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Figure 4: The conventional approach to plant design.
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Figures 5 & 6: These charts show the increased friction from vari-
ous types of bends and valves, expressed in terms of equivalent
friction in various pipe lengths (with a 0.245 m pipe diameter).

10 Ibid.

electricity costs in a mere two months. The calculations
illustrate a larger 10xE point: It's better to use real data
than to rely on conventional rules of thumb.

Still, forging ahead with a completely new design was
risky. To convince their bosses that the new approach
would perform as expected, the engineers invested the
time and money to build a scale model. The model con-
firmed the calculated efficiency gains and gave company
management the confidence to give Schilham’s team
the green light to build the plant. The lesson: in order to
break free of the conventional design process, engineers
must be able to identify and communicate all the ben-
efits of the new approach.

The 10xE design approach was thus very different from the
conventional process. Figure 8 is a schematic of the process.

THE ResuLts

By starting with a metaphorical clean sheet of paper
and designing a more efficient piping system, Schilham
and his team achieved huge savings in energy and cost.
Each of the 14 pumps used far less energy (see Figure 9,
below), reducing the energy needed for pumping the
heating oil around the plant by 86 percent.

These energy savings translated into big cost savings
(Table 1).

Energy savings weren’t the only benefits. With short

4 | RMI



Big Pipes, Small Pumps: Interface, Inc. | Factor 10 Engineering Case Study | February 2011

pipes, fewer valves, and small pumps, the design was
also cheaper to build than the old design. The capital
costs were smaller, despite the fact that fatter pipes are
more expensive than narrow ones, and that pipefitters
charge more to install the complicated piping systems
without right-angle bends.

The new, more compact piping layout and smaller
pumps also saved space and weight, and reduced noise.
In addition, the low-friction pipe layout had fewer parts
(such as valves and fittings) that could fail. That reduced
maintenance costs.

Ironically, Interface’s innovative Shanghai plant never
went into full operation in China. Shortly after comple-
tion of the plant, the 1998 Asian financial crisis hit, and
demand for carpet tiles in China plunged. Interface was
forced to decommission the plant. All the equipment
was put in storage.

But Schilham’s innovative design was not wasted. Six
years later, Interface decided to build another plant in
the United Kingdom and shipped the equipment there.
The Don Russell plant in the UK has all the same piping,
pumping, and insulation designed for Shanghai, with
the exception of an additional heating circuit to compen-
sate for the UK’s lower temperatures.

Figure 7: A Factor Ten design by Eng Lock Lee, with larger-diam-
eter pipes and smooth transitions instead of right-angle bends.

LESSONS LEARNED

The story of Interface’s Shanghai plant illustrates the
pitfalls of the conventional design process—and the re-
markable gains that are possible by rethinking basic as-
sumptions. Key lessons learned from this experience are
reflected in eight Principles of Factor Ten Engineering;:
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Figure 8: The process flow of a 10xE design approach. Compare this to the conventional process in Figure 5.
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Design nonlinearly. Schilham did not settle for an old
design, nor for the first alternative he developed. He short-
ened, fattened, and straightened the pipes, and reduced
pump size and power requirements by continually refining
the design with each step in the process.

Reward desired outcomes. If engineers are rewarded
primarily for designing and building new plants on time
and on budget, they have a powerful incentive to stick
to safe, existing designs. Similarly, pipefitters paid on an
hourly basis have no incentive to think of more innova-
tive piping layouts. In contrast, a compensation system
that rewards efficiency gains and creative new approach-
es will remove a key barrier to innovation.

Define the end-use and start downstream. Instead of
laying out all the equipment first, Interface’s engineers
started by thinking about the end result (i.e., the sheet of
carpet-tile backing produced by the application rollers).
That change of perspective enabled them have a fresh
look “upstream” at the processes that brought the bitu-
men and other ingredients to the rollers. As a result, they
were able to see that the conventional design’s excess
pipes and valves not only cost more to build, they also
added friction, requiring more pumping energy.

Start with a clean sheet. This is not easy to do, because it
is often seen as risky. After all, it’s safer for engineers to
use successful existing designs as templates because they
know the new plants will work. That's why, as in the
case of Interface, top management must send a strong
signal that experimenting with new concepts is not

just allowed, but encouraged. Such a signal removes a
common barrier to innovation—freeing up engineers to
think outside the box. Because they designed the Shang-
hai plant from scratch, Interface’s engineers were able to
question the energy efficiency of each design choice and
come up with a far more efficient piping layout.

Use measured data and explicit analysis, not
assumptions and rules. Had Schilham used
conventional rules of thumb, rather than real data, the

TOXE PrINCIPLE:
Use measured data and explicit
analysis, not assumptions and rules.

10xE PRINCIPLE:
Start with a clean sheet.
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Figure 9: Interface’s final design slashed the energy required by
each thermal oil pump (TP0O2 to TP14).

company would not have reaped the rewards of his
extraordinary design.

Tunnel through the cost barrier. In the conventional
design process, engineers evaluate capital costs and
specifications for the major equipment and for the pip-
ing system independently. That blinds them to gains that
can be made by considering all the parts a single entity.
In contrast, Interface’s engineers discovered that the
more efficient the piping system they designed, the more
they could reduce the size and costs of other key pieces
of equipment, such as the bitumen melter.

