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Chapter 4: Baselining Your Cost Per Unit Metric

A quote to keep in mind:

“You can’t improve what you can’t measure”

WHY COST PER UNIT

Cost Per Unit (CPU) is to manual labor production such 
as kitting and assembly what OEE (Overall Equipment 
Efficiency) is to equipment based production. When 
comparing CPU to OEE, the main difference is that in 
CPU we are targeting a cost baseline while in OEE we 
are targeting an efficiency baseline. 

CPU is valuable for these reasons:

1. It lets us know real time profitability of a job

2. It gives us our baseline cost for considering 
alternatives such as automation or 
outsourcing

3. The metric adjusts immediately which gives 
us the ability to get instant feedback on line 
adjustments, mistakes and improvements

While we will use CPU as our main metric, it is 
complemented by safety and on-time delivery. For 
this book, we will focus on CPU and how to use it to 
increase throughput while reducing cost.

CALCULATING THE FORMULA

CPU is an easy metric to get on the production floor. 
The formula for cost per unit is:

Labor Payroll

To calculate labor payroll, we are looking for the 
burdened cost of an hour of work. The burdened cost 
of labor being the actual cost including the hourly 
wage, benefits and taxes.

To calculate average wage, a good rule of thumb is to 
increase the hourly wage by 40% to cover taxes and 
benefits. For instance, if we have 15 people people 
working on a job who make on average $10/hour, let’s 
use $14/hour as the average wage.

To calculate # of manhours - we count the number of 
production workers involved in the project. If we have 
15 people working on a job for 3 hours, # of manhours 
= 45 (15 people x 3 hours = 45 manhours). What is 
important here is that we need to calculate the 3 hours 
as total hours as opposed to merely working hours. In 
other words, manhours must include downtime if the 
line stops for any reason during production.

So 15 people working an 8 hour shift at $14/hour would 
make Total Payroll 15 x 8 x $14 = $1,680.
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Units Produced

Calculate # of Units Produced on a ‘per SKU’ 
basis and only count ‘good units’ that meet quality 
specifications.

So if during the 8 hour shift above, those 15 people 
produced 5,000 good units of SKU 1001, then our 
CPU would equal ($1,680 / 5,000 units) or $0.34 CPU.

THE VALUE OF KNOWING YOUR CPU

Now that we know the CPU is $0.34 for SKU 1001, 
we can use that as our standard performance 
measurement. Perhaps we want to measure CPU for 
SKU 1001 across different shifts, or different teams. 
Perhaps we want to set a goal for our teams to get 
to $0.29. They can go about doing this by either (1) 
increasing throughput per shift (units produced) or 
(2) reducing the number of people on the line (labor 
payroll). We’ll talk more about these two ways to 
achieve lower CPU in subsequent chapters.

CPU AND THE SHIFT TO OUTPUT

When you know your CPU, you can shift focus away 
from hourly wages and staffing markups to OUTPUT. 
What good is bringing in temps at a lower wage than full 
time employees if you have to use 50% more people, 
or take twice as long, to get the same amount of work 
done? Our data finds that unskilled workers can have 
a productivity variance of 300%! We’ll discuss why 
this variance exists in a later chapter.

Here are two ways to illustrate this point using the 
following example whereby our client wants us to 
produce 5,000 units. We have three different crews 
of 10 people at our $14/hour average wage who will 
run this job, a Strong Crew, Fair Crew and Weak Crew. 

This example illustrates how variable manual 
labor work results can be and therefore why this is 
worthwhile to focus on to drive meaningful savings. 

Look at the chart above and see how a Strong Crew 
can generate 33% savings producing 5,000 units. In 
the second chart, we see calculations for an implied 
wage. While we were focused on bringing temps in 
at $10/hour and getting the markup on our staffing 
agency as low as possible, we are actually paying 
$21.00/hour for that team.

“

”

We should be focused 
not just on hourly 
wages and staffing 
mark-ups,  we should 
be primarily focused 
on OUTPUT.
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THE FULL PICTURE: INDIRECT 
COSTS, MATERIALS AND DOWNTIME

In addition to the production CPU, we also have a 
number of indirect costs that we won’t consider as 
part of CPU but need to take into consideration when 
we look at our total costs. These include:

1. Supervision and Quality

a. The supervisor’s time in managing      
the work 

2. Material handling, Shipping, Receiving

a. Fork truck driver’s time to pick and  
stage orders

b. Cost of the fork trucks and/or          
pallet jackets

c. Material handler time to restock the line 
with components

d. Material handler time to                  
remove dunnage 

e. Cost of packaging waste - corrugated/
plastic (offset by any recycling revenue)

3. Quality & Rework

a. Rework rate on this SKU

4. Human Resources

a. Recruiting, hiring, badging for security

b. Onboarding and training

c. Turnover

5. Learning Curve

a. Productiv’s data show that there is a 
300% difference in productivity between 
new employees and those who are up 
the Learning Curve

6. Downtime

a. Changeovers

b. Non-production minutes

In the next section, we will discuss how to lower 
our CPU. We have many levers to pull and we will 
categorize them into two main buckets:

1. Increase # of good units per hour

2. Reduce manhours in: 

a. Production

b. Make-readies

c. Downtime

TAKE AWAY TOOL: CPU WORKSHEET

A Typical Day and the CPU Metric: 
We have 12 people working today. We pay our staffing agency $14/hour. The shift is 7:00am - 4:00pm with 
one hour of unpaid breaks, hence eight hours of potential productivity.

