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What is Six Sigma?

* Quality improvement program
developed by Motorola in mid-1980’s
due to competition from Japan Process Average
— Techniques were not new, packaged in
new way under Motorola University
* Gained popularity from GE and CEO
Jack Welch due to cost impact J e S |

6 Standard Deviations = Sigma Level

e Technical answer refers to variation as
compared to customer specifications

http://www.leansixsigmadefinition.com/glossary/six-sigma/ E ﬂ



http://www.leansixsigmadefinition.com/glossary/six-sigma/

Principles of Six Sigma

Problem
DMAIC model used for structured ~
problem solving e
Certification levels to show proficiency DEFINE
and provide guidance
— White, Yellow, Green, Black, MBB MEASURE
Strong emphasis on statistical analysis, ANALYZE’
qguality systems and prevention tools
Data-driven decision making IMPROVE

Projects require hard and soft financial
savings

CONTROL

Long term solution 7 G ﬂ
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Six Sigma: Attendance and Productivity

Individual Value Plot of Attendance
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What is Lean?

* Popular approach developed from best
oractices of American and Japanese
oroductivity techniques

 Term coined after researchers compared
American automakers with Japanese
automakers

— Formally called Toyota Production System

* Methods focus on finding and solving
problems quickly using teams to make
work simpler, easier and more organized

. Phot tesy of Toyota-Global.
http://www.leansixsigmadefinition.com/glossary/lean/ Otos cotrtesy ot loyota-iiobal.com
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http://www.leansixsigmadefinition.com/glossary/lean/

Principles of Lean

* |nvest in people to increase engagement

 Define value, everything else is waste

e Solve problems at the gemba (where the work is done)
 Map the value stream from the customer perspective (system)
* Respect for people

* Create continuous flow (finish what you start) yd N
* One thing at a time, minimal batching

* Blame the process, not the people K /
 Simple, low tech solutions are better
 Make the work simpler and visual (work smarter not harder) .

* Pull when the customer wants it (JIT)
* Learn by experimentation
10 B ﬂ

* Problems are good, find them quickly
* Improvement never ends (strive for perfection)




Lean at Denver DHS

Had long waiting lines and frustration
from citizens and workers

It took about 5 days to complete a
single application

6 months of kaizen events conducted

Setup flow cells to bring resources
together in same area

Now takes a couple of hours to https://vimeo.com/134769673
complete a single application
11 H



https://vimeo.com/134769673

e Waste = Non-value added

* Find and eliminate these 8 forms of waste in your processes

0
o
TRANSPORTATION

Moving items or
information

A3

INVENTORY

ltems or information that
customer has not received)

TIM WOODS (8 Wastes)

a &)

Excessive movement
within workspace ‘

O

WAITING

Waiting for information
or items to arrive )

0 g,

OVERPROCESSING

Doing more work than
necessary

fé.'

OVERPRODUCTION

Doing work before it is

needed )

U®

DEFECTS

Mistakes and errors that

need to be reworked )

X

SKILLS

Not using workers to

fullest of abilities )

https://www.biz-pi.com/product/tim-wood-lean-wastes-slides/

12



https://www.biz-pi.com/product/tim-wood-lean-wastes-slides/

Waste tied to environment

Waste Type Environmental Impacts
Overproduction More raw materials consumed in making the unneeded products
Extra products may spoil or become obsolete requiring disposal
Extra hazardous materials used result in extra emissions, waste disposal, worker exposure, etc.
Inventory More packaging to store work-in-process

Waste from deterioration or damage to stored WIP
More materials needed to replace damaged WIP
More energy used to heat, cool, and light inventory space

Transportation and
Excessive Motion

More energy use for transport
Emissions from transport

More space required for WIP movement, increasing lighting, heating, and cooling demand and energy
consumption

More packaging required to protect components during movement
Damage and spills during transport

Transportation of hazardous materials requires special shipping and packaging to prevent risk during
accidents

Defects

Raw materials consumed in making defective products
Defective components require recycling or disposal
More space required for rework and repair, increasing energy use for heating, cooling, and lighting

Over Processing

More parts and raw materials consumed per unit of production
Unnecessary processing increases wastes, energy use, and emissions

BE G 8HE &8

Waiting Potential material spoilage or component damage causing waste
Wasted energy from heating, cooling, and lighting during production downtime
http://leansixsigmaenvironment.org/index.php/environmental-impacts-of-waste/ 13
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http://leansixsigmaenvironment.org/index.php/environmental-impacts-of-waste/

W.A.S.T.E.

