JUis ynpolneHusl aHaiu3a pe3yJbTaToB pacueToB CpeAHEH aOCONMIOTHON MOTPENIHOCTH B
Tabnuie | TpuUBeNEHBI 3HAYEHHUS MaKCHUMaJIbHOW a0OCcomoTHOW morpemHoctd w3 10 Touek
KOMIUICKCHOTO COTIPOTHBIICHHUS U CPETHEHN a0COIOTHOM MOTPEITHOCTH.

Ta6mmma 1. [TorpenmrHoCTH pacyeToB aCHHXPOHHOTO PEKUMa

Ne OmbiTa pacueta | Oj max> OM | O¢p» OM

1 12,2 4.8
2 10,6 5,7
3 13,1 55

3AKIIIOYEHUE

KonnyecTBeHHO BenM4MHY a0COIIOTHOM MOIPEIIHOCTH pacdyeTa MMEET CMBIC] OLIEHUBATh
TOJILKO OTHOCUTEIILHO pajJinyca 30HbI CpabaThIBaHUs OpraHa CONpOTHUBIEHHs ycTpoiictBa AJIAP, B
JAHHOM IIpUMepe BeIMunHa aOCOMIOTHON MOTrpelHOCTH pacyera He npebimaer 10% ot auamerpa
30HBI CcpabaTbIBaHMs OpraHa CONpOTHBICHHMA. Eciu mpuHUMaTh BO BHUMaHHME, YTO YCTaBKU
cpabaThlBaHUs OPraHOB CONpPOTUBIEHUS YcTpoiicTB AJIAP BbIOMparOTCS € CYIIECTBEHHBIM
3aracom, MOrpenuIHoCTH JAaHHOIO METO0/1a pacyeTa aCHHXPOHHBIX PEKUMOB JJOCTaTOYHO ISl BEIOOpa
ycTaBoOK cpabareiBaHus ycTpoicTB AJIAP.

JlanHast MeToJIMKa pacyeToB IapaMeTPOB ACHHXPOHHOTO pPEXHMMa IIO3BOJSET CHU3UTH
TPYAO3aTpaThl Ha NMPOU3BOACTBO TAKUX PACUETOB, a B Cllyyae NMPUMEHEHUS aBTOMATU3UPOBAHHOIO
aJIrOpUTMa BPEMS Pacu€TOB CHUYKAETCSI 10 MUHUMAJIbHOTO.
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EFFICIENT APPLICATIONS OF NANOTECHNOLOGIESIN THE ENERGY SECTOR

H.E. [Tanyxun
HU TITY, DHUH, xadenpa 23C

Nanotechnology is an interdisciplinary field of basic and applied science and technology,
which deals with the accumulation of theoretical basis and practical methods of investigation,
analysis and synthesis, as well as methods of manufacture and use of products with a given atomic
structure by controlled manipulation of individual atoms and molecules.

Nanotechnologies are worldwide regarded as key technologies for innovations and
technological progress in almost all branches of economy. Nanotechnologies refer to the target-
oriented technical utilization of objects and structures in a size in the range of 1 and 100 nm. They
are less seen as basic technologies in the classical sense with a clear and distinct definition, since
they describe interdisciplinary and cross-sector research approaches, for example in slectronic
optics, biotechnology or new materials, using effects and phenomena which are only found in the
nano-cosmos. [1]
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Nanotechnologies provide the potential to enhance energy efficiency across all branches of
industry and to economically leverage renewable energy production through new technological
solutions and optimized production technologies. In the long run, essential contributions to
sustainable energy supply and the global climate protection policy will be achieved. Here,
nanotechnological innovations are brought to bear on each part of the value-added chain in the
energy sector.

Low-Loss Power Supply through Nanomaterials.

Considerable progress was made in the development of high-temperature superconductors in
the last years through the production of yttrium-barium copper oxide (YBCO) on metallic carriers
(so-called Coated Conductors, CC), which significantly extended the processability and
applicability of this material class. Cable lengths of over 600 m could already be realized.
Superconductors will play a growing role in energy technology for low-loss wired power supply, in
coil windings and bearings of electric engines as well as in residual current circuit breakers in high-
voltage grids. The most important challenge is the production of all deposited layers
(superconducting and buffer protection layers) by chemical means from low-cost precursor to
decrease costs to an economically attractive value. Nanotechnologies provide toeholds for the
control of the microstructure in layer formation, for example through specific insertion of
nanoparticles in the form of particle inclusions in the lattice structure. Currently, superconductive
nanostructured systems from sol-gel precursors are being developed in a project supported by the
German Federal Ministry of Education and Research (BMBF). In the long run, cables of carbon
nanotube composites as high-efficient conductors could be an alternative for a low-loss power
supply line in high-voltage grids. This, however, would require further significant progresses with
regard to more efficient production methods and technologies for the production of long CNT-fibers
with uniform structure. [1]

Nanostructured Insulation Materials for High-Voltage Power Lines.

