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ENERGYPLUS Saves Federal Buildii5 % 
:I 1\) 

$9 Million in Energy Costs ~ f ; 
nergyPius softwa re-a building energy­
simulation program d istributed by Berke­
ley Lab-has been integral to the design 
of a new federa l offices building to be 
buil t in Sa n Francisco. EnergyPlus con­
tributed to nea rly $9 
million in energy sav­
ings projected over 20 
yea rs , according to 

Tim Christ, pro ject 
manager for the build­
ing's lead design firm , 
Morphosis . The mod­
eling tool was also used to simpli fy the 
building's facad e, saving taxpayers an 
additional $1.5 millio n in construction 
costs. Grounclbreaking fo r the building 
took place on July 15, 2002. 

The s imulation program allows design­
e rs to calculate the impacts of different 
heating, cooling, and ventilating systems, 
as well as the impacts of va rious types of 
lighting systems and windows. 

EnergyP ius was developed as a co­
llabo rative effo rt be tween EETD's 
Simulation Resea rch Group led by Freel 
Winkelmann, the University of Illinois at 
Urbana-Champaign, and the U.S. Army 
Construction Engineering Research Labo­
rato ry, with assistance from othe r resea rch 
o rga nizations. The DOE Offi ce of Building 
Technologies fund ed the project. 

"We are the first people to use Energy­
Plus to model natura l ventilation fl ows for 
a major building," notes Philip Haves of 
EETD's Commercia l Bu ildings Systems 
Group. 

The new San Francisco bu ild ing w ill 
use natural ventil ation to provide cooling 
without the use of fans or refrigeration. 
Most of the yea r the bu ild ing will be 
cooled by natural a irflow through the win­
dows. In hot weather, inte rior heat is 
absorbed during th e cla y by exposed 
heavy-weight ceiling slabs; the sto red heat 
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then dissipates at night when the air is 
coole r. Cooling and ventilation were max­
imized by o rienting the building and its 
windows to take advantage of natural 
wind conditio ns. 

Erin McConahey of Arup, the engineer­
ing consul tants on the project, says, "Basi­
cally, other energy-si mulation programs 
can't dea l w ith the natural vent ilatio n 
issues. The combination of airflow and 
energy modeling in a si ngle package not 
only allowed us to predict ene rgy pe rfo r­
mance, but also to ca lculate surfa ce tem­
peratures, track a ir change rates, and pre­
dict the rmal comfort. The Berkeley Lab 
modeling tool provided crucia l corrobora ­
tion of our design work .. , 

Im plementation of natural ventilation 
required a complete rethinking of inte rio r 
office space design. "Instead of having cel­
lular offi ces aro und the outside of the 
building and open-plan offi ce space in th e 

' inte rio r, free a irflow req uired open-plan 
offi ce space on the exterio r and cellular 
o ffi ces and othe r enclosed spaces a lo ng 
the spine. These enclosed spaces have 
lowered fa lse ceilings vvith space above to 
allow a ir dri ven by wind pressure to fl ow 
from one s ide of the building to the other," 
explains Ha ves··: Although this stands tradi­
tional hie rarch ical o ffi ce structure on its 
head , the concept was ultimate ly accepted 
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Note: 711e•~ will be no Fal/2002 issne of the EETD News. The current issne, Winter 2003, begim Volume 4. continued on page 2 
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"We are the first 

people to use 

Energy Plus 

to model natural 

ventilation flows 

for a major 

building. " 

-Philip Haves 
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by the General Services Administration , the 
federa l client for the project. 

In 2000, when the San Francisco federa l 
building project was in its infancy, archi tects 
with Morphosis were interested in using only 
natural ventilation for the top 13 fl oors. Secu­
rity concerns mandated that the lower fl oors 
be completely sealed. They were hesitant to 
move forward with the idea, however, w ith­
out some va lidation through modeling to 
assure them that the building could meet 
comfort standards witho ut air conditioning. 
An EnergyPlus modeling analysis conducted 
by Haves convinced the design team and its 
clients that natural ventilation would keep 
the bu il ding comfortable during San Francis­
co 's brief but significa nt episodes of hot 
wea ther. 

"When we started, we weren't sure \Vhich 
mode ling program would enable us to ga in 
a fu ll understanding of how the bu ilding sys­
tems wou ld come togethe r, " says Christ. "The 
EnergyPius model gave us a more accurate 
picture and led to a conside rable increase in 
effi ciency and direct savings in construction 
costs . We would not have been able to get 
there without Phil 's input. " 

Although Berkeley Lab's contribution to 
the design of the building has been com­
pleted, Haves is still working on the project, 
he lping the designers with strategies to o pti­
mize indoor comfort by opening and closing 
winclmvs at different ti mes of the clay. 

One prob lem designe rs stil l need to 

address is bow to reconci le these automated 
strategies aimed at overall bui lding comfort 
w ith the desire to allow individ uals to open 
and close windows nea r them. The use of 
operable windows and cla y-lit interio rs was 
fo und to contribute to the prod uctivity, 
health , and workp lace satisfaction of building 
occupants, according to studies conducted by 
Gail Brager, a professor at UC Berkeley's Col­
lege of Environmental Design. 

