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1147 ’um₄rπcalH₄valuatπonHo−HaHpβas₄Hcβang₄Hmat₄rπalâ��sβutt₄rHusπngHsolarH₄n₄rgyH−orHwπnt₄rHnπgβttπm₄H
πn₂oorHβ₄atπngVH2014THaeTHadeUagb 17

1146 ‘ultπU₂πm₄nsπonalHoptπmπzatπonHo−Htβ₄HπncorporatπonHo−H”q‘U₂rywallsHπnHlπgβtw₄πgβtHst₄₄lU−ram₄₂H
r₄sπ₂₄ntπalHbuπl₂πngsHπnH₂π−−₄r₄ntHclπmat₄sVH2014THeXTHbYYUbZY 98

1145 sxp₄rπm₄ntalHass₄ssm₄ntHo−HposπtπonHo−HmacroH₄ncapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalHπnHconcr₄t₄H
wallsHonHπn₂oorHt₄mp₄ratur₄sHan₂Hβumπ₂πtyHl₄v₄lsVH2014THeYTHfXUfe 99

1144 oHr₄vπ₄wHo−Havaπlabl₄Ht₄cβnologπ₄sH−orHs₄asonalHtβ₄rmalH₄n₄rgyHstorag₄VH2014THYXaTHdYXUdaf 334

1143 oHnov₄lHs₄bacπcHacπ₂W₄xpan₂₄₂Hgrapβπt₄Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalH−orHsolarHtβ₄rmalH
m₄₂πumUt₄mp₄ratur₄HapplπcatπonsVH2014THggTHZfaUZgX 95

1142 sn₄rgyUs−−πcπ₄ntHpuπl₂πngHsnv₄lop₄sHwπtβH”βas₄Uqβang₄H‘at₄rπalshH’₄wHUn₂₄rstan₂πngHan₂H—₄lat₄₂H
—₄s₄arcβVH2014THacTHgeXUgfb 25

1141 tromHbπomassHtoHβπgβHp₄r−ormanc₄Hsolarâ��tβ₄rmalHan₂H₄l₄ctrπcâ��tβ₄rmalH₄n₄rgyHconv₄rsπonHan₂H
storag₄Hmat₄rπalsVH2014THZTHeecgUeedc 166

1140 ”r₄paratπonHan₂Hcβaract₄rπzatπonHo−H₄xpan₂₄₂Hp₄rlπt₄Wpara−−πnHcomposπt₄HasH−ormUstabl₄Hpβas₄H
cβang₄Hmat₄rπalVH2014THYXfTHbdXUbdd 115

1139 ”₄r−ormanc₄H₂₄monstratπonHan₂H₄valuatπonHo−Htβ₄Hsyn₄rg₄tπcHapplπcatπonHo−Hvana₂πumH₂πoxπ₂₄H
glazπngHan₂Hpβas₄Hcβang₄Hmat₄rπalHπnHpassπv₄Hbuπl₂πngsVHApplied EnergyTH2014THYadTHfgUge 10.7 46

1138 qombπn₄₂H₄xp₄rπm₄ntalHan₂Hnum₄rπcalH₄valuatπonHo−HaHprototyp₄HnanoU”q‘H₄nβanc₄₂Hwallboar₂VH
Applied EnergyTH2014THYaYTHcYeUcZg 10.7 135

1137
‘πcroWnanoH₄ncapsulatπonHo−Hsom₄Hpara−−πnH₄ut₄ctπcHmπxtur₄sHwπtβHpolyPm₄tβylHm₄tβacrylat₄QHsβ₄llhH
”r₄paratπonTHcβaract₄rπzatπonHan₂Hlat₄ntHβ₄atHtβ₄rmalH₄n₄rgyHstorag₄Hprop₄rtπ₄sVHApplied EnergyTH
2014THYadTHZYeUZZe

10.7 156
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1136 qoolπngHo−HaπrHusπngHβ₄pta₂₄can₄Hpβas₄Hcβang₄Hmat₄rπalHπnHsβ₄llHan₂Htub₄Harrang₄m₄nthHonalytπcalH
an₂H₄xp₄rπm₄ntalHstu₂yVH2014THfcTHgfUYXd 16