Here is our daily production schedule for the day. 

SKU
# OF     
UNITS DUE

# OF UNITS 
COMPLETE

TIME 
PRODUCED

# OF 
PEOPLE

MANHOURS CPU

SKU A 1,000 - - - - -

SKU B 3,000 - - - - -

SKU C 5,000 - - - - -

Here are our results for the day

SKU A 1,000 1,000 7:00 - 9:00a 12 24 $0.34

SKU B 3,000 3,000 9:00a - 12:00p 12 36 $0.17

SKU C 5,000 5,000 1:00 - 4:00p 12 36 $0.10

5
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Every Minute Counts

You’ll notice in the above that the Time 
Produced accounts for every minute of the 
shift. This is important if we are to capture our 
Total Labor costs. We can’t just start the first 
time produced once the line starts. 

For instance, one area where many companies 
see leakage is start times. If the shift starts at 
7:00am but the line doesn’t start until 7:10am, 
we need to account for those 10 minutes 
somewhere in our CPU metric. For a plant 
with 100 people at $14/hour working 24/5, the 
annual cost of those 10 minutes is $175,000. 
So we can pick up $175,000 of cash and profit 
just by having our teams start on time. 

There are many places where we see “Minute 
Leakage” throughout the day. We’ll identify 
these and provide solutions in subsequent 
chapters.

SUMMARY

 » The first step in implementing any continuous 
improvement program is to baseline our current 
metrics.

 » For hand packaging and kitting, Cost Per Unit 
(CPU) is an easy, real time figure that we can use 
to measure performance.

 » When we look at CPU, we must include not only 
our production time, which can be expressed as 
CPU for each SKU, but also downtime and make-
readies. 

 » In addition to our workforce manhours, there 
are also numerous indirect costs that should be 
taken into consideration such as supervision, 
material handling, human resources and the 
learning curve.
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Chapter 5: Getting to a State of Flow -  

JIT, SPF & Conveyors

A quote to keep in mind:

“I wish we didn’t have to run a 2nd shift but we can’t get all the work out during 1st shift”

IN THE ZONE

It goes by many names in different arenas of human 
performance. In sports we say that a player is ‘‘in the 
zone.” In manufacturing, we say we get our teams into 
a state of Flow. Flow is that state when production 
starts on the dot at 7:00 am because everyone 
showed up and was at their station at 6:59 am with all 
the materials pre-staged from the night before. People 
work at a pace that isn’t fast nor slow but rather 
smooth. The tasks have been made simple enough so 
that the day flies by. Those times when even a General 
Manager can take some time to go out and grab lunch. 
You know those days. They usually happen only once 
in awhile. But there is a set process to follow to make 
them happen every day. The way we do this is by 
implementing a simple Just in Time strategy for ‘what’ 
and ‘when’ to produce and then a Single Piece Flow 
process on a Conveyor for ‘how’ to produce it.

JUST IN TIME VS JUST IN CASE

Typically Just in Time (JIT) is the goal we strive for 
when discussing how to lower our inventory as much 
as possible. The aim being to reduce costly ‘safety 
stock’ storage and only hold materials needed for 
immediately upcoming production -- you know, to free 
up working capital. And while this is definitely important, 
remember that JIT goes far beyond inventory and is 
in fact a supply chain and manufacturing strategy. 
For example, when we apply JIT thinking to Finished 
Goods, it is about only producing the goods for 
which we have customer orders and delivery dates. 
As tempting as it is to convert raw materials into 
finished goods so we can ‘be ready’ for orders, this 
temptation represents the opposite of JIT. Therefore, 
in our scheduling process, choosing what and when 
to produce is just as important as deciding how to 
produce.

 
Contrast JIT with what we call ‘Just in Case.’ Just in 
Case is about producing items that might be purchased 
in the future but where no customer orders currently 
exist. On first look, this seems to make some sense 
-- if we have capacity, why not go ahead and build and 
store for the future, right?. You know -- increase our 
‘utilization’ and our ‘efficiencies’. The reason we want 
to avoid Just in Case is that it is solving the wrong 
problem. 