Since Berkeley Lab first re leased the Ener­
gyPlus softwa re in Apri l 2001 , the p rogram 
has been licensed by 12,000 end users, 60 
collaborative developers, and fi ve commer­
cial d istributors. Seth Rosen of Berkeley 
Lab 's Techno logy Transfe r De partment 
expla ins, "Our software licensing strategy for 
EnergyPius was designed to create a com­
munity of contributing developers whose 
skill and expertise could complement the 
core EnergyPlus development tea m. It 's grat­
ify ing to see this strategy succeed. " 

D Philip Haves 
PHaves@lbl.gov 

-Robin johnston 

(51 0) 486-6512; fax (51 0) 486-4089 

Th is design ass ist~1 nce work was supported by GSA 

Region IX and FEM P's Design Assista nce Program. 

Robin Johnston is a science w ri ter w ith the Technology 
Transfer Department. 

Computer rendering of the new Federal Building to he built in San Francisco. The building 
was designed with the aid of the EnergyPlus software distributed and pcwt!y developed hy 
Berkeley Lab. 
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D.C. Office Tackles FEMP Initiatives on 
Government Energy-Efficient Procurement 

o help reduce taxpa yer dollars and the federal ene rgy bill , 
presidential Executive Order 13123 and Federal Acquisi­
tions Regu lation (FAn Part 23) direct agencies to purchase 
ENERGY STAR® labe led products. For product groups where 
ENERGY STAR programs do not yet exist, agencies must buy 
products that are in the upper 25% of energy efficiency as 
designated by the Federal Energy Manageme nt Program 
(FEMP). Since 1995, resea rchers at Berke ley Lab's Wash­
ington D.C. Projects Offi ce have been providing FEMP 
w ith technica l and ana lytica l support for the directives in 
the executive o rder. The auth or and Donald Mauritz, 
under j e ff Harris ' supervis ion, have been helping federal 
agencies identify e ne rgy-
effi cient technologies. The 
team does this by anal yzing 
appro priate products, de­
veloping FEMP efficiency 
recommendations, training 
agencies in th e use o f 
the recommendatio ns, and 
researching va rious agency 
guide specifi ca tio ns for 
ene rgy-effi ciency perfor­
mance levels. Guide specifi­
ca tions are used by many 
federal agencies for new 
construction and renovation 
projects . 

maril y for FEMP to develop the popular series of Product 

Efficiency Recommendations and ana lyze the upper 25% of 
effi cie nt models for products not yet covered by ENERGY 
S"li\R. The Be rke ley team creates databases of various 
produ cts, ranks effi ciency from best to worst, and draws a 
line at the efficiency level that bea ts 75% of the models in 
the data set: FEMP has placed restrictions on the analysis. 
Levels can only be published if there are at least three 
manufacturers that can meet the level; a lso, FEMP requires 
that all the models in any data set meet at least the DOE 
nationa l standard (if applicable) o r ASHRAE's 90. 1, a vol­
untary, wide ly used , bu ilding effi ciency code. 

S29S 

FEMP's Recommendations, 

typically two pages long, 
show the top 25th per­
centile levels and identify 
the federal suppl y sources 
(e .g., the Genera l Services 
Adm inistrati o n o r the 
Defense Logistics Agency) 
th at offe r these e nergy­
effi cient products. Federal 
buyers will also find a 
cost-effectiveness example 
to he lp the m compare 
annual and life-cycl e ene r­
gy savings. In addition , 
Berkeley Lab's team 
develop ed inte ra cti ve, There are two ways for 

purchasers to id ntify ener­
gy-effi cient equipment: the 
Ei\EHGY STAR label, based on 
effi ciency crite ria set by the 
U.S. Department of Energy 
(DOE) and Environmental 
Pro tection Agency (EPA) 
w ith input from manufac­
turers and re ta ile rs , and 
FEMP"s Product Efficiency Rec-

ommendation. 

The Berke ley Lab team 

FEMP Recommendations for federal procurement of 
energy-efficient, l:.I VERC I' S TAR products include chillers, 
boilers, .fluorescent luminaires, and exit signs. 

web-based cost ca lculator 
tools from these cost -effec­
tiveness examples, a llow­
ing purchase rs to ca lculate 
lifetime energy costs asso­
ciated with improved effi ­
ciencies. FEMP's Recommen­

dations also offe r tips to 
he lp buyers save energy 
in spec ifying , insta lling, 
and using the products. 
According to Beth Shea rer, 

focuses on procu rement initiatives at FEMP. Primary 
responsibilities include analyz ing efficiency pe rformance 
levels for various HVAC products and training procure­
ment officials at federal agencies to identify and procure 
these energy-efficient products. It is not only important to 
eva luate the marketplace so that agencies can eas il y iden­
tify energy-effi cient products, it is also essential to dissem­
inate the information to federal bu yers, ensuring that 
agencies understand the resources provided by the 
Berkeley tea m and use them in the ir daily procurement 
activities . 

Although FEMP collabo­
rates with ENERGY STAR initia­
ti ves, Berke ley's team in 
Washington D. C. works pri-

FEMP's Director, "FEMP's Recommendations provide agencies 
w ith an excellent screening resource to help in thei r ener­
gy-effi cient purchasing decisions." 