1135 zowUcostHpβas₄Hcβang₄Hmat₄rπalHasHanH₄n₄rgyHstorag₄Hm₄₂πumHπnHbuπl₂πngH₄nv₄lop₄shHsxp₄rπm₄ntalH
an₂Hnum₄rπcalHanalys₄sVH2014THffTHYXZXUYXaY 70

1134 rπssπpatπv₄Hpartπcl₄H₂ynamπcsHstu₂yHo−HnanoU₄ncapsulat₄₂Htβ₄rmalH₄n₄rgyHstorag₄Hpβas₄Hcβang₄H
mat₄rπalVH2014THbTHagccZUagcce 17

1133 °β₄Htβ₄rmalHpβysπcalHprop₄rtπ₄sHan₂HstabπlπtyHo−Htβ₄H₄ut₄ctπcHcomposπtπonHπnHaH’aZq“aâ��’aqlHbπnaryH
syst₄mVH2014THcgdTHYbUZX 29

1132 —₄₂ucπngHaHs₄mπarπ₂Hcπtyâ��sHp₄akH₄l₄ctrπcalH₂₄man₂HusπngH₂πstrπbut₄₂Hcol₂Htβ₄rmalH₄n₄rgyHstorag₄VH
Applied EnergyTH2014THYabTHacUbb 10.7 34

1131 ”ara−−πnW₂πatomπt₄WmultπUwallHcarbonHnanotub₄sHcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalHtaπlorUma₂₄H−orH
tβ₄rmalH₄n₄rgyHstorag₄Hc₄m₄ntUbas₄₂Hcomposπt₄sVH2014THeZTHaeYUafX 142

1130 rπscussπonHo−Htβ₄Hp₄r−ormanc₄Hπmprov₄m₄ntHo−Htβ₄rmocβromπcHsmartHglazπngHapplπ₄₂HπnHpassπv₄H
buπl₂πngsVH2014THYXeTHZadUZbb 29

1129 opplπcatπonHo−H₂ynamπcHprogrammπngHtoHstu₂yHloa₂Hsβπ−tπngHπnHbuπl₂πngsVH2014THfZTHceUdb 39

1128 “nHtβ₄Hplac₄m₄ntHo−HaHpβas₄Hcβang₄Hmat₄rπalHtβ₄rmalHsβπ₄l₂HwπtβπnHtβ₄HcavπtyHo−Hbuπl₂πngsHwallsH−orH
β₄atHtrans−₄rHrat₄Hr₄₂uctπonVH2014THeaTHefXUefd 81

1127 St₄arπcHacπ₂Hβybrπ₂πzπngHcoalâ��s₄rπ₄sHkaolπnHcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalH−orHtβ₄rmalH₄n₄rgyH
storag₄VH2014THYXYTHZeeUZfY 58

1126 °β₄rmalHb₄βavπorHo−Hc₄m₄ntHbas₄₂Hplast₄rπngHmortarHcontaπnπngHβybrπ₂Hmπcro₄ncapsulat₄₂Hpβas₄H
cβang₄Hmat₄rπalsVH2014THfbTHcZdUcad 67

1125 ’₄wHapproacβH−orHsolâ��g₄lHsyntβ₄sπsHo−Hmπcro₄ncapsulat₄₂HnUocta₂₄can₄Hpβas₄Hcβang₄Hmat₄rπalH
wπtβHsπlπcaHwallHusπngHso₂πumHsπlπcat₄Hpr₄cursorVH2014THdeTHZZaUZaa 155

1124 S₄l−Uoss₄mblyHSyntβ₄sπsHo−H‘πcro₄ncapsulat₄₂HnUsπcosan₄H”βas₄Uqβang₄H‘at₄rπalsHwπtβH
qrystallπn₄U”βas₄Uqontrollabl₄HqalcπumHqarbonat₄HSβ₄llVH2014THZfTHacYgUacZg 77

1123 Un₂₄rstan₂πngHtβ₄Hsn₄rgyHwmplπcatπonsHo−H”βas₄Uqβang₄H‘at₄rπalsHπnHqoncr₄t₄H·allsHtβrougβH
tπnπt₄Usl₄m₄ntHonalysπsVH2014THYbXTHXbXYaXXg 15