Our problem isn’t what to do with extra capacity, our 
problem is why do we have so much extra capacity? 
Our job as managers of production isn’t to find things 
for our workforce and equipment to do each day. Our 
job is to receive, produce and ship customer orders 
while using the least amount of cash and operating 
expense to do so. If you want an in-depth and 
humorous look at optimizing capacity, check out Eli 
Goldratt’s, The Goal.
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SINGLE PIECE FLOW

Once we schedule our production based on the 
customer orders and delivery dates we have in house 
(instead of scheduling based on capacity), the next 
step is to produce those orders by processing and 
building one unit at a time. This is called Single 
Piece Flow (SPF). SPF has a positive impact on 
both throughput and quality. To see this in a simple 
demonstration in action, take a look at this video 
from the Gemba academy and see how doing single 
piece flow reduces envelope stuffing time by 21% 
from 3:44 mins to 2:56 mins. No increase in cost or 
effort but a 21% labor savings. Why? Because there 
is no inventory waste and no motion waste from 
building piles. Instead of completing each step of the 
envelope stuffing process (fold insert, place insert in 
envelope, lick and stamp envelope), the builder does 
one envelope from start to finish before moving on. 

Is JIT Against Human Nature?

Productiv founder Rich Boehling had an interesting insight regarding inventory storage and human 
nature. After reading the book Sapiens by Yuval Noah Harari, Rich hypothesized a connection 
between our desire to store large amounts of inventory with the evolutionary human instinct to 
store food to guard against future scarcity.

If this connection exists, then in order to move to JIT we have to develop a sound process AND we 
have to overcome some of our basic instincts to ‘plan for a rainy day.’ One way to make the shift to 
JIT is to have a disaster recovery plan whereby we test supply disruptions to our JIT system and 
iterate through solutions such as having multiple vendors, or qualifying multiple vendor locations 
that produce the needed products.

 
To see another example of how SPF increases 
throughput, view this video from TheLeanWorkshop. 

The opposite of Single Piece Flow is batch production. 
Batch production is where we start and finish each 
step of the production process for the entire batch 
before going on to the next step for the entire batch. 
As you may have seen in the 2nd video mentioned 
above, one issue with batch production is that it 
creates downtime for the other steps in the process.

MOVING TO CONVEYORS -- THROUGHPUT 
BENEFITS

When looking at JIT and SPF in a hand work 
environment such as kitting, assembly or gang run 
pick pack, we use conveyor belts to enable SPF. 
Typically we are moving away from batch production 
which is done on tables and known as “Table Builds.” 

Pictured: Conveyor Belt Set Up (Left) vs. Table Build (Right)

https://www.youtube.com/watch?v=Dr67i5SdXiM
https://www.youtube.com/watch?v=ciJckWCMvpA
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MOVING TO CONVEYORS (CONTINUED)

Using conveyor belts improves productivity and quality 
by enabling single piece flow. Here’s how:

 » Speed of production is set by the Line Lead as 
opposed to being set by each individual. Think 
of the line lead as the coxswain in rowing. One 
person sets the pace for the entire boat as 
opposed to letting each person decide the speed 
at which they want to row.

 » Conveyor belts prevent WIP build-up during the 
assembly process.

 » Each station is dependent on the prior station. 
Therefore, there is a quality check at each station 
prior to job execution.

QUALITY BENEFITS

There are multiple quality benefits of using single 
piece flow as well, and specifically conveyors versus 
table builds. We look at a real-world example at the 
end of this chapter to explain the quality benefits of 
conveyors such as:

 » Reduced error rate
 » Reduced time doing quality control
 » Reduced re-work

Each of these benefits leads to additional throughput 
because workers spend less time doing QC and re-
work and more time producing output.

Let’s compare SPF on conveyors to batch production 
using table builds:

5

CONTINUOUS SPF - CONVEYORS STATIONARY BATCHES - TABLES

Each step in the process is done in line and only 
occurs after the preceding step is completed

Each step in the process is done independent of the 
other steps

If there is an error - all production stops
If there is an error - have to go back and determine 
which boxes were affected

Multiple redundancies to catch a missed or 
repeated step

Single point of failure to miss or repeat a step

All team members eyes are on each finished good Team members only see their specific task

WHY QUALITY IMPROVES WHEN USING 
CONVEYORS VERSUS TABLES

One of the most prevalent quality issues with handwork 
is missing components. In the below example, we look 
at handwork quality which typically means does the 
finished good have:

 » Right quantity
 » Right components
 » Right place

Imagine you are in charge of assembling a kit with 8 
components in it. You have two ways to accomplish 
this: using a conveyor belt or using a table.

“

”

The less time we 
spend doing QC and 
re-work, the more 
time we have for 
production.
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Using a Conveyor Belt:
In this scenario, you create eight component stations 
and each station is in charge of putting one item or 
component in the box. The first person in line makes 
a box and places it on the conveyor and then each 
person inputs their component into the box. The 
person putting in component #2 doesn’t take that 
action until they see component #1 in the box. The 
person putting in component #3 doesn’t take that 
action until they see component #2 in the box and so 
on. At the end of the line, one person checks to make 
sure all items are in the box and then closes, tapes 
and palletizes it. Boxes are started and finished one 
at a time without stopping at any point in the process. 
This is Single Piece Flow.

