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% & Transformational objectives

0 Radically reduce the energy consumption of land,
sea, and air platforms

0 Increase their combat effectiveness, agility,
deployability, and sustainability

0 Reduce their capital and operating costs
0 No compromise, no tradeoff
nlf we are to achieve res-ults

plished, we must employ methods never before
attempted. O d Sir Francis Bacon

How can breakthrough design make big energy
savings cost less than small or no savings?

Let 0s st ar-t with some buil




: \ & Rocky Mountain Institute

Grow bananas with °
no furnace at 1 44°C,*-,_¢

At 2200 m nr Aspen

nNW nter and
frost any day, 39 -d
midwinter cloud

Integrated design

Superinsulated: k -
0.05 W/m 2K roof,
-0.14 walls, -0.47 to
-0.7 [COG] glazings,
air -to - air heat
exchangers

Thermally passive,
95% daylit

Superefficient lts/eqt

avmgs (1983 tech.):

90% in home el.
(~120 W /372 m ?2)

99% in space &
water heating

10 -month payback,
woul d be OO0



PG&E ACT 2
h House

. Davis, California

0 Comfort without air
conditioning at +45  °C, even
In 3 -day heat storm

0 Mature -market building
cost $1,800 lower

0 Present -valued mainten -
ance cost $1,600 lower

O Ori gi nal desi gn
use ~82% below California
Title 24 standard (1992)

0 Last 7 improvements jus -
tified by savings of energy

plus capital cost (last 1.5 T

of a/c), not of energy alone

0 Saved 3/4 of wall wood
OLater done at 46eC too




New design mentality:

turn diminishing returns...

marginal
cost of
efficiency
improvement

cumulative resource savings



Hi gh efficiency doesnot
. ™ cven component so capiteé

Motor Master database shows no correlation
between efficiency and trade price for North
American motors (1,800 -rpm TEFC Design B) up
to at least 220 kW
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Price in hundreds of $ (U

88 90 92
Efficiency (%)

Efficiency (%)
E SOURCE (Www.eso_urce.com2 Drivepower Technology Atlas, 1999,.p 143, by permission
Same for industrial pumps, most rooftop chillers,

refrigerators, televisions,

Al n God we trust o:; al | ot he



marginal
cost of
efficiency
improvement

. ...I nto e
™ through t

anding ret
CoSt bar-r

“tunnelling through
the cost barrier”™...

()Y

cumulative resource savings

T >

gy ...10 even BIGGER and
cheaper energy savings
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a Examples of industrial opportunities

Save half of motor -system electricity with retrofit
aftertax ROl ~100 1 200%/y 0 buy 7 improvements,
get 28 more as free byproducts

Similar ROI saving >50% of chip -fab HVAC
Top - efficiency refinery retrofit: save 42%, 3 -y payb.
North Sea oll platform: save half el., recover the rest
Major LNG plant: enormous savings evident

New supermarket: save ~70 1 90%, cost ?less

New chemical plant: save 3/4 el. and 10% capex
without any process changes such as microfluidics

New data center: save 89%, cost less, higher uptime



Ry Frying an egg on an Athlon
L. ™ XP1500+in 11 minutes

From Trubador, www.handyscripts.co.uk/egg.asp



%, ™ Simple RMI server substitution

RMI replaced three (could have replaced four)
WINNT servers with one small NetWinder Linux box
(now model 3100)

Nominal power 14 W, no fan
Faster and more capable than NTs

Hardware plus software cost less than NT license
fee on replaced NT boxes

981 99% energy saving
Big space saving
Now imagine this aboard a Naval vessel d avoiding

extra power and coolilng capsée



a 1U Wintel rack - mounted server

This and following slide courtesy of Chris Hipp, ex

800 MHz Intel processor

19" 330"

Disk drives, I/O ports, memory
Floppy drive

CD ROM

Video capabilities

Serial / parallel ports

PCI expansion slots

160 Watt power supply; often
runs at lower power, with
disproportionately lower
power -supply efficiency

9 fans using ~20 I 25% of total
server power

$2000+

-RLX



& RLXServerBlade °, ~15.7W

-~

0  Public NIC
0 33 MHz PCI

Status LEDs

Private NIC
33 MHz PCI

/& | serial RJ-45
| - debug port

Reset Switch

Management NIC

33 MHz PCI
128MB, 256MB, 512MB X Transmeta’ ATA 66
DIMM SDRAM TM5600 633 MHz 0,10or2-2. 50 HDD

o 5|12T]B -GW nemee
Flash ROM
@ u‘.‘ T “E“:“; “ '&m

128KB L1 cache, 512KB L2 cache

'ﬁamauﬁﬁ&ﬁﬁﬁmj ‘éﬁj'ﬁﬁ LongRun, Southbridge, X86 compatible
bl ittt ol

ﬂmﬂjﬁ 72 blade servers in 9U

z vgaasgasaa&déaémﬁ@



R\ Wu-chun Fengos Gr g
» 9 -~ Destiny supercomputer, LANL

0 RLX passively -cooled blade servers using 0.1
TransMeta Crusoe CPU: 8 32 denser,
51 83 less power -intensive than Wintel b

5Up 100% O9 mo in an uncool e

0 ~7 1 83 better energy efficiency (in an iterative
science app), ~65 1 75% lower total cost of owner :
ship; ~160 peak Gflops but wins on calcs > MTBF

0 Pay ~50 T 75% more for the bare hardware (at
least at early blade prices) but ~90% less for power
and cooling, space, downtime, and system
administration

Compare LANL Q sup
cooling towers




a Edwin Land

¢

nNPeopl e wh
to have had a
new idea have
often just stopped
having an old
| de e
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) W The Nine Dots Problem
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4 ™ The Nine Dots Problem




& The Nine Dots Problem




origami solution




h

geographer 60s
solution




N

mechanical
engi neer 0s
solution




EN

statistician's
solution




wide line
solution




» Edwin Land

Invention IS
Ne a sudde
cessation of

Sstupi dit



R - Newde5|gn mentality

ARedeS|gn|ng a
 standard
(supposedly
optimized)

» industrial pumping
™ [00p cut power from
;//708t053kW( i
92%), cost less to

* build, and worked
better

N fJust two changes
e in design mentality