1122 “rganπcTHcrossUlπnkπngTHan₂Hsβap₄Ustabπlπz₄₂HsolarHtβ₄rmalH₄n₄rgyHstorag₄Hmat₄rπalshHoHr₄v₄rsπbl₄H
pβas₄HtransπtπonH₂rπv₄nHbyHbroa₂ban₂Hvπsπbl₄HlπgβtVHApplied EnergyTH2014THYYaTHcgUdd 10.7 34

1121 °β₄Hp₄r−ormanc₄H₄valuatπonHo−Hsβap₄Ustabπlπz₄₂Hpβas₄Hcβang₄Hmat₄rπalsHπnHbuπl₂πngHapplπcatπonsH
usπngH₄n₄rgyHsavπngHπn₂₄xVHApplied EnergyTH2014THYYaTHYYYfUYYZd 10.7 82

1120 ”βas₄Hcβang₄HπnHmo₂π−π₄₂Hβπ₄rarcβπcallyHporousHmonolπtβhHonH₄xtraH₄n₄rgyHπncr₄as₄VH2014THYgaTHdgUed 22

1119 äπ₄l₂Hstr₄ssH−luπ₂sHm₄tβo₂HtoH₂₄t₄rmπn₄Htβ₄Hpor₄Hsπz₄H₂πstrπbutπonHo−HaHporousHm₄₂πumVH2014THZXbTHfeUga 11
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1118 wmprovπngHtβ₄Hsup₄rcoolπngH₂₄gr₄₄Ho−HtπtanπumH₂πoxπ₂₄Hnano−luπ₂sHwπtβHso₂πumH₂o₂₄cylsul−at₄VH
Applied EnergyTH2014THYZbTHZbfUZcc 10.7 45

1117 snvπronm₄ntalHpro−πl₄Ho−Hlat₄ntH₄n₄rgyHstorag₄Hmat₄rπalsHapplπ₄₂HtoHπn₂ustrπalHsyst₄msVH2014TH
beaUbebTHcdcUec 21

1116 onHoptπmalH₂₄sπgnHanalysπsHm₄tβo₂H−orHβ₄atHr₄cov₄ryH₂₄vπc₄sHπnHbuπl₂πngHapplπcatπonsVHApplied 
EnergyTH2014THYZgTHadbUaeZ 10.7 15

1115 °β₄rmalHp₄r−ormanc₄Ho−Hbuπl₂πngH₄l₄m₄ntHcontaπnπngHpβas₄Hcβang₄Hmat₄rπalHP”q‘QHπnt₄grat₄₂HwπtβH
v₄ntπlatπonHsyst₄mHâ��HonH₄xp₄rπm₄ntalHstu₂yVH2014THeXTHddcUdeb 50

1114 zπ−₄Hcycl₄Hass₄ssm₄ntHPzqoQHo−Hpβas₄Hcβang₄Hmat₄rπalsHP”q‘sQHus₄₂HπnHbuπl₂πngsVH2014THZfeUaYX 3

1113 oHm₄trπcH−orHcβaract₄rπzπngHtβ₄H₄−−₄ctπv₄n₄ssHo−Htβ₄rmalHmassHπnHbuπl₂πngHmat₄rπalsVHApplied EnergyTH
2014THYZfTHYcdUYda 10.7 20

1112 °β₄rmalHprop₄rtπ₄sHm₄asur₄m₄ntHan₂Hβ₄atHstorag₄HanalysπsHo−Hpara−−πnWgrapβπt₄Hcomposπt₄Hpβas₄H
cβang₄Hmat₄rπalVH2014THddTHcYfUcZc 36

1111 sn₄rgyHsavπngHpot₄ntπalHo−Hpβas₄Hcβang₄Hmat₄rπalsHπnHmajorHoustralπanHcπtπ₄sVH2014THefTHYgZUZXY 110

1110 v₄atπngHan₂HcoolπngHbuπl₂πngH₄n₄rgyH₂₄man₂H₄valuatπoniHaHsπmplπ−π₄₂Hmo₂₄lHan₂HaHmo₂π−π₄₂H₂₄gr₄₄H
₂aysHapproacβVHApplied EnergyTH2014THYZfTHZYeUZZg 10.7 130

