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Lean Six Sigma Problem Solving Process

2Define Measure Analyze Improve Control

The team utilized the 5-Step DMAIC problem solving process. 



Select Problem

3Define Measure Analyze Improve Control

Management reviewed many problems using a selection Matrix.

A B C=A*B
Impact      

on         
Customer  

(Accuracy/ Cost  
/Timeliness)

Need         
to           

Improve      
(Performance       

Gap)              Overall  
1 Too high of waste transfer costs Diposal Haulers (Int/Ext) 4 2 Y 8

2 Too high of waste collection costs Rate Payers (External) 2 2 Y 4

3 Disposal:  Tipping fees not adequately covering all of disposal 
costs Haulers Internal/External 3 4 Y 12

4 Too many retroactive change orders associated with capital 
construction Board 5 2 Y 10

5 Vendors (construction) take too long to get paid Vendors (External) 4 4 Y 16

6 Capital construction projects not getting done quickly enough 
(especially length of time to launch project) Internal/External 1 4 Y 4

7 Poor efficiency of the cart maintenance program Residential Cust (External) 3 3 Y 9

8 Too many residential developments/households are not being 
served by PWWM (but that should be served, by code) External/Internal 3 5 Y 15

9 Efficiency and effectiveness of Mosquito Control needs to 
improve including accounting for seasonality R&B Customers (External) 3 4 Y 12

10 Public Works' Road &  Bridge op's teams need to be more 
efficient/effective (e.g. generalist versus specialist teams) R&B Customers (External) 3 2 Y 6

11 Road &  Bridge (Public Works)-  pothole routing needs to be 
optimized. R&B Customers (External) 3 2 Y 6

12 Public Works' Road &  Bridge operations needs to be more 
efficient/effective R&B Customers (External) 3 4 Y 12

13 Discipline process takes too long (especially on Waste Mgmt 
side) Mgmt & Empls (Internal) 3 1 Y 3

5= Extreme 3= Moderate

4= High 2= Low  1=None
Rating Scores:

Project Selection Matrix

Problem(s)

Customer 
(Internal or 
External)

Selection Criteria

Supports Miami 
Dade Strategic 
Goal(s)?  Y/N

“Tipping Fees not adequately covering all of the Disposal Costs” was 
selected  as the other 2 higher rated problems had been assigned. The 
team later narrowed the team’s focus to reducing the “Waste Transfer 
Costs” component to work on first as data was readily available.



Identify Project Charter
The team developed a team Project Charter.

Project Name: Reduce Waste Transfer Costs 

Problem/Impact:
Waste Transfer fees are increasing at a faster than revenue intake.  Tonnage has been down about 20% over past 4 or 
5 years: lower tonnage but largely fixed costs means higher cost per ton. 

Expected Benefits:
Improvement will result in reduced Waste Transfer Costs and more efficient Waste Transfer 
operations.

Outcome Indicator(s) Q1-  Transfer Costs per Ton of Waste 

Proposed Target(s) Target=12.32 per ton (Close gap by 25%)
Time Frame: July 2012 through Nov 2012

Strategic Alignment: Supports the County's Business Plan

In Scope: Costs associated with Transfer Trucks transporting waste from Transfer Stations to landfill or 
recovery facility 

Out-of-Scope: Other Trucks hauling Waste directly to Landfill or Recovery Facillities; Private haulers
Authorized by: Ray Scher; Chris Rose

Sponsor: Ray Scher

Team Leader: Michael Moore, Lourdes Avalos
Team Members: Ray Scher, Michelle Chong, Deborah Silver, David Clodfelter             

Process Owner(s): Michael Moore
Mgmt Review Team: Ray Scher; Chris Rose; Kathleen Woods-Richardson

Completion Date: 30-Nov-12
Review Dates: Monthly and Final Review  in November 2012

Key Milestone Dates: See Action Plan

Team

Schedule

Project Charter

Business 
Case

Objectives

Scope

4Define Measure Analyze Improve Control

1.

2.



Develop Project Timeline Plan
Legend:

= Actual
= Proposed

The team developed a timeline plan to complete the Project.