Table 1. Total pumping energy savings

Before After Monetary Savings
Electricity— 444,450 kWh per year" 77,505 kWh per year | $55,042'? operating
for 13 thermal oil costs/yr from $3,300
pumps of additional capital
Electricity— 878,736 kWh per year 291,170 kWh per year| $88,135 in operating
for heating the costs/yr from $15,540 of
thermal oil additional capital

I Based on running one production shift per day.
2 Ibid.
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Wring multiple benefits from single expenditures. In
this case, multiple benefits cascaded through the design
process: efficient piping reduced power requirements,
which allowed less expensive pumps, which savings
permitted purchase of variable-speed pumps, which re-
duced the need for control valves and avoided the friction
they cause. Also, efficient piping was cheaper to insulate,
which reduced energy requirements for heating the bitu-
men. Less viscous bitumen required less pumping energy.

Since the Shanghai plant was designed, Interface has
continued to use the same Factor Ten principles in every
design process. But there’s still a long way to go before
the company achieves its ambitious Mission Zero™goal.
Now, Interface is tackling the biggest remaining chal-
lenge—the heat used in the carpet-making process. The
company is exploring zero emissions sources, as well
new manufacturing approaches that eliminate entirely
the need for heat.

3 Typically 5-10 fold.
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APPENDIX A
Factor Ten Engineering (10xE)

Factor Ten Engineering (10xE) is an ambitious initia-
tive undertaken by Rocky Mountain Institute (RMI) to
strengthen design and engineering pedagogy and prac-
tice. Though a ten-fold gain in resource productivity is
achievable, it is not for the faint-hearted. It requires bold
and gutsy designers willing to question familiar practice
and work closely with people from other disciplines.

From the radically efficient design RMI regularly creates
and teaches, we have become convinced that radical™®
efficiency by design (a) works, (b) can be adopted by
designers new to it, (c) can be formally taught, (d) can
yield extraordinary value, often including big savings
that cost less than small savings and important syner-
gies with renewable and distributed supply, and (e)
should spread rapidly if we and others develop the right
examples (proofs), principles, and tools (notably design
software), and properly inform design customers/ users
and improve reward systems.

In light of this need, 10xE is an RMI initiative focused on
transforming the teaching and practice of engineering
and design, in order to spread radical and cost-competitive
energy and resource efficiency. Based on many collabo-
rations with practicing engineers and designers, we
believe that the following actions must happen to enable
this transformation:

At the academic level:

* Provide case studies and design principles that ex-
plain how to do integrative design and illustrate its
major benefits

*  Recruit professors and universities to teach the cases
and principles

* Encourage students to learn them

At the industry level:

*  Convince project decision-makers that greater atten-
tion to energy and resource use is indispensable

* Provide hands-on experiences to show concretely
what is different and why it is better

* Provide case studies and design principles that ex-
plain how to do integrative design and illustrate its
major benefits

* Create the tools and reward systems that will en-
able implementation

Find more about Factor Ten Engineering, whole-system

thinking, and 10xE principles at 10xE.org. Explore RMI's

experience redesigning buildings, transportation, and

energy systems at RMI.org.

ArpPENDIX B
K-Coefficient for Pipe Fittings

Figure B.1: K-Coefficient for Pipe Fittings

Fitting K
Elbows

(a) Regular 90° (threaded) 1.5
(b) Regular 45° (threaded) 0.4
180° Return Bends

(a) 180° return bend (threaded) | 1.5
Tees

(a) Line Flow (threaded) 0.9
(b) Branch Flow (threaded) 2.0
Valves

(a) Globe (fully open) 10
(b) Angle (fully open) 2
(c) Gate (fully open) 0.15
(d) Gate (1/4 closed) 0.26
(e) Gate (1/2 closed) 2.1
(f) Ball (fully open) 0.05
(g) Ball (1/3 closed) 5.5

Source: Munson, B.R., Young, D.F., and Okiishi, T.H. (1998).

ArpPenDIX C
Equivalent Roughness for New Pipes

Figure C.1: Equivalent Roughness for pipes

Pipe Equivalent roughness
in meters (€)

Riveted Steel 0.000914 - 0.009144
Concrete 0.000304 - 0.003048
Wood stave 0.000182 - 0.000914
Cast iron 0.000259
Galvanized iron 0.000152
Commercial steel

or wrought iron 0.0000457
Drawn tubing 0.00000152
Plastic, glass 0.0
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ApPEnDIX D
Friction as a Function of Pipe

Diameter and other Characteristics
The most common equation used to calculate major head
losses is the Darcy-Weisbach equation:

LV
Hloss(mujnr) :f D 2g
The Darcy-Weisbach equation can be broken down into

three parts—the friction factor, the piping characteristics
component, and the velocity / energy component.

The Darcy friction factor is either calculated with vari-
ous equations or derived using the Moody chart, which
shows the relationship between pipe friction and the
fluid’s Reynolds Number. The friction depends on

pipe characteristics (surface friction and diameter) and
whether the fluid flow is laminar or turbulent.

The velocity component can be expressed in terms of
fluid flow rate (Q) and pipe area (A):

Q
V=a
and
2
So that finally:

L 8Q°
Hloss ., =f D¥ g

In terms of reducing pipe friction, this equation shows
that head loss falls as the fifth power of pipe diameter
and directly with the length of the pipe.
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