1109 ‘atβ₄matπcalHsolutπonsHan₂Hnum₄rπcalHmo₂₄lsH₄mploy₄₂H−orHtβ₄Hπnv₄stπgatπonsHo−H”q‘smHpβas₄H
trans−ormatπonsVH2014THaaTHdcgUdeb 67

1108 °β₄H₄−−₄ctHo−Htβ₄H₂ryHglassHtransπtπonHt₄mp₄ratur₄HonHtβ₄Hsyntβ₄sπsHo−Hpara−−πnHmπcrocapsul₄sH
obtaπn₄₂HbyHsusp₄nsπonUlπk₄Hpolym₄rπzatπonVH2014THcbTHZXfUZYb 7

1107 Storag₄Ho−HsolarH₄n₄rgyHπnH”q‘Hbuπl₂πngHconstructπonVH2015TH 1

1106 onw₄n₂ungHβygrotβ₄rmπscβ₄rHu₄bˆ⁄u₂₄sπmulatπonVH2015THYfgUZZc 0

1105 opplπcatπonHo−HcalcπumHcβlorπ₂₄HasHanHa₂₂πtπv₄H−orHs₄con₂aryHr₄−rπg₄rantHπnHtβ₄HaπrHcon₂πtπonπngH
syst₄mHtyp₄Hcβπll₄rHtoHmπnπmπz₄₂H₄n₄rgyHconsumptπonVH2015THffTHXYZXac 3

1104 ”₄r−ormanc₄HcomparπsonHo−Htβr₄₄Hmo₂₄lsH−orHtβ₄rmalHprop₄rtyH₂₄t₄rmπnatπonH−romH₄xp₄rπm₄ntalH
pβas₄Hcβang₄H₂ataVH2015THdYdTHdgUef 11

1103 ”r₄₂πctπngH‘₄cβanπcalHan₂H°β₄rmalHp₄βavπorHo−H‘ultπpβas₄Hqomposπt₄HqontaπnπngH”βas₄Hqβang₄H
‘at₄rπalHP”q‘QHbyH‘πcrom₄cβanπcalHopproacβ₄sVH2015THegfTHbaXUbab

1102 VH2015TH 5

1101 ’um₄rπcalHanalysπsHonHtβ₄rmalHp₄r−ormanc₄Ho−Hroo−Hcontaπn₄₂H”q‘Ho−HaHsπngl₄Hr₄sπ₂₄ntπalHbuπl₂πngVH
2015THYXXTHYbeUYcd 145
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1100 ’ov₄lHβπgβHtβ₄rmalHstabπlπtyHzπtâ��’aZq“aâ��yZq“aH₄ut₄ctπcHt₄rnaryHsyst₄mH−orHtβ₄rmalH₄n₄rgyH
storag₄HapplπcatπonsVH2015THYbXTHaddUaec 36

1099 zat₄ntHv₄atH°β₄rmalHStorag₄HPzv°SQH−orHsn₄rgyHSustaπnabπlπtyVH2015THZbcUZda 3

1098 °β₄rmalHcβaract₄rπstπcsHo−HroomHt₄mp₄ratur₄HπnorganπcHpβas₄Hcβang₄Hsyst₄mHcontaπnπngHcalcπumH
cβlorπ₂₄VH2015THaYTHbcZUbcd 1

1097 qomparπsonHo−Hpβas₄Hcβang₄Hslurrπ₄shH”βysπcocβ₄mπcalHan₂Htβ₄rmalHprop₄rtπ₄sVH2015THfeTHZZaUZZe 21

1096 SolarH₂om₄stπcHβotHwat₄rHsyst₄msHusπngHlat₄ntHβ₄atH₄n₄rgyHstorag₄Hm₄₂πumhHoHr₄vπ₄wVH2015THbgTHcYeUcaa 102

1095 Syntβ₄sπsHan₂Hp₄r−ormanc₄sHo−Hnov₄lHsolπ₂â��solπ₂Hpβas₄Hcβang₄Hmat₄rπalsHwπtβHβ₄xaβy₂roxyH
compoun₂sH−orHtβ₄rmalH₄n₄rgyHstorag₄VHApplied EnergyTH2015THYcZTHYgfUZXd 10.7 81