Define Measure Analyze Improve Control

4.
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Jul Aug Sep Oct Nov Dec

1. Define

2. Measure

3. Analyze

4. Improve

5. Control

WHAT: Complete DMAIC Story Project by Nov 30, 2012
DMAIC Story

 Process Step
WHEN  

2012

    

         

    

11/30/12

Completed 8/12/12

Completed 8/31/12

10/30/12

Completed 9/25/12



Monitor Team Progress

Team identified an indicator; 
developed a Flowchart and a 
Spreadsheet

The Team and Management used a Checklist to monitor team progress.

6Define Measure Analyze Improve Control

Target Set at 25% reduction in Gap 
from $12.32/Ton ; Paretos and 
Histograms

Single Case Bore; Fishbone ; RC 
Verification Matrix

Countermeasures Matrix; Barriers 
and Aids; Action Plan

Line Graph

Process Flowchart; Process Control 
Chart

Lessons Learned



Review Process Flow Chart

The team 
next looked 
closer how 
to capture 
indicator 
data.

The team 
constructed 
a Process 
flow chart 
describing  
the Process.

Define Measure Analyze Improve Control 7

Q1 – Waste Transfer Trip Cost 
per Ton

Q3 - Overall Transfer $ Cost per Ton (Target=25% 
reduction in Gap from $12.32 per Ton



Waste Transfer “Cost per Ton” Factors

8

Waste 
Transfer 
Trip Cost 
per Ton =

The team identified several factors to be considered in estimating 
costs per ton for Waste Transfer Trips.

5.

(Fuel Costs + Truck Costs + Driver Costs)/Trip Tonnage

Fuel Cost = (Trip Mileage*Fuel Cost per Gallon)/(Miles per gallon) 

Truck Cost = (Annual non-fuel operating and Maintenance costs+ 
Annual Depreciation expense) * (Trip Minutes/60) /(Total Truck 
Available Hours per Year)

Driver Cost = (Avg Driver Rate of Pay per Hour)/(Trip Minutes/60) 

The team incorporated these calculations into data collection 
spreadsheet in order to estimate Waste Transfer Costs for 
every Trip.

Where…

Define Measure Analyze Improve Control



Identify Data Collection Needs
The team developed a data collection spreadsheet  from readily available electronic Waste 
Transfer Trip data and added Trip mileage and estimated trip times based on time of day.  The 
spreadsheet will help the team estimate trip “costs per ton” for every trip and thereby allow 
team to focus in on the high cost per ton trips to determine root cause(s).

9Define Measure Analyze Improve Control
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Review Selected Indicator

The team next looked closer at Q1 indicator for transfer trip costs.

Q3 – Overall Waste Transfer Cost per Ton
The team collected Q3  indicator data and reviewed performance trends:

10

5 mo Avg=$ 16.98

=$4.66
Target = $12.32 per ton

Define Measure Analyze Improve Control

3.
1 Time $6 million Cost 

Adjustment due to merger 
distorted the Feb Cost per ton
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Review Selected Indicator

The team looked closer at the March Transfer Trip Data.

Q1  - Waste Transfer Disposal (Trip) Cost per Ton
The team calculated Q1 indicator data from the spreadsheet.

11

Avg March 2012= $4.18 per ton

Target = $TBD

Define Measure Analyze Improve Control

3.



Transfer Trips  for March 2012
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Transfer Trip Cost Per Ton
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_
x

n =  5711  (Excludes 30 Outliers)
mean =  4.0302
std dev =  1.4173

Stratify the Problem

12The team looked closer at these the High Cost per ton Trips.

1179 Transfer Trips cost 
over $4.95 per Ton

The team stratified the March Trips and found…

Define Measure Analyze Improve Control

5.



Transfer Trips  for March 2012 with Transfer Cost per ton Greater than $4.95

601

478

57 37
6

99.5%
96.4%

91.5%

51.0%

0

200

400

600

800

1000

8-South Dade Facilit 3-North East T. S. 2-Central T. S. 9-North Dade Facilit 4-West T.S.