Using a Table:
In this scenario, you prebuild all of your boxes and line 
them up next to the table in a giant stack of boxes. 
And then you have all of your components on the 
table. Each person stands at the table, grabs a box 
and starts putting in all eight components themselves.
That person then closes and tapes the box and puts 
it on the pallet. A QC person then picks out boxes 
throughout the process, opens them up and checks 
them to make sure all the components are inside.

Comparing:
The conveyor method is doing quality ‘in-line’ because 
it is done while the boxes are being assembled and not 
offline, or off the assembly process, which costs more 
money, takes more resources -- labor and floorspace. 
By the time the box makes it to the end of the conveyor 
belt, all eight people only acted when the preceding 
person acted and the person closing and taping the 
box took a final look. And what is great is that when 
items are put in the same location, it becomes a visual 
indicator for all eight people on the assembly line of 
what the box should look like and where the pieces fit. 
Everyone becomes a quality inspector.

Compare this to the Table Build where only one set 
of eyes was on each box and if someone happened 
to stop paying attention when they ran out of a 
component and started making boxes with only their 
seven remaining components, then the short will 
never be found unless QC randomly picks the shorted 
boxes. Your client will likely get boxes with missing or 
duplicate components and the only way to rework the 
job will be to take them all back and visually inspect 
each one. Humans aren’t perfect. We get tired and 
can zone out. Therefore we must create processes 
that take this quality risk off the table.

Further, when we look at the restock and material 
handling process, the conveyor method allows restock 
from both sides whereas the table method requires 
multiple drop offs which weakens the process by:

1. Increasing labor 

a. Each of the 8 stations needs all raw 
materials so we have to sort before 
restocking

b. Have to manage 8 individual drop offs 
instead of just 2 stations

2. Increases quality errors

a. Instead of replacing 1 SKU with 1 SKU, 
allows for mixing of components

b. Reduces ability to do line clearance 
during changeovers
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A side-by-side look at the Conveyor Set Up vs. Table Build models

SUMMARY

 » To get to a Flow state of production, we first must 
move from Just in Case to Just in Time. We need 
only to produce the items for which we have 
received customer orders.

 » Once we have our schedule set, our production 
method should be Single Piece Flow, i.e. start to 
finish on one item before starting the next item. 
We don’t stop our work in process. Items must 
be completed if they are started.

 » The best way to enable SPF in hand packaging is 
to use conveyor belts.

 » In addition to improving throughput, using 
conveyor belts and SPF also improves our quality 
by preventing errors and reducing rework (if there 
are errors) by easily identifying the impacted 
products.
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Chapter 6: Staffing the Right Number of People

A quote to keep in mind:

“We have to request 30 people to make sure we get 20 because if we don’t have all 20 we have 

to shut the line down for the day. It kills our on-time delivery and slows down production.”

BENEFITS OF SMARTER STAFFING

Traditionally, we decide our staffing levels on the 
number of manhours needed to complete a job. This 
manhour figure is likely accepted as tribal knowledge 
after years of doing certain jobs, or it’s a conservative 
estimate for new jobs. We use this approach, and then 
one of two things happens:

1. Our estimate has a ton of fluff in it since the 
staffing for handwork is unreliable. In this 
case we will beat our estimates, but will likely 
lose the work on cost.

2. Our numbers are too aggressive and we 
will win the work, but lose money on it. 
Fortunately, there is a smarter way.

We can staff our lines based on the number of 
operations and the speed of the conveyors. When we 
do this properly, we can sharpen our pricing to win 
new work, and we’ll know we can optimize the line for 
profitability.

HOW TO SET THE RIGHT STAFFING LEVEL

So how do we determine the number of operations? 
Go ahead and build the product yourself, and count 
the number of operations.

So now that we know the number of operations, we 
can easily figure out the right staffing level.

OPERATION # 

Build the box 1

Place the print insert into box 1

Insert the filter into box 1

Insert the O-ring into box 1

Fold the gasket 1

Insert folded gasket into box 1

Close the box and tape it shut 1

Place box in master carton 1

Palletize master carton 1

Total Operations: 9

“

”

When we do this 
properly, we can 
sharpen our pricing to 
win new work
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1 PERSON 1 JOB

If you’ve ever watched a machine perform a task, 
it is done one operation at a time. As a component 
flows through the machine, each station performs one 
task. For instance on a cartoning machine, one set of 
arms pushes the flaps in, a second set folds the top, a 
third applies glue, a fourth tucks in the top and a fifth 
pushes out the carton to make room for the next.

We can follow this model using people, the world’s 
most dextrous and flexible machine. ‘1 person 1 job’ 
is a good rule of thumb to staff a line and it has two 
main benefits:

 » Increase in line speed

 » Improved product quality

What’s wrong with this example? A few things:

1. It is much faster to build a box than it is to 
put in 3 components. So the person putting 
in the print insert, filters and o-rings will have 
a large pile of boxes waiting for components. 
The box maker will have to take frequent 
breaks to wait for space to put new boxes.

2. Grabbing 3 items and putting them in a box 
is going to have a lot of motion for the packer 
and likely is going to get pretty tiring by the 
second half of an 8-hour shift.