FEMP has also tasked the Berke ley team with resea rch­
ing fed eral guide specifications to ensure that ene rgy-effi­
ciency performance levels are incorpo rated. Ma uritz has 
been the lead resea rcher on fede ra l guide specifications. 
He explains the importance of guide specifi ca tio ns: "The 
FEMP procurement program focuses primarily on ene rgy­
effi cient purchases as viable rep lacement options. Howev-

• Or~r f(Mp ITIII ItriaiS 
• SUrdl lh l! Sill! 
• sltr Index 

er, guide specificatio ns tar­
get the initial design phase 
of a project and identify 
what must be installed clur-
ing construction , w hich can 

continued on page 8 
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Energy-Related IEQ Research: 
Setting Priorities 

he indoor environment-inside office buildings, schools, 
commercia l buildings, and residences-is w here people 
spend 90o/o of the ir time. The quality of the indoor en­
vironment, including pollutant concentrations and thermal 
conditions, affects the hea lth and productivity of a building's 
occupants . Indoor environmental conditions are largely 
determined by the design, operation , maintenance, and use 
of buildings and by the surrounding o utdoor environment. 
The same facto rs determine building energy perfo rmance; 
thus, ene rgy and indoor environmental quality (IEQ) must be 
addressed in a coordinated manner. 

Because of the complex linkage between IEQ and bui ld­
ing ene rgy use, the U.S. Department of Energy (DOE) has for 
many yea rs recognized the need for resea rch on IEQ. DOE's 
research goals include ensuring that energy programs do not 
degrade IEQ and supporting development of ene rgy-effi cient 
technologies and practices fo r maintaining a high level of 
IEQ . With growing evidence that large hea lth and productiv­
ity ga ins could be attained h om practical improvements in 
IEQ, a group of state energy organizations has recently 
expressed its support for an expanded program of ene rgy­
related IEQ research. Consequentl y, the Association of State 
Energy Research and Technology Transfer Institutions and 
DOE have jo intly supported the development of an agenda 
for high-prio rity ene rgy-re lated IEQ research. Locally, the 
Ca lifo rnia Energy Commission, with assistance from the Cal­
ifornia Institute for Energy Efficiency , has taken a lead ro le 
in sponsoring this agenda. William Fisk, Head of EETD's 
Indoor Environment Department, has led a multidisciplinary 
team of scientists and building engineers from around the 
country in the development of this agenda. 

The resulting resea rch agenda, avai lable at 
http :! / eetd .lbl.gov/ ied , describes how building ene rgy use 
and IEQ are linked, summarizes ongo ing resea rch, and iden-

tifies a set of 35 highest-priority resea rch areas related to the 
fo llowing goa ls: 

• identifying IEQ problems and opportunities; 
• developing and eva luating ene rgy-effi cient technolo­

gies and practices for improving IEQ; and 
• encouraging o r ass isting the implementation of tech­

nologies or practices for improving IEQ. 
The agenda document includes a one- to three-page 

description and justification of each research prio rity. Con­
sistent wi th the focus on "energy-related" research priorities, 
building ventilation , and HVAC (heating, ventilation, and air 
conditioning) systems are very prominent in the agenda. 
Research related to moisture and microbiological problems, 
particularly in hot and humid climates, is also prominent in 
th e agenda. The agenda tends to emphasize research on res­
idences, sma ll commercial buildings , and schools because 
these types of buildings have been underrepresented in pri­
o r research. Most of the research areas apply to both new 
construction and existing buildings. Nearly all of the recom­
mended prio ri ty research and development project areas 
include tasks intended to facilitate the communication and 
implementation of the research results . In add ition , the pri­
ority agenda includes several projects specifi ca lly designed 
to facilitate or stimu late the use of existing energy-effi cient 
technologies and practices fo r improving IEQ. Recently, the 
California Energy Commission has used the agenda to devel­
op its first solicitation fo r energy-related IEQ research. 

D William Fisk 
WJFisk@lbl.gov 
(51 0) 486-591 0; fax (51 0) 486-6658 

-Ted Gartner 
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Towards Understanding Atomic and 
Electronic Structure of Battery Materials 

his is an exciting time in the histo ry of vehicular trans­
portation . The recent commercial introduction of hybrid 
electric vehicl es coupled w ith the huge internationa l e ffo rt 
to develop batteries and fuel cells for automotive use has 
made the dream of widespread electric vehicl e use a real 
possibility. The last decade has seen the introduction of a 
variety o f promising new mate rials fo r lithium recharge­
able batteries. Application o f these mate rials to electric 
veh icle batteries requires that they be inexpensive, light­
weight, environmentally compatible, and able to withstand 
years of e lectrochemical use. The research groups of 
Jeff Reimer and Elton Ca irns have focused on the applica­
tion of nucl ear magnetic resonance (NMR) spectroscopy 
to the study of up-and-coming lithium battery electrode 
materials. 

