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andia National Laboratories was born out o][ the nation's successfu/ ef_‘fort

to harness nuclear power a’uring World War II. Its mission was outlined by

President Harry Truman decades ago, and it has remained the same

through the years: exceptiana/ service in the national interest. In 1040,
Sandia became the nation’s first advanced engineering research and Jevelopment
/al:oratory; at that time almost all of its work was a’efense related.

In the 1970s c]uring the nation's energy crisis, Sandia Legan to apply its
high-teclz capabi/r'ties to energy. Rencwable energy teclmo/agies were just l)eing
considered at this time both for satellites and for terrestrial uses, and the
Laboratories tackled many comp/ex pro[)/ems associated with them, such as
c]eue/oping solar cells and solar arrays to produce e/ectricity from sunligl:t, creating
and testing specia/ized concentrating mirrors to proa’uce intense heat and
sophisticatea’ lenses to focus sun/iglzt, and a’eve/oping egg-l)eater shapea’ vertical axis

wind turbines and specia/izea’ drill bits to exp/ore geotherma/ sources.




he practica/ needs of US. im]ustry that could be addressed using state-of-
the-art engineering became a Laboratories’ priority during the 1080s, and
Sandia increased its cooperative eﬁ(orts to app/y research and Jevelapment
to industry s concerns. This thrust has become the most important part af
work being done at Sandia today, and the vitality of Sandia’s science and
engineering continues to be strengthened lvy research and Jevelopment carried on
across this mulﬁ-program facility, c’zal’enged Ly pro[:/ems inc]ustry poses.

A philosophy of cooperation with inJustry sustains what has become a
bridging of worlds—as Sandia links U.S. im]ustry with the Laboratories’
capal;i/iﬁes and with programs within the Department of Energy using mechanisms
such as joint ventures, cooperative agreements, Jesign assistance work, and forma/
cooperative research and deve/opment agreements. This philosophy of cooperation
pemades and motivates the area of renewable energy at Sandia—the Laboratories’
energy programs are Jesigned to he’p US. industry Jeuelop teclmo’ogies based on
solar, wind, and geotherma/ resources that will become signiﬁcant in the domestic

and international arena.




andia focuses much of its outreach e]{fort at electric utilities, demonstrating
to these major supp/iers of the world’s e/ectricity the merits of renewable
energy teclmo/ogizs not on/y as supp/ementa/ energy supp/ies, but as
customer options. Sandia also assists state and Federal agencies,
international assistance organizations and other entities involved with provia’ing
services Jemana’ing power, aJuising and aa’vocating use o]( renewables where tlwy
make sense.

Having charted the course toward new sources o][ energy and fina’ing that
tlley are reliable and clean, Sandia is now he/ping l)ridge understanding,
acceptance, and sustainable use o]( these new environmenta”y lyem'gn techno/ogies.
Sandia’s near/y two decades of sta][f experience with renewables caup]ed with its
vast research and c]eue/opment base positions it ideally to fma’ solutions to a variety

of energy prol:/ems.




SANDIA's RENEWABLE ENERGY PROGRAM ENCOMPASSES THE FOLLOWING TECHNOLOGIES:

Prortovortaics The goa/ of this project is to Jeve/op cost-effeotiue, reliable energy
system techno/ogies /ar energy supp/ies worldwide proa’ucea’ l)y US. industry. It
encompasses cell research and a’eve/opment, collector deue/opment, techno/ogy
evaluation, systems engineering, domestic and international app/icatians, and
Jesign assistance.

Please contact Dave Hasti, 505-844-8161, for more information about technical or

user support.

SOLAR THERMAL This project endeavors to c]eve/op and increase acceptance of solar
thermal electric and industrial teclmo/ogies as cost-competitive candidates for power
generation and to promote their commercialization. Its major activities are with
a’isl:/Stir/ing systems, the Solar Two power tower, a’esign assistance to im[ustry and
users, tec}mo/ogy Jeue/opment and research activities.

Please contact Paul K/imas, 505.844-8159, for more information about technical or

user support.




WIND The wind project impacts domestic and international markets with
commercia”y feasfble systems for uti’ity-sca]e and other app/fcations af wind energy.
The project conducts app/iec[ research in aerodynamics, structural Jynamics,
/atigue, materials and controls, and engineering systems, and Jeve/ops cooperative
work with fna’ustry.

Please contact Henry Dodd, 505.844-5253, for more information about technical or

user support.

