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 Why companies are bzeoming more sustainable

* Why “Green” neads to be addea

* |Integratinig “grzen” into Lean Six Sigma activities
* Resourcesand Next Steps

* Summary
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What is Sustainability?

Meeting the needs of the present without
compromising the ability-6ffuture generations
(7 generations) te ineet their owvin rieeds
— Many different dzfinitions!

e Companies cannot be successfulininong term if
they only focus-@n.economic {profit)

— Must lgok at environmantand social issues
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Triple Bottom Line (3 P’s)




Good for Profits

* |f a company or organizaticn goes out of
business, they are not sustainable

e Other traits include:
— Transparency aig Disclostire:
— Stakeholdzr engageriient
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Good for People

* Fair working wage

* Safe work conditions S
* Anti-discriminat: on N
* Gender gay eduallty |
* Diversity

* Volunteering

e Charitable lemg

* Community leadership
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Good for the Planet

* Energy from renewable resources
 Made from materials four"*\-,rr »Tature -~
 Reduced or no toxms che.—mcals r"\lluta\nts

* Atechnology, proc Wt or service t \at saves emergy,
water or na cararresourrzs, aris harve_,a:d ina
sustainable ‘way ove the long terr”“ =

* Designed to mrﬂ’hL rature \ <
. Recyclable\‘or blodegra{;ahln *

A \

N
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Triple Bottom Line

* Can no longer make decisions based upon
economics (cost / price) Ginrie

— Need to consider.sociali and environrnent, but
difficult to measure

Example: Shoes
— Economic — price ef shoes
— Social = tabar practices et company

— Environment — materials used, shipping distance,

packaging, recyciing options

 What else can you think of?

Business Performance Improvement
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Triple Bottom Line

Example: Food

— Economic — price listed on th -f nr‘ror the slmlf

— Social—nutritionalvualvue ., a+or|es/fat cru e't\y 1Tree, Fair Trade
— Environment — N af quunntatwe oSt o 1Iy use Wi 'ds (organic,
natural, G NuD-m ree, no addrr-\/es w:ormg) LR ®

—

ECONOMIC A e SOCIAL .\ ENVIRONMENT

unwawwms co
/ SWK'“M

:REALIMELIMEJUICE MW B [ N7 wlon wewhamsordcom 1w SR
[3523609]0-14800-58204 C-15 W VN Y g ’

IO

Carbon Reduction Label
courtesy of Carbon Trust ﬂ
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Bank Account Review

* If someone in the class looked at your bank
account transactions, does it accurzately reflect

you? \
— Where da you s.oend your roney? McDanald’s? Wal-
Mart? Home Depot? BP Gas Station?
Do these businesses align with your values?
— If not, rrake ¢itferent buving decisions today!

Every dollar you shend is a vote for that company or service

Business Performance Improvement



What will it look like in the future?

 Consumers will consider these criteria instead of
comparing only by price:
— Airline tickets: Aircraft fuel efficiency, total trip
distance, orgaric tocd options, low VOC saat fabric
— House: ‘Walkability, proximity to public
transporiztion, land use, annual uviilitv costs

— Bread: Local stippiici, no preservatives, no bleach,
minimatipeackaging

— Cell Phone: Take back program, lead free, recycled
content, compzstable packaging

* Consider the lonig term costs over 5-10-20 years

Business Performance Improvement m ﬂ



Why comazanies are becoming
more sustainable




This is not sustainable

Population Demand for cerei{/ Water scarcity
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How will your \O! pany be affected by these issues?

Jonas M. Helseth, Bellona Europa, 6/21/12, Energy Efficiency in Industrial Processes conference, Brussels
http://www.ee-ip.org/index.php?p=eusewl12 m
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Why are companies “going green”?

Financial

\ —mployees
Revenue
< ;JW S
/_\\_/\
Risk and [\/' = Customers
Legal ( ‘_‘ (Sales)

. aff




Financial reasons for “going green” Eﬁ,

* Reduced energy, waste andmaterials (reduced

N

costs) /x:/ - ~

 Decision makmgTR\D\,ed on vﬁ—*\w; e costs

* Drives | v strategi nin \
. ncentivxcrtrﬁrﬁb s\e\T\M g\/\\
(& /d\L ‘ A&/_\/f\/

\ -
\
»
v

15

a8




- ﬁ

Financial reasons for sustainability

* 7 areas of financial benefit for companies

x4

From Bob Willard http://www.sustainabilityadvantage.com
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Business Case Simulator

1. Enter Company Data

CHOOSE SAMPLE COMPANY //V
\/* ~

- MOd'va s.mp

Profit *

>

Average salary, including benefits

>

Number of employees

e e

1. Inuicased revenue $405,000,000 $108,000,000

‘| 2. Reduced energy expenses $15,000,000 $15,000,000

e R W B e
5 P Mt ENi3 m nd water expense
«. 4. Reduced materialz and water expenses
0 NG )u eeprollut:tn!rt]r
5 e s ro
Rea) yogd wihployee attrition expenses
A 6. Reduced employee attrition expenses $15,600,000 $15,600,000
? ayoided rlsks to profit
7. Avoided risk to profit _ $432,000,000
Potential profit improvement m 5224 600,000

From Bob Willard http://www.sustainabilityadvantage.com
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Why Finance often overlooks “green”

e “Cost of doing business,” nst viewed as
opportunity

e Costs and impacts can be blariketed across many
areas, hard to'isciate datato biggest users

* Environmezntal and iuman healti risks are often
not explicitly consigered in busiriess decisions
e Externality cost

* Side benefits of sustainability efforts not
anticipated ot tactered in

* Take-back, talent acquisition, employee engagement

Business Performance Improvement m ﬂ




What do manufacturers think?

