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Introduction

In 1999, the California State Legislature passed Assembly Bill 75 (Strom-Martin, Chapter 764, Statutes of 1999).  The bill added Sections 40148–42928 to the Public Resources Code.  One of the requirements of this new law is that State agencies and large State facilities must meet waste diversion goals of 25 percent by January 1, 2002 and 50 percent by January 1, 2004.  To disclose how goals will be met, the law requires each State agency and large State facility to submit an integrated waste management plan (IWMP) to the California Integrated Waste Management Board by July 15, 2000 (see publication #321-00-006, State Agency Model Integrated Waste Management Plan.).  In preparing these plans, State agencies and large State facility administrators will need to identify waste diversion programs and calculate each program’s impact on reducing disposal. 

This guide provides State agencies and large facility administrators with information and tools to help calculate annual waste generation, disposal, and diversion tonnage to complete their IWMPs.  The guide will also help administrators make estimates of future diversion tonnage associated with implementation of selected waste reduction and recycling programs.  The guide should be used in conjunction with the Board’s publication Conducting a Diversion Study—A Guide for California Jurisdictions.  

These publications are available through the Board’s Web site at www.ciwmb.ca.gov/Publications/ (choose Local Assistance).  Or go to the Board’s Project Recycle site for links to all pertinent information and resources on this topic.  From the Board’s home page at www.ciwmb.ca.gov, choose “Project Recycle” under the “Find a Program” list, or “State Agency” under the “Who Are You?” list, or go directly to www.ciwmb.ca.gov/ProjRecycle/.

Topics covered in this guide include:

1. Waste management terms and concepts.

2. Estimating disposal and diversion quantities.

3. Sampling and data acquisition strategies.

4. Calculating a diversion rate.

Key Terms

Key terms are identified at the front of this guide to improve understanding of the basic language used in measuring waste generation, disposal and diversion.  It is important to read and understand these terms before using other parts of this guide.

Disposal.  Management of solid waste through landfilling, incineration, or other means at permitted solid waste facilities. 

Diversion.  The total quantity of solid waste, generated within the jurisdiction (State agency or large State facility), that is diverted from permitted solid waste transformation and disposal facilities, through existing source reduction, recycling, and composting programs.

Diversion Rate.  The amount of materials recycled as a percentage of the solid waste stream.  Example 1 illustrates how a diversion rate is calculated:

Example 1.  Calculating a Diversion Rate

The facility disposes of 75 tons of waste per year.  The recycling company picks up 25 tons of office paper per year.

Generation = Disposal + Diversion

100 tons = 75 tons disposal + 25 tons diversion

Diversion Rate = 25 tons Diversion / 100 tons Generation

Diversion Rate = 0.25   = 25%

Integrated Waste Management Hierarchy.  The hierarchy recognizes that waste management must occur in an integrated system with preference towards approaches that reduce disposal or loss of natural resources.  The most preferred option is waste prevention (source reduction), followed by recycling, and finally environmentally safe transformation and/or landfilling.  Source reduction and recycling practices are considered diversion.  Landfilling and transformation are considered disposal.
Recycling.  The process by which materials otherwise destined for disposal are collected, remanufactured, and purchased.  

Source Reduction.  Any action undertaken by an individual or organization to eliminate or reduce the amount of materials before they enter the municipal solid waste stream.  This action is intended to conserve resources, promote efficiency, and reduce pollution. 

These actions include any practice that prevents waste from being generated (e.g., using a reusable cup instead of a disposable cup).  Source reduction includes practices that increase the efficiency in the use of paper and other materials (e.g., double-sided copying or electronic documents to replace paper manuals).  Source reduction also includes the repair and reuse of items (versus disposal) and utilizing durable, longer lasting products (e.g., buying a 100,000-mile tire vs. two 50,000-mile tires).
Waste Audit.  An on-site assessment of the waste stream and recycling potential of an individual business, industry, institution, or household (State agency or large State facility).
Waste Generation.  Section 18722(g)(2) of Title 14 of the California Code of Regulations provides the following equation for jurisdictions to use in computing waste generation.  It applies to State agencies and large State facilities as well.

Expressed as an equation, the total solid waste generated by the jurisdiction shall be computed as follows:

Generation = Disposal + Diversion
Where:

Generation = the total quantity of solid waste generated within the jurisdiction [State agency or large State facility].

Disposal = the total quantity of solid waste, generated within the jurisdiction [State agency or large State facility], which is transformed or disposed in permitted solid waste facilities.

Diversion = the total quantity of solid waste, generated within the jurisdiction [State agency or large State facility], which is diverted from permitted solid waste transformation and disposal facilities, through existing source reduction, recycling, and composting programs. 

Note that the expression “generation = disposal + diversion” is an algebraic equation, and thus if any two of the three parts of the equation is known, the other can be solved.

Waste Generator.  For purposes of completing the integrated waste management plan and using this measurement guide, waste generator means the State agency or large State facility whose act or process causes materials to be handled through a disposal or diversion program.

Waste Stream.  The total flow of solid waste generated by a business, industry, institution, household, or municipality (State agency or large State facility).  Implementing source reduction, reuse, recycling, and composting techniques reduce components of the waste stream.  

Measuring Disposal Quantities 

There are several different methods of acquiring information to measure disposal quantities.  These methods are often used in combination to obtain reliable data.

Waste Hauler Records

The simplest and most accurate method to determine waste disposal for a site or facility is to contact the waste hauler and ask them to provide an estimate of annual disposal.  If the waste service is shared with another facility or entity, ask the hauler to estimate the waste coming from each entity. 

Annual Disposal Rate Correlative Factors 

When the waste hauler is not able to provide records for a site or facility a correlative factor can be used.  Various city, State, and federal facilities that previously participated in solid waste characterization studies provide a basis for the estimation of annual disposal tonnage.  Table 1 lists the various types of government facilities and their respective annual disposal based upon a predictive factor.  Using Table 1, Example 2 illustrates how a correlative factor is used to determine disposal from a hospital. 