SOLIDS TOXINS ENERGY

http://business-performance-improvement.thinkific.com/courses/lean-six-sigma-and-the-environment

14 :, 9



http://business-performance-improvement.thinkific.com/courses/lean-six-sigma-and-the-environment

U.S. Environmental Protection Agency Toolkits

The Lean and Environment ToolKit

The Lean, Energy & Climate Toolkit

The Lean and Chemicals Toolkit

The Lean & Water ToolKit

The Environmental Professional’s Guide to Lean & Six Sigma

The Environmental Professional’s

Guide to Lean & Six Sigma



https://www.epa.gov/lean/lean-environment-toolkit
https://www.epa.gov/lean/lean-energy-and-climate-toolkit
https://www.epa.gov/lean/lean-chemicals-toolkit
https://www.epa.gov/lean/lean-water-toolkit
https://www.epa.gov/lean/environmental-professionals-guide-lean-six-sigma

Sustainability
People




Lean: Material Avoidance

Good for business, good for the environment




Lean: Mobile Device Reuse

BEFORE

5S Workplace Organization

18




Going to
the Gemba

Lean Six Sigma: University of lowa

Problem: Increase diversion rate at Kinnick Stadium from 25% to 50%

Owner: Brion Hurley

[Date: Fan 2012 [Approved: Damien simeox

DEFINE

Too mudh trash is going direcy to the andfil duning lowa footbell games.
Resuits from Michigen game were 25% of trash was moytled (ndudes
nsde and outkide stydium). Mos! waste sorts show that S0-75% of trash
= recyciable, Current kindfill costs are sbaul $1000 per germe flat fee.
Future landfil casts at iC are going up $10 per ton next year, This project
vl help Ul achieve 60% wasie diversion gos by 2020,

MEASURE
wratizine®  BIG | Onwy hoif the teae In the Big 10 conference track diversion, but
BN S ran s irwa onldy 25%, and has not 2pent much offort on increasieg
-~ HNNKNNNNNN dwersion rate
o I
- peseten

nd compoating wiehin stadum.
n stadkum

amourt of potenbal reay!
Limrations on reoycing and compoaTing wit

ANALYZE i
. N 3 Fopion] Gresbdonr of Cave Dy Tore Wiorx (200X ol

\,

IMPROVE

IO LIV € AN VS GICYTLMG PR3N EC,' 3
4 GIMIUAL RULES: ik

*LITONIE FLOD WUST CO TO TRAS | SIVAATC "RO%S TINS

CREUNTLAR T TENS CANRST B CONTONINNTED R FOOD

SRET SURSTSETREET 10 CONTA XIS 5OR £ CE00ON

Colet 2.9 paser dacor
P W O AV

Volurpooss placed outside of stadlum priee to game
(provided handout sheet for reference], and chesn up
volunteers cducated on what can be recydied. Plastic
bortie recychng bins oo located near trash bins to holp
increace ghversion within stadam

CONTROL

Delta Tau Deka fraternity has taken
over the recrarment and responsibiity
or the pee game recydling program

Data Analysis

A Diversich rates were 40-60% during the 2012
e son, up from 25% from one game in
- E I/ 2011. Great visibility for university

http://leansixsigmaenvironment.org/index.php/ec-053-six-sigma-project-to-improve-stadium-recycling/

19



http://leansixsigmaenvironment.org/index.php/ec-053-six-sigma-project-to-improve-stadium-recycling/

Six Sigma: Electricity Reduction

Time Series Plot of KWH, KWH Pred :
! Off-hour temperature adjustment
5000000 Yariable
—B— KWH Prad We're reducing our energy consumption and environmental impact with a
temperature setback system that works like a programmable thermostat.
8000000 4 During off hours, you can override the setback via the adjustment control.
It will return the temperature to its regular setting for two hours. Please
f ! m, | dress for the setback temperature during off hours and avoid overriding
o [ "T [ ] the program if you intend to work for only a brief period.
"._-T;' F000000 - r‘ k . ir 3 Thank you for helping Rockwell Collins
= 1 ; | ; become even more energy conscious. Gontact:
J ! Facilities Services
. \ n f | ‘ : 2955595
6000000 - ] : $ |4 b S———— T———
1 ' ' . -
& 5
|
2000000 4 T T T T T T T T T T r Push this button 1x for
the program to override >
i ":':l' ":') So b l"Il. ll‘Il. N N & & the temperature setback %
P P .- R L L. pe tEperaty
F R R Pt @ g 05-06
MonthYear
Regression Analysis
http://leansixsigmaenvironment.org/index.php/reducing-electricity-in-a-large-facility-or-company/
20
http://leansixsigmaenvironment.org/index.php/predicting-and-reducing-electricity-consumption/ B