NMR all ows direct observation of lithium in the bulk of 
a battery electrode , providing insight into the local atomic 
and electronic environment surrounding the lithium ion . 
Studying the changes in this local environment and their 
relationship to e lectrochemica l cycling and abuse of the 
material e lucidates the critical connection between the 
atomic-sca le structure of the e lectrode and the resulting 
electrochemica l performance. Our recent research in this 
a rea has ranged from fundam ental to applied and focuses 
on both novel and well-studied materials. 

One type of electrode mate rial we have explored is 
the lithium-manganese-oxide spinel (LiMn20 4) system. It is 
well known that these materials show a greatly increased 
number of charge-discharge cycles befo re failure when 
chromium (Cr), aluminum (AI), or other me tal ions substi­
tute for some of the manganese in the spinel cJysta l. The 
mechanism of failure and the role of metal substitution are 
still subjects of debate. We have usee! NMR and other tech­
niques to study the evolution of the atomic-scale structu re 
of spinel materials on charge-discharge cycling and after 
failu re. Our results suggest that the dominant mode of fail ­
ure is dissolution of manganese via a lithiu m-for-man­
ganese ion-exchange process. \Xfe furthermore surmise that 
substitution of the manganese promotes cova lence in the 
Li-0-Mn bond, producing a more robust mate rial that can 
withstand the rigors of long-term electrochemical cycling. 
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Our most recent research is in collabo ration w ith 
Marca Doeff o f the Materials Sciences Division and 
includes study of a novel electrode material , LiFePOrtype 
o livines . We have just published a new model fo r unde r­
standing the NMR properties of the pristine mate ria l (as a 
communication in the journal of the American Chemical Society). 
We expect this work to lay the foundat ion fo r future 
applied studies of the effects of synthes is technique and 
electrochemica l history on the performance of this promis­
ing materia l. 

-jejJi'ey Reimer 

D Jeffrey Reimer 
JAReimer@lbl.gov 
(51 0) 642-80 I I; fax (51 0) 642-4778 

The early portions of this research \vere supported by the Director, Office 
of Basic Energy Sciences. Chemjcal Sciences Division of (he U .S. Deparl~ 

mem o f Energy. The more recent work was supporrecl by the Assistant 
Secreta ry for Energy Efficiency and Rene\vable Energy. Office o f Free~ 
clomCAR and Vehicle Technologies of the U.S. Department o f Energy. 
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Climate Change May Increase U.S. Crop 
Damage From Higher Precipitation 

team o f scientists, including EETD's Evan Mills, have found 
th at increased p recipitation , an expected outcome of cl imate 
change, may cause a doubling in losses of U.S. crop pro­
duction over the next 30 yea rs. This damage could cost agri ­
culture $1.4 billion per yea r. 

The team, including resea rchers ti·om Environmenta l 
Defense and NASA-Goddard Insti tute for Space Studies 
(GISS) at Columbia Uni versity modified a widely used crop 
model ca lled CEHES-Maize to simulate crop yields with p ro­
jected future higher precipitation. They have just pu blished 
the ir findings in the jo urnal Global Environmental Change. 

"The cl imate record shows that both extreme precipita­
tion events and to tal annual precipitation in the U.S. have 
increased over the last 100 yea rs, especia lly the last 1:\.vo 
decades," says Mills. "The furthe r increased precipitation 
expected in a changing cl imate regime coul d lead to increas­
es in crop damage. The goa l of o ur study was to estimate the 
potentia l magnitude of this damage and correspond ing poli­
cy implications ." 

The study focused on excessive soil moisture, which 
leads to damage beyond the direct impacts of the extreme 
precipitation events themselves because excessive mo isture 
interfe res with p lants' nutrient flows, increasing the risk of 
plant disease and insect infestation and delaying planting o r 
harvesting (Figure 1) . If the d irect damage of flooding, 
drought, and othe r anticipated impacts of climate change 
was incl ud ed , the increase in damage woul d be even greater. 

"The Federa l Crop Insurance Corporation paid out $21 
billion between 1981 and 2000 ," says Mills, "Increased clam­
age to crops will pro bably result in an increase in payments 
from government insurance programs like these. " 

Estimating crop losses from heavy 
precipitation 
They simulated maize growth in the U.S. Corn Belt in nine 
states, which represent about 85% of tota l U.S. maize pro­
d uction. Us ing da ta from a study pe riod of 1951 to 1998, the 
team determined that because excess p recipi tation events 
are currentl y relatively rare , they have red uced maize yields 
by a relatively small amount, about 3%. This corresponds to 
losses of $600 million per yea r on average. Extended to oth­
er major U.S . crops, incl uding whea t, cotton, soybeans, and 
potatoes, the ir results suggest that the current loss caused by 
excess moisture is about $1.5 billion pe r year. 

General climate model (GCM) simulations p ublished in 
the most recent U.S. Na tional Assessment predict precipita­
tion increases for the continental U.S. of 30% above present 
levels by 2030 and 65% by 2090 (Figure 2) . Using the CERES­
Maize model, the research team projects that the probabil ity 
of damage to crops from excess soil moisture could be 90% 
greater in 2030 and 150% greater in 2090. This implies an 
average in the 2030s of $1.4 billion in losses pe r year beyond 
the current level. 