Table 1: Annual Nonhazardous Disposal Correlative Factors by Facility Type

Number
Type of Facility
Annual Disposal Rate 
Correlative Factor

1
Animal Care (e.g., animal shelters)
1.80 tons per employee per year

2
Administrative Offices (offices only)
0.20 tons per employee per year

3
Administrative Offices (with food service)
0.52 tons per employee per year

4
Clinics/Laboratories (medical clinic, labs)
0.60 tons per employee per year

5
Cultural Facilities (e.g., museums)
15.09 tons per employee per year

6
Education: Universities/Colleges
0.12 tons per student per year

7
Fire Stations
0.39 tons per employee per year

8
Golf Courses (with grasscycling/mulching)
1.77 tons per acre per year

9
Golf Courses (without grasscycling/mulching)
10.52 tons per acre per year

10
Parks/Fairgrounds
2.40 tons per employee per year

11
Hospitals (acute care)
3.34 tons per licensed bed per year

12
Libraries
0.82 tons per employee per year

13
Police/Law Enforcement (e.g., CHP office)
0.52 tons per employee per year

14
Prisons (adults)
1.32 tons per prisoner per year

15
Juvenile Detention Hall
1.23 tons per juvenile per year

16
Vehicle Repair/Maintenance 
1.29 tons per employee per year

17
Warehouse Storage/Distribution Center
1.61 tons per employee per year

*employee factors are full time equivalent

Example2: Using an Annual Disposal Rate Correlative Factor for a Hospital

Hospital with 500 employees (full time) and 100 licensed beds.

Select the appropriate description for your facility (e.g., State Hospital) and obtain the “disposal correlative factor” for this type of facility (e.g. Hospital has a disposal correlative factor of 3.34 tons per licensed bed per year).  Simply multiply this factor by the number of licensed beds to obtain an estimate of annual disposal.  

The calculated annual disposal tonnage for an acute care hospital based on licensed beds:

100 beds x 3.34 tons per bed per year = 334 tons per year.

Disposal Information from the Board’s Waste Characterization Database 

For additional correlative factors, visit the Board’s waste characterization database on the Web at www.ciwmb.ca.gov/WasteChar/.

Under the topic selection menu, select “Solid Waste Characterization,” then select “Business Type Characterization” on the content options (on the left side), and finally select “Waste Disposal Rates for Business Types.”

The waste characterization database includes typical waste compositions for various business groupings.  Use these additional correlative factors when waste hauler records are not available and an appropriate correlative factor is not identified in Table 1.  Information on the percentage that various materials appear in each of these business groupings is also available.  This information is helpful in identifying materials to target in waste diversion programs. 

Table 2 is reproduced from the Board’s waste characterization database.

Table 2: Sample Table from Waste Characterization Database

Business SIC* Group Number
Business SIC Grouping Name
Disposal Rate (tons/employee/year)
Waste Density
(lbs /cubic yard)

1
Agriculture / Fisheries
0.91
107

2
Forestry
0.20
100

3
Mining
1.78
100

4
Construction Companies
2.01
145

5
Manufacturing—Food / Kindred
1.80
130

6
Manufacturing—Apparel / Textile
0.98
103

7
Manufacturing—Lumber and Wood Products
9.95
128

8
Manufacturing—Furniture / Fixtures
2.07
145

9
Manufacturing—Paper / Allied
0.83
100

10
Manufacturing—Printing / Publishing
1.32
103

11
Manufacturing—Chemical / Allied
0.97
135

12
Manufacturing—Primary / Fabricated Metal
0.89
122

13
Manufacturing—Industrial Machinery
0.89
125

14
Manufacturing—Electronic Equipment
0.83
128

15
Manufacturing—Transportation Equipment
1.54
88

16
Manufacturing—Instruments / Equipment
1.16
121

17
Manufacturing—Other
1.54
81

18
Trucking and Warehousing
0.68
62

19
Transportation—Air
0.96
82

20
Communications
0.94
98

21
Utilities
0.22
73

22
Transportation—Other
1.82
90

23
Wholesale Trade—Durable Goods
0.46
40

24
Wholesale Trade—Nondurable Goods
1.36
82

25
Retail Trade—Building Materials and Garden
1.05
73

26
Retail Trade—General Merchandise Stores
0.36
87

27
Retail Trade—Food Store
2.77
113

28
Retail Trade—
Automotive Dealers and Service Stations
1.93
107

29
Retail Trade—Restaurants
2.50
121

30
Retail Trade—Other
2.46
121

31
Finance/Insurance/Real Estate/Legal
2.04
105

32
Services—Hotel/Lodging
1.17
92

33
Services—Business Services
0.92
106

34
Services—Motion Pictures
1.10
169

35
Services—Medical/Health
0.62
73

36
Services—Education
0.54
75

37
Services—Other 
1.68
91

38
Public Administration
0.43
53

Note: Check Web site for updates of this table

*SIC = Federal standard industrial classification codes used to group similar businesses.

Measuring Diversion Quantities 

In completing Part III (State Agency Waste Reduction and Recycling Program Worksheet) of the IWMP, State agencies and large State facilities must estimate the diversion tonnage from each selected diversion activity listed in rows 1-77.  As described in the instructions for completing the IWMP, diversion information entered on the worksheet must be in tons. 

Similar to the recommended method for obtaining disposal data, the simplest method for a facility with an existing recycling program that is serviced by a recycler is to contact the recycler for an estimate of the annual tonnage recycled.

When the recycler does not have these records or when measuring source reduction, an alternative is to determine the volume or weight of the materials diverted during a known time frame (e.g., weekly, monthly, etc.) and then extrapolate the value to reflect annual tonnage.  Extrapolation is explained in this section on quantifying diversion.

Quantifying Recycling and Source Reduction Diversion

Annual recycling or source reduction diversion tonnage can be quantified by either volumetric conversion to weight or by calculating the sum of the unit weights.  Comprehensive tables listing density conversion factors for various materials are included in Appendix J to the Board’s publication, Conducting a Diversion Study—A Guide For Local Jurisdictions.  The conversion factors can be easily referenced on the Board’s Web site at: www.ciwmb.ca.gov/LGLibrary/DSG/.  An example of the information contained in these tables is provided in Figure A.  The tables will provide unit material weights and the factors to utilize when volumetric data is the only data available.  

Figure A: Excerpt from Conversion Factor Tables on Board’s Web Site

Conversion Factors (Furniture and Miscellaneous)

Item
Type
Material
Size
Source
Weight (lbs)

Desk
Executive, double pedestal
Wood

BUG
345

Volumetric Estimation of Annual Recycling Tonnage Using Conversion Factors

Use this method to determine tonnage when only volume information is available.  
See example 3. 