3. The second person (folding and inserting 
the gasket) can’t easily peek into the box 
and identify that it has an insert, filter and 
o-ring already, and therefore we are losing a 
valuable quality check.

Here’s how it works to reap the benefits:

1. Each person focuses on one item without 
needing to wait, count or make decisions 
during each operation (imagine counting to 
3, eight thousand times in one day)

2. Turns quality control from an ‘off-line check’ 
to an ‘in-line process’ and provides a visual, 
independent check on each job

That’s it. Yes, this is possibly the easiest concept in 
this book you can use to increase productivity. Match 
1 person with 1 operation. Combining what we’ve 
learned so far, we will have a 9-person team working 
on our conveyor belt.

Before you think I’m crazy for having 9 people work 
on a small job, I’d like to convince you why 1 person 1 
job is less expensive than having multiple people do it. 
And, if I can’t persuade you here, I encourage you to 
try it on your own shop floor. 

Imagine your job is to package 4 components into the 
retail carton mentioned above. If you use 4 people 
to do this work (instead of 9) the set-up will look 
something like this: 

HYPOTHETICAL 4 PERSON LINE SET UP

Build the box 1

Place the print insert, filter and O-ring 
into box

1

Fold and insert the gasket into box 1

Close the box and tape it shut, place in 
master carton and palletize

1

Total:                         4 People Doing 9 Operations
(Mismatch)
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So how could we improve on this 4-person set-up? 
We can produce this finished good for a lower unit 
price and with better quality by using 9 people to 
package the goods where each person is in charge of 
1 operation. The benefits of this are:

1. Increased line speeds in a balanced manner:
a. No wasted motion
b. No counting before acting
c. No waiting on previous actions

2. Quality improves

a. Visual inspection of 1 component from 
preceding station

b. Consistent placement zone 

WHAT TO DO WITH TOO MANY OR TOO     
FEW PEOPLE

So what do you do if you don’t have the right number 
of people? Here are a few ideas:

Too Many People
This is a potentially large problem since we are adding 
substantial cost to our daily operation. 

1. Additional Packer: Are any operations more 
difficult than others? Are there areas where 2 
people could do one operation? For instance 
if folding the gaskets takes a long time, 
consider having 2 people fold gaskets and 
increase the line speed

2. Material handling: Is material handling and 
dunnage a major factor for these jobs? Could 
an extra material handler reduce downtimes 
as a result of stock-outs for the station?

3. Set-up: Can an extra person do make-
readies and line clearance, thus minimizing 
change over time and freeing up time for the 
Leads?

NOTE: Avoid sending people home at all costs. It 
is tough enough to find great people and when we 
have them, the cost of paying them for a day is much 
cheaper than the cost of replacing them. Of course, 
if you haven’t scheduled properly, then you may not 
be able to afford to keep extra people onsite. Fix this 
issue upstream as quickly as possible as it is much 
easier to add flexibility into the schedule than it is to 
find a great team member.

Too Few People
Having too few people is much more stressful than 
having too many people because it can start to impact 
on time delivery, production capacity and supervisor 
time since they will spend more of it fighting fires. 

1. Slow down the production lines. To maximize 
throughput, don’t try to run the same jobs at 
the same speeds with fewer people. You will 
risk quality errors and tire out your teams. 
The best way to salvage throughput is to 
slow down lines and keep it smooth.

2. Leads and supervisors need to get on the 
line. 

3. Do the short-run jobs. This may seem 
counterintuitive, but change-overs are less 
expensive when you are short people. So 
knock out your short run jobs if you can on 
the days you are short staffed.

Doing the Math: More People Can = More Profit
WAIT! It is cheaper to use 9 people for a job that we 
were doing with 4 people? 

YES! It’s all about FLOW and here is the math to 
prove it:

Let’s use our previous example where we are hand 
assembling 5 components into a finished box, putting 
that box in a master carton and then palletizing it for 
shipment. We have 20,000 units to complete. The table 
at the top of the next page compares the job staffed 
with 9 people versus the job staffed with 4 people.

14
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SUMMARY

 » The standard method for determining 
staffing levels is to look at manhours 
required for a job. This method may work for 
some projects but it is not optimal for hand 
assembly work.

 » Instead, we should set our staffing needs by 
looking at the number of operations needed 
to complete a job.

 » We should set our staffing need by this rule 
of thumb: 1 person 1 operation.

 » Once we know the number of operations 
for each of our finished good SKUs, we can 
start designing our staffing plans at least 
1 day in advance based on tomorrow’s 
schedule.

Increasing from 4 people to 9 people will increase 
production by 316%. In our tests, we had throughput 
go from 6 units per minute to 25 units per minute. A 
316% increase. If you had to do 20,000 units, then the 
smooth line would do this work in 13.3 hours while 
the 4 person line would do it in 55.6 hours. This 76% 
decrease in time to completion will greatly help our 
scheduling department while the 46% decrease in 
cost will greatly help our finance department!