* 81% of manufacturers say sustzinability is essential to
the success of their business

 89% say operationai sustairiability is esceritial to the
success of their businass

* 60% still agree that the environiment can be profitable

* 67% of manufacturars say they “strong'y agree” the
environment is-hecaming moie iimportant to consumers

* 53% say ceunsuiriers are demanding more eco-friendly

products that cost tiie same as their traditional
counterparts

UL's 2012 annual global study
http://www.environmentalleader.com/2012/12/12/over-80-of-manufacturers-call-sustainability-key/ ﬂ
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Pressures driving sustainability

Figure |: Top 3 Pressures Driviag Susztzinability Initiutives

e

Desire for social ant
environmental stzwardship

Incredse ‘o mantain i o
brand reputation / value = /‘)_ 48%
Need {or E{yn,peﬁiive advantage l(m 45%

| —

P 285 licludes employees and customers

ST 22%
Present or expécted regulatory .

' \__/ o
compliance manzates _&u 22%

Stakeholcicr pressure

Rising 2nergy costs

N

J% 20% 40% 60%
Percentage of All Respondents
Source: Aberdeen Group, May 2009
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Risk reasons for “going green” E%ﬁ,

* Regulatory compliance (preactive and reactive)

— Fines and penalties -

— Extended producer responsibility (EPR)

* “Cradle to Cradie,” not “Cradle to Grave”

— Permits, Approvals, and Certifications

; g TV A% h A\ _\:/
- \ N’ 7S5 \ -
’ \ ~ - N\
5 ! 1 \ P 4 '
' 7, 4
P\ E "
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Risk and Legal

e Reduce future risks to reveriue and expenses
— Unknown future externality costs (i.e.-carbon tax)
— Increasing energy anc utility costs.
— Fines and penalties | |
— Bad pubiicity, protesis and impact.to reputation
— Climate changeimpact to cormmunities

Business Performance Improvement 22



Price of Externalities

Total Environmental Costs as Percentage of Net Income
=4 \_/«,
= " If companies had to pay
& B
¢ trreri\ﬁfcost of their
fh@tﬁmental impacts, it
would cu+ srofits by

/‘ t \ \,1 4-»‘3’ ‘&0 ent )

2001 2008

7N

* These enbx\vonmental r%\L\:,(externalltles) are being tied
back to the con’rno\\*ﬁfs (businesses)

\\!

http://www.greenbiz.com/research/report/2013/02/state-green-business-report-2013?ms=45828 ﬂ
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Earth’s Free Ecosystem Services

* Nutrient dispersal and cycling  Carbon sequestration and climate

* Seed dispersal ~regulation

* Food (including seafood and » Waste decomyosition and
game), crops, wild foods, anﬁi ~ detoxif§;a~1\'ion\‘---~ g
spices * Pugification of water.and air

* Water A\ \E "\VC'm:yprIination "¢ |

*  Minerals (including diatomite) « =\ s Pest and d lisease control

* Pharmaceuticals, biochemvicals‘,‘k e Culturl, :«nte..lectual and spiritual
and industrial products. insniration

. Energy(hydropowa o ‘ormass ;j“'«{._}}ecreatlonaI experiences (including
fuels) .. ecotourism)

e And more...

If we don’t \\ ({\\

m oney to re- englneer them
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Impact on Shareholder Value

What issues will affect shareholder value?

[} H
 “E mental
nVI ro n e n a % of respondents selecting givel io=2z s one of top 3
i SS u e S’ i n C I u d i ng Which 5 icsussaretkely 1o have the most im&uct. positive or negative, on shareholder

value [or compuisicsin your industry over 162 nzxt s years?

climate change” is'| . ——

. - ‘_"EHMJEMWW,WLM@W;___ 2
3 rd O n t h e I I St OT l Environmental issues, incl & ng c!’ipate chaag | W\
: Pension and refi t";h' b=nef [1'— ~ -v‘-‘\_“v- 28
to p exe C L.‘ 1‘: i \/ ‘g Priva-y\ant | datd\security ¥ S) \\ VvV Fj
~—
I Nee 1th carebenefits and other employee benefits (@) I ;
CO n C e r n S \IppLsiiion to foreign investment and freer « 4 /e I (-
i Oemand for healthier or safer prafaces I
Affordability of products |01 pokrer consur i€ rs I
Ethical standards forgd et ing and marketing I
Pay inig ality b&‘\m zen senior executives and other employees || NN NN 1:
Warkplatecondisions and safety I
i Dewgand for more ethically produced products I
I Demand for more investment in poor developing countries I
l Humar-rights standards B :
Other I -

T Al data weighted by GDP of constituent countries to adjust for differences in response rates from various regions.

https://www.mckinseyquarterly.com/article page.aspx?L.2=39&1.3=29&ar=1741

Business Performance Improvement
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Employee reasons for “going green” ﬁﬁ,

More motivated, engaged ziad inspired
workforce =)

* Higher productivityand conserVation mincaset

* Want to help compeny save moriey, imotivate co-workers
Retentiorn andacquisition of employees

* Reduced costs for zavertising, interviawing and hiring new
people, productivity-lost during transition, loss of knowledge

Content rom Bob Willard
http://www.sustainabilityadvantage.com

. a
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Employee Mindset Change

Recycling programs are corsmon across
companies, but vary graat y in scopc and
support | \J

— Composting tocd, 'e*-waste, criice supplias, etc
Recycling is just the starting point, Aot the end
goal 22

— Need 5 drive towards #a ganeration of waste!