Example 3: Determine Annual Recycling Tonnage by Volume Conversion

The facility sets out flattened cardboard boxes for a scavenger to take every week.  The janitor estimates that the volume of the flattened cardboard box pile is approximately 2 cubic yards that is picked up every week.  Using the density conversion factor from the Board’s web site, flattened cardboard is approximately 50 pounds per cubic yard.  

2 cubic yards/week  x 52 weeks/year  x 50 pounds/cubic yard
2000 lbs/ton

=  2.60 tons per year 

Sum of the Unit Weights Using Conversion Factors

Another method of estimating annual recycling or source reduction tonnage is to obtain the unit weight of material and annualize the amount recovered.  Use the conversion table to find the individual item weight and sum up the weights of the items recycled.  

Example 4: Determine Tonnage Using Sum of Units and Material Conversion Factors

Instead of wasting old used desks, a facility donated one dozen, double pedestal executive style wood desks in one year to the local school district for student cabinetry rebuilding projects.  To estimate the source reduction (to repair/rebuild an item thus diverting it from the landfill is source reduction) diversion credit, locate on the Furniture and Miscellaneous table, a similar description.  

Using information from Figure 1, diversion tonnage is calculated as follows:

12 desks x 345 pounds per desk = 4,140 pounds/year = 2.07 tons/year

Additional Considerations in Quantifying Source Reduction Diversion

Quantifying diversion credit from identified source reduction activities is more complex because we are trying to measure materials that are not being handled through a recycling or disposal program.  The basic principle of measuring source reduction is to identify a comparison of improved practices to a previous practice that produced more waste.  Within this section of the guide are a number of examples of how source reduction can be measured.  To illustrate the basic principles of source reduction measurement, activities are separated into three categories: 

1. Resources not consumed.

2. Material reuse. 

3. Avoided waste from improved durability.

Resources Not Consumed 

One principle behind quantifying source reduction diversion credit is to calculate the additional resource consumption had it not been for the source reduction activity.  It is not necessary that the practice be implemented solely for waste reduction.  In fact, source reduction practices are often the outcome of improved operational efficiency and have the additional benefit of waste reduction.  

Example 5: Determining Source Reduction from Double-Sided Copying

If the 250 pounds of paper sheets are not double sided, another 250 pounds of paper would have been used (for a total of 500 pounds of single sided sheets).  The net reduction is 250 pounds of paper not used as a result of the double-sided practice.  The source reduction credit is recognized for the more efficient use of resources.  

Note that this diversion practice does not necessarily reduce the disposal at the location that the diversion practice is being implemented.  If the double-sided copied reports are sent to another entity (e.g., mailed to a Federal Agency as a monthly report), the disposal of the location of the double-sided practice is not impacted.  

Example 6: Determining Source Reduction from an Online Employee Manual

Prior to the year 1998, a company with 100 employees gave each employee an updated employee manual every year.  The paper manual weighs 2 pounds each.  The company decides to implement a paper reduction policy and provides the manual for on-line use combined with a no-print policy for the year 1998.  

The year 1998–1999 source reduction credit can be calculated by estimating the amount of resources conserved (not consumed).  

100 employees x 2 pounds per manual x 1 manual per year = 200 pounds/year.

In the year 2000, the company doubles in size to 200 employees, the amount of source reduction credit from this practice is now: 

200 employees x 2 pounds per manual x 1 manual per year = 400 pounds/year.

As long as the online, no print practice exists, the source reduction credit grows in proportion with the number of employees.  

Please note that if the manuals were all recycled every year, there would be 200 pounds per year of paper recycled.  After the online, no-print policy was implemented, there are no more paper manuals to recycle, so the recycling diversion amount is zero.  However, there is now 200 pounds per year of source reduction diversion credit.  Diversion credit does not disappear just because there is no recycling; the diversion credit is allocated to source reduction diversion practices. 

Material Reuse

Material reuse means that surplus items that might otherwise be discarded are instead collected and made available to others who can use them.  Examples 7 and 8 illustrate how to quantify this type of diversion.

Example 7: Determine Source Reduction from Grasscycling

Grasscycling is a source reduction practice where the lawn is mowed with a mulching mower and the clippings are left on the lawn to decompose.  The practice is widely used in the landscaping industry and is beneficial to the health of turf areas. 

A State facility has substantial lawn area of approximately 5 acres.  Grasscycling is implemented and the clippings are left on the lawn.  

To calculate the approximate source reduction (avoided waste disposal) tonnage resulting from the implementation of the grasscycling, use the following field-tested default credit estimating factor:

Default Credit:

350 pounds per year per 1000 square feet of lawn area. 

7.6 tons per acre per year of grasscycling source reduction credit.

5 acres x 7.6 tons per acre per year = 38.0 tons per year.

If the grasscycling practice was only implemented for 6 months, the source reduction diversion tonnage has to be annualized as follows:

38.0 tons per year x 6 months / 12 months per year = 19.0 tons for 6 months.

Example 8: Estimating Construction and Demolition Waste Recycling/Reduction

A construction job required a concrete roadway to be removed.   The concrete was stacked in a pile of approximately 20 cubic yards.  The material is crushed on site and reused as sub-base material for a new road.  (Note:  Materials taken offsite for crushing counts as recycling).  To estimate the amount of diversion from reuse, the total volume, in cubic yards, needs to be estimated and converted to weight using information from Table 3.

20 cubic yards x 1.18 tons/CY = 23.6 tons

Table 3: Conversion Factors for Selected Loose Construction/Demolition Materials

Material Type
Pound per Cubic Yard
Tons per Cubic Yard
Cubic Yards per Ton

Concrete
2370
1.18
0.84

Asphalt
1940
0.97
1.03

Brick
2430
1.21
0.82

Dirt
2660
1.33
0.75

Wood
400
0.20
5.00

Gypsum Wallboard
500
0.25
4.00

Cardboard
100
0.05
20.0

Mixed




A suggested “Construction and Demolition Waste Recycling and Disposal Survey” form is currently being utilized by several cities and is included as an attachment.  The form can help identify how an agency or large facility is handling construction and demolition materials.  Please revise as needed. 

Avoided Waste from Improved Durability

The concept behind this source reduction practice is that all products and items eventually become waste.  One way to avoid the generation of waste is to buy products with “improved durability” to make them last longer before becoming waste.  To calculate the annual diversion credit from buying a product with improved durability, estimate the amount of solid waste that was avoided in a year.  Examples 9-11 illustrate how to quantify this type of diversion.