Why does this happen? Because there is no waste 
and no stress. We replace the wastes of motion 
with productivity. 9 people without any unnecessary 
motion or setting items down can move more than 4x 
faster than half as many people doing multiple things, 
and with better quality.

STAFFED WITH 9 PEOPLE STAFFED WITH 4 PEOPLE

# of people Staffed with 9 Staffed with 4

Unit Speed 25 units per minute 6  units per minute

Units per hour 1,500 360

Total hours needed 13.3 hours 55.6 hours

Burdened Payroll $126/hour (9 x $14) $56/hour (4 x $14)

Total Cost $1,680.00 $3,111.11

Cost per unit $0.084 $0.155
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Overheard at your company:

GM: “Why does the line keep stopping?” 

Lead: “We weren’t going to hit our production targets today so the supervisors increased 

our line speeds.”

In an effort to increase throughput, our instincts tell 
us to increase line speeds. This is ironic because we 
know that setting a machine to run too fast will result 
in bad quality. For some reason, however, we think 
humans just need to put in more effort to go beyond 
their max speed. 

So when using a conveyor belt to set the work speed 
for our teams, we think: faster belt = more units 
per minute, and more units per minute = greater 
throughput. Unfortunately this common practice 
couldn’t be more wrong since increasing run speeds 
often has the opposite effect. High speed can wear 
people out while creating stress in the system. The 
result is more line stoppages and more rework.

Let’s discuss why faster does not equal more 
throughput, and then we’ll look at how to set the right 
speed to maximize throughput while maintaining 
quality.

THE TREADMILL THOUGHT EXPERIMENT

A quick thought experiment based on running on the 
treadmill at the gym: You head to the gym to run 5 
miles. You get on the treadmill and once you hit Quick 
Start, the belt slowing starts to move at a barely 
noticeable 1.0 MPH. 

At this rate, you will neither get your work out nor be 
home in time for dinner. A speed of 1.0 MPH would 
take 5 hours to run 5 miles. So naturally you start to 
increase the speed to something comfortable, say 5.0 
MPH. At this pace, a 5 mile run will take 1 hour and 
you’ll go home with a nice post-workout feeling. So 
let’s agree that increasing the speed from 1.0 MPH to 
5.0 MPH does in fact reduce the amount of time to 
complete your workout.

What if we increase the speed from 5.0 MPH to 10.0 
MPH? Now we only have to work out for 30 minutes to 
run 5 miles. So we start running and after 5 minutes 
we are out of breath and now we have to slow the belt 
down to 4.0 MPH for a few minutes to catch our breath. 
Then we try again and we only make it at 10.0 MPH for 
2 minutes this time. So we slow down the belt to 4.0 
MPH to catch our breath again. We do this on and off 
a few times until we are exhausted and decide to just 
finish our run at 4.0 MPH. After 45 minutes, we are 
exhausted and get off the treadmill at about 3.5 miles.

So it’s easily illustrated how going faster does not 
mean finishing faster. Take this thought experiment 
a step further and imagine you now do this same 
exercise 5 days per week, Mon-Fri all year long. What 
is more sustainable - a nice 5.0 MPH run consistently 
every day or the ups and down of starting at 10.0 MPH 
and switching back and forth to 4.0 MPH? For most, 
this is not an enjoyable way to exercise. 

“

”

High speed can wear 
people out while 
creating stress in the 
system. The result is 
more line stoppages 
and more rework.

Chapter 7: Setting the Right Speed for     

Maximum Throughput
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SETTING THE RIGHT SPEED

Setting the right run speed is all about smooth Flow. As 
we like to say “fast is slow and smooth is fast.” Finding 
the right conveyor speed is an iterative process. We try 
different speeds until we find the speed that maximizes 
our throughput, minimizes the workforce stress and 
maintains required quality levels. Here is the process to 
set the right run speeds:

 » Step 1: Start the conveyor belt at a slow pace 
in order to begin the flow of product and you’ll 
notice a few things:
a. People will be standing around and 

waiting on the box in order to do         
their operation

b. There will be large gaps in             
between products

 » Step 2: Increase line speed slowly until people 
begin working at a normal pace and look for:
a. Boxes arriving at each person’s 

station just as they finished filling the        
previous box

b. The large gaps between products         
will shrink

c. If you are going too fast, you will see:

i. Product begins to pile up at one or 
more stations

ii. People are reaching forwards and 
backwards to grab product

 » Step 3: Eliminate the piles by doing one of  
the following:
a. Slowing the line speed down

b. Add a person at the bottleneck stations

c. Make the job easier by changing the 
motion or adding a jig

 » Step 4: Iterate. Repeat steps 2 and 3 until you 
are in a state of Flow without piles, waiting, 
sweating and quality errors

While setting the right speed and Flow is just one 
step in running lean, it is the step that has the highest 
leverage to the outputs we are trying to achieve.

DOING THE MATH: SLOW DOWN FOR MORE 
THROUGHPUT

Imagine we have a 100,000 piece job that had been 
taking us 8 hours to do but we are getting pressure 
from our general manager to reduce labor expense, so 
we have to go faster. 

