
Pulling the market in 2014 
Demand-driven tactics get applied to entire supply chain, and flexibility enters industrial truck sector
BY THOMAS R. CUTLER

52  Industrial	Engineer



February	2014  53

A pull system is a widely used 
lean manufacturing tool that controls the 
flow of resources in a production process 
based on real demand instead of fore-
casting. That concept is at the heart of 
two continuing evolutions of the supply 
chain: the drive to make the flow of mate-
rials and goods visible throughout the 
entire organization and changes in the 
market for material handling vehicles.

Depending on the subspecialties 
involved, industrial engineering always 
overlaps with and interacts with opera-
tions management, management science, 
operations research, systems engi-
neering, manufacturing engineering, 
ergonomics, human factors engineer-
ing and safety engineering. From 
computer-aided engineering and product 
life cycle management to design and anal-
ysis, manufacturing plants over the years 
have gravitated toward a demand-driven 
supply chain. End-to-end pull replicates 
that concept throughout the enterprise to 
activities outside the plant. 

This narrows the differences between 
manufacturing and distribution centers, 
as each site moves closer to being part 
of a continuous supply chain. In essence, 
each basic block of the supply chain 
moves items to the next block. Within 
each block, material handling remains 
at the core of each supply chain node. 
For moving material inside the plant or 
distribution center, the industrial equip-
ment and machinery sectors are ripe for 
growth in 2014. As the world economy 
continues advancing out of the Great 
Recession, material handling robotic 
industrial trucks with vision-guided 
technology are poised to replace highly 
automated vehicles.

An increasing trend
Narayan Laksham, CEO of Ultriva, said 
the industrial engineering concept of 
end-to-end (E2E) pull provides full 
visibility, scheduling and sequencing 
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of the production of customer orders. 
The Cupertino, Calif.-based company 
recently implemented such a demand-
driven manufacturing model.

“The need for a collaborative trans-
actional portal is essential, particularly 
for large multinational manufacturers,” 
Laksham said. “Active collaboration with 
customers allows industrial engineers 
to align actual demand and synchronize 
with suppliers for replenishment. E2E 
pull offers a better solution to balancing 
supply with customer demand through 
procurement strategies, materials and 
inventory policies tied to actual demand 
signals. Many suppliers want to provide 
sufficient service levels to customers 
and expect industrial engineers to turn 
supply replenishment and synchroniza-
tion into a competitive advantage.” 

A wide variety of industry sectors 
and enterprises are turning to E2E 
pull systems, increasing its global 
footprint. The concept has been imple-
mented at companies such as ATK, 
CareFusion, Emerson, Ingersoll Rand, 
McKesson, Magellan, Regal Beloit and 
Thermo Fisher. 

From multinational corporations 
to smaller enterprises, companies are 
looking to replicate the success of pull 
systems, which reduce overall inventory, 
work in process and order turnaround 
time while improving customer satis-
faction and cash flow, throughout their 
entire supply chain.

Figure 1 shows how the pull loops 
are set up between the preceding and 
succeeding locations. This can be 
expanded to as many loops or tiers 
as necessary, depending on the busi-
ness process of the manufacturers. For 
example, in the most extensive situation 
the tiers could include retailers, regional 
warehouses, central warehouses, distri-
bution centers, manufacturing plants, 
component manufacturers, third-party 
logistics providers and other suppliers. 

The primary goal of the E2E process 
is to schedule manufacturing produc-
tion based on customer demand instead 
of forecasts. Simultaneously, the speed 
at which manufacturing facilities deplete 
raw materials and components drives 
replenishment to the upstream supply 
chain. This also is known as consump-
tion-driven replenishment. 

Underlying the process in Figure 1 is 
an ability to have real-time collabora-
tion with the customers and suppliers. 
On-premise solutions, like MRP and 
ERP, do a fabulous job for inside the four 
walls of business. E2E, on the other hand, 
deals largely with what happens outside 
the walls of the manufacturing facility.

Kanban loops,  
the heart of E2E pull
Kanban, the Japanese term for a card used 
to signal the need for inventory replen-
ishment, is a key tool in making sure that 
the pull method keeps production lines 
optimally stocked with necessary parts 
and components. The signals trigger 
operators into delivering items when they 
are needed and in the right quantity. As a 
product is consumed in the production 
process, an order for depleted inventory 
is placed immediately, either via a kanban 
card or electronically through a comput-
erized kanban system.