Example 9: Determine Source Reduction from Use of a More Durable Tire

Instead of buying the cheap 20,000-mile warranty tires, the vehicle maintenance department decides to buy high durability tires that are 80,000-mile warranty tires.  Each service vehicle averages 60,000 miles a year.  The tires weigh 20 pounds each.  There are 200 cars in the fleet.  Tires are disposed when worn out.  

(1) First, estimate how much waste (worn tires) is generated in a year per car using the 20,000-mile tire. 

60,000 miles per year, per car / 20,000 miles = 3.0 sets (4 tires per car) of tires are worn in a year.

3.0 sets of tires x 4 tires per car = 12.0 tires are worn per year, per car.

(2) Next, calculate how much of the “higher durability” or 80,000-mile tires are worn in a year.

60,000 miles per year, per car / 80,000 miles = 0.75 sets tires are worn in a year.

0.75 sets of tires x 4 tires per car = 3.0 tire equivalents are worn per year.

(3) Next, calculate the difference (amount of tires not used due to higher durability).

12.0 tires used – 3.0 tire equivalents used = 9.0 tires not used per car per year 
(if high durability tires are used)

(4) Next, convert to weight for the whole fleet:

9.0 tires/car/year x 20 pounds per tire x 200 cars = 36,000 pounds/year.

The 36,000 pounds per year represents the weight of tire equivalents per year that would have been discarded and now are not discarded because of higher durability.

Please also note that if this facility did recycle the tires when worn, 12 low durability tires would be recycled in a year per car. 

If high durability tires are used, only three tire equivalents are available to recycle each year.  The facility still gets the “diversion credit” as source reduction for 9 tires not used per car, per year.  In this example, the overall diversion per year for 200 cars is 36,000 pounds of source reduction credit and 12,000 pounds of recycling credit for a total of 48,000 pounds if the high durability tires are recycled at the end of their useful life.

Example 10: Determine Source Reduction from Use of Retread Tires

A large vehicle maintenance facility uses retreads.  The facility sends out 25 tires per week for retreading.  Retreading is considered a source reduction practice because it extends the life of the tire.  Each large truck tire can normally be retreaded 5 times (maximum).  For this example, the truck tires are 100 pounds each.  

A new truck tire that sees everyday use will last approximately 9 months; each retread lasts 6 months.  (Note: 66.67% replacement factor of new tire, 6 months divided by 9 months equals 66.67%).

To calculate the source reduction diversion extending the life of a new tire by retreading, estimate the new tires that would be consumed and reduce the weight of the whole new tire replacement by its reduced retread life:  


(25 tires/week) (100 lbs/tire) (52 weeks/year) (66.67% replacement factor)

= 86,671 pounds per year of new tires not consumed

Example 11: Determine Source Reduction from Reusable Plastic Pallets

A State central warehouse facility buys and utilizes cheap wooden pallets to ship materials to distribution facilities.  The wooden pallets are returned to the central warehouse facility to be reused.  The warehouse discards the pallets after 5 trips.  
The trucks return to the central warehouse empty.  

A new program has been implemented to utilize high durability plastic pallets by the central warehouse.  The plastic pallets are returned with the empty trucks (backhaul) and reused until worn out.  The warehouse purchases 150 plastic pallets per year on average now.  

There are several ways to determine the amount of source reduction credit received from utilizing the more durable pallets, however, the principle remains the same.  It is a weight estimate of the amount of wood pallets “avoided.”  The simplest way is to get the actual data on the number of wood pallets (and their weight) used in a year before switching to plastic pallets, and compare that to how many plastic ones are used now.  The difference between the weights is the source reduction credit for the amount of resources now conserved and not disposed.  

In practice, most facilities do not have this type of data, so a default estimation procedure can be utilized to provide a reasonable estimate of the amount of diversion.  

A plastic pallet has a life expectancy of over 250 trips if properly care for.  A typical wood pallet weighs 40 pounds and has a life of approximately 1-7 trips.  For this default calculation example, the life expectancy is 5 trips.  A plastic pallet is the equivalent of 50 wood pallets (250 trips for a plastic divided by 5 trips for a wood pallet).  This means that a plastic pallet replaces (or is the equivalent of) 50 wood pallets, or 2000 pounds of wood (50 wood pallets x 40 pounds each = 2000 pounds).  The 2000 pounds of wood not used represents the source reduction credit from avoided resource consumption and disposal from utilizing a highly more durable product.  

To estimate the source reduction credit per year, the only value needed for a reasonable estimate is the number of plastic pallets that the central warehouse buys in a year:  

150 plastic pallets per year x 2000 pounds credit per plastic credit
= 300,000 pounds per year of source reduction credit

Calculating Proposed Tonnage

A “State Agency Waste Reduction and Recycling Program Worksheet” is included with the IWMP forms.  State agencies must calculate “Year 2000 Projected Tonnage” (existing diversion) for selected diversion practices.  To calculate existing diversion use the calculation methods described earlier in this section on measuring diversion quantities.  

In order to obtain Year 2001 and future year’s “Proposed Tonnage” for inclusion on the worksheet (additional potential diversion achievable), use the same methods as you would to estimate the existing diversion, except substitute a reasonable estimate of the expected improvement in participation or efficiency.  Example 12 illustrates one method that can be used to calculate the “Proposed Tonnage” for the Year 2001 double-sided copying program.

Example 12: Determining Proposed Source Reduction from Double-Sided Copying

Year 2000 “Projected Tonnage” (from previous example)

A facility implemented a double-sided copying policy one year ago.  An examination reveals that 25% of all the sheets of paper photocopied are now double-sided (25 sheets out of 100 are double-sided).  The facility estimates that they buy 200 reams of paper a year for copying (5 pounds per ream).  What is the annual source reduction diversion tonnage that the facility can take credit for?

To calculate source reduction credit, determine the amount (the weight) of additional paper that would be utilized if all copies were single-sided copies.  

200 reams/yr x 25% double-sided x 5 pounds/ream = weight of paper double-sided 

= 250 pounds of paper are double sided sheets

Year 2001 “Proposed Tonnage”

An estimate is made that a 50% double-sided rate is achievable.  In year 2001, the use of paper purchasing and use is estimated to increase to 300 reams.  

