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I thought battery rooms were dead? 

ÅThe death of the battery room has been greatly 

exaggerated! 

ÅNew technologies and alternate charging methods are 

expensive and not always appropriate or robust. 

ÅBattery rooms remain the best and right choice for: 

ïHeavy duty applications 

ï3 shift applications 

ïCold storage applications 

ïFacilities that are growing 

 



  

Not your grandfatherôs battery room 

ÅA battery room is very forgiving, robust and adaptable to 

changing conditions.  

ÅBut the battery room must be brought into the 21st 

century.  

ÅLean Six Sigma principles show us the way to create the 

Lean Battery Room. 

ÅThe Lean Battery Room is reliable, dependable and very 

cost effective.   



  

Outline 

ÅLean Six Sigma  

ïProcesses  

ïTools 

ÅCase Study 

ïHow we applied Lean Six Sigma to a real site 



  

What you will learn today 

ÅPurpose for this seminar: 

ïTo show how simple, Lean principles can modernize 

your battery room and let you run it with less 

batteries.  

ÅWhat you should take away from this presentation: 

ïHow to apply LSS principles to save money in your 

battery room. 

ïThe importance of data collection to improvement 

ÅYou canôt fix what your are not measuring. 



  

Lean Six Sigma History 

ÅGrew out of Demingôs and many others work after WWII 

in the quality movement.  

ÅLean ï Identify and Eliminate Waste 

ïGives companies a competitive edge by making them 

faster, better and cheaper than their competitors 

ÅSix Sigma ï Process Improvement 

ïHelps you find and fix variation, errors and defects 

ÅMerger of Lean and Six Sigma - LSS 

ïUniversal improvement process 



  

 

Top 10 ways you know that you need to apply LSS 

in your battery room 

1. You think you are spending too much time and money on batteries. 

2. Operators have to pick batteries specifically for certain trucks. 

3. You are watering your batteries by hand.  

4. You are recording your battery changes on paper.  

5. You guess at the number of batteries you need to buy. 

6. You donôt know how many batteries you use in day. 

7. Long lines in the battery rooms waiting for a battery change 

8. Frequent battery changes by drivers. 

9. Battery room staff complains they do not have time for maintenance. 

10. Drivers complain their batteries are not lasting. 



  

Traditional Lean Categories of Waste 

ÅTransportation- Excess trips to battery room 

Å Inventory- Too many batteries 

ÅMotion- Inefficient battery changing 

ÅPeople- Underutilizing personnel 

ÅWaiting- Lining up for battery changes  

ÅOverproduction- Not applicable   

ÅOverprocessing- Early return to the battery room 

ÅDefects- Using a non fully charged battery 



  

A Different View of the Battery Room 

ÅView your battery room as a production process. 
If you can't describe what you are doing as a process, you don't 
know what you're doing.                  ----Edward Deming 

 

ÅThe battery room is integral to the success of the whole 
facilityôs operation. 

 

ÅWhat is the goal of the battery room? 

ïTo provide a reliable and low cost source of power for 
your fleet of fork trucks 

 

 

 

 



  

Å Battery Co. 

Å Exchangers 

Å Fork truck 

Dealers 

Å Returning 

Battery 

Å Charger 

Å Fork truck 

Å Deionized 

water 

  ÅTruck with 

charged 

battery 

Å Battery 

charged 

Å watered 

battery (if low) 

 

Å Operators 

Å Battery 

Attendants 

Å Operators 

Å Ops 

Managers 

Å Battery is 

watered 

Å Battery is 

fully charged 

Å Exchange 

done safely 

and with 

minimal delay. 

Process Start 1 
ς ID Need for 
Battery Change 

Process Step 2 
ς BA Selects 
next battery to 
give out. 