Therefore, instead of running at our typical 12,500 
pieces per hour to hit our target, we turn our speed up 
in order to be able to do 15,000 pieces per hour. 

Read on to the next page to see what happens:

WHY IS SETTING THE RIGHT SPEED SO 
IMPORTANT

Setting the right run speed is important because 
speed is the key leverage point for:

 » Staffing with the right number of people

 » Meeting customer delivery schedules

 » Running the operation profitably

 » Eliminating overtime

 » Eliminating without quality errors

 » Reducing workforce turnover

There are few red flags to look out for that signal we 
may have the speed set too slow or too fast: 
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DOING THE MATH (CONTINUED)

 » At 15,000 pieces per hour, each person has 
to work 20% harder to do the same job that 
we set to the optimal standard already

 » People immediately start to fall behind, and 
every 4th item gets pulled from the line and 
returned to start because the speed is too 
fast for the team to keep up

 » If the goal is 100,000 items, then we’ll have 
25,000 items that will get pulled from the line 
and will have to go through at least a portion 
of the process twice

At 12,500 pieces per hours conveyor speed we did 
the job in 8 hours. At 15,000 pieces per hour conveyor 
speed we did the same job in 8.3 hours with these 
negative consequences:

 » We had to add a person to the line in order to 
take the sidelined products back to the start 
of the line

 » We had 0.3 hours of overtime because the 
job had to get out

 » Everyone left exhausted and disappointed 
from an extremely stressful day at work

So if you set the speeds right the first time, the only 
way to get more production is to change the process or 
add more people, the former always being preferred to 
the latter. We’ll discuss some ideas on how to change 
the process for more production in later chapters.

SUMMARY

 » Setting the conveyor speed is the key factor 
in meeting customer delivery schedules, 
running the operation profitably, eliminating 
overtime, staffing with the right number of 
people, executing without quality errors and 
reducing turnover.

 » Setting the conveyor speed to an optimal 
level is an iterative process that requires 
watching for visual cues.

 » When the conveyor speed is optimized, no 
one will be waiting for the next item (too 
slow) and no one will be frantically trying to 
keep up with the pace (too fast).

 » Faster speed does not mean more through-
put. Smooth FLOW is the key to more 
throughput.

TAKE AWAY TOOL: THE LEAN RED FLAG WATCH (RFW)

The Lean Red Flag Watch (RFW) uses trial and error get to the point of maximum productivity, highest quali-
ty and easiest work for your teams.

Conveyor Speed Calibration (CSC)

RED FLAG
TOO 
FAST

TOO 
SLOW

FIX

Piles building up at     
each station

X
Break down the role at that station or add a 2nd 
person to do the work

Packers reaching X X Increase speed or decrease spacing among packers

Setting items to the side 
to catch  up on later

X Slow down the line!

Quality errors X Slow down the line and ensure 1 person 1 task

Packers sweating X
Slow down the line or else team will get burned out 
before the shift is over

Packers talking to each 
other

X Speed up the line
18
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Chapter 8: Ergotivity

A quote to aspire to:

“Wow. I’ve never seen a team work like this before.”

To increase throughput, we’ve discussed the 
importance of ‘1 person, 1 job,” and setting the 
right line speed. To sustain optimal throughput, 
we’re introducing the concept of “ergo-tivity” in this 
chapter.

Ergotivity is a phrase coined by one of our leaders, Lisa 
Manning, to mean supercharging productivity while 
making the work ergonomically easy.  We fine tune 
each position and process to reduce wasted motion, 
increase throughput and reduce packer fatigue.

There are three focus zones of ergotivity: Physical demands, mental demands and the physical environment or 
facility. Let’s take a look at each zone and the opportunity to improve ergotivity and hence throughput in each. 

MAKING THE WORK EASY: PHYSICAL 
DEMANDS

Have you ever stood on an assembly line for 8 hours 
and packed boxes? It is incredibly difficult work. It is 
tiring, tedious and stressful on our muscles and joints. 
Some jobs are more tedious than stressful (inserting 
components into a box in the middle of the line). And 
some jobs are more stressful than tedious  (taping and 
palletizing boxes at the end of the line). 

It’s the leaders job to make the work as easy as 
possible for each team member through ergonomic 
design and creating a comfortable environment. The 
good news is that not only is this the right thing to do, 
it also prevents injuries, promotes a safe workplace 
and drives profitability.
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PHYSICAL DEMANDS (CONTINUED)

When looking at the ergonomics of packing jobs, we 
want to begin by targeting and eliminating the following 
wastes of excess motion:

 » Reaching (as discussed with run speeds)

 » Turning (having components staged behind 
you on the line)

 » Walking (refilling components)

 » Lifting (using tools)

 » Bending (component table too low)

 » Twisting (switch body position)

While creating good ergonomics on a packing line 
seems obvious, I rarely witness it in practice. However, 
ergotivity done well has massive benefits. The ROI 
on moving staged components closer to someone 
in order to prevent reaching is probably the best 
investment you can make in a plant. 

