/gal No. 2) x (10 lbs PAC/
1x10
6
 lbs No. 2
)] + 
[(gal/yr No. 4) x (
[Y]
 
gal No. 6/
gal No. 4
) 
x (8 lbs No. 6/gal No. 6) x (2,461lbs PAC/
1x10
6
 lbs No. 6
)] 
Thus, for the combustion of 100,000 gal/yr of No. 4 oil tha
t is a 40/60 blend, the amount of PACs otherwise used is: lbs/yr PACs = [(100,000)(0.4)(7.1)(10
/
1x10
6
)] + 
[(100,000)(0.6)(8)(2,461
/
1x10
6
)] = 
1,184.1 lbs/yr PACs
Benzo(g,h,i)perylene:
lbs/yr BP
 =
[(gal/yr No. 4) x
 (
[X]
 
gal No. 2/
gal No. 4
) 
x (7.1 lbs No. 2/
gal No. 2) x (0.05 lbs BP/
1x10
6
 lbs No. 2
)] + 
[(gal/yr No. 4) x (
[Y]
 
gal No. 6/
gal No. 4
) 
x (8 lbs No. 6/gal No. 6) x (26.5 lbs BP/
1x10
6
 lbs No. 6
)]
For 100,000 gal/yr of No. 4 oil that is a 40/60 blend, the amount of BP otherwise used is:
lbs/yr BP
 = 
[(10
0,000)(0.4)(7.1)(0.05
/
1x10
6
)] + 
[(100,000)(0.6)(8)(26.5
/
1x10
6
)] = 
12.73 lbs/yr BP 
Coincidentally manufactured:
Since EPA does not provide PACs and benzo(g,h,i)perylene emission factors for No. 2 oil, it is assumed that these factors are the same as for N
o. 6 oil, meaning that the estimated amounts of coincidentally manufactured PACs and benzo(g,h,i)perylene for No. 4 oil will be the same as for No. 6 oil (conservative assumption).
PACs:
      
lbs/yr PACs
 = (gal/yr No. 4) x (1.65*10
-5
 lbs PAC/1000 gal oil)
Thus, for the combustion of 100,000 gal/yr of No. 4 oil, 
regardless of the proportions of Nos. 2 and 6 oils
, the amount of PACs 
coincidentally manufactured
 is:
lbs/yr PACs
 = (100,000 gal/yr) x (1.65*10
-5
 lbs PAC/1000 gal oil) = 
0.00165 lbs/yr PACs
Benzo(g,
h,i)perylene:
       
lbs/yr 
BP = (gal/yr No. 4) x (2.26*10
-6
 lbs BP/1000 gal oil)
lbs/yr BP
 = (100,000 gal/yr) x (2.26*10
-6
 lbs BP/1000 gal oil) = 
0.000226 lbs/yr BP 
The reporting thresholds for both the PAC category and 
benzo(g,h,i)perylene
 were both exce
eded.  Therefore, Form R and Form S must be submitted for both the PAC category and 
benzo(g,h,i)perylene
.
)

Appendix B
Some Sources of Energy Efficiency Information and Assistance






US Department of Energy’s Office of Industrial Technology

Steam Systems

http://www.oit.doe.gov/bestpractices/steam/

Steam generation through cogeneration applications, boiler controls, and water treatment
Steam generation through checking steam leaks, installing insulation and proper steam trap maintenance 
Steam generation through heat exchanger maintenance
Steam recovery through condensate return

Process Heating
http://www.oit.doe.gov/bestpractices/process_heat/
Installation of energy efficient burners and improved operation of more efficient heat generating equipment
Design of systems to increase heat transfer from source to process
Reduction of heat losses
Recovery of flue gas heat
Improved process measurements, controls and process management
Optimize equipment design and operations
Reduction of nonproductive loads

Compressed Air Systems
http://www.oit.doe.gov/bestpractices/compressed_air/
Assessing Compressed Air Needs Inappropriate Uses of Compressed Air 
Compressed Air System Audits 
Pressure Drop & Controlling System Pressure
Maintenance of CA Systems for Peak Performance 
Compressed Air System Controls 
Compressed Air System Leaks 
Packaged Compressor Efficiency Ratings
Heat Recovery with Compressed Air Systems

Use Feedwater Economizers for Waste Heat Recovery

  http://www.oit.doe.gov/factsheets/steam/pdfs/recovery.pdf

 reduce steam boiler fuel requirements



Pacific Northwest Lab  

http://www.pnl.gov/dsom/
Operations and Maintenance

improve process efficiency 
reduce maintenance costs 
reduce energy consumption
dramatically extend equipment life


Rutgers Office of Industrial Productivity and Energy Assessment


http://oipea-www.rutgers.edu/documents/doc_f.html

self assessment workbook for small manufacturers, includes a substantial section on energy efficiency


Energy Efficiency and Renewable Energy Network


http://www.eren.doe.gov/ee/industry

 (
Water-tube boiler
)The Office of Energy Efficiency and Renewable Energy (EERE) develops and deploys efficient and clean energy technologies that meet our nation's energy needs, enhance our environment including:
Technologies
Combined Heat and Power Systems
Motors
Steam Systems
Compressed Air Systems
Combustion
Sensors and Controls
Industrial Energy Assessments


Delta Institute


http://www.delta-institute.org

Uses energy efficiency as a strategy to reduce toxic emissions.