Process Step 3- 
Driver 
prepares truck 
for change 

Process Step 4: 
BA exchanges 
battery 

Process Step 5 
ς BA puts 
battery onto 
charger 

Source: www.iSixSigma.com 

Battery Change Process -- SIPOC Diagram 



  

Key Outputs for Driver  

ÅGet a battery quickly 

ÅGet a fully charged & properly watered battery 

ÅThat lasts as long as possible 
 

 

 

 

Maximize performance 



  

Key Outputs for Management 

ÅFewer batteries to manage 

ÅLonger battery life  

ÅLess time spent on battery changes 

ÅReduce time spent on maintenance 
 

 

 

Minimize cost 



  

Resolving the Tension 

ÅMaximize performance vs. minimize cost 

ÅThis is a common issue in dynamic systems 

ÅDynamic systems require management tools to 

keep the two conflicting outputs in balance 

ÅLean Six Sigma provides us with the 

methodology 



  

Letôs FISH ï A Simple Problem Solving Model 

ÅFocus 

ïDefine the problem & measure the process 

ÅImprove 

ïAnalysis & Improvements 

ÅSustain 

ïMonitor, Manage & Control 

ÅHonor 

ïRecognize, review & refocus  

ïMake it a best practice across your enterprise 



  

Basic Lean Steps 

 

 

 

 

 

 

 

 



  

Identify The Problem  

ÅOne of the initial key steps is to identify the problem.  

ïA problem well stated, is a problem half solved.                          
Charles Kettering- inventor and head of research for GM 

 

ÅThe initial problem statement from our case study site 

came from the operators:  

 

 ñWhy I am waiting so long to get a battery  

that doesnôt last?ò 



  

Tools to identify the issues and get fast improvements 

ÅFISH ï Method 

ÅEliminate non-value add activities (Waste) 

ïProcess Time, Waiting for batteries 

ïDetailed Process Mapping 

ÅApply the 5S ï Reorganizing the battery room 

ïOrganize -Label each battery slot and charger 

ÅShift Observations and Walk Through equipment 

inspections 

ÅInterviews with Operators and Maintenance Staff 

 

 



  

How to Measure? 

Å Manual 

ïCollect and organize data on the various steps of the 

process  

ïVideo the Battery Change Process for detailed analysis 

ÅAutomatic  

ïBattery management or monitoring system 

 



  

Measurements:  Battery Change Data 

ÅBattery demand per day 

ïHow do you know when the workload changes? 

ÅBattery change time 

ïAre you efficient in the battery room? 

ÅBattery run time 

ïIdentify good and bad batteries. 

 



  

Sample: Manual Data Collection Sheet 

Battery 
Demand/ 

Day 

Battery 
Run 
Time 

Battery 
DOD 

Voltage 

Process 
Duration 



  

Automatic System: Battery Run Time 



  

Measurements:  Battery Charging Process Data 

ÅMinimum Charged Batteries Available 

ïAre you running out of batteries? 

ÅCharger Utilization  

ïAre all of your chargers working? 

ÅBattery Cool Down Time 

ïAre your batteries getting enough cool down time? 



  

Sample: Manual Data Collection Sheet  

Min 
Batteries 
Available 

Battery 
Charge 

Duration 

Charger 
Utilization 

Battery 
Cool 

Down 



  

Automatic System: Battery Room Status 
Ran out of 
batteries on 
this day 



  

Automatic System: Frequency of Charger Usage 

Shows 

uneven 

usage and  

chargers 

not working 

Shows All 

Chargers 

working 

with equal 

usage 



  

Automatic System: Battery Cool Down Metric 

Bad Cool Down 

Good Cool Down 



  

Analyze your Data 

ÅCreate graphs based on your data 

ïHistograms good for central tendency and variation 

ïControl charts for daily variation of the process 

Å Look for variation in the process 

ïWhat is the expected battery run time? 

ïWhat does your data show you are getting? 

ÅLook for defects in the process 

ïLow run time batteries 

ÅPareto Sort on Battery Run Time Data (Low to High) 

ïNon functional chargers 

Å Identify patterns to find root causes 

 



  

Identify potential root causes: Fishbone Diagram  



  

Correction Strategies: Address each root cause 

1. Picking the wrong battery:  

ï Rotate batteries based on completion of charge (Quality Standard) 

2. Taking a long time to pick a battery  

ï Eliminate non value added activity   

ï Reduce selection time with a rotation system  

3. Poor Battery Maintenance 

ï Install battery watering systems and battery watering monitors  

ï Use water deionizer to product battery water 

ï Record watering activity for each battery 

4. Hot batteries resulting in short life and run time 

ï Use a battery management system to maximize cool down time 

ï Properly size the battery fleet 



  

Correction Strategies: Address each root cause 

5. Underused batteries ï short life (sulfation) 

ï Prevent uneven use by using a battery management system. 