300 reams/yr x 50% double-sided x 5 pounds/ream = weight of paper double-sided 

= 750 pounds of paper are double-sided sheets

The net reduction is 750 pounds of paper not used as a result of the double-sided practice.  The source reduction credit is recognized for the more efficient use of resources.  

Note that the increase in the double-sided rate and the increase in the use of paper to 300 reams resulted in an increased “Proposed Tonnage” for Year 2001.

If an active paper conservation policy is proposed for Year 2001, the amount of paper actually utilized for copying is projected to decrease to 50 reams. and in the same year, the double-sided copying rate is increased to 50%, as above, the overall source reduction from double-sided copying will actually decrease.  

50 reams/yr x 50% double-sided x 5 pounds/ream = weight of paper double-sided 

= 125 pounds of paper are double-sided sheets

The net reduction is 125 pounds of paper not used as a result of the double-sided practice.  The source reduction credit is recognized for the more efficient use of resources.  THIS DECREASE DOES NOT INDICATE A FAILURE TO IMPLEMENT DOUBLE-SIDED COPYING OR A DECREASE IN THE EFFECTIVENESS OF THE PROGRAM.  Instead, recognize that 300 reams of paper would have been used if the paper conservation policy did not take place.  The “amount of paper that would have been consumed” (300 reams – 50 reams = 250 reams) is additional source reduction credit.  

250 reams/yr x 5 pounds/ream = weight of paper not consumed 

= 1,250 pounds of paper of paper not consumed

Total “Proposed Tonnage” for 2001

125 pounds from double siding + 1,250 from “conservation”

= 1,375 pounds of paper are source reduced (Proposed Tonnage)

(Remember to convert weights to “tons” before entering on worksheet)

Representative Sampling of Multiple Sites

Ideally, State agencies or large State facilities with numerous sites located throughout the state would conduct an on-site disposal and waste reduction audit to assess the waste management practices at every facility.  This type of complete study will yield detailed information, but it will require a massive amount of time and resources.  Recognizing that limited time and resources are available for this type of analysis, agencies may want to identify a statistically representative sample to determine agency-wide disposal and diversion estimates. 

Determining the Number of Samples (site audits) 

Although there are many statistical methods to determine the minimum number of samples or audits to conduct, here are some general guidelines:  

1. If there is a large variation in the type of facilities within the agency, a larger number of samples are needed.

2. If the primary functions of the facilities are different, a larger number of samples are needed.

3. Differences in how each facility generates and diverts wastes should be considered.

Using these guidelines, Table 4 is constructed to assist in determining the minimum individual audits/samples that should be done.  The table is based on the experience and research of Dr. Eugene Tseng and students of the University of California, Los Angeles, Waste Management and Recycling Extension Program.  Note that the number of samples in Table 4 differ from those identified in sample size table included in the Board’s publication: Conducting a Diversion Study—A Guide For California Jurisdictions.  Table 4 is intended for State agencies and large State facilities which have more uniform activity and function than the broad activity and function represented in the total business composition of a jurisdiction. 

Table 4: Guide to Determine the Number of Audit Samples

Number of Facilities
Number of Samples

10–19
6–10

20–49
10–15

50–99
15–19

100–199
19–22

200–399
22–25

400+
26–30

Selecting Sites for Representative Sampling

There are many ways to select a “statistically representative sample” of individual facilities to obtain the data necessary to estimate agency-wide diversion.  Two methods that are commonly used in the solid waste industry, random sampling and “80/20” sampling, are described here.

Random Sampling 

Each facility is given an equal chance of being selected for analysis.  This is equivalent to having all members of a population in a hat and drawing a sample from them.  This sample selection method will work best for an agency having numerous sites with approximately the same number or employees and service level provision at each site.

80/20 Sampling

The 80/20 rule is a waste industry “rule of thumb” that states that the majority (80 percent) of the waste is generated by the largest (20 percent) businesses.  This is particularly important if you have an agency with many facilities with a huge size range (in terms of employees).  Using the 80/20 sampling methodology will guarantee that the larger facilities are included in the sampling.  This is important because the largest facilities will most likely have existing diversion programs, and they will also be the most effective sites for implementation of potential programs.  

To select facilities using the 80/20 sampling method, a list of all the facilities and corresponding number of employees must be created. The largest facility with the most employees is listed first; next the facility with the second most employees is listed, until all facilities have been ranked in order of employment numbers. The cumulative employment by percent of total is calculated.  Once the cumulative total has been developed, the list of facilities is divided into a “large facility stratum”, and a “small facility stratum.”  The facilities that are in the “large facility stratum” account for 80 percent of the overall total employment in the agency. 

The next step is to allocate your total planned number of samples to the “large facility stratum” and the “small facility stratum”.  For example, an agency has 25 facilities. Using Table 4, we determine that 10 audits (samples) are needed. 80 percent of 10 samples = 8 samples that are allocated to the “large facility stratum” for random sampling.  The remaining two samples are randomly selected from the “small facility stratum”.  Review example 13 for details of how to make a sample selection from a list of agency facilities.

Example 13: Hypothetical Example in Applying Sampling Methods

A State agency has 25 separate facilities.  Using the sampling guide from Table 4, the agency determines 10 audits are needed.  Table 5 shows how the samples are allocated with the different sampling methodologies (stratified and non-stratified) and the probability of the selection of each individual sample.  

For the 80/20 sampling, 8 samples (80% of 10 = 8) would be randomly selected from the nine facilities fitting into the large facility stratum (shaded), and the remaining two samples would be randomly selected from the 16 other facilities in the small facility stratum.  The large facility stratum is determined by looking at the cumulative percent of total employment, with the cutoff at Facility I (see Table 5).  