Nowhere else can 30 seconds of manual labor return 
thousands of dollars of productivity, yet 90% of 
managers who walk past poorly staged components 
or an ergonomically disadvantaged line don’t make a 
change.

Ergotivity Checklist

MOVEMENT FIX

Packers reaching side to side Increase speed or decrease spacing among packers

Packers reaching up or down
Conveyor at wrong height. Adjust speed or provide step with safety 
markings to shorter team members

Turning Stage components on tables next to or above for picking items

Walking Move carts and components closer to where they need to be

Lifting Arrange tables to reduce lifting distance

Bending Over Put a cart in place

Standing on concrete Anti-fatigue mats

Optimal line speed also contributes to reducing 
physical demands. As discussed earlier in this 
chapter, line speed should be set so that no one is 
stressing, reaching, turning or making any unnatural 
movements. 

The speed of the line is the ultimate lever on ergotivity 
and the easier we make the work on our workforce, 
the faster the line can go without sacrificing quality.

“

”

Moving staged 
components closer to 
someone... is probably 
the best investment you 
can make in a plant. 
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MAKING THE WORK EASY: MENTAL 
DEMANDS

In addition to the physical demands, we also want to 
simplify mental demands such as excess counting 
or mental math. Asking someone to count out 10 
components before inserting them seems very easy to 
a manager when drawing up a quote. I challenge you 
to try counting to 10, 5,000 times in one day looking at 
the same objects.

Anything that requires calculations, counting or 
visually searching needs to be re-engineered. For 
instance, instead of one person counting to 10, can 
we use a weight scale? Or could we create an offline 
station that pre-packages components into bundles 
of 10? Instead of visually searching for components 
at our station, can an upstream worker place the 
components in the same location each time?

JIGS

In order to reduce both excess physical and mental 
strain while maintaining quality, we can create jigs. A 
jig is like a template or device that holds a piece of 
work and guides the tools operating on it. It’s purpose 
is to create repeatable accuracy. We should always be 
asking “how can we create jigs to reduce the number 
of operations or calculations to make it easier for our 
teams?”

You may already have a dozen jigs located all around 
your plant. They are those small tools your inventor 
maintenance guy builds to solve equipment problems. 
I am suggesting that you can apply that same ingenuity 
to your assembly line.

MAKING THE WORK EAST: PHYSICAL 
ENVIRONMENT

A comfortable work environment matters for two main 
reasons: (1) We don’t want people to be uncomfortable 
while working (too cold, too hot, too dark, lights in 
eyes) and (2) unlike the physical and mental demands 
of an assembly line, the environment typically impacts 
ALL workers, even the big boss. So, we want to ensure 
a clean, comfortable and safe environment to increase 
everyone’s productivity.

Sometimes we don’t have full control over the work 
environment. 

For most of you reading this book, your teams will 
be working in a manufacturing plant or warehouse 
environment. Within that environment, we can’t 
always control every environmental factor, but there 
are many ways we can improve the environment like 
temperature, air quality, lighting and scheduling. A 
comfortable environment includes: 

 » Proper temperature
a. If your facility is too hot, consider:

i. Warehouse standing fans

ii. Overhead fans

iii. Opening doors in facility to facility 
air flow

iv. Cold water and Gatorade®

v. Extra breaks

vi. Relaxed dress code

b. If your facility is too cold, consider:

i. Keeping doors closed

ii. Closing dock doors when not in use

iii. Revisting the dress code

 » Floors: Consider putting in anti-fatigue mats 
if you have concrete floors. Make sure no 
equipment is leaking any fluids such as oil 
that can create slipping hazards, and keep 
floors clean of debris such as shrink wrap or 
broken pallet pieces.

 » Air quality: some processes like working 
with certain raw materials or having baling 
equipment onsite can create massive 
amounts of dust. Therefore, dust collection 
systems or enclosing certain areas with their 
own room and air quality systems will not 
only improve the air quality for breathing, but 
also keep customer products clean.

 » Building quality: things like leaking roofs 
and peeling paint create a depressing 
atmosphere and contribute to apathy. Do 
whatever is possible to fix roof leaks, and 
consider a new coat of paint if needed.

 » Lighting: maximize natural lighting by 
keeping windows clean and shades open. 
Replace broken or burnt out light bulbs.
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SUMMARY

 » Ergotivity is about reducing physical and 
mental demands, and improving the environ-
ment in which we work.

 » We can reduce physical demands by ar-
ranging our workspace to limit unnecessary 
motion and staging the components to be 
packed so that workers are not reaching, 
bending, lifting or turning.

 » We can re-engineer processes that create 
mental demands to sustain line speed with-
out quality risks.

 » Improving the working environment through 
facility upgrades or additions like fans and 
anti-fatigue mats can increase ergotivity, and 
outcomes in general.

 » We can also simplify the work by using jigs 
and small tools to make operations easier.
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