The results are also significant in illustra ting the impor­
tance of properl y accounting fo r the time-diffe rentiated pa t-

te rns of events resul ting from climate change. If the antici­
pated increases in precip itation were assumed to be distrib­
uted evenl y over the year, an increase in corn yields would 
res ult, as op posed to the sharp decl ine in yields that would 
res ult ti·om the tendency fo r the increases to occur in th e 
fo rm of torrential precipita tion events. Some prior studies 
have overlooked this facto r. 

The paper "Increased crop damage in the U.S . from 
excess precipitation under climate change" by Cynthia 
Eosenzweig (NASA-GISS), Francesco Tubiello and Richard 
Goldberg (GISS at Columbia University), Eva n Mills (Berke­
ley Lab) , and Jan ine Bloom.fi e lcl (Environmental Defense), 
was pu blished in Global Environmental Change (vol. 12 pp. 
197-202) . Ad diti o na l info rm ation can be fo und at 
http :/ I eetd.l bl.gov I em ills/ PUBS/ PDF / Crops_ G EC. pel f 

-Allan Chen 

D Evan Mills 
EMills@lbl.gov 
(5 I 0) 486-6 784; fax (5 I 0) 486-6996 

This research \vas supported by En vironmental Defense and rhe U.S. Envi­
ronmenta l Prorection Agency. 
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Figure 1. Unmodified crop model and observed response to 
precipitation during the growing season. Simulations were 
performed using the Cb'RES-Maize model without excess soil 
moisture effects on crop growtb and yield. h1put data were 
tal2en ji·om the U.S. National Assessment study showing sim­
ulated uersus county-leuel yields of corn for the period 
1951-1998 at Des Moines JA. 

GISS A2 

< -40 -30 -20 -10 

Precipitation (%) 

2080s 

20 30 40 > 

Figure 2. 77.?is image 
shows projections of 
rainfall cbangesji'om 
a NASA global climate 
mode/ for the 2080s. 
This more aggressive 
scenaho includes 
injluencesji'om higher 
population and related 
greenhouse gas emis­
sions growth rate. 
Credit: NASA/Goddard 
Space Hight Center 
Scientific Visualization 
Studio. 
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Data Center Energy Use: 
Truth versus Myth 

At the he ight of the e lectricity crisis of 2001 , Ca lifornians 
were greeted over the ir mo rning coffee with headlines like : 
Digital Economy's Demand for Steady Power Strains Utilities 

Data Servers Crave Power: High-Tech Electricity Needs 
AmplifY Crisis 

and 
Net Blamed as Crisis Roils California. 

One of the biggest misconceptio ns abo ut the crisis was that 
the energy use o f compute rs and othe r internet-re lated 
hardware played a significant role . 

But ea rly in 2001 , research by Jon Koorney of Berke ley 
Lab's Environmental Energy Technologies Division (EETD) 
showed that wide ly discussed estimates of the ene rgy use 
of computer- and networking-re lated hardwa re were exag­
gerated. Koomey is leade r o f EETD's End-Use Energy 
Forecasting Gro up. His work proved that this eq ui pment 
used abo ut three pe rcent o f the electricity consumed in the 
U.S.-a striking contrast to the 13 percent fi gure widely 
cited in the media. 

Schematic layout of an internet data center (Sun 
Nficrosystems) . 
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New information on data centers 
Q uestions pe rsisted about the use o f energy by data cen­
ters, fa cilities also known as "web server farms," which 
have become more common as the inte rnet has expanded 
as a commercial e ntity. Data centers ca n house tho usands 
of computers that store and transmit the data and web 
pages available on the inte rnet. 

Two recent develo pments a t Berkeley Lab focus ne\v 
attention o n data cente rs.The first is a study by Jennifer 

Mitchell~jackson , Koomey, and others. This study concludes 
that the energy use o f data centers is often overestimated. 
The second develo pment is the announcement of a 
$500,000 grant to Berkeley Lab from the Cali fornia Energy 
Commissio n to study the data cente rs in Ca lifo rnia, be nch­
mark their energy use, and develop a research and devel­
o pment "roadmap" with the objective of reducing their 
energy use by 30 percent. 

"Ma ny reports of data center energy use are exaggera­
tions," says Mitchell -Jackson. "They arise from a lack o f 
measured data fi·om operating data centers, inconsistent 
definitions o f the power consum ption in these facilities, and 
use of rated or design power instead of actual power w he n 
estimating total consumptio n. Ra ted power is typ ica lly sev­
e ral rimes greater than actual power use ." 

"These overestimates o f data center povver use ca n leave 
utilities with expe nsive generation , transmission , and distri­
bution capacity sitting idle ," says Koomey. 

Total electricity use about 
one-tenth of one percent 
"The resea rch found that in the U.S. the re were about 9.5 
miJ!ion square feet o f hosting-ty pe data-center space in 
2000. Our measure ments suggest d1at these data cente rs 
have computer rooms that use an average o f 50 watts per 
sq uare foot o r less," says Mitchell-Jackson. 