Efficiency of power transfer in high-voltage power lines increases with increasing
amperage. In Europe, current is usually conducted at approx. 400 kV, while in extensive countries
like China and India high-voltage grids with up to 1500 kV are aspired. Due to increased voltages
and the required current compaction as a result of the feeding of decentralized power generators and
the supply of huge metropolitan areas, the electrical and mechanical strains on high-voltage power
lines are growing. Hence, a central task of high-voltage technology is the further deargladm
electric insulation systems, for example through the application of nanomaterials. The material
design on the nanoscale enables the optimization of electric insulation properties like breakdown
voltage, for example, through the application of nanostructured metal oxide powder in varistors as
protection elements against overvoltages in power lines. Multifunctional, non-linear and auto-
adaptive insulation systems are in development, the mechanical and electrical properties of which
change with field strength, temperature or mechanical stress and adjust optimally to the power
demand.

Nanotechnologies within Smart Grids.

The worldwide increasing liberalization of the electricity market will significantly increase
the future demand on the flexibility of the power grids. Trans-European power trading requires
efficient energy distribution even over long distances, a flexible adjustment to temporarily strongly
fluctuating demands and a quick controllability of the power flow to limit the extent of grid failures
and the risk of extensive blackouts. The existing power distribution grid encounters limits even
regarding the growing decentral power supply from fluctuating renewable sources. The future
power distribution requires grids which enable a dynamic load and failure management as well as a
demand-driven energy supply with flexible price mechanisms. [2] Nanotechnologies could
contribute essentially to the realization of this vision, for example through nanosensoric and power
electronic components, which could cope with the extremely complex control and monitoring of
such grids. Here, miniaturized magnetoresistive sensors on the basis of magnetic nanolayers provide
potentials to enable an area wide online-metering of current and voltage parameters in the grid.

Efficient Application of Wireless Nanocrystals.
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Use of wireless technologies refers to the perspective trends characterizing the modern stage
of the scientific and technological development. In particularly, the tendency is rapidly evolving in
the energy sector involving energy distribution and transmission, and nanotechnologies provide
solutions to a variety of urgent problems in this area.

A wireless nanodevice that functions like a fluorescent lighbut potentially far more
efficiently — has been developed in a joint project between the National Nuclear Security
Administration's Los Alamos and Sandia national laboratories. The experimental success efficiently
causes nanocrystals to emit light when placed on top of a nearby energy sourcatiegnthe
need to put wires directly on the nanocrystals. [3]

The energy source is a so-called quantum well that emits energy at wavelengths most easily
absorbable by the nanocrystals. The efficiency of the energy transfer from the quantum well to the
nanocrystals was approximately 55 percentlthough in theory nearly 100 percent transfer of the
energy is possible and might be achieved with further tweaking. The work is another step in
creating more efficient white-light-emitting diodes- semiconductor-based structures more
efficient and endurable than the common tungsten light bulb.

Reduction of lighting costs is of wide interest because on a world scale, lighting uses more
electrical energy per year than any other human invention. Nanocrystals pumped by quantum wells
generate light in a process similar to the light generation in a fluorescent light bulb. [3]

There, a captive gas permeated by electricity emits ultraviolet light that strikes the phosphor-
coated surface of the bulb, causing the coat to emit its familiar, overly white fluorkgbenthe
current work shows that the nanocrystals can be pumped very efficiently by a peculiar kind of
energy transfer that does not require radiation in the usual sense. The process is so efficient because
unlike the fluorescent bulb, which must radiate its ultraviolet energy to the phosphor, the quantum
well delivers its ultraviolet energy to the nanocrystal very rapidly before radiation occurs.

Because the emissions of nanocrystals (a.k.a. quantum dots) can be varied merely by
controlling the size of the dot rather than by the standard, cumbersome process of varying the mix
of materials, no known theoretical or practical barriers exist to pumping different-sized quantum
dots that could individually emit blue, green, or red light, or be combined to generate white light.

The quantum well, about three nanometers thick, is composed of a dozen atomic layers. It
coats a wafer two inches in diameter and is composed of indium gallium nitride. The film is not
fabricated but rather grown as crystal, with an energy gap between its different layersithat e
energy in the ultraviolet range at approximately 400 nm.

In this proof-of-principle work, the energy in the quantum well was delivered with a laser.
Although the difficulties of inserting energy into the quantum well using an electrical connection
rather than laser light are significant, it is considered to be feasible.

As a conclusion we can say, that in view of a globally increasing energy demand,
threatening climatic changes due to continuously increasing carbon dioxide emissions, as well as
the foreseeable scarcity of fossil fuels, the development and provision of sustainable methods for
power generation belong to the most urgent challenges of mankind. Massive effort at political and
economical level is required to basically modernize the existing energy system. Growing gfficienc
and new methods through nanotechnological know-how may play a key role for the required
innovation in the energy sector.

Nanotechnological components provide potentials for the more efficient utilization of
energy reserves and the more economical development of renewables. Nanostructured insulation
materials are to be implemented in smart grids and, as a result, they will contribute to the dynamic
load and failure management as well as a demand-driven energy supply with flexible price
mechanisms. Introduction of wireless nanocrystals is seen as a productive step in creating more
efficient white-light-emitting diodes that will allow to reduce lighting costs.