Table 5: Hypothetical Facility Listing and Probability of Sample Selection

Facility Name
Employee Number
% Total Employees
Cumulative Percent
Random Sampling
(nonstratified)
80/20 Sampling
(stratified)

Facility A
500
25.00%
25.00%
1/25
1/9

Facility B
250
12.50%
37.50%
1/25
1/9

Facility C
200
10.00%
47.50%
1/25
1/9

Facility D
200
10.00%
57.50%
1/25
1/9

Facility E
120
6.00%
63.50%
1/25
1/9

Facility F
100
5.00%
68.50%
1/25
1/9

Facility G
100
5.00%
73.50%
1/25
1/9

Facility H
100
5.00%
78.50%
1/25
1/9

Facility I
70
3.50%
82.00%
1/25
1/9

Facility J
50
2.50%
84.50%
1/25
1/16

Facility K
50
2.50%
87.00%
1/25
1/16

Facility L
45
2.25%
89.50%
1/25
1/16

Facility M
35
1.75%
91.00%
1/25
1/16

Facility N
30
1.50%
92.50%
1/25
1/16

Facility O
25
1.25%
93.75%
1/25
1/16

Facility P
20
1.00%
94.75%
1/25
1/16

Facility Q
20
1.00%
95.75%
1/25
1/16

Facility R
15
0.75%
96.50%
1/25
1/16

Facility S
10
0.50%
97.00%
1/25
1/16

Facility T
10
0.50%
97.50%
1/25
1/16

Facility U
10
0.50%
98.00%
1/25
1/16

Facility V
10
0.50%
98.50%
1/25
1/16

Facility W
10
0.50%
99.00%
1/25
1/16

Facility X
10
0.50%
99.50%
1/25
1/16

Facility Y
10
0.50%
100.00%
1/25
1/16

Total
2,000





Table 6: Employment Information for Sampled Sites Relative to Total Employment

Facility Name
(from 80/20 Sampling)
Employment at Sampled Site
Total Stratum Employment





Large Stratum



Facility A
500


Facility B
250


Facility C
200


Facility D
200


Facility E
120


Facility F
100


Facility H
100


Facility I
70


Total Large
1,540
1,640





Small Stratum



Facility L
45


Facility V
10


Total Small
55
360





GRAND TOTAL
1,595
2,000

Calculating Agency-Wide Diversion

Once the disposal and diversion tonnage results of statistically representative samples are compiled, agency-wide diversion and generation tonnage can be calculated.

Table 7 provides an example of hypothetical results of waste reduction and recycling audits of 10 individual facilities.  This table of information will serve as the base data in our example of calculating agency-wide generation, disposal and diversion. 

Table 7: Hypothetical Results of Waste Reduction and Recycling Audits

Facility Name 
(from 80/20 sampling)
Existing Recycling
(tons/year)
Existing Source Reduction (tons/year)
Total Annual Disposal (tons/year)

Large Stratum




Facility A
70.0
120.0
200.0

Facility B
40.0
30.0
90.0

Facility C
30.0
50.0
80.0

Facility D
10.0
30.0
70.0

Facility E
10.0
10.0
60.0

Facility F
10.0
20.0
38.0

Facility H
10.0
10.0
30.0

Facility I
10.0
20.0
20.0

Total Large
190.0
290.0
588.0






Small Stratum




Facility L
5.0
5.0
7.0

Facility V
5.0
5.0
5.0

Total Small
10.0
10.0
12.0






GRAND TOTAL
200.0
300.0
600.0

Step 1: Calculate Total Agency Annual Disposal Tons
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Agency annual disposal is calculated by extrapolating the disposal for sampled sites in the large and small stratum.  Extrapolation is done by multiplying the stratum sample tons by the ratio of stratum total employment to stratum sample employment.  The extrapolated totals for each stratum are then added to get an agency total.  The formula is:

In this example, Total Agency Disposal of “704.73” should be entered on line 75, column C of the “Waste Reduction and Recycling Program Worksheet.” 

Step 2: Calculate Agency Annual Diversion Tons by Program Activity

A similar formula to that used in Step 1 is also used to calculate the “Annual Diversion Tons by Program Activity.” 

To illustrate how to calculate agency-wide diversion tonnage for a specific source reduction program (Use of Electronic Media), refer to Table 8 for hypothetical results of an agency waste reduction and recycling audit.  Table 8 shows the total diversion tonnage identified for all programs (Column labeled “Total Existing Source Reduction) and a column labeled “Existing Source Reduction from Use of Electronic Media”.  The total source reduction tonnage associated with “Use of Electronic Media” for the eight sampled facilities in the large stratum is 23 tons.  The total diversion tonnage associated with “Use of Electronic Media” for the two sampled facilities in the small stratum is 5 tons. 

Table 8: Hypothetical Results of Use of Electronic Media

Example of Waste Reduction and Recycling Audit Results in Annual Tons for Use of Electronic Media

Facility Name 
(from 80/20 Sampling)
Total Existing Source Reduction
(tons/year)
Existing Source Reduction “Electronic Media”
(tons/year)

Large Stratum



Facility A
120.0
6.0

Facility B
30.0
5.0

Facility C
50.0
4.0

Facility D
30.0
2.0

Facility E
10.0
1.0

Facility F
20.0
0.0

Facility H
10.0
1.0

Facility I
20.0
4.0

Total Large
290.0
23.0





Small Stratum



Facility L
5.0
0.0

Facility V
5.0
5.0

Total Small
10.0
5.0





GRAND TOTAL
300.0
28.0

Agency diversion from “Use of Electronic Media” is calculated by extrapolating the total diversion from “Use of Electronic Media” for sampled sites in the large and small stratum.  Extrapolation is done by multiplying the stratum tons recycled from “Use of Electronic Media” by the ratio of stratum total employment to stratum sample employment.  The extrapolated totals for each stratum are then added to get the agency’s total diversion from “Use of Electronic Media”.  The formula is:

Agency-wide diversion tons from “Use of Electronic Media” =
Program’s Large Diversion *
Total Large Employment        +
Sample Large Employment

Program’s Small Diversion * 
Total Small Employment    




Sample Small Employment

Substituting the values from Table 8 for the program “Electronic Media,”

(23 tons ) * (1640/1540) + (5 tons ) * (360/55) = 57.22 tons

The 57.22 tons represents the total agencywide diversion tons from “Use of Electronic Media.”  The agencywide diversion from “Use of Electronic Media” should be entered on the “State Agency Waste Reduction and Recycling Program Worksheet,” in column C, Row 4.  Column B2 should be checked with an “X” to indicate that it is an existing program.  Column B3 should also be checked with an “X” to indicate that this is a continuing program. 

To calculate the “Proposed Tonnage” for the “Use of Electronic Media”, the agency can estimate the increase in the program implementation for each year.  For illustration purposes, the “Use of Electronic Media” program will be expanded by at least 10 percent per year.  Add 10 percent increase over the Year 2000 “Projected Tonnage” to calculate the Year 2001 “Proposed Tonnage.”  (Please see Row 4 of the sample worksheet in Attachment A).