Business Performance Improvement 27



Waste Pyramid

Zero Waste

\\ ecgc\)ver

Dispose

28




Example #1: Plastic Soda Bottle

Business Performance Improvemen t 29

Need: Water to drink
Refuse — Drink from drinking fountain

Reduce — Select sinalier bottie or-dottle with
less packzging or materials

Reuse — Fili up the waottie from fountain next
time

Recycle - Recycle bettle in‘recycling bin
Recover — Burn botile to generate heat
Dispose — Throw bottle into landfill




Example #2: Mailed Letter

* Need: Utility bill needs to be paid
* Refuse — Stop receiving by mail, gg naperless

r

* Reduce — Reduca'frequencv ¢fnastification (pay
twice a yzar, natmonth!y)

* Reuse — Reuse parerto take phoheiessages or
leave notes for others -

* Recycle = Putpaper.inito recycling bin | =M
* Recover — Burn paper to generate heat

* Dispose — Throw paper into landfil e

. aff
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Example #3: Light Bulbs

Business Performance Improvement

Need: Need to complete task in low-light area

Refuse — Don’t turn ori iight, move vyork closer
to natural light

™~

Reduce — fut oniy half the number af bulbs in
fixture, or uise a dimimer

Reuse — Use light bulbs for %

Recycle = Putbulbs in recycling bin
Recover — Burns biibs to generate heat

. aff

Dispose — Throw bulbs into landfill




Customer reasons for “going green” ﬁﬁ'

* Opening up new markets

* More loyal customers -
e Product differentiation and
innovatici |

* Managing compatitors and
industry perceptions ’

* Customeror stakehcider
request N\
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Example: Take-back programs

EXPECTED BENEFITS SIDE. BENEFITS
* Landfill avoidance (Legal) . « interaction, feedback and
idea generation with
customers (Innovation)
- Ruilds brand lovaity

* Valuein selling recycled
material for scrap (Revenue)

* Improved cnavircnmental
perceptionof customers
and community (Goodwil!)

e “Evaluation cf how

"~ custoiners use products
(Insiovation)
Dpportunity to sell or
discount them on newer
products (Sales)

Business Performance Improvement



Biomimicry
* The imitation of the models; systems, and

elements of nature forthe purpose-of solving
complex problemis |

e Key aspect cf Preductiorn. Preparation 2rocess
(3P) whict focuses cit eliminating waste through
product and pracess design development
process

Velcro tape mimics biological examples of
multiply hooked structures such as burs. m H

Business Performance Improvement 34




“Greenwashing”

* Act of misleading consumers regarding the

environmental practices i a compzany or the
environmental bernetits of a productor service
* Companies mustavoid the 7 aeadly sins:

— Sin of Hiddeun Tracle-off = &7 —
— Sin of No Proor |

— Sin of Vagueness

— Sin of Worshining Faise j.abels vr
— Sin of Irrelevarnce %;

— Sin of Lesser'af Two Evils NON-TOXIC

— Sin of Fibbing —

* Over 95% of “green” products evaluated had at
least one of the sins
aff
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What is Carbon Footprint?

e A calculation of the effect h;man activities have
on the climate in terms ¢fihe total amount of

greenhouse gases prouuced (measuied in units
of carbon dlowce or CO,) «

- Greenhouse gases (Ci—m) trap heat i iny he
atmosphere, Ieadmﬂ to cllm‘,’m Lhange

o & o ol 5
S e A 4 : %
3 .‘_“‘; Lol i 1
. _”’. L8 { ‘ ‘_ : - o v ®
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Carbon Footprint

 The amount of fossil carbor-consumed by a
group, area, business arindividual, converted to
metric tons of CC,

— Metric tons of ¢arbon dioxidz eguivalent
— MTCE or C0),e

* Relates to ameuntct energy-invested into
products anc services

 Companies calculate'it to provide a summary
metric of their impact on climate change
— Can identify priority for Lean Six Sigma efforts

Business Performance Improvement m ﬂ




Why are companies reporting?

* Objective assessment for o ' ERSKSUT SRR
measuring progress x> A i

» Prioritize opportunities’ .

* Increased transp"'f‘nev

* Risk mitig: ’f'oﬁ‘v ' . p\“’l %)

+ Benchmarking U v Y wanapor

. Customer,r.n.'upxxors or \ & e L
stakeholders asked them L recying

to report! N\ A

N

Image courtesy of

Comply Direct
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Why are companies “going green”?

Financial

* Reduced energy, waste and
materials (reduced costs)

* Decision making focused on_
lifecycle costs pAy

S

* Drives long term stie ‘tep if:“[f;"ianning
* Incentives ano ebates |

\,,

Risks and Legal T\ =

* Regulatory co Vn*p'm’-'e (proactlve
and reactive). ¢

* Reduce future risks to revenue and
expenses N\

Em ,Jroyees

e~ jdere motivated, engaged and
<& inspired \AlOt’“fO"CG

. Reteu iQn ar\dacqu|5|t|on of
N
onees

A

-

" Customers and Satns.

. Ope.wr.gu new markets

. v(\/'ure loyal customers

& Product differentiation and

" innovation

* Managing competitors and
industry perceptions

e Customer or stakeholder request

These were not the original intent, side benefit of green efforts

Business Performance Improvement
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Why “Green” needs (o be added
to your Lean Six Sigma program




Improvement initiatives

Most companies and organrizations have an
improvement initiative-te heip the company
iImprove

— Save money by eliminating waste and inatiiciencies

— Add value through better.align with thelr customers

* Goes by many names: Lean Six Sigma, Lean, Six
Sigma, Total Quality Mahagement, Toyota
Production Systers, Cortinuous Improvement,
Business Exce’ience, etc

 Don’t have one? Put one in place first!
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Lean and Six Sigma

Lean N Six Sigma

W__Empriasizes the need to recognize

v" Focuses on maximizing product %l
| “~opportunities and sliininate defects

flow and velocity

v" Provides tools for anal)un _k” % Recogniﬁb that Var:fa?[Tbn hinders
process flow and Jeiavs® q’r mch the ’-\bl | ty to V\T’bly dellver O lffh
process ster) t“ uur—n Ty sw vices ~

v Cer-.“;erng tr‘x@s_ge*paration ' N ’\'*»l-\eqmres data-drivean d sibg;s\w
of “V\a_lbdé-added” from “non- _ and incorporates\a £0 npfehensive
value agded” work ‘wi‘th (001S t‘\Q\ set of quanty toq's"wder a
eliminate root cauzes "'of:\_non-valﬁe systamatic frq_mework for problem
added activi’riﬁs \ o Co‘v’r*g