GEOTHERMAL This project is Jevelapl'ng techno/agy to increase proven geot}lerma/
reserves and is assisting r'nclustry in expanding geothermal power on-line.
Deue/opment work is in stemhole Jri”ing, Jrf’/ing teclmiques, instrumentation for
geothermal we”s, acoustic te/emetry, and Jrf”ing exploratory wells.

Please contact Jim Dunn, 505-844-4715, far more information about technical or
user support.

*For information on user assistance and the Design Assistance Center, p,ease call

Gary Jones, 505-844-2433.




SoLuTioNS To ENERGY PROBLEMS

PROBLEM

SOLUTION

The fo”awing examp’es illustrate /almmtory successes and appropriate and
sustainable use of renewable teclma/ogies in a variety of situations, all of which
show how Sandia’s broad research base and phi’osaphy of Jesv'gn assistance work

taget}zer to Zm'ng creative solutions to energy pral)/ems.

Manufacturers af solar cells wanted to integrate Jow-cost multicrysta”ine silicon into

photoua’taic cells.

Sandia argam'zeal a research cooperative to investigate multicrysta”ine silicon solar
cells. Industry, Sandia, and the National Renewable Energy Laboratory are
coardinating effarts to address the issue ofimprauing the perfarmance o][
mu/ticrysta”ine silicon solar cells using lzigh-tempemture processes to remove

impurities.




PROBLEM

SOLUTION

A battery in the 100-amphour and larger size range capable of discharge in five
hours was needed far app/ications with sa’ar-powered generators and those requiring

maintenance-free systems.

Sandia worked with :'nc]ustry ina faur—year co-funa’ea’ program to Jeue/op a sealed
starved e/ectro’yte lead-acid battery for remote stand-alone energy storage

app/icatians. The outcome was a commercial product.

In related work, Sandia and another industrial partner developed a high-
p P 9
perfarmance niclee’-hydmgen Z:attery for remote app/ications with a cost reduced l7y

a factor of 30 over the baseline a’esign.




SOLUTION

SoLuTION

A major cost for wind farm operators is maintenance of the wind turbines. To be
competitive with conventional sources of e/ectricity, such as coal and oil, the cost for

maintenance has to be reduced.

In cooperation with private im:lustry, Sandia a’eve’opec] an expert system to reduce
the amount of time it takes to troubleshoot a faulty wind turbine. When a turbine is
taken out ofszruice, the expert system makes a Jiagnasis and gives a list o]( causes,

in order of their priority, to f;'z/c] maintenance personne’.

Wind turbines were fav'/ing at unexpected/y ln'gh rates when suly’ected to the faﬁgue
loads af the turbulent winds. Fatigue ana’yses were great/y liamperea’ by the lack af

suitable )[atigue characterizations for turbine materials.

Sandia is warleing with U.S. ina’ustry to obtain samp/es of “as constructed”
materials. The samples are being tested in a combined ina’ustry/uniuersity program .
to obtain a suitable data base far the fatigue analysis af turbines. In related work,
Sandia c{eue/opeJ a genera/izea’ computer code far the fatigue ana’ysis af wind
turbines and a model that simulates the turbulent input winds far the aerodynamic

and structural analysis of wind turbines,




PROBLEM

SOLUTION

SOLUTION

Blades af wind turbines are susceptib/e to deterioration—and to a build up af
foreign matter, such as dead bugs, both of which can aa’verse]y affect the
performance af the turbine. Manufacturers and operators need to determine the

cause(s) af reduced performance to be able to improve it.

In cooperation with ina’ustry, Sandia Jeve/opeJ a device that can measure precise’y
any change in a turbine blade's surface. By measuring dead lmg Lui/d—up and blade

deformities, Sandia can lze/p n ana,yzing and improving the structure of wind
turbine blades.

The plzatoua/taic inclustry needs to be able to ensure that its components and
systems meet certain standards for re/fal:i’ity and /ifetime. Data }[ar operating

systems under varying conditions often 18 not reaJi/y available.

.Sandia a’eve’oped evaluation proceJures, such as module qua/ff!'catian tests,

/alwratary cell measurements, means to track the performance of fie’c[ea’ systems,
and new charging algoritlzms and sel-points for lmttery clmrgers to assist inclustry

with evaluations.




SOLUTION

SOLUTION

Utilities have to service customers even in remote locations where line extensions are

not ecannmica/for the loads ’Jeing served.

Sandia is working with more than t}lirty utilities acrass the nation to Jeve’op and
demonstrate phatoua’taic systems that can supp/y e’ectrr'c'ity at a cost lower than
line extension. Examp/es are water pumping far watering livestock and powering

homes in remote areas.