University City Science Center

http://www.itemdiv.org/publications

The University City Science Center’s Industrial Assessment Center (IAC) program conducts assessments of small and medium size plants to identify cost savings by conserving energy, minimizing waste, and improving productivity.  On average, recommended actions from an assessment result in annual cost savings of about $55,000.

Directory of Industrial Energy Conservation Opportunities DIECO
Model Report of an Industrial Assessment
10 year history of Manufacturers Implementation and Rejection of Energy-Conserving and Cost –Saving Opportunities


Massachusetts Industrial Assessment Center

http://www.ceere.org/iac.html

The University of Massachusetts IAC provides economic assistance to small and medium-sized industrial manufacturers. The IAC assessments assist manufacturers in becoming more economically competitive by reducing their energy use, minimizing manufacturing waste, and increasing productivity.  Over 1900 Assessment Recommendation measures (ARs) have been identified with average annual recommended cost savings of $35,000 per year and an average simple payback of 1.2 years.
Web Based Industrial Assessment Tool. This interactive web program can be used to find energy saving opportunities in most industrial plant processes. (free download) 


North American Insulation Manufacturers Association

http://www.pipeinsulation.org

Web based calculator that calculates insulation thickness to determine economic, energy and environmental savings for piping and equipment.

Energy Services Coalition

http://www.escperform.org/ 
Energy services contracting web site from the US DOE, explains energy service contracting and includes case studies.


Climate Prediction Center

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/cdus/degree_days/
Information regarding degree days, definition, data for past years.

Commercial Sites:



AESYSTECH Boiler Service School
http://www.aesystech.com/boilerflyer.htm


LATTNER Company - Boiler Supplier with a newsletter
http://www.lattner.com


BABCOCK & WILCOX – Boiler Supplier with additional information
http://www.babcock.com


WEIL-MCLAIN – Boiler Supplier with Video Training Tapes
http://www.weil-mclain.com/netdocs/heat.htm


CLEAVER-BROOKS – Boiler Supplier with training seminars
http://www.cleaver-brooks.com/training0.html


CLEAVER-BROOKS – Boiler Guide
http://www.cleaver-brooks.com/Boilersa2.html


BOILER & HEAT EXCHANGE SYSTEMS, INC – Boiler Book On-Line
http://www.bhes.com (left hand side is the icon for the ‘book’).

SPIRAX-SARCO – Steam Tips 
http://www.spiraxsarco-usa.com/  Contact: Uday Hardikar
District Sales Rep. (508) 651-3200 for a free copy of the video tape.
uhardika@spirax.com
Appendix C – Steam Fact Sheets from the US Department of Energy 

For the web version











          



APPENDIX D

[bookmark: WhatisESCO]DESCRIPTION OF ENERGY SERVICE COMPANIES (ESCOs)
An ESCO, or Energy Service Company, is a business that develops, installs, and finances projects designed to improve the energy efficiency and maintenance costs for facilities over a 7 to 10 year time period. ESCOs generally act as project developers for a wide range of tasks and assume the technical and performance risk associated with the project. Typically, they offer the following services: 
develop, design, and finance energy efficiency projects;
install and maintain the energy efficient equipment involved;
measure, monitor, and verify the project's energy savings; and
assume the risk that the project will save the amount of energy guaranteed. 
These services are bundled into the project's cost and are repaid through the dollar savings generated. 
ESCO projects are comprehensive, which means that the ESCO employs a wide array of cost- effective measures to achieve energy savings. These measures often include the following: high efficiency lighting, high efficiency heating and air conditioning, efficient motors and variable speed drives, and centralized energy management systems. 
What sets ESCOs apart from other firms that offer energy efficiency, like consulting firms and equipment contractors, is the concept of performance-based contracting. When an ESCO undertakes a project, the company's compensation, and often the project's financing, are directly linked to the amount of energy that is actually saved. 
Typically, the comprehensive energy efficiency retrofits inherent in ESCO projects require a large initial capital investment and offer a relatively long payback period. The customer's debt payments are tied to the energy savings offered under the project so that the customer pays for the capital improvement with the money that comes out of the difference between pre-installation and post-installation energy use and other costs. For this reason, ESCOs have led the effort to verify, rather than estimate, energy savings. One of the most accurate means of measurement is the relatively new practice of metering, which is direct tracking of energy savings according to sanctioned engineering protocols. 
Most performance-based energy efficiency projects include the maintenance of all or some portion of the new high-energy equipment over the life of the contract. The cost of this ongoing maintenance is folded into the overall cost of the project. Therefore, during the life of the contract, the customer receives the benefit of reduced maintenance costs, in addition to reduced energy costs. As an additional service in most contracts, the ESCO provides any specialized training needed so that the customer's maintenance staff can take over at the end of the contract period. 
Another critical component of every energy efficiency project is the education of customers about their own energy use patterns in order to develop an "energy efficiency partnership" between the ESCO and the customer. A primary purpose of this partnership is to help the customer understand how their energy use is related to the business that they conduct. 
Included in the ancillary services provided in a typical performance-based energy efficiency contract are the removal and disposal of hazardous materials from the customer's facility. When, for example, existing fluorescent lighting equipment, ballasts that contain PCBs, and fluorescent light tubes that contain traces of mercury are replaced, the old equipment must be disposed of or recycled as hazardous waste. Upgrades to heating, air conditioning, and ventilation systems may involve the removal of asbestos and also would be properly disposed of by the ESCO.
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