Pick-up Facility

# 
of

 T
rip

s

0

10

20

30

40

50

60

70

80

90

100

%
 o

f T
ot

al

n =  1179

Stratify the Problem

13
The team looked closer at these 1079 Trips.

1079 (91.5%) of the high cost 
per ton Trips originated from 
2 transfer facilities

The team stratified the 1179 high cost per ton Trips  many ways and found…

Define Measure Analyze Improve Control

5.

Transfer Trips for March 2012 with Cost per Ton Greater than $4.95



Transfer Trips  for March 2012 with Transfer Cost per ton Greater than $4.95 that Originated 
from South Dade or North East Transfer facility
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Stratify the Problem

14
The team looked closer at these 1068 Trips.

1068 (99%) of these 
High cost per ton 
trips delivered their 
load to the Resource 
Recovery Plant

The team stratified the 1079 trips many ways and found…

Define Measure Analyze Improve Control

5.

Transfer Trips for March 2012 with Cost per Ton Greater than $4.95 that Originated from South Dade 
or Northeast Transfer Facility



Transfer Trips  for March 2012 with Transfer Cost per ton Greater than $4.95 from South Dade 
or North East Transfer Facility to  the Resource Recovery Plant
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Stratify the Problem

15
The team looked closer at these 593 Garbage Waste Trips.

593 (55.5%) of these trips 
transported Garbage Waste.

The team stratified the 1068 trips many ways and found…

Define Measure Analyze Improve Control

5.

Transfer Trips for March 2012 with Cost per Ton Greater than $4.95 that Originated from South Dade 
or Northeast Transfer Facility to the Resource Recovery Plant



Transfer Trips  for March 2012 with Transfer Cost per ton Greater than $4.95 from South Dade 
or North East Transfer Facility to  the Resource Recovery Plant Hauling "Garbage"
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Stratify the Problem

16

390 Trips involved 
Garbage Tonnage 
below minimum 
requirements of 14 
tons

The team stratified the 593 Waste Garbage Trips many ways and found…

Define Measure Analyze Improve Control

5.

USL= 18

LSL= 14

193 Trips were 
loaded within lower 
and upper  tonnage 
specification limits

The team also 
noted 10 trips 
exceeded 
truck weight 
requirements

Problem Statement: “390 Transfer Trips  during March 2012 from South Dade or North East 
Transfer Facility to  the Resource Recovery Plant Hauled Waste Garbage under 14 tons resulting in 
trips with cost  per ton greater than $4.95”

Transfer Trips for March 2012 with Cost per Ton Greater than $4.95 that Originated from South Dade 
or Northeast Transfer Facility to Resource Recovery Hauling “Garbage”



Identify Potential Root Causes
The team sampled 12 of the 390 Low Tonnage waste Garbage Trips and reviewed trip 
documentation before conducting Single Case Bore Analysis.

17
The team next looked closer at these factors.

Define Measure Analyze Improve Control

9.

A

B

C



Identify Potential Root Causes
The team completed Cause and Effect Analysis and found…

The team next looked to verify this Potential Root Causes.
18Define Measure Analyze Improve Control

9.,10.



Verify Root Causes
The team collected data to verify the root causes and found….

19

…the potential root cause was validated as a root cause.

Define Measure Analyze Improve Control

11.,12.



Identify and Select Countermeasures

The team selected 5 countermeasures for implementation.

The team brainstormed many countermeasures and narrowed them down to these for evaluation:

20Define Measure Analyze Improve Control

13.,14.



Estimated Savings Due to Countermeasures

21

The team estimated Annual Cost Savings for 2 scenarios…

5.

Define Measure Analyze Improve Control

Note: If Trash weight specification of 16 tons is used, additional savings of 
$209,301 would be realized.  See appendix for cost savings calculations.

A.  If the Existing Trip Weight Specifications are used  (i.e. 16 Tons per 
trip for Garbage and 12 Tons per trip for Trash (plus or minus 2 tons)… 
estimated annual savings would be:



Estimated Savings Due to Countermeasures

22

The second scenario…

5.