Many governments in less a’eve/opea’ countries want to use renewable energy to
improve the living conditions of their rural popu’ations, but they often lack the

in}[ormaﬁan and infrastructure to carry out such projects.

Sandia is war]eing with international agencies in the United States and other

countries to he’p imp/ement projects that use renewable energy sources for power.




SOLUTION

In separate instances, commercial solar electric generafing p’ants needed
lrelp 1) with reducing their operation and maintenance costs, 2) with
’earning the reasons for a rapia[ decrease in solar radiation in one
geographic area, and 3) with averling problems caused to their systems by

earthquakes.

Sandia formed an on-going joint-venture partnership with one company to
determine the root cause of operation and maintenance items and to
improve them. 2) Sandia determined that the solar radiation had decreased
20 percent because ofpo”ution in the air caused by a volcano and that the
condition would improve within a few years. 3) Sandia used a finite-
element analysis technique to analyze the structure af the systems JamageJ
by earthqua’ees and recommended retrofits to mitigate against future

damage.




PROBLEM

SOLUTION

The owners ofa solar industrial process heat system were hauing prob’ems
with maintenance and no /onger knew how to monitor the system, which

was less than 50 percent operationa’ at the time.

Sandia introduced the owners to new solar thermal tec’mology Jeve’oped
under the Department af Energy program and showed them how to
increase efficiency and improve its performance. It has been upgra::[ec] and

is now 100 percent operational.

Solar power towers seemed attractive to utilities for generating ’arge
amounts of e’ectricity, but the pumps and valves associated with the newer
molten-salt tec’mo’ogy used to transfer heat in the system were re’atively
untested. Industry was unsure of how well the molten-salt system would

work comparea’ with a steam system, which was better known.




SoLuTION

SOLUTION

Sandia used its National Solar Thermal Test Facility to test the molten-salt
system and its components and helped Jeve’op a consortium of utilities, the
Department 0)[ Energy, and Sandia to retrofit Solar One, a test power

tower, inlo a uti’ity-scale commercial power tower p’ant that uses molten salk.

Various companies across the United States had pieces of expertise needed
to put togetlrer dish-Stirling systems, but it was a’ifﬁ'cult to put all the
pieces togetlner to create and test this kind of a system, which seemed

promising for intermediate power loads.

Sandia arrangeJ stralegic teaming of all the organizations to bﬂ'ng togetller
needed expertise. Sandia Lrought its own expertise in ﬂux mapping to the
team, which now works as part ofa joint venture to commercialize dish-

Stir/ing systems.




SOLUTION

It is much easier to comp’ete and maintain geotlzerma’ wells if forming
fractures can be located and casings can be inspected. Houwever, borehole
instruments used for this purpose in oil and gas wells will not work at the

temperatures encountered in geot’!ermal wells.

A higl:-temperature borehole acoustic televiewer was Jeve’oped in
cooperation with fndustry. The televiewer has been tested extensive’_y in
high-temperature wells up to 300°C. In addition, a new feature was added
to provide real-time color disp’ay of the borehole showing features of
interest. The techno/ogy has been transferreJ to private im]ustry to use in

commercial systems.




Early detection of higlr-pressure ‘kicks’ or loss of ﬂuic] circulation remain

rmportant problems during c[n'”ing aperations.

A rew 'ro”ing ﬂoat’ meter was clevelaped to accurately measure ﬂuid ﬂow

rate in the mud return line. When campared with known mud inﬂow rates,
the precision of the return f’aw measurement allows ear’y warning of
Jif/'erences, thereby inJicating kicks or lost circulation. The new ro”ing ﬂoat
meters have been proven both in tlze‘ Ian’:ooratory and in fie’c[ Jri”ing
operations. Current’y, seven prototype instruments are being evaluated by

six Jri”ing service companies.




SoLUTION

The bit performance and clesign criteria for po/ycrysta”ine diamond

compact cutters for Jn'”ing rock were poorly understood, and tl:ey had been
used since the 1970s.

The cutter performance, wear mechanisms, and bit ::Iesign criteria were
established in an extensive program at Sandia that resulted in more than
thirty technical reports and several years of bit testing. The technical
information was combined in a computer code, PDCWEAR, deve’oped to
assist im]ustry in the Jesign and operation of its po/ycrysta”ine diamond
compact bits. This code is used l')y several of the major bit companies to

predict the performance and wear of their bits.
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