4 Pmurdes, a mean; f”or guantifying ~> rowdes a highly prescriptive
anc. &l .nlnatmg ‘the cost of . ~ oultural infrastructure effective in
comp'emty o w___ “\—'[ obtaining sustainable results

Source: Michael George, Lean Six Sic ridrfor Sepvice; Jiow to Use Lean Speed & Six Sigma Quality to Improve Services and
Transactions, (New Ya " Mcf‘ lnmt ?OL%, N\

http://www.epa. qov/lean/enwonrnerﬂ/toolklts/professmnallresources/Enwro Prof-Guide-Six-Sigma.pdf

We'll refer to Lean Six Sigma going forward (blended approach)
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Lean naturally helps the environment!

Gree n Benefits

Lean Tools
Green To ls Lez n Benefits

Business Performance Improvement m ﬂ



Environmental Impact of Waste

Waste Type Environmental Impacts

Overproduction - More raw materials consumed in makira.iire warice c ed products
Extra products may spoil or become onso'etevequiring disposal
Extra hazardous materials usec restit i extia emissions, waste ¢ispecszd. worker exposure, etc.

Inventory - More packaging <. stGi 2 WOl -IR-3ra0ess

Waste from detericretion or damage to stored WIP

More materiais rieeded ta.ieplace damaged WiP

More energy userl to heat, cool, and light inventory space

Transportation and N V oreener);s use for transport
Excessive Motion emigsiors from transport
- Mioie space required for WiE movement, increasing lightino,-heaiina, 2.4 cooling demand and energy
consumption

More packaz ng regutired to protect components during imovement
Damage and spilis during transport

Transportation of hazardous materials requires.special shipping and packaging to prevent risk during
! ecciuets

Defects | Raw materials consumed i1 :qking oefective products
Defective componesnic requlirevecycling or disposal
More space requited forvewark and repair, increasing energy use for heating, cooling, and lighting

Over Processing - More paris and raw materials consumed per unit of production
Unnecessary processiig increases wastes, energy use, and emissions

Waiting - Potequialwiaterial spoilage or component damage causing waste
Wasted energy from heating, cooling, and lighting during production downtime

EPA Lean and the Environment Toolkit m
44
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Why Lean Six Sigma overlooks it

* Improvement opportunities may be faund outside of normal
working operations or hidden frosas view

 Many more stakeholders involvedwhich regitires more
facilitation and communication
— Community, regula‘torv. non profit orgarizations, activists, elc
* Not easy to'¢a e data in events,.and appears sinail at process
level
* Full cost impact of envirorimental issies not calculated

* Environmental azta differs thzin mast industries, requires
nonparamettic and non-detect-analysis skills

e Utilities and materiais.car:ne considered both value added and
non-value added, which can be confusing
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Go and See

* |[n order to truly solve prob'ems, you must go to
where the problem is, ang irnvestigate with your
own eyes and talk {0'tie people who do the
actual work. « L

» Also called “Gemba ‘Walk”"

— Gemba — Where the work is beinﬁg done

Image courtesy of Lean.org
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Go and See

* Can be formal process or informal

* Requires ability to ask good questions, not
leading the worker tell you what vou what you
want to hear

* Shows respect for warker, empowers them to
solve problems ocntheir own in the future
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Go and See Events

 Formal events can help aligin departments come
together and collect datain nelp with an
environmental issue

— Energy — Look arcund building &t clifierent times of day for
opportunities (lignts on, eguaipmeit runnirg, e/cess
heating/cozting)

— Waste — Collect¢na sert trash to deterniine what is being
thrown out (recycling, comnaost. hazardous materials)

— Water —\Walk the flow af water pipes in and out of the facility
to identify opportunities (leaks, condensation, and wear)

. aff
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Who would be interested?

Internal

* Owners/investors
* Executive Beard
* Managemerit

* Employees

Business Performance Improvement

c

vternal

Customers

Supoiiers

Industrv Groups

Pubiic and community
Goevernment agencies
Environmental groups
Competitors

Media Outlets
Friends/family of employees

Future employees ﬁ ﬂ




SIPOC — Community Recycling

T

\ o~
e
I
mm-\w* gmoNE ) | Customer
Grocery store Food and drmks Pbrchase Items -\ Trasn Landfill
~  \ \“'\V, N\ \ \ \ g
- \ \ NS 7 \ v . A g .
Department store V Q‘lfté‘i Remove frcra \I{:zcycled Materials ~  Residents
\ \ ” T~ A \
< 1\ \ pachiging A N\ &
Farmer’s Market . rousenold items A A < Compcs(D;kﬁrt\\ -~ Community
~,\\ / ‘\ - \ W N\ . = 4 e
. N~ e SQ{A toul) Yvaste into N\
Gas station Tools. ~ bins GTYnhQLJse Gas Earth /
N O 0, | missions Environment
Department store City wensite Bins collec oo
o~ . O Lechete
& x>
Restaurant « . Cortents dropy ed
A ¢ \ oftto correct
City Officials off N ‘\\ location
7N »\\
QA Wl
/“\\ \ \
\ \ \““\V‘ \ \ \v’ h
\ \ v’

Make sure Earth is included as a Customer!
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Why costs are overlooked

Product A VSM Indlividual VSMs overlook these
Electricity = 5800 per year -~ cosis compared to much larger
Landfill Charge = $200 per year \ p
Hazardous Waste = $200 per year .; (“ 7 InanCIal numpers (mventory’

N labor arnid material, space, etc)
Product B VSM / \_/

EIectr|C|ty $1000 p = \\ \»\/
N @ A /’\:\’/‘/ \

r\\ame costs totaled across
all 50 products

Electricity = $50,000
| Landfill = $15,000
Electricity = $2000 per year Hazardous Waste = $20,000

Landfill Charge = S50 per year
Hazardous Waste = $100 per year m ﬂ
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Finding Hidden Costs

If a product is broken in the shipping department:

True cost of waste =

Cost of wasted raw materials
+ cost oi Utilities used
+ lost Izhor time
+ waste treatrvient/handling
+ disposal costs

The total cost ot waste is generally around 20 times the
first estimate that a company makes.