She continues , "The total use of electricity by hosting­
ty pe data centers in 2000 was less than 500 megawatts of 
power o r 0.12 percent of the tota l electricity use in the 
United States in 2000." To tal electricity used by these faci l­
ities is th erefo re smaJI in the aggrega te a ltho ugh the clus­
tering of data centers in certain regio ns may strain loca l 
electricity distribu tion and supplies . 

Server-farm power density 
exaggerated 
During d1e past few years, utilities in California , New York, 
and Washingto n state have received req uests for tens to 
hundreds of megawatts of electric capacity for new data 
centers. The req uests created concern that these new pow­
er demands would overwhe lm ge nerating ca pacity in 
these states . 

The power use o f a data cente r is often measured by 
its power density-the number of watts per sq uare foot o r 
square mete r in the building. "We reviewed power b ills o f 
fi ve data cente rs fro m across the country and fo und that 
the average computer power density is three to fo ur times 
lower than the maximum power density that the fac ility 
was designed to accommodate," says Mitche ll -Jackson. 
"Unfo rtunate ly, it is often this maximum power density 
that is cited in the med ia ." 

The team studied o ne data cente r in the San Francisco 
Bay Area in de ta il , measuring e ne rgy consum ption of 

continued on page 8 
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heavily affect the i11stallation of ene rgy-efficient products in 
new or renovated buildings." 

FEMP continues to re ly on the Berkeley team in the D.C. 
office. Since 1994, FEMP has funded lOOo/o of the Berkeley 
team's work on the Buying Energy-Efficient Products Pro­
gram. As of November 2002, FEMP had published 45 Recom­

mendations for various energy-efficient commercia l and resi­
dential products. 

Berke ley Lab's development of FEMP's efficiency recom­
mendations helps ensure that federal buyers can have confi­
dence that the equipment th ey buy will he lp agencies 
achieve the goals of Executive Order 13123, save taxpayer 
dollars, and have minimum impact on the environment. In a 
report to FEMP on energy savings associated with govern­
ment and institutional purchasing, Jeff Harris adds, "to put it 
in dollars and sense, assuming there is lOOo/o market pene­
n·ation of the FEMP-clesignated products purchased by 2010 
by the federa l government, there is a potential fo r $1 bi ll ion 
dollars in energy savings. " 

D Jeffrey Harris 
(202) 646-7960; fax (202) 646-7800 
JPHarris@lbl.gov 

-!V!ichelle \Ware 

This work is funded by the U.S. Department of Energy·s Federal Energy 
Management Program. 

Energ;r-Ejficient Product Recommendations are available ar 
http:/ / w\V\V.eren.cloe.gov/ femp/ procurement or in prim as a loose-leaf 
binder, Bt~ying Energy-Efficient Products. For more information on rhe recom­
mendations or to obta in a copy of the binder, cal l 1-800-363-3732 or visit 
the FENIP web site. 

Download rhe deta iled report Harris, j. and F. johnson. Potential Enag;~ Cost, 
and CO ] Savings from Energy-Efficient Government Purchasing, LBNL report 42719 at 
htrp:!/,~ww.dc. lbl .gov/ 
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servers, power distribution units (PDUs), uninte rruptible 
power supplies (UPSs), air distribution , and othe r build ing 
loads. To express energy use accurate ly, Mitchell-Jackson 
developed a measurement called "total computer-room pow­
er density," a metric that is most representati ve of a data cen­
ter's power needs because it includes power drawn by com­
puters and all supporting equipment, including PDUs and 
UPSs; heating, venti lation , and air-conditioning systems; and 
lighting. 

Measurements at the center in the Bay Area revealed that 
total computer-room power density at the facility was 33 
watts per square foot. In the five facilities fo r which billing 
data were available, the figure was always below 40 watts 
per square foot. 

"Our hope is that the data cent:e r industry and electric util­
ities will use this research to better estimate their energy 
needs, resulting in more efficient use of ene rgy in these faci l­
ities, more reliable supplies to the data cente r operators, and 
more accurate planning for uti lities," says Koomey. 

The resea rch was conducted by Jennifer Mitche ll -jackson, 
a graduate student in the Energy and Resources Group at the 
Univers ity of Ca lifo rnia at Berkeley, working with Jon 
Koomey and Bruce Nordman of Berkeley Lab's Environmen­
ta l Energy Technologies Division. Their results are contained 
in two refereed jo urnal articles, one recently accepted by 
Energy-The International journal and one that appea red in a 
recent special issue of Resources, Conservation, and Recycling. 

D Jon Koomey 
(510) 486-5974;fax (510) 486-4247 
JGKoomey@lbl.gov 

-Allan Chen 

For more information , see: http://enduse. lbl.gov/ Projects/ InfoTech .html 

Thi.s work w~1s funded in parr by the U.S. Environmental Protection Agency, 
OfAce of Air and Radiation . 
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Energy Champion 

T he American 
Council for an Energy­
Efficient Economy 
(ACEEE) named 
Stephen Selkowitz, one 
of five winners of this 
year's Champions of 
Energy Efficiency 
Awards. Selkowitz is the 

head of EETD's Building Technologies Depart­
ment. The awards were presented at ACEEE's 
annual Summer Study Conference on Energy 
Efficiency in Buildings at Asilomar, California. 
In their citation, the organization's board of 
directors said, "Steve has been a tireless, persis­
tent, gently persuasive leader in the energy effi­
ciency R&D field. His work has led to major 

advances in such areas as windows, lighting, 
building controls, and building design tools. " 

The board cites Selkowitz's major contribu­
tion as developing low-emissivity, energy-efficient 
windows and helping bring this technology to 
the marketplace. A recent National Academy of 
Sciences study cited low-e windows as one of the 
most successful research programs of the past 25 
years. The award also recognized his crucial role 
in bringing electronic lighting ballasts to the 
market in the 1980s. DOE's 1999 energy effi­
ciency standard for ballasts will convert the mar­
ket to energy-efficient electronic ballasts by 
2010. 