Define Measure Analyze Improve Control

Also, 8,821 less tractor trailer round trips annually on our roadways each 
year can contribute to:

• Reduction in street congestion
• Less roadway damage (potholes)
• Reduction in liability to department
• Reduction in traffic (incl. wait times) at Res. Recovery & the landfills
• Reduced maintenance and operating expenses for the fleet

Note: see appendix for cost savings calculations

B.  If the New Trip Weight Specifications are used  (i.e. 17 Tons per Trip 
plus or minus 1/2  ton)… estimated annual savings would be:

Wt Scales Payback Time = (121 Trucks)*($10,000 per truck)/($754,647 savings per Year)
= 1.6 years (19 months)



Onboard Scale

23
Define Measure Analyze Improve Control



Identify Barriers and Aids

The team next sought to incorporate this analysis into the team’s Action Plan.

The team performed Barriers and Aids analysis on the selected Countermeasures.

24Define Measure Analyze Improve Control

15.



Develop and Implement Action Plan
Legend:

= Actual
= Proposed

The team implemented an Action Plan for the team’s Countermeasures.

25Define Measure Analyze Improve Control

16.
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Review Results

The team was encouraged by the results and will continue to monitor  the countermeasures.

The team collected indicator data and reviewed results of it’s 
countermeasures

26Define Measure Analyze Improve Control

17.,18.,19.,20.

Q1  - Waste Transfer Disposal (Trip) Cost per Ton
$4.18 
per ton

Target = TBD

3.

$3.43

Countermeasures implemented in Nov 2012

WOW! We improved 
$.75 per ton



Standardize Countermeasures
The team revised 
indicators and 
incorporated the 
improvements 
into the Process 
flowchart.

The team 
looked to 
standardize 
the Indicator 
monitoring

27Define Measure Analyze Improve Control

21.,22.,23.



Standardize Countermeasures
The team Developed a Process Control System (PCS) to monitor the process on-going.

The team looked ahead to the future.

28Define Measure Analyze Improve Control

21.,22.,23.

Process Control System 

Process Name:  Transfer and Dispose 
Waste 

Process Owner: Michael Moore 

Process Customer:  Taxpayers; Management on 
behalf of Stakeholders; Other Governments 

Critical Customer Requirements:  Transfer Waste 
Safely and at low cost 
Current Sigma Level:  TBD Process Purpose:  Transfer Waste from Private 

haulers to Land fill or Resource Rec Facility    Outcome Indicators:  Q1, Q2, Q3 
Process and Quality Indicators Checking / Indicator Monitoring 
Process Indicators 

 
Control
Limits Data to Collect 

Timeframe 
(Frequency) Responsibility

Quality Indicators 
Specs/ 
Targets

What is Checking Item  
or Indicator Calculation 

When to 
Collect 
Data? 

Who will 
Check? 

Contingency Plans / 
Misc. 
 Actions Required 

for Exceptions 
 Procedure 

References 
P1 % of Trips Loaded within 

Standard Weights (14-18 
tons standard weights 
specification) (Target 70%) 

70% 100*(# of Trips Loaded within 
Standard Weights)/ ( # of 
Trips) 

Monthly Division 
Director 

 ASE  Software 
and Scale 
System 

Q1 Waste Transfer Disposal $ 
Cost per Ton 

0 (total Waste Transfer 
Disposal $ Cost)/(Total 
tonnage) 

Monthly Division 
Director 

Team Spreadsheet

Q2 # of Traffic Accidents 
involving Waste Transfer 
Vehicles   

TBD # of Traffic Accidents 
involving Waste Transfer 
Vehicles   

Monthly 
YTD 

Division 
Director 

Safety Log 

Q3 Overall Disposal $ Cost per 
Ton (Target= 25% reduction 
in Gap from $12.32 per ton) 

$9.24 Overall Disposal $ Cost per 
Ton (Target= 25% reduction 
in Gap from $12.32 per ton) 

Monthly Division 
Director 

ASE  Software and 
Scale System 

       
Approved:        Date:     Rev #:     Rev Date:    
 

And 



Identify Lessons Learned
Lessons Learned

3) Identifying Root Cause(s) examining the data using the tools and 
techniques is better than guessing at what you think are the causes.