http://leansixsigmaenvironment.org/index.php/predicting-and-reducing-electricity-consumption/
http://leansixsigmaenvironment.org/index.php/reducing-electricity-in-a-large-facility-or-company/

Sustainability

People
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Six Sigma: Football Player Retention

Sumof Sum of %0 & 2 3 % s =
Finished  Did Not Player Groups Finished Career | Did Not Finish | % Finished
SO Black 32 45 41.6%
White/Non-Black 43 31 \_58.1%
Black 32 45
3 Overall 75 76 49.7%
3825 3875
1020  1.006 *From 2009-2015
White/Non-Black 43 31 74
3675  37.25
1061 1.047
Al 75 76 151
Cell Contents
Count
Expected count
Contribution to Chi-square
Chi-Square Test There is a statistical difference between Blacks and
Chi-Square /DF  P-Value White/Non-Blacks finishing program (41.6% vs 58.1%)
Pearson 4.134 1 0042 http://www.leansixsigmaforgood.com/racial-differences-
Likelihood Ratio  4.153 0.042 in-football-player-retention-at-the-university-of-iowa/ 22 G



http://www.leansixsigmaforgood.com/racial-differences-in-football-player-retention-at-the-university-of-iowa/

Lean Six Sigma: Healthcare Clinic

Pro Times

Individual Value Plot of Pro Times I Methods ‘ ‘ Environment ‘
Testing room temp! Non-linearity of test equipment
L an.\" = 11 ? L .
13.0 g N Sample check Criteria for normal patients Test eguipment model
: - : frequency Differences in date/time Calibration frequency and bias
bbabapapappaat when calculations made
12.5 1 . -.- fotetarat.tel
[ 1 1] L . . .
: s s Insufficient sample siz % Centrifuge model
12.0 N - S—— In testing room speed and time - -
e —
sese . . MNPT values
11.5 - . Jre—— Statistical Analysis
S i
-: .-I [ ] techniques
.
seesse Avg=119 M . Blood sample temp

11.0 4 L
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https://www.ahrg.gov/downloads/pub/advances2/vol3/Advances-Hurley 55.pdf 23



https://www.ahrq.gov/downloads/pub/advances2/vol3/Advances-Hurley_55.pdf

Lean: TSSC and NY Food Bank

* |Increased number of boxes
that fit on the truck from
840 to 1260

* Redesigned the workflow
for packing the boxes, from
3 minutes to 11 seconds

e Cut distribution time from 3
hours to 1.2 hours

https://www.tssc.com/projects/nfp-fbny-vid.php

24 H
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Volunteer




lISE Sustainable Development

SustainableEngineer.org

26



http://www.sustainableengineer.org/

Lean Portland

* Benefit LLC committed to developing leadership skills of
members and local non-profit organizations through project-
based volunteer work that lead to continuous improvement

LeanPortland.com

27



https://leanportland.com/

Resources

28



 States

Arizona
Washington
lowa
Connecticut
Ohio
Nebraska
New Hampshire
Wisconsin
Minnesota
New York
Vermont

* Not all-inclusive

Lean Six Sigma in Government*

e Cities

El Paso (TX)

Irving (TX)

Denver (CO)

Cape Coral (FL)

Ft Wayne (IN)
Grand Rapids (M)
Jacksonville (FL)
Louisville (KY)
Detroit (Ml)

-

* Agencies

EPA
Armed Forces (Army, Navy, Air Force)
BLS
Local MEP organizations ﬂ

29




LeanSixSigmaForGood.com

* 380 articles across 11 topics
* Topics:

— Cc.)mmu.nlty Services N/ SEARCH HERE
— Discussion

— Education
ﬂ HOME LOCATIONS v VOLUNTEER TOPICS v MEDIA v RESOURCES v CONTACT

.
E n VI ro n l I l e nt Popular Tags # USA # Toyota Production System Support Center # Africa # California # lowa # Toyota Production System # Lean Enterprise Institute
Equity