More information: 
http:/ /www.aceee.org/ press/ 0208eechamp.htm 

EETD Scientists Garner Awards 

Recently the U.S. Department of Energy 
(DOE) Advanced Technology Development 
(ATD) program called for nominations for two 
awards: one for the best ATD paper published 
in 200 I and the second for the best individual 
research accomplishment in 200 I. The winners 
for the best paper were the nine authors of 
"Diagnostic Characterization of High-Power 
Lithium-ion Batteries for Use in Hybrid Elec­
tric Vehicles," U. Electrochem. Soc., 148,A463-70 
(200 I)). They are LBNL's XueRong (Sherry) 
Zhang, Phil Ross, Robert Kostecki, Fanping 
Kong (deceased), Steve Sloop, John Kerr, 
Kathryn Striebel, Elton Cairns, and Frank 
Mclarnon. All are from EETD's Advanced 
Energy Technologies Department, except Phil 
Ross who is in the Materials Sciences Division. 

The winner for best individual accom­
plishment was the Advanced Energy Technolo­
gies Department's Robert Kostecki for his 
work using Raman microscopy as a new diag­
nostic tool. 

In the Advanced Energy Technologies 
Department of EETD, researchers experiment 
with the conversion and storage of energy 
(batteries and fuel cells) , processes to reduce 
the environmental impacts of energy technolo­
gies (reducing the emissions of air pollutants), 
advanced materials to make energy use more 
efficient, and biological methods of environ­
mental remediation. 

An important part of their research 
involves developing electrochemical power 
sources (batteries) suitable for electric and 
hybrid electric vehicles (EVs and HEVs).At 
present, batteries don't hold enough electric 
charge to drive a vehicle the same distance as 
a comparable gasoline-powered automobile. 
Fuel cells can also power cars, trucks, and bus­
es without emitting harmful tailpipe emissions 
and may also provide energy to factories and 
homes without creating smokestack pollution. 
Much of the funding for this research comes 
from DOE's Office of Advanced Automotive 

continued on next page 
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Technologies (OAAT), a part of the Office of 
Transportation Technologies. 

The ATD Program has three major objec­
tives: to develop and demonstrate the practical 
application of diagnostic tools at the national 
laboratories to identify factors that limit calen­
dar life and abuse tolerance for lithium-based 
battery technology; to assist in the development 

of practical solutions; and to develop innovative 
solutions for reducing cell costs. In cooperation 
with automobile manufacturers, DOE's Free­
domCAR & Vehicle Technologies Program is 
working to develop and deploy advanced trans­
portation technologies that reduce the nation's 
use of imported oil and improve air quality. 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

New Design Tool Analyzes Cost of Operating 
a Building over its Lifetime 

Imagine being able to estimate the energy life­
cycle costs of a new building by simply entering 
numbers into a software program. Thanks to the 
new Energy-1 0 design tool, this is now possible. 

The new software, Energy-10 Version 1.5, 
contains seven upgrades, including a discounted 
cash-flow evaluation of a building over its lifetime 
and a more powerful graphing package. The cash­
flow evaluation of a building is determined and 
discounted to the present value, taking into 
consideration such factors as the initial cost of 
construction, mortgage payments, annual electri­
city costs, and annual tax benefits. Costs can be 
estimated using simple scaling laws, or users can 
supply their own cost estimates. 

Energy-1 0 allows the user to play "what if" 
games while designing a building or home. "What 
if I change the windows?" "What if I add energy­
efficient equipment?" "What if I let the daylight 
in and turn down the lights?" 

Helping architects and engineers understand 
the energy implications of their work is critical in 
any strategy to reduce greenhouse gas emissions 
and global warming. The life-cycle cost feature 
helps designers make the case for incorporating 
energy-efficiency features by evaluating the cost 
effectiveness of these features, which is usually 
very attractive. 

Energy-10 now has 2,061 registered users and 
has been licensed to 60 colleges and universities 
where it is being used as a teaching tool for archi­
tects and engineers. 

Energy-1 0 allows an architect to watch a 
detailed simulation of how a building will use 

energy and shows ways to reduce energy consump­
tion. The software simulates a year of hour-by­
hour operations, which entails about one billion 
calculations performed in a few seconds and dis­
plays annual, monthly, or hour-by-hour energy 
performance graphs. 

The software incorporates detailed historical 
weather data for 239 locations around the coun­
try, (expandable to 3,945 locations), enabling 
architects to accurately match their buildings with 
a site's weather patterns. 