Business Performance Improvement m ﬂ




Problems with Environmental Data

* Aberrant values — ozone dat:

 Undetected — marked as zzro or mas/min value
* Large amounts ofdata — lack of purpose

* Large measurement errors = despiteeifoits

* Lurking variables -~ not identified

* |[nconsistent variance — ron-linearity
* Non-normal distributicsis — seldom Gaussian
e Serial correiation —lack of independence

From Statistics for Environmental Engineers, P. Berthouex, L. Brown m ﬂ
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Identifying value

Value added - Mon-value added
v Electricity to automatically ‘<"f @mg for office area on
place parts on a board P vvertlme to fix>a document that

v Water usage to clean th& ’\\/ wasn’t done\t-_-fmt the first time
outside of product \/\ X Air Cg?@\/\rcrher repiacement due

v Electricity to rma@\bl to negrect
proposal \, ;\Lon overnight

ﬁ\\ést equnﬁé{.\
v' Heat to keep gg#ployees \ when ne? 5\/ sed

comfortable X Ovpr\%Q rojectors left on in

v Chemicals used th \\nce < g;jf ¥ce room

the product ,cnm \ rdous chemicals spilled or
p expired due to neglect

GREENER OPTICf é{ REMOVE!

,
The customer do®s hot want to pay for non-value added waste!
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Aligning “Green” into Lean Six Sigma

* Lean Six Sigma addresses the non-value added within
the process
— Focus on problems.wheiathe value iternigets stuck, delayed
or fixed
* Green addresses the non-vaiue zdded outside-the
process, but integral to'the process

— Focus on overall iimpact of supportiunctions of the process
(electricity, lighting, waste disposai, neating/cooling,
chemicals, water, etc)

— Look at aggregate level, riot individual process steps (may
seem minoror nsigniticant)
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Lean Six Sigma and Green

> - 2 Green identifies
V (" ’/; aste outside the

(\ﬁ\ processes
f/ Fuel \

AD /
YRy {@ O Sty y
* Oma

©

S Lean Six Sigma
identifies waste
within the processes

a8
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How to get started with Green

* Save money and reduce risk (without impacting
business) by |dent|fy|rw trn"se W. A.S .T.E.
opportunities

L S\ I

. (Ghemicals)

water AII‘ § oilds Tox*c./ty

Graphic courtesy Purdue Technical Assistance Program

a
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Identify Wastes and Opportunities

Water

v How much water is used in the process ax¢! kow s it used?
v How can you reuse water and/or reduce Gverall water use?
v Can you reduce contaminants in wasiewater discharges?

Air Emissions

v What types and armounts of air emissicns are generated by tiie process?

v How can you rettice :he overall armsunt or toxicity of air emizsinons?

v How far did vehicies travel 1o dehiver paits and suppii2s?

v Can you reduce the vehiclemiles fraveled and emissicns from transportation?

Solid Waste

v What types and quantities of solia.\waste are generated by the process?
v How can you reduce the overall emount of solid waste generated?

v How can you reuse or re¢ycie saild wastes?

v’ Is there a local compuosting facility that the waste can be taken to?

* Courtesy Purdue Technical Assistance Program m ﬂ
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Identify Wastes and Opportunities

Toxicity (Chemicals/Hazardous)

v What types and quantities of chemicals/maieriais are used in the process?

v How can you reduce the overall amotint i chemicals and materials used?

v Can you switch to less harmful chemicals?

v Can you eliminate any non-vaiue added use of chemicals or materials from the
product or process (excess packaging, unnezdead baiating, etc.)?

v What types and guarniities ¢f-hazardous waste: are generated oy the nrocess?

v How can you reduce the-amount or taxicity ¢f hazardous waste generated?

v Can you better is¢late and separate hazardous wastes from other wastes?

v How much engrgy is'ised in the process anc how is it used?

v How can you recuce overall energy use?

v Is equipment running or are lights or: when not being used?

v" Are you using efficient ligiit bulos?

v Can you save energy by cansolidating operations and/or storage space?
v Can you shift to a cleater source of energy?

* Courtesy Purdue Technical Assistance Program m ﬂ
59
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Does it really work?

Results from “Lean and Enwrnm 7S 'ffarts (Box ES-2)

v 3M reduced volatile air emissizas by 6" ‘}-E and toxic invemtony I’F"F‘EEES
by 64% from 2000 to 2005 using man and Six Sigma tf—r*h "IE|L.IE‘S in
coordination with pDIIutu.. prevention.