. | — - =)
Fa It h B a S e d Household Goods Podcast
] ’ B1 =

Applying Lean Six Sigma to

- FOOd Ba n k : | ' — : -— : > . - Boulder Hospice Care Thrift Shop

® Donations

— G Ove rn m e nt - ' - BeueTice - . -;:m” B\ gy 1\ Articl.e Community Services

Boeing boosts nonprofit agencies

2 - £ = e e by sharing lean manufacturing
— Healthcare » N | tips
- 2, e ;o= : " e ; Article Healthcare
- H ouse h o) I d G 0]0) d S n ' : , : el < ;;,«:’ Six Sigma Community Healthcare
MCCAQTNEY PROBLEM s - f 3 I~ . 12=n == . = - ProjectReduces INR Testing Risks

— Natural Disasters B

http://www.leansixsigmaforgood.com/

30



http://www.leansixsigmaforgood.com/

Free Resources

* FREE Online Courses: http://business-performance-

improvement.thinkific.com/
— Lean Six Sigma and the Environment
— Lean at Home

e LeanSixSigmaforGood.com

— Book series
— Podcast

* LeanSixSigmaEnvironment.org
* LeanSixSiegmaHomes.com

VOLUME 1

CC wIA VIS
For Good

Lessons from the Gem{u
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' Lean Six Sigma
For Good
Lessons from the fse@?a

S
=
L~
L\
-
-

W7

\ g

‘A7 \
< B2 RN 04,4
N F B 70%
N\ ) - Ve 'V
N K /

7 T

dmazon

Lean Six Sigma For Good .com
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http://business-performance-improvement.thinkific.com/
http://www.leansixsigmaforgood.com/
http://www.leansixsigmaforgood.com/lean-six-sigma-for-good-book-series/
https://podcasts.apple.com/us/podcast/podcast-earth-consultants/id1070983709
http://leansixsigmaenvironment.org/
http://www.leansixsigmahomes.com/

GREEN
MANUFACTURING

Case Studies in LEAN
and SUSTAINABILITY

PROCESS
MANAGEMENT

PAMELA ). GORDON

S. PADDY O'BRIEN

forthe
Nonprofit

WHAT YOU DON'T KNOW CAN COST YOU

oot

_Creating aLeanaa |
. Green Business System ||

Techniques for Improving 4
- .Profits and Sustainability=¢

Keivan Zokaei » Hunter Lovins
Andy Woed » Peter Hines

)
Lean Sustainability

Creating Safe, Enduring,
and Profitable Operations

SUSTAINABILITY

HOW ORGANIZATIONS DESIGN AND DEPLOY
WINNING ENVIRONMENTAL PROGRAMS

Mar J

Lean Waste
Stream

Reducing Material
Garbage Using Lean F

S5 GREEN
INTENTIONS

(reating a Green Value Stream to Compete and Win

Books

Lean Six Sigma
For Good

How experts can help
and help improve the environment.

ONY
N YN,
\\ 0.§.ga¢

N

Brion Hurley

Lean Six Sigma
For Good

32




Summary

* Lean and Six Sigma have been used
for decades to improve the bottom @ SUSTAINABLE (3¢ A |

\’ %, 8
: : C . ) DEVELOPMENT \J %
line of for-profit organizations N GOALSTO TRANSEOHMOURWORLE

~ NN

* These methods can be used to =
address the UN Sustainable
Development Goals by assisting
nonprofits, government agencies
and partnering with schools and
for-profit businesses

> o




Questions?

34



Brion Hurley

Lean Six Sigma Master Black Belt
Business Performance Improvement
Portland, Oregon (USA)

brion@biz-pi.com
321-271-5361

Linked[T].

0) | Instagram

@brionhurley

@brionhurley

35
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What is Business Performance Improvement?

BUSINESS IMPROVEII'IEIIT

m ﬂ LEANPORTLAND S

PROFIT PEOPLE PLANET

Helping businesses and organizations achieve “triple bottom line” performance @
using Lean and Six Sigma

Certified

Corporation
b~}
www.BlZ-Pl.com
SUSTAINABLE ™ ™
\/"T@ﬁ DEVELOPMENT \J % ALS
w 17 GOALS TO TRANSFORM OUR WORLD

FOR THE
PLANET

— MEMBER —

2015 LSS STEATEGIS OADRESS () ghr
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