Unlike MRP forecast-driven replen-
ishment, the kanban system reorders 

based on actual consumption at the point 
of use. The simplest version of this is the 
“two-bin” method. In this case, an opera-
tor has two bins of material. One is being 
consumed and another is full. When the 
first bin is empty, the operator continues 
to work using the second bin. The empty 
bin is sent to the producing station, an 
obvious signal to replenish the depleted 
material. The amount of material per 
bin is set, so a full bin returns before the 
operator runs out of the needed produc-
tion material. 

Many kanban processes use the 
manual kanban card, which travels with 
its inventory and contains information 
that usually includes the item’s descrip-
tion, part number and location. Each card 
has a number and is used to trigger an 
order for replenishment when an item is 
consumed.

Manual kanban benefits are of limited 
use when an external supplier enters 
the supply chain. But in an electronic 
kanban system, the card information is 
translated into a barcode that is scanned 
and communicated electronically at each 
stage of the replenishment cycle. This 
dramatically increases the effectiveness 
of the kanban and its associated pull 
replenishment system by connecting 
suppliers with their upstream and down-
stream partners. 

This connectedness helps expand 
the pull-based manufacturing concept 
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the cycle of deMand 
Figure 1. An end-to-end pull system can have as many kanban loops or tiers as necessary.
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throughout the supply chain, allowing 
each node to synchronize production and 
delivery with consumption in real time. 
This increases on-time delivery perfor-
mance, reducing stock-outs and costly 
last-minute change orders. As orders 
arrive, material is pulled from the end of 
the final assembly line, which instantly 
sends an order to final assembly to 
produce more.

Establishing multiple loops beyond 
the manufacturing facility shows physi-
cal material flows from the time they 
enter the supply chain until the finished 
good or service is in the hands of the end 
customer, hence the name end-to-end 
supply chain. 

These interconnected loops help 
control when goods move from the 
supplier to raw material warehouses, 
from raw material warehouses to the 
point of use, from finished goods assem-
bly to distribution centers, and from 
distribution centers to the end customer. 
The E2E pull electronic kanban concen-
trates efforts at any loop (customer, 
internal or supplier) to start, then moves 
upstream or downstream as needed. 

This is not the case with ERP systems, 
where material flow is viewed as a 
linear process. Based on finished goods 
demand, MRP modules drill down into 
the bill of materials to send replenish-
ment orders to suppliers and production 
orders to the shop floor. Different sizing 
parameters are absent from ERP kanban 
implementations because they are not 
loop-based.

Consumption triggers
Consumption triggers are vital so that 
kanban signals leverage barcode scans 
directly from the point of use. ERP 
consumptions are triggered by back flush 
or manual transactions. This can lead to 
data errors as well as latency between 
actual consumption and the release of 
the signal.

For each loop, E2E pull technology 
supports a different kanban formula. 
Parameters are computed or taken from 
user inputs during the initial setup. Auto-
matically computing the average daily 
usage, variance of consumption (s/x) and 
other data allows for recommended resiz-
ing. Conversely, ERP technology requires 
manual inventory sizing.

Industrial engineers are tasked with 
controlling material flow and supply 
chain visibility using a work flow engine. 
Tracking and tracing the flow of kanban 
signals throughout the process ensures 
transactions are logged when mate-
rial orders are released, accepted by the 
supplier, received, inspected and then 
put away for consumption. There simply 
is no other metric or systemic process to 
quantify orders that ensures traceability, 
visibility and a closed loop process.

Flexibility beats  
rigid automation
At the heart of any supply chain, whether 
it has two nodes in the same city or 
hundreds of links that span continents, 
is the movement of material. All sites face 

that challenge, whether their part of the 
supply chain concentrates on manufac-
turing or distribution.

In past decades, such movement 
required a strong back. But in recent years, 
warehouses and distribution centers have 
turned to automated systems. By 2025, 
fully automated and guided vehicles will 
account for 50 percent of industrial truck 
sales, predicted Jeff Rufener, president 
of the Industrial Truck Association. The 
increase in automation, in turn, has led 
smarter distribution centers to look to 
industrial engineering. Hans Moravec, 
chief scientist and co-founder of Seegrid, 
said he expects that trend to continue 
with the rapid advancement of robotic 
vision-guided technology. The melding 
of workforce capabilities with technology 
almost requires the use of industrial engi-
neering tools for an optimized system.