¥ Columbia Pzint & Cua*mg.s recovered 45,200 Iks per year of pa/it ﬂll 1=
from washweter ang reduced wavt“-;-wate b 35 900 gallcm p"—*“ year:
based on a .eﬂ. ean and envir2nnent, svents.

v Woodfold Manufacturing requcesd volatile organic cn“ﬂpwr‘id {"JDEII

emissions by nearly 1,000 |h5 per year and diveriesd G tons per year of
solid PVC waste |7 the landfil throvugh DPDDITUHITIEE identified in a value
stream macioing event. |

“...savings have offsctihe =xpenses by approximately 2 to 1” - IBM

http://www.epa.qov/lean/enyironment/toolkits/professional/resources/Enviro-Prof-Guide-Six-Siqma.Ddf
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http://www.epa.gov/lean/environment/toolkits/professional/resources/Enviro-Prof-Guide-Six-Sigma.pdf
http://www.epa.gov/lean/environment/toolkits/professional/resources/Enviro-Prof-Guide-Six-Sigma.pdf
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Suboptimization case study

Improvement and savings / masie1

Impr enfd_— Annual
1 Reduced labor

Overprocessing ',‘.‘.:'nmw orfices m*gfass bead blast .
I carinats, retusng cleaning time per :

SANCET bybma overall energy uez and [

wun=eal (glass bead) and nonhi 2 srdous

TECMOTIV A W VL. S i
~/Defents\ | In-process inspection o wea tu thea

] N, ¥ beginning of process, thereby ioniifying dete;geh“ )
-1 - bad parts at fe s*¢rt of 1w process
| instess o Nass0Z e Ferts o downstream 41 gzhﬂs

Pravd iSes, L) o J.CINE rework. N
A ( _mpmrnentm qualty at the source (for - | Lesa wate:
camp's, transferred responsibility for 1*-'.&‘
Qula ity TrOm INSpectors to asseranlers) \Ire | 1480 gﬂllms
-0 reqaired cross-training and mmlal Stan l:la, -
N .y work procedures. ‘ Q.
N werbiczessing | Boring, honing ande.ﬁbq-rm"hmg AOW Less
\ - performed £ a1 8o oning maching | nonhazardous
- \ instead of d:mg ’)I =] C‘H"il’.d&l’ at a time wastewater:
‘ mantially. — 259 gallons
S UNnecessary Pans 3 pack&ed in spacial crates to Less glass
mation ,r*-lmmL e handling. bead:
N\ |~ 3,631 pounds
KW ﬂmrm £350%% | Eliminated one process-cleaning step, Less
N reducing electricity use (less use of high- nonhazardous
N\~ pressure spray washer). solid waste:
\ 5,791 pounds
Waiting and Reused (clean and plate) formerly discardad | $64,33510
SCrap hardware, resulting in less work stoppags total cost
due to unavailable parts. savings

http://asqg.org/quality-progress/2010/03/lean/leaning-toward-
green.html?WT.dcsvid=OTA2NDMxXNDYOMgS2&WT.mc id=EM118436
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http://asq.org/quality-progress/2010/03/lean/leaning-toward-green.html?WT.dcsvid=OTA2NDMxNDY0MgS2&WT.mc_id=EM118436

More Case Studies

* Lockheed Martin e JZA Utilities

e Baxter Healthcare *_Apollo Hardwoods

* General Motors * Kirkiand Air Force Base
 DTE Energy = Columbia P2int

* Del Monte Foods * ldaho REG

e City of Irving, TX * lasco Bathware

* Blue Crass Biue Shield e Jniv of North Carolina

* Many more...

Download over 20 case studies for free at:
http://www.leansixsigmaenvironment.org/index.php/free-stuft/
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Integrating “green”.into Lean Six
Sigma-activities




Lean Six Sigma Tools

* The same tools and training-applies to
environmental “green”-issues

* Some tools work hetter when-maodified

* Newer teois L)emg deve'ﬁoe to make w~stes
and problems easierto find

Tools provide -\ following slides not an exhaustive list...
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Event Checklist

Useful when ES&H or Facilit
attend event

S personnel cannot

Physical Environment

As aresult of the Lean evernii, will there be. 127 Yes No

Any changes to the locations wiere eitrier mamtenance 'work or use ¢i-hazardous
chemical/material will occur?

Any changes to your personnel’s work zone assighmenis?

Any new equipment or modificatior:ste existing equipment, or movenient of existing
equipment that has the psientiai tc prod izetair or water emissionsde.q., rinse
equipment/operations, C|Ool’]l .0 tank;.iicating ovens)?

Any changes to the facility (¢.9., vents, stacks, floci drains, Giliwater separators)?

Any changes in the location(s) of the curreritilamuaiable storage locker/areas?

Any new confined space entry activities or p*ocedures (e.g., personnel entering fuel tanks
for cleaning)?
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Event Checklist (cont’d)

Material/Chemical Use and Storage

As aresult of the Lean event, will there be: Unk Yes No

L p— .

Any changes to the type or volume of materials issued to personral aqd/or used? |
This includes the introduction of new chemicals;-elimination ¢i.ciemicals, etc.

Any changes to the chemical introduction or tssiiance procedure for cheimicals/inater:als /
containing hazardous materials?

) J !
Any changes in the volume @i chemicals/materials stored? |
I
(

3\ o A4 A PR
Any flammable materials that are not returned tn the staiage cabinets at the end oreach

shift?

Waste Management

As aresult of the Lean event. will taere be: Unk Yes No

Any change(s) to the waste pi¢files for wastes sicreu at any initial accumulation points?

Any change(s) to the volume of waste(s) it.at require disposal (i.e., wastewater, hazardous
or solid waste) or to the volume of material that will be recycled or reused?

http://gsn.nist.qgov/tech/tools.html?id=lean clean
66
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Overall equipment effectiveness (OEE)
* OEE = Availability x Perforriance x Quality
— Availability = 86.7% ‘

— Performance = 535.0%

— Quality = 85.0%

* OEE =86.7% x95.0% x 95.0% =76.6%

* Infor™ suggests adding Energy Consumption to
OEE metric

— Measured againstthe best energy performance for that equipment
— As the equipment experiences issues, energy usage will increase, which

will impact OEE
http://www.infor.com m ﬂ
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Visual Controls

PLE4ASE ")
TUREMESFF

vl I
n e . ~
Contact your \
supervisci \‘ ‘
aiore shiutiing
:;(;\i{TeH
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QDIP (SQDC) Board

v’

N cﬁ\fgh-rbav

SAFETY QU.@\\/!.!‘,{!\\ N DELIVERY |
Safety Quallty Dnlwery
\  \ \“
*Less than 5 ”i -l'IVO’)"/ on-time to
. defects per day \ | customers,

No missed *DPMO} iess ‘than éschedule nex:
days \
No iniuries 50 \ process, #te. .

