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Power plant losses 70%

Motor losses 10%

100%

c‘:'_ran.smlgsmn and Drivetrain losses 2%
istribution losses

9%

Pump losses 25%
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Throttle losses 33%
Pipe losses 20%

__ 9.5 units of energy output
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Reducing Reducing Reducing energy Reducing leakages
pressure level pressure drops consumption
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Recovering energy Air-saving circuits

Reducing weight Reducing tube length



Environmental conditions:
250 working days per year
16h per day

0,10 &WH

0,025 #&n’ air costs

6 bar line pressure

Description

Cylinder

100 63
100 50

100
100

Cylinder valve distance

Cycle time

Possible i
(regarding
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n ‘;\ Reducing pressure level
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From & to 5 bar

Saving in % [per year]
Saving in €per year]
Saving in COz [per year]

50% of the cylinders
one size smaller

Saving in % [per year]
Saving in €per year]
Saving in COz [per year]

= Reducing tube length

% = Correct sizing
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Tube volume 50% reduced
(tubes 50% shorter)

Saving in % [per year]
Saving in €per year]
Saving in COz [per year]

ap Reducing pressure drops

Optimised pressure net allows
pressure reduction at the
compressor of 1 bar

Saving in % [per year]
Saving in €per year]
Saving in COz [per year]

Reducing leakages

Reducing leakages
from 20% to 10%

Saving in % [per year]
Saving in €per year]
Saving in CO2 [per year]

Recovering energy

Recovering energy in 5% of the
pneumatic drives

Saving in % [per year]
Saving in €per year]
Saving in CO2 [per year]

___ Switching off power
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Switching off power in the 3rd
shift (assuming 20% leakages)

Saving in % [per year]
Saving in €per year]
Saving in COz [per year]

v Air-saving circuits

=

50% of the drives have only 3
bar pressure for the return stro-
ke

Saving in % [per year]
Saving in €per year]
Saving in COz [per year]

t Reducing electrical current

All valve coils are replaced by coils

Saving in % [per year]

3%
805 €
3.40t CO2
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Relationship between fan power
consumption and fan speed
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Electricity— 444,450 kWh per year™ 77,505 kWh per year |
for 13 thermal oil
pumps
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ap Reducing pressure drops
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Chilled Water Pluani:
Efficient Design
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Reducing friction
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. Reducing electrical current
T~ Common sense
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Whole System Design

A modern example of synergy:

Pumping is the largest use of electric motors, which
use more than 50% of world’s electricity use.

One heat-transfer loop was designed to use 14 pumps
totalling 71 kW by a top Western firm.

Dutch engineer Jan Schilham cut the design’s
pumping power use by 92% to just 5 kW

(using the methods learned from the
efficiency expert Eng Lock Lee of Singapore)

R. Shanthini Source: http://stephenschneider.stanford.edu/Publications/PDF_Papers/
10 bec 2012 LovinsLovins1997.pdf



Whole System Design
How was that possible?

The pipes diameter was increased. Since friction
reduction is proportional to diameter®, small pumps
were enough.

Pipes were laid out before the equipment installation.
The pipes are therefore short and straight, with far
less friction, requiring smaller and cheaper pumps,

motors and inverters.

The straighter pipes also allowed to add more
Insulation, saving 70 kW of heat loss with a 2-month
payback.

R. Shanthini Source: http://stephenschneider.stanford.edu/Publications/PDF_Papers/
10 bec 2012 LovinsLovins1997.pdf



A typical production plant scenario

Window
(fixed into wall)

EU (2) Elevation

(Z, =10 m)
v

Elevation (Z, = 0 m)

R. Shanthini
10 Dec 2012

Q

Machine press
(movable)



Conventional Design Solution

K, = 2 based on

pipe
r— (8) 1(9) _.1

velocity
(7) o[ XJe [ ) (2) Elevation z; =10 m
T
5m Wide open ‘ diameter D

globe valve
A | Y
Elevation zy =0 m T 1 (©)

| l , 9m I 90° elbows

R. Shanthini
10 Dec 2012



Whole System Design Solution

K, = 2 based on

pipe
velocity
10m
(5) l |
| T ) (2) Elevation z, =10 m

45° elbows D ‘ diameter D

Q

Elevation
‘g

, Larger diameter pipes
Wide open _
gate valve Avoid 90 degree bends
And much more

R. Shanthini
10 Dec 2012



Comparing the cost of the two solutions

Pipes and Total . Life cycle

: P Pump : Running
Solution | D (m) | components W) | cost capital cost cost
cost cost (-NPV)
ng‘;]’;” 0.015| $835 |1025| $616 | $1451 | $61/mth | $12,989
WSD 0.03 $914 119 | $331 | $1245 | $9/mth $2947

Synergy means combined effort being greater than parts

R. Shanthini
10 Dec 2012




Whole System Design

What about the cost?

Optimizing the lifecycle savings in pumping energy
plus capital cost of the whole system showed that
the extra cost of the slightly bigger pipes was
smaller than the cost reduction for the dramatically

smaller pumps and drive systems.

Whole-system life cycle costing is widely used In
principle, but in practice, energy-using
components are usually optimized (if at all) over
the short term, singly, and in isolation.

R. Shanthini Source: http://stephenschneider.stanford.edu/Publications/PDF_Papers/
10 bec 2012 LovinsLovins1997.pdf