Please note that not all diversion practices will increase over time.  For illustration purposes, assume that grasscycling was only implemented for six months as presented in Example 7 of this guide.  The diversion would be 19 tons for the Year 2000 “Projected Tonnage.”  If grasscycling were implemented all year in 2001 and beyond, the tonnage would double to 38 tons.  After 2001, the diversion from grasscycling will not increase if the agency does not plan to plant any new lawns. (This is illustrated in Row 10 of the sample worksheet).

If anything, any additional landscaping should be xeriscaping to reduce the generation of waste and use of water, so the grasscycling diversion may actually be reduced.  The overall diversion will not be decreased because the grasscycling diversion is shifted to the xeriscaping diversion.  

Step 3: Calculate Total Agency Annual Diversion Tons 

After determining the agency-wide diversion tonnage from each program activity, the next step is to calculate the “Total Tonnage Diverted” for row 74 of the Waste Reduction and Recycling Program Worksheet.  Simply add up the numerical values in rows 1-73 of column C.  For illustration purposes lets assume the total agency-wide diversion after extrapolation for all the sampled diversion is equal to 700.00 tons.  With this value known, total generation and the State agency or large State facility diversion rate can be calculated in step 4 and 5. 

Step 4: Calculate Agency Annual Generated Tons

[image: image3.wmf]49.8%

1,404.73

700.00

100

*

Generation

Agency

Diversion

Agency

Rate

Diversion

Agency

=

=

=

From the equation defining generation:

Step 5: Calculate Agency Annual Diversion Rate
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From the equation defining diversion rate:

Please note that it is not necessary to have a numerical value for every program activity.  Indicate diversion tonnage only for the programs that are being implemented or plan to be implemented.  Section 2 and 3 will only be “check boxes” for indicating the existence or non-existence of a program.  There will not be any numerical value entered in these sections of the worksheet.  A sample of a completed State Agency Waste Reduction and Recycling Program Worksheet is included with this guide as Attachment A. 

Attachment A: Sample State Agency Waste Reduction and Recycling Program Worksheet

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O


Section 1:
Program Activities
2000
2001
2002
2003
2004
2005
2006


B1*
B2*
B3*
Projected Tonnage
Proposed Tonnage
Actual Tonnage
Proposed Tonnage
Actual Tonnage
Proposed Tonnage
Actual Tonnage
Proposed Tonnage
Actual Tonnage
Proposed Tonnage
Actual Tonnage
Proposed Tonnage
Actual Tonnage

1 
Source Reduction
















2 
Use of Reusable Cups

X
0.00
0.10

0.10

0.10

0.15

0.15

0.15


3 
Use of Electronic Forms
X
X
200.00
210.00

220.00

230.00

240.00

250.00

260.00


4 
Use of Electronic Media
X
X
57.22
62.94

69.24

76.16

83.78

92.15

101.37


5 
Double-Sided Copies
X
X
2.50
5.00

6.00

5.00

5.00

4.50

4.50


6 
Utilize Property Reutilization
X
X
2.07
0.00

2.07

0.00

2.07

0.00

2.07


7 
Utilize CalMAX

X
0.00
5.00

6.00

7.00

8.00

9.00

10.00


8 
Utilize a Food Exchange

X
0.00
10.00

10.00

10.00

10.00

10.00

10.00


9 
Salvage Yards
X
X
120.00
126.00

132.00

132.00

132.00

132.00

132.00


10 
Xeriscaping/Grass-cycling
X
X
19.00
38.00

38.00

38.00

38.00

38.00

38.00


11 
Other Source Reduction Programs
















12 
High Durability Tires
X
X
18.00
18.00

18.00

18.00

18.00

18.00

18.00


13 

















14 

















15 
Recycling
















16 
Beverage Containers
X
X
1.00
1.00

1.00

1.00

1.00

1.00

1.00


17 
Cardboard
X
X
50.00
70.00

75.00

80.00

85.00

90.00

95.00


18 
Glass

X
0.00
4.00

4.00

4.00

4.00

4.00

4.00


19 
Newspaper
X
X
25.00
30.00

30.00

30.00

30.00

30.00

30.00


20 
Office Paper
X
X
30.00
40.00

40.00

40.00

35.00

35.00

30.00


21 
Plastics

X
0.00
1.00

1.00

1.00

1.00

1.00

1.00


22 
Scrap Metal
 
X
0.00
10.00

10.00

10.00

10.00

10.00

10.00


23 
Other Materials
















24 

















25 

















26 

















*B1: Add existing programs or those proposed for implementation, if not listed.  B2: Insert “X” if program exists.  B3:  Insert “X” if program is proposed for implementation.

27 
Other Recycling Programs
















28 

Special Collection
Programs

X
0.00
5.00

0.00

5.00

0.00

5.00

0.00


29 

Clean-Up Events
















30 
    
















31 

















32 
Composting
















33 
Commercial Pick-Up of Green Waste
















34 
Commercial Self-
Haul of 
Green Waste
















35 
Food Waste Composting
X
X
60.00
60.00

60.00

60.00

60.00

60.00

60.00


36 
Other Composting Programs
















37 

















38 

















39 

















40 

















41 

















42 

















43 

















44 

















45 

















46 

















47 

















48 
Special Waste
















49 
Construction/
Demolition Recycling
X
X
21.20
22.33

23.45

24.62

25.85

27.15

28.5


50 
Concrete/Rubble Reuse
















51 
Concrete/Asphalt Recycling

X
0.00
50.00

50.00

50.00

50.00

50.00

50.00


52 
Rendering/Grease Recycling

X
0.00
20.00

20.00

20.00

20.00

20.00

20.00


*B1: Add existing programs or those proposed for implementation, if not listed.  B2: Insert “X” if program exists.  B3:  Insert “X” if program is proposed for implementation.