1094 °β₄rmalHstorag₄H₄xcβang₄rHbas₄₂HonHpβas₄Hcβang₄Hmat₄rπalHapplyπngHtoHsolarH−r₄sβHaπrHsyst₄mVH
2015THYgTHScUcaXUScUcac 1

1093 zat₄ntHv₄atHStorag₄HπnH”last₄rsHwπtβHwncorporat₄₂H”q‘H·at₄rHrπsp₄rsπonVH2015THfZbTHYUd 0

1092 °β₄H₄−−₄ctHo−HβπgβHtβ₄rmalHπnsulatπonHonHβπgβHtβ₄rmalHmasshHwsHtβ₄H₂ynamπcHb₄βavπourHo−Htra₂πtπonalH
₄nv₄lop₄sHπnH‘₄₂πt₄rran₄anHclπmat₄sHstπllHpossπbl₄mVH2015THffTHadeUafa 44

1091 tπr₄Hsa−₄tyHasp₄ctsHo−H”q‘U₄nβanc₄₂HgypsumHplast₄rboar₂shHonH₄xp₄rπm₄ntalHan₂Hnum₄rπcalH
πnv₄stπgatπonVH2015THeZTHcXUcf 31

1090 °₄mp₄ratur₄U₂₄p₄n₂₄ntHtβ₄rmalHprop₄rtπ₄sHo−Hsolπ₂Wlπquπ₂Hpβas₄Hcβang₄H₄v₄nUnumb₄r₄₂H
nUalkan₄shHnUv₄xa₂₄can₄THnUocta₂₄can₄Han₂HnU₄πcosan₄VHApplied EnergyTH2015THYbaTHafaUagb 10.7 155

1089 s−−₄ctHo−Htβ₄rmalHcon₂uctπvπtπ₄sHo−Hsβap₄Hstabπlπz₄₂H”q‘HonHun₂₄rU−loorHβ₄atπngHsyst₄mVHApplied 
EnergyTH2015THYbbTHYXUYf 10.7 80

1088 “n₄Ust₄pH₄xtractπonHo−HantπmonyH−romHlowUgra₂₄Hstπbnπt₄HπnHSo₂πumHqarbonat₄Hâ��HSo₂πumHqβlorπ₂₄H
bπnaryHmolt₄nHsaltVH2015THgaTHYabUYag 38

1087 Stu₂yHonHtβ₄Htβ₄rmalHstorag₄Hp₄r−ormanc₄Ho−HaHgravπtyUassπst₄₂Hβ₄atUpπp₄Htβ₄rmalHstorag₄HunπtH
wπtβHgranularHβπgβUt₄mp₄ratur₄Hpβas₄Ucβang₄Hmat₄rπalsVH2015THfYTHecbUedc 20

1086 r₄v₄lopm₄ntHo−Hbπ−unctπonalHmπcro₄ncapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalsHwπtβHcrystallπn₄HtπtanπumH
₂πoxπ₂₄Hsβ₄llH−orHlat₄ntUβ₄atHstorag₄Han₂HpβotocatalytπcH₄−−₄ctπv₄n₄ssVHApplied EnergyTH2015THYafTHddYUdeb10.7 149

1085 sxp₄rπm₄ntalHstu₂yHo−Htβ₄Hβ₄atHtrans−₄rHtβrougβHaHv₄rtπcalHstackHo−Hr₄ctangularHcavπtπ₄sH−πll₄₂HwπtβH
pβas₄Hcβang₄Hmat₄rπalsVHApplied EnergyTH2015THYbZTHYgZUZXc 10.7 26

1084 rπurnalHtβ₄rmalHanalysπsHo−Hmπcro₄ncapsulat₄₂H”q‘Uconcr₄t₄Hcomposπt₄HwallsVH2015THgaTHZYcUZZe 95

1083 ”aram₄trπcHπnv₄stπgatπonsHo−HusπngHaH”q‘HcurtaπnH−orH₄n₄rgyH₄−−πcπ₄ntHbuπl₂πngsVH2015THgbTHaaUbZ 16