J *Test Yield °Comp|é’re 1C v
greater than 95% | 'S per gov

Business Performance Improvement

Inventory .

*WIP less than 10

it

*N¢ more than 3
|“uieces at each

station

P

*WIP less than

$10,000

———

PROZC 'CT& 'IT\

-—___'_

~ENVIRONMENT

. R o\d"ctlwty

Environment

*S/hr greater
than S150

*Less than 10
minutes of
downtime
*Team met daily
takt time goals

*All equipment shut
off at end of shift
*No recyclables in
trash

*100% Hazardous
waste adherence




Traditional VSM with Water Data

Supplier Supplier
1 2

WK

WK

e

Recelving f‘j

W ce¥y

Annual Production Plan

I ed\.ﬁ
Eu

Production
Control

Plating ‘.‘4 Rinsingp

O
\"‘-f-

Market F= sreca st

b

-y- —

:leaning 7 P\ﬁ Orying
5 day \ 7 /IR Vv /I\
2 people {‘l_\l 2 meople 2 ek 3 people
CiT.= 2 riin \ C/T =4 min LTS m7in CI/T=2 min
Data Box % 1CIC 60 rin C/O =45 min .y 4 50 =50 min C/O =30 min
Unrne =3ads Uptime =57% | uptime = 48% Uptime = 93%
dater Use = WaterlUse = - Water Use =
WK gal o al - ] 15K gal
= D 4 ke —— ——
Lead Time |5days ) aays 15 days 8 days
pllsid il ——
2 M J I 1 min 7 min 2 min
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El_ﬂ days

Total Lead Time = 68 days
Value Added Time =15 min
Total Water Use = 59K gal

http://www.epa.gov/lean/environment/toolkits/water/resources/lean-water-toolkit.pdf
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http://www.epa.gov/lean/environment/toolkits/water/resources/lean-water-toolkit.pdf
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Water VSM using water not timeline

| t"‘i'--h«:m 1 EPA Regulationy, |
N *“‘*i Federal State

Water
Source ( !/
! ‘ | Dol

1,500K GFD

— —_———— —

Extruslﬁn I4|7 vsiding —‘-

!
Subamuhw,lﬂ“' Filing | Sterilization

—~——em,

‘ Packing

50K gal 45K gal Eﬁqa[ ~  150Kgal 50K gal 0 gal
30K gal 35K gai J | 5K gal 60K gal 45K gal 0 gal

Total H2O Usage = 300K Gallons Per Day
Total Need = 175K Gallons Per Day

http://www.epa.gov/lean/environment/toolkits/environment/ch3.htm m
72

Business Performance Improvement


http://www.epa.gov/lean/environment/toolkits/environment/ch3.htm

Fishbone Diagram

People Tools / Facility De:;ig.“.|~
Metabolism differences Not enough in sick "~ Back wall not insu’zter

~ Thermostat broken ___Fherrqestat not near office

Denied on initial ¢
request .
a Not following procedure A\ Thermostat not Vents outside of office
: calibrated '
WWear incosrect clothing for Jontsiocked =1tdoo- has wide gap near top
time of year U RN
\ Unauthorized Space
N N\ 7 \h D 2 V .
Company provided / // Ternp centrols use Heaters Being Used
VA 1§ .
unit broke down / Authorization took / average of cubicle area
=/ too long __/
", ,~ Zannot find authorization form
Formiico online
SERTUSIY /
Could not get status of submission
Sent the wrong
model Different forms depending on area/dept
Suppliers Process
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JEA’'s DMAGIC roadmap

JEA added a “Green It Up” step to the DMAIC process, creating
“DMAGIC”
— designed to ensure that everyimprovemant. groject addresses
environmental concern

* Inthe “Green” phase o/ each preiect, the team exilores areas

such as air quaiity,water quzaiity, and ecosystm -related issues.

* The team periorms the “Green it Up” phase after identifying root
causes and before developing any countermeasures.

 This assures that e22vironmental and societal concerns are “baked
into” every countermeasure expiored before it is evaluated.

http://www.epa.qgov/sustents/environment/studies/jea.pdf
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Regression Analysis

Time Series Plot of KWH, Madal «

WWH

1500000 4

1400000 -

1200000 -

1200000 -

1100000 -

Data

10000004 T

000000 { %y

200000 -

F00000 4

Used “Avg Outside Temp” and
“Production Days per Month” as
predictor, 80% of variation

QF *é?

. V. . 7

é° o e g éﬁ <§* o

L "

Month

S F R S

explained!

Also considering: Billing Days, Employee Counts, Production Volume, Power Factor, Peak Demand, etc
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Water Usage on Weekends
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'
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What a

Run Charts
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Statistical Analysis

I-MR Chart of Waste %

UCL =237

Primary
F-n7om Y 9.720%
LGl = 330
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| J
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Lo \ 1% g On
T \ & L / m :.--.au. oo
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—————————
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Gage R&R

Purpose of study: to validate that the KWH
results coming from either power meter or
electrician (measurement process) will not add
excessive variationinto the data

— 2 electricians/power. rmiaters
— 3 repeat readings

— 10 different itemns

e Perfect situation is-theonly thing that varies is
the 10 different items

— no variation from meters, repeats, or electricians

Business Performance Improvement 8 m ﬂ




FMEA

* Include environment2! tisiks'into Severity
rankings

Table 2 LS&H Severity 7ievel Delinitions
Rank Severity Level ,l Description
10 Catastrophic 1 A failure resulis in the major injury or dedth of pezsonnel.
" A failure results in minor injuryaio personnel, personnel exposure to harmful
-9 Critical 11 \ o > : . .
cliemicals or radiation, a fig2 Dr arciease of chemicals in to the environment.