The new software - Energy-1 0 Version 1.5 - is 
an upgrade to the original program developed at 
the U.S. Department of Energy (DOE) National 
Renewable Energy Laboratory (NREL). 

Energy-1 0 Version 1.5 is the result of collabo­
ration among NREL, Lawrence Berkeley National 
Laboratory, and the Berkeley Solar Group. It is 
being distributed by the Sustainable Buildings 
Industry Council (SBIC) in Washington, D.C., 
which also provides training workshops and user 
support. SBIC can be reached at 202-628-7400, 
ext. 21 0; the web site is http:/ /www.sbicouncil.org 
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ProForm is a software tool designed to support a basic assessment of the environmen­
tal and financial impacts of renewable-energy and energy-efficiency projects. Given the 
necessary data, ProForm calculates basic financial indicators and avoided emissions of 
C0

2 
and local air pollutants expected from a project. A new release, Version 3.1, is now 

available for downloading at: http://poet.lbl.gov/Proform/ 
ProForm can be used for renewable energy projects that involve either electricity 

generation or non-electric energy production, and for energy-efficiency projects that 
save electricity and/or fossil fuels. 

ProForm, a spreadsheet-based tool is designed to be simple enough to be easily 
usable yet sophisticated enough to provide credible results. A typical application of Pro­
Form would be in preparation of a project proposal that developers might submit to 
potential investors, financiers , or a national climate change office. ProForm allows project 
developers, financial institutions, and other parties to investigate how changes in basic 
assumptions affect the key parameters of a project. 

For more information about Pro Form, please contact Bill Go love (Tel: 51 0-486-5229; 
Fax: 51 0-486-6996); Anita Milman (Tel: 510-486-7041 ); or Bryan Lehman (Tel: 510-495-
2266). 
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QUALITY, NOT MORE WEIGHT, MAY MAKE VEHICLES SAFER 

T om Wenzel, an EETD scientist, and University of Michigan physi­

cis,i: Marc Ross are questioning the belief that bigger and heavier vehi­

clc;:s are automatically safer than other cars and trucks. They recently 

released a report which shows that vehicle quality is actually a better 

predictor of safety-both for the driver and for other drivers-rhan 

weight. 

Most cars are safer than the average sports utility vehicle (SUV), 

while pickup trucks are much less safe than all orher types. Minivans 

and import luxury cars have the safest records, according to the report, 

"An Analysis ofTraffic Deaths by Vehicle Type and Model." 

"A shortcoming of many safety analyses has been tl1at only risks to 

drivers of a given kind of vehicle are evaluated while the risks imposed 

on others are ignored," says Wenzel. "We focused on the risk not only 

to occupants of the vehicle model in question in all types of crashes, 

but also on the risk to the drivers of other vehicles involved in crashes 

with the model in question. " 

Many factors affect safety 

"Safety is a challenging concept. It includes the design of the car itself, 

driver demographics and behavior, rhe kinds of roads, the time of 

day-a whole host of factors ," Ross said. "What we need to do is move 

away from the idea rhat bigger and heavier vehicles are automatically 

safer." 

Recent Senate hearings on Corporate Average Fuel Economy stan­

dards focused on the increased risk Americans would face if they had 

to give up their SUVs for vehicles rhat weigh less. "We set out to see 

whether that risk is real, wherher SUVs really are safer than cars. The 

answer, by and large, is no," Ross said. 

The first major result Ross and Wenzel found is that SUVs are no 

safer for their drivers than cars. Popular midsize cars, minivans, and 

import luxury cars have the safest records while SUVs are about as 

risky as the average midsize or large car and are no safer rhan many 

compact and subcompact models. The researchers defined ' risk' as the 

number of deaths per year per million vehicles. The study found that, 

when measuring the combined risk to drivers of the car and risks 

imposed on others, most cars are safer than SUVs while pickup trucks 

are much less safe than all orher types of vehicles. 

To determine quality, Ross and Wenzel used quantifiable parame­

ters such as new car price, used car price, Consumer Reports safety 

ratings, and country of origin. "It is extremely difficult to determine 

the inherent safety of a vehicle type or model because it is too hard to 

separate the contribution of driver characteristics and behavior from 

the contribution of vehicle design. We can say, however, that quality is 

a much better predictor of safety than weight," Ross said. 

"It turns out that relatively inexpensive Eght cars do tend to be 

unsafe, but more expensive light cars are much safer and are as safe as 

heavier cars and SUV models. In any event, the argument that lower­

ing the weight of cars to achieve high fuel economy has resulted in 

excess deaths is unfounded. If designers pay careful attention to safety 

in vehicle design, smaller cars can be, and indeed have been, made as 

safe as larger ones," Ross said. 

University of Michigan and Berkeley Lab public information staff 

contributed to rhis report. 

Information: 

(510)486-5753; fax (510)486-6996 
TPWenzel@lbl.gov 

http:/ /eetd.lbl.gov/EA/taqa/taqa.html 

Obtain a copy of this report here: 

http: I /www.lbl. gov /Science-Articles/ Archive/ assets/ images/2002/ 

Aug-26-2002/SUV-report.pdf 
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