The growth in the industrial truck 
market will be underwritten by an 
improving world economy, particularly in 
manufacturing. The International Business 
Times recently suggested that Europe’s 
economy is gaining steam. The eurozone 
manufacturing purchasing managers 

Flexible AGVs, such as this Guided by Seegrid model, use vision-guided technology for 
navigation, and route changes can be reprogrammed in minutes.

Photo	©Seegrid	Inc.	
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index, which measures monthly senti-
ment among private manufacturers, hit 
a 26-month high, the best showing since 
2011.

Markit, which also produces a closely 
watched manufacturing index, reported 
that manufacturing growth improved in 
Germany, the Netherlands, Italy, Austria 
and Ireland. According to that company’s 
research, production growth, new orders 
and new exports all sped along at their 
fastest pace since May 2011. This positive 
data includes full backlogs and orders 
that exceed inventories by a substantial 
amount. 

But with this recovery, on the heels 
of the massive economic downturn of 
2008, comes a reanalysis of material 
handling solutions by the European 
market. Across the pond, as they say, they 
are looking for better, more cost-effective 
options than the previously touted high-
end automated guided vehicle (AGV) 
solutions. In many cases, these options 
proved to be costly and disruptive.

What is driving a shift among North 
American manufacturers and material 
handling procurement is totally different 
than Europe. North American manufac-
turers, particularly in the United States, 
are insisting that labor costs be contained 
along with heightened demand for safety 
without compromising quality. The 
intersection of these two continental 
markets has created some interesting 
relationships.

Steve Long, corporate account 
manager for Linde Material Handling 
UK, said there is a trend in the European 
market to explore new technologies that 
improve efficiency. Long, whose automo-
tive company has a fleet size of more than 
1,700 machines, noted that AGVs have 
been considered part of the efficiency 
solution in Europe for years. But in many 
industrial plants, AGVs simply took too 
long to justify the return on investment, 
which often involved a complete redesign 

of distribution centers and revamping 
infrastructure.

Newer solutions and technologies 
are now part of the conversation in the 
material handling sector throughout the 
UK, Europe and the world. Newer, easier 
technologies that require zero infrastruc-
ture costs have great appeal in Europe, 
where plants often were shut down for 
six months or more as floors were ripped 
up to accommodate tracks and magnets. 
Almost begrudgingly, European manu-
facturers have come to recognize that 
traditional AGVs are rigid and have 
limited flexibility.

In North America, warehouses, manu-
facturers and distribution centers have 
been turning to newer, flexible AGVs for 
several years. The market has increased 
rapidly, up 350 percent from 2012 to 
2013. 

Flexible AGVs are automation solu-
tions specifically designed to address 
challenges in the materials handling 
industry by modifying standard, manu-
ally driven industrial vehicles into 
unmanned, vision-controlled AGVs. 
Navigation is handled by the vision-
guided technology, which allows vehicles 
to be trained and deployed in a warehouse 
or manufacturing facility quickly and 
efficiently. The vision system provides 
operators complete route flexibility. AGV 
routing can be reprogrammed in a matter 
of minutes, allowing every facility to 
match its material handling needs to its 
resources. 

While labor and operating expenses 
continue to rise, flexible AGVs can reduce 
them while improving operational 
productivity and efficiency. Vehicle opera-
tors use the AGVs in both automatic and 
manual modes. Flexible AGVs decrease 
employee injuries and product damage 
while increasing facility safety. They 
can be operated at a significantly lower 
cost per hour than their fully automated 
counterparts and can be maintained and 
serviced by in-house maintenance staff.

These reduced maintenance and oper-
ating costs make flexible AGVs a better 
bet to deliver a rapid ROI than the older, 
more well-known AGVs that dominate 
the current European market. Savvy 
continental and British material handling 
leaders already are looking forward to the 
operational advantages provided by the 
newer robotic industrial trucks, which 
are just being introduced to the European 
market. Manufacturers who don’t want 
to replicate their competitors’ mistakes 
with fully automated guided vehicles 
could spark growth in the flexible AGV 
market similar to that seen previously in 
North America. d
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autoMation in the air
The total market value for electric unmanned aerial vehicles will top 
$1 billion by 2023, according to industry watcher IDTechEx.

Unmanned aerial vehicles (UAVs) mostly are known for their 
military uses, as news reports are dominated by drone attacks and 
surveys of military threats. But industrial and civilian uses are not far 
behind, as UAVs also survey melting ice caps and natural disasters, 
and Amazon is testing a drone delivery system. 