ï Remove unnecessary batteries 

6. Long lines in the battery room (traffic jams) 

ï Increased battery run time to minimize number of changes per day. 

ï Faster change process to minimize time spent in battery room. 

7. No good way to measure and keep track of batteries 

ï Use a monitoring and measurement system. 

ï Require regular inspections of the battery room 

8. No follow-up on issues 

ï Management system keeps track of chargers, run time, mispicks, 
watering, etc.. 

 



  

Improve Phase - Summary 

ÅInstall/implement the corrective strategies. 

ÅContinue to monitor the metrics you established. 

ÅEvaluate if your solutions are working. 

ÅAdjust as necessary.   



  

Case Study 



  

Equipment Installed 

ÅBattery management system to manage battery 

room: 

ï229 Chargers  

ï2 battery extractors 

ï738 Batteries 

ÅBattery Watering Systems and Battery Watering 

Monitors on 36 V batteries 



  

Timeline 

ÅMay 2014:   System installed  

ÅBaseline data collection began   

ÅNo operator guidance 

 

ÅJune 2014:  Operator Guidance Began 

ÅJune 2015:  One year in full operation 

ÅJune 2016:  Two years in full operation 



  

Actions Taken 
ÅUsing Data from battery management system: 

ïIdentified batteries to scrap based on run-time. 

ïCorrectly determined number of batteries needed. 

ïFound many chargers that needed repair. 

ÅBatteries are rotated so the coolest battery is used. 

ÅOnly fully charged batteries are given out. 

ÅOperator training on the system and battery 

maintenance practices ï when to water etc. 

ÅBatteries (36V) watered in 15 seconds on the rack. 

ïMany batteries were very dry. 

 

 



  

Battery Change Results 

Pallet Jack Forklift 

32% down 22% down 0.4% up 

Cases 

10% down 15% down 25% down 



  

Battery Change Results  

Pallet Jack Forklift 

32% down 22% down 0.4% up 

Cases 

10% down 15% down 25% down 



  

Cost of Battery Change 

Before After 

Driver time (at $29/hour) 7 minutes 5 minutes 

Attendant time (at $17/hour) 4 minutes 

Cost /Change $4.52 $3.55 



  

Battery Change Savings 

Before After 

Battery changes / year 115,340 85,045 

Cost of battery change $4.52 $3.55 

Cost per year $466,403 $271,676 

Yearly Savings 
$194,728 

 
Battery change savings continued in 2016. 



  

Cool Down Time 

Pallet Jack Forklift 

3.3  

Hours Average 
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Cool Down Time 
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Reduction in Battery Fleet 
Using management system data 

2014 2015 2016 

Pallet Jack 544 406 380 

Forklift 194 160 153 

Batteries identified as short run-time were removed. 



  

Reduction in Battery Fleet 
Using management system data 

2014 2015 2016 

Total Battery Inventory $2,460,000 $1,900,000 $1,810,000 

Reduction $560,000 $90,000 



  

Value of Scrapped Batteries 

24V 36V 

Reduction in number of batteries 138 34 

Scrap value of battery $400 $761 

One-time scrap payment to customer $55,200 $25,874 

Total scrap value = $81,074 



  

Reduced Battery Purchases 

ÅAverage battery purchase before LSS: 
ï$213,000 per year 

ÅProjected Annual Savings  

ï$42,600 per year 

ïBattery life increase from 4 to 5 years = 20% decrease in 
battery purchases 

ÅActual battery savings for 2016 
ï$75,227  (35% Less) 



  

Return on Investment 

ÅCost of equipment = ($58,000) 

ïCost of management system = ($100,000) 

ïCost of watering systems = ($39,000) 

ïMoney for scrap = $81,000 

ÅYearly savings = $237,600 

ïLabor = $195,000 

ïEquipment = $42,600 

ÅPayback period = 3 months 