53 
Tires
















54 

Use of Retreads
X
X
43.36
43.36

43.36

43.36

43.36

43.36

43.36


55 

Tire Reuse
















56 

Tire Recycling
















57 


Use of 


Rubberized 


Asphalt
















58 


Use of Tire-


Derived Products
















59 


Collection 


Program
















60 

Drop-Off at Landfills
















61 
Used Oil/Antifreeze
















62 
White and Brown Goods (Reuse/Recycling)

X
0.00
5.00

5.00

5.50

5.50

6.00

6.00


63 
Wood Waste
















64 

Wood Waste 
Chipping for Mulch 
or Compost (Drop-
Off)
















65 

Brush/Wood Waste 
Chipping
X
X
50.58
50.58

50.58

50.58

50.58

50.58

50.58


66 
Other Special Waste
















67 

















68 

















69 

















70 

















71 

















72 

















73 

















74 
Total Tonnage Diverted
700.00
887.31

914.80

941.32

958.29

986.89

1,010.53


75 
Total Tonnage Disposed
704.73
704.73

704.73

704.73

704.73

704.73

704.73


76 
Total Tonnage Generated
1,404.73
1,592.04

1,619.53

1,646.05

1,663.02

1,691.62

1,715.26


77 
Overall Diversion Percentage
49.83%
55.73%

56.49%

57.19%

57.62%

58.34%

58.91%


*B1: Add existing programs or those proposed for implementation, if not listed.  B2: Insert “X” if program exists.  B3:  Insert “X” if program is proposed for implementation.

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O


Section 2:
Promotional Programs
2000
2001
2002
2003
2004
2005
2006



Existing 
Proposed
Imple-mented 
Proposed 
Imple-mented 
Proposed 
Imple-mented
Proposed 
Imple-mented
Proposed 
Imple-mented
Proposed 
Imple-mented

78 
Web Page














79 
Newspaper Articles/Ads














80 
Brochures, Newsletters, Publications














81 

Fliers














82 

Office Paper Recycling 
Guide














83 

Fact Sheets














84 

New Employee Package














85 
Outreach (technical assistance, presentations, awards, fairs, field trips)














86 

Seminars














87 

Workshops














88 

Waste Information 
Exchange














89 

Recycled Goods 
Procurement Training














90 

Awards Program/Public 
Awareness














91 

Speakers (staff available 
for presentations)














92 

Technical Assistance














93 

College Curriculum














94 
Waste Audits














95 
Waste Evaluations/Survey














96 
Other Promotional  Programs














97 















98 















99 















100 















101 















102 















103 















104 















105 















106 
















Section 3:

Procurement Activities
2000
2001
2002
2003
2004
2005
2006



Existing
Proposed
Imple-mented
Proposed
Imple-mented
Proposed
Imple-mented
Proposed
Imple-mented
Proposed
Imple-mented
Proposed
Imple-mented

107 
State Agency Buy Recycled Campaign (SABRC)––All procurement activities should be coordinated through SABRC.














108 

Department-Wide 
Recycled-Content 
Procurement (RCP) 
Policy














109 

Exceeding SABRC 
Goals














110 

Department-Wide 
Automated Procurement 
Tracking System














111 

Requiring Recycled-
Content Product 
Certification for All 
Purchases














112 

Annual Submittal of 
SABRC Report














113 

Staff Recycled-Content 
Procurement Training














114 

Participating in Dept. of 
General Services Buy 
Recycled Task Force














115 

Proactively Working 
With RCP Suppliers














116 

Sharing Success Stories 
With SABRC














117 

Joint Purchase Pools














118 

Other Procurement 
Activities














119 















120 















121 















122 















123 















124 















125 















126 















Attachment B: Construction and Demolition Waste Recycling and Disposal Survey (Test Version 1.02)

Owner Name:  _________________________________________  Date:  ____________

Property Address:  ________________________________________________________

________________________________________________________________________

Owner Telephone:  ________________________________________________________

Contractor Name:  ________________________________________________________

Contractor Contact:  _____________________ Contractor Telephone: ______________

Description of Project:  ____________________________________________________

________________________________________________________________________

Approximate Dollar Value of Construction:  ____________________________________

Approximate Square Footage of Project:  ______________________________________

Demolition Schedule:  _____________________________________________________

Construction Schedule:  ____________________________________________________

Name of Hauler(s):  ____________________  Telephone:  ________________________

Please check waste prevention activities that are practiced at this project site:

___  Use of Prefabricated Components
___  Reduced Packaging

___  Reuse of Materials from Other Projects
___  Other (describe) _______________
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___  Accurate Material Estimates
________________________________

Attachment C: Construction and Demolition Waste Material Disposition Summary

Fill out the tables below.  The unit of measurement is tons.  Use the conversion factors provided on the previous page.  If a different conversion number is used, please provide.  If tonnage information is not available, estimates can be provided in cubic yards. 

Part I. Demolition Materials (tons)

Material Type
Disposed in Class III Landfill
Taken to Inert Fills
Other
(describe)
Recycled or Salvaged for Reuse
How Recycled?
(e.g., used as aggregate, etc.)

Concrete








Asphalt








Dirt








Wood








Metals








Mixed Waste








Other (describe)














Part II. Construction Materials (tons)

Material Type
Disposed in Class III Landfills
Taken to Inert Fills
Other
(describe)
Recycled or Salvaged for Reuse
How Recycled?
(e.g., used as aggregate, etc.)

Concrete








Asphalt








Dirt








Wood








Metals








Mixed Waste








Other (describe)














Summary Sheet

Please name the facilities (e.g., landfill or inert facility name) materials are taken to.  

Facility Name
Total Tons










To the best of my knowledge, the above estimates are an accurate representation of the disposition of the construction and demolition materials generated on-site at the construction job.  I understand that the city may audit disposal and recycling documentation related to this survey.  

________________________________
_______________________________________

Print Name




Signature

Additional Notes / Comments (attach additional sheets if necessary):  

Conversion Factors for Selected Loose Materials


Concrete	2370 lbs/cu yd	1.18 tons/cu yd	0.84 cu yds/ton


Asphalt	1940 lbs/cu yd	0.97 tons/cu yd	1.03 cu yds/ton


Brick	2430 lbs/cu yd	1.21 tons/cu yd	0.82 cu yds/ton


Dirt	2660 lbs/cu yd	1.33 tons/cu yd	0.75 cu yds/ton


Wood	  400 lbs/cu yd	0.20 tons/cu yd	5.00 cu yds/ton


Gypsum wallboard	  500 lbs/cu yd	0.25 tons/cu yd	4.00 cu yds/ton


Cardboard	  100 lbs/cu yd	0.05 tons/cu yd	20.0 cu yds/ton
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