2) Data Collection is critical in problem analysis…careful identification of 
demographic related data for each poor performance outcome makes 
problem solving easier. 

29

Next Steps
1) Continue to monitor the countermeasures and performance results. 

1) When generating Countermeasures…it is best to involve Individuals in silent 
idea generation first before engaging the full group in discussions

Define Measure Analyze Improve Control

24.,25.

4) Having a Systematic standardized DMAIC process is essential to good 
problem solving. 



Appendix- Estimated Project Savings

30

A1. Savings for South Dade and North East Transfer Facilities for 
loading Waste Garbage to average target levels.

5.

a. 390 lightly loaded trips averaged 12.157 tons of Garbage 
(3.843 tons below the 16 ton target for Garbage).
b) # of Trips saved =(3.843 tons per trip)X(390 trips)X(12 
Months per year)/ (16 tons per trip) = 1124 Trips per year
c) Annual $ Savings for efficient Waste Garbage Trips at 2 
transfer Facilities = (1124 Trips per year)X($4.18 average 
cost per ton)X( 16 Tons per trip)= $75, 173

A2. Savings for all other facilities loading Garbage Waste:
a. 111 additional lightly loaded trips averaged 12.3 tons of 
Garbage (3.7 tons below the 16 ton target for Garbage).
b) # of Trips saved =(3.7 tons per trip)X(111 trips)X(12 
Months per year)/ (16 tons per trip) = 308 Trips per year 
saved.
c) Annual $ Savings for efficient Waste Garbage Trips at all 
other transfer facilities = (308 Trips per year)X($4.18 
average cost per ton)X( 16 Tons per trip)= $20,599



Appendix - Estimated Project Savings

31

A3. Savings for all facilities loading TRASH Waste to average 
target levels.

5.

a. 507 lightly loaded trips averaged 9.95 tons of TRASH 
(2.0421 tons below the 12 ton target for trash).

b) # of Trips saved =(2.04 tons per trip)X(507 trips)X(12 
Months per year)/ (12 tons per trip) = 1,034 Trips per 
year saved.

Define Measure Analyze Improve Control

c) Annual $ Savings for efficient TRASH Waste Trips at all 
transfer facilities = (1,034 Trips per year)X($4.18 average 
cost per ton)X( 12 Tons per trip)= $51,865



Appendix - Estimated Project Savings
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A4. Savings for all facilities loading TRASH Waste to average 
updated target levels (16 tons).

5.

a. 1527 lightly loaded trips averaged 12.594 tons of TRASH 
(3.406 tons below the 16 ton target for trash).

b) # of Trips saved =(3.41 tons per trip)X(1527 trips)X(12 
Months per year)/ (16 tons per trip) = 3,905 Trips per 
year saved.

Define Measure Analyze Improve Control

c) Annual $ Savings for efficient TRASH Waste Trips at all 
transfer facilities = (3,905 Trips per year)X($4.18 average 
cost per ton)X( 16 Tons per trip)= $261,166

A5. Overtime Savings= (2011-2012 Annual OT $ )*(% reduction 
in trips per year based on 16 tons per trip)

= [($988,000)*(5337 trips saved)] /[(5680 trips per month) 
X (12 Months)]= $77,361



Appendix - Estimated Project Savings

33

5.

Define Measure Analyze Improve Control

B1. Savings for all facilities loading Waste to new target levels of 
17 tons per Trip (plus or minus ½ ton)

a. Annual Cost Savings=(5680 trips per month) X (12 
Months)X(2.2 tons additional Capacity gained per 
trip)X($4.18) cost per ton)= $626,799

B2. Overtime Savings= (2011-2012 Annual OT $ )*(% reduction 
in trips per year based on 17 tons per trip)

Trips saved = [5680 trips per month x (2.2 tons gained per trip) x 
12 months] / (17 tons per trip)= 8,820 trips saved

= [($988,000)*[(8,820 trips saved)] / [(5680 trips per 
month) X (12 Months)]= $127,848