I
: . A failure results i 2dewe 2l exposure to personnel, or activates facility
4-6 Major 111 ! _ P | ’
| alarm system

A failw reselts in minor system damage but does not cause injury to
1-3 Minor IV nizsonnet, adow any kind of exposure to operational or service personnel or
allow'anyuelease of chemicals into environment.

http://www.sematech.org/docubase/document/0963benq.pdf
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Resources

e EPA: Lean and Environment Toolkit

e EPA: The Environmental Professiaral’s Guide to Lean & Six Sigma

G o —

 Design for the Envirpiiment (DfE]

* Green Supplier Network

 Zero Waste Network = Case Studies

——— — . ——
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http://www.epa.gov/lean/environment/toolkits/index.htm
http://www.epa.gov/lean/environment/toolkits/professional/resources/Enviro-Prof-Guide-Six-Sigma.pdf
http://www.e3.gov/
http://www.lean.org/admin/km/documents/b8018d9f-cfea-45fa-87c6-5695d2ef8b71-EPA leanreport.pdf
http://www.epa.gov/dfe/
http://www.epa.gov/dfe/
http://gsn.nist.gov/tech/tools.html?id=lean_clean
http://zerowastenetwork.org/success/index.cfm?regionalcenter=
http://zerowastenetwork.org/success/index.cfm?regionalcenter=
http://zerowastenetwork.org/success/index.cfm?regionalcenter=
http://zerowastenetwork.org/success/index.cfm?regionalcenter=
http://www.greenmanufacturing.purdue.edu/
http://strausforest.com/leanecology.html
http://iac.rutgers.edu/manual_prod_training.php

“Lean and the Environment” Books

~Green
,.'\',\Ac{a_gfacturing
e
GREEN
MANUFACTUKING

http://www.leansixsigmaenvironment.org/index.php/learn about lean and qreen/
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http://www.amazon.com/gp/product/1420089617/ref=as_li_ss_il?ie=UTF8&tag=goigremadsim-20&linkCode=as2&camp=217145&creative=399373&creativeASIN=1420089617
http://www.amazon.com/gp/product/1420089617/ref=as_li_ss_il?ie=UTF8&tag=goigremadsim-20&linkCode=as2&camp=217145&creative=399373&creativeASIN=1420089617
http://www.amazon.com/gp/product/0470393742/ref=as_li_ss_il?ie=UTF8&tag=goigremadsim-20&linkCode=as2&camp=217145&creative=399369&creativeASIN=0470393742
http://www.amazon.com/gp/product/0470393742/ref=as_li_ss_il?ie=UTF8&tag=goigremadsim-20&linkCode=as2&camp=217145&creative=399369&creativeASIN=0470393742
http://www.amazon.com/gp/product/1563273896/ref=as_li_ss_il?ie=UTF8&tag=goigremadsim-20&linkCode=as2&camp=217145&creative=399369&creativeASIN=1563273896
http://www.amazon.com/gp/product/1563273896/ref=as_li_ss_il?ie=UTF8&tag=goigremadsim-20&linkCode=as2&camp=217145&creative=399369&creativeASIN=1563273896
http://www.amazon.com/gp/product/1563273896/ref=as_li_ss_il?ie=UTF8&tag=goigremadsim-20&linkCode=as2&camp=217145&creative=399369&creativeASIN=1563273896
http://www.amazon.com/gp/product/1576751708/ref=as_li_ss_il?ie=UTF8&tag=goigremadsim-20&linkCode=as2&camp=217145&creative=399369&creativeASIN=1576751708
http://www.amazon.com/gp/product/1576751708/ref=as_li_ss_il?ie=UTF8&tag=goigremadsim-20&linkCode=as2&camp=217145&creative=399369&creativeASIN=1576751708
http://www.amazon.com/gp/product/0071752447/ref=as_li_ss_tl?ie=UTF8&tag=oceanisland-20&linkCode=as2&camp=1789&creative=390957&creativeASIN=0071752447
http://www.amazon.com/gp/product/0071752447/ref=as_li_ss_tl?ie=UTF8&tag=oceanisland-20&linkCode=as2&camp=1789&creative=390957&creativeASIN=0071752447
http://www.amazon.com/gp/product/0071752447/ref=as_li_ss_tl?ie=UTF8&tag=oceanisland-20&linkCode=as2&camp=1789&creative=390957&creativeASIN=0071752447
http://www.leansixsigmaenvironment.org/index.php/learn_about_lean_and_green/

Checklist: What can you do?

J All process improvements naturally reduce impact on the
environment, now capture theni

(J Add energy, material and ccsts to data bexzs on Value
Stream Maps

(J Add energy and miaterial impacts to current waste
definitions

(d Focus Leanbix Sigma efforts specifically ¢n 2nvironmental
issues (W.A.S.T.E ) using traditional and modified tools

d Invite ES&H an4 Facility departiment to events and project
teams

dIntegrate environmerial checklist into event templates
J Add Earth/Envircrimenit to SIPOC as a Customer

(d Share this presentation and list of resources with others in
your company
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Summary

 Companies and organizations that are not
aggressively pursuing sustainability-goals will fall
behind

— There are strang financial rezsons to “ge-gieen

 Companies should facus'sustainabiiity on the
areas that mostimpact thei=business, not to
improve perception ormake them feel good

e Lean Six Sigma (awid ether improvement
initiatives) provide a good foundation for helping
a company become more sustainable
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Contact

* Earth Consultants (Lean ar< Green Resources)
* http://www.LeanSixSigmaknvironment.org

* Business Parformance Emprovemen‘t

. aff
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http://www.leansixsigmaenvironment.org/
http://www.biz-pi.com/
http://www.biz-pi.com/
http://www.biz-pi.com/