To sum up, the design of a future energy system requires new long-term investments in
research activities based on realistic potential assessments and careful adaptation of the individual
supply chain components based on cutting-edge nanotechnologies.
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YHOPOIIEHHAS MOJEJIb BECIIETOYHON CUCTEMBI BO3EYKJIEHUA C
OI'PAHUYUTEIAMHU PEKUMHBIX TAPAMETPOB H PACCMOTPEHHUE
HNPUHATHIX JOITYIIEHUHU

O.B. I'ypukos
OTtkpbiTOE akiroHepHoe obmecTBo «HayuHo-TrexHuueckuil uentp Enunoli sHepreTuueckoit
cucremb» (OAO «HTL EDCy)

Beenenue

JUIs CHHXPOHHBIX T'€HEpaTOpPOB INPUMEHSIOTCA OCCIIETOUYHbIE CHCTEMBI BO30YXKIECHUS
(BCB), koropble SABISAIOTCS HauOOJIEe COBPEMEHHBIMU U MEPCHEKTUBHBIMU 3JIEKTPOMAIIMHHBIMU
cucreMamu Bo30yxaeHus. B BCB Tok B030yxIeHHss mnojaercs B OOMOTKY BO30YXIEHHS
reiepaTopa 0e€3 NPUMEHEHHS KOHTAKTHBIX KOJEll W IIEeTOK, YTO IIOBBIIIAET HAJEKHOCTh U
HKCIUTyaTallMOHHBIE KaueCTBa BCel CHCTEMBbI BO30YKICHMUS.

becmierounsiii  BO30YAUTENh COCTOMT U3 OOpAIIEHHOTO CHHXPOHHOTO TeHepaTopa |
BpAILAIOLIEroCss HEYNPAaBIAEMOr0 BBINPSMUTENS, JKECTKO COEIMHEHHBIX C POTOPOM TIJIABHOTO
CUHXPOHHOTO reHepaTopa. ¥ 00pallleHHOTro reHepaTopa 0OMOTKH MEPEMEHHOT0 TOKa TOMEUIAtTCs
Ha poTope, a 00MOTKa B0o30yx1eHus — Ha ctatope [1].

O6MoTKa BO30yk1eHuUsI 00OpallleHHOW MalIMHbl BHOCHUT 3ara3blBaHuE B CUTHAJ YIIPABJICHUS
APB, uTO yBenMuMBaeT MHEPLHUOHHOCTb CUCTEMBI YIpaBICHMs. Takoe 3ama3[plBaHHE yXYALIAET
JUHAMHYECKHE XapaKTepUCTUKU BO3OyAWUTENs] M MOXKET IPUBOJUTH K CcamMOpackauMBaHHIO
TeHEepaToOpOB MpH MPUOIMKEHUN MX 3arpy3KM K HOMUHAJIbHOW. sl ymydllleHus XapakTepUCTHK
BBOJUTCSI JKECTKas OTpULaTelbHas oOpaTHas CBA3b [0 HANpsSHKEHUIO BO30YXKIEHHUS TIJIABHOTO
remeparopa (PKOC), mNOBBIIIAIOTCS TMOTOJOYHbIE 3HAUEHHsS HANpsDKEHHs  BO30YXKACHUS
oOpallleHHOTO TeHepaTopa, a TaK K€ BO3MOXKHO IOCJe0OBaTeIbHOE BKIIIOYEHHE J100aBOYHOIO
COIIPOTHBIIEHUS] B 0OOMOTKY BO30YKJeHHs 00OpallleHHOTo reHeparopa [2].

ITocranoBka 3axa4uu

B OAO «HTL EDC» BonosnHseTcss Leablid CIEeKTp paboT Mo aHanu3y KojeOaTelbHOW U
JMHAMHYECKON yCTOMUMBOCTH 3HEeprocucteM. [Liist aroro Heo6xoaumo o0a1aTh KOPPEKTHBIMU IS
JAHHBIX 3a/1a4 MOJENISIMH 3JIEMEHTOB SHEProCUCTeM, B TOM 4ucie U 1udpoBoi Moaensio BCB s
MIPOBEJICHUS PacYETOB B IPOrPaMMHO-BBIYMCIUTENBbHBIX KoMILIekcax ([IBK).

W3HauasnbHO HcIoNb30Bajach cxema 3amenieHuss bCB B Buie OIHOTO anepruogu4ecKoro
3BeHa, peanu3oBaHHas, Hampumep, B [IBK Mycranr. IlorpebHocTH B 0ojiee TOUHBIX pacyeTax
CTaTUYECKOH U JMHAMUYECKOH yCTOMUMBOCTH BBI3BAIM MOTPEOHOCTH B CO3/1aHUU 00Jiee CI0XKHBIX U
noapoOHbIx Mozaeneit BCB. Tak, Obia pazpaboTaHa MoJeNb, B KOTOPOH YUUTHIBAIOTCS MPOLIECCHI B
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