(2015-2015)
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1082 r₄v₄lopm₄ntsHπnHorganπcHsolπ₂â��lπquπ₂Hpβas₄Hcβang₄Hmat₄rπalsHan₂Htβ₄πrHapplπcatπonsHπnHtβ₄rmalH
₄n₄rgyHstorag₄VH2015THgcTHYgaUZZf 456

1081 ”βas₄Hcβang₄Hmat₄rπalsHan₂Hpro₂uctsH−orHbuπl₂πngHapplπcatπonshHoHstat₄Uo−Utβ₄UartHr₄vπ₄wHan₂H−utur₄H
r₄s₄arcβHopportunπtπ₄sVH2015THgbTHYcXUYed 316

1080 ”₄r−ormanc₄Ho−HaH−r₄₄UaπrHcoolπngHsyst₄mH−orHt₄l₄communπcatπonsHbas₄HstatπonsHusπngHpβas₄Hcβang₄H
mat₄rπalsHP”q‘sQhHwnUsπtuHt₄stsVHApplied EnergyTH2015THYbeTHaZcUaab 10.7 31

1079 °β₄Hpr₄paratπonHo−Htβ₄Hβy₂rotalcπt₄Ubas₄₂Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalVHApplied EnergyTH2015TH
YcdTHZXeUZYZ 10.7 12

1078 ‘ultπUobj₄ctπv₄Hg₄om₄trπcHoptπmπzatπonHo−HaH”q‘Hbas₄₂HmatrπxHtyp₄Hcomposπt₄Hβ₄atHsπnkVHApplied 
EnergyTH2015THYcdTHeXaUeYb 10.7 55

1077 ”₄akHloa₂Hsβπ−tπngHwπtβH₄n₄rgyHstorag₄Han₂Hprπc₄Ubas₄₂HcontrolHsyst₄mVH2015THgZTHcXcUcYb 78

1076 wn−lu₄nc₄Ho−Htβ₄rmalHstorag₄HmassHonHsumm₄rHtβ₄rmalHstabπlπtyHπnHaHpassπv₄Hwoo₂₄nHβous₄HπnHtβ₄H
qz₄cβH—₄publπcVH2015THYXeTHdfUec 16

1075
Unc₄rtaπntyHpropagatπonHan₂Hs₄nsπtπvπtyHanalysπsHo−Htβ₄rmoUpβysπcalHprop₄rtπ₄sHo−Hpβas₄Hcβang₄H
mat₄rπalsHP”q‘QHπnHtβ₄H₄n₄rgyH₂₄man₂HcalculatπonsHo−HaHt₄stHc₄llHwπtβHpassπv₄Hlat₄ntHtβ₄rmalH
storag₄VH2015THgXTHcgdUdXf

26

1074 sn₄rgyHSustaπnabπlπtyH°βrougβHur₄₄nHsn₄rgyVH2015TH 8

1073 °β₄rmalHp₄r−ormanc₄HanalysπsHo−HaHsolarH₄n₄rgyHsourc₄₂Hlat₄ntHβ₄atHstorag₄VH2015THcXTHYZYaUYZZc 47

1072 Ultra−astHtβ₄rmalHcβargπngHo−HπnorganπcHnanoUpβas₄Hcβang₄Hmat₄rπalHcomposπt₄sH−orHsolarHtβ₄rmalH
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1070 SolarUabsorbπngHm₄tamat₄rπalHmπcro₄ncapsulatπonHo−Hpβas₄Hcβang₄Hmat₄rπalsH−orHtβ₄rmoUr₄gulatπngH
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1069 s−−₄ctHo−HbarπumUbas₄₂Hpβas₄Hcβang₄Hmat₄rπalHP”q‘QHtoHcontrolHtβ₄Hβ₄atHo−Hβy₂ratπonHonHtβ₄H
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1063 tabrπcatπonHan₂Htβ₄rmalHcβaract₄rπzatπonHo−HkaolπnUbas₄₂Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalsH−orH
lat₄ntHβ₄atHstorag₄HπnHbuπl₂πngsVH2015THgdTHYgaUZXX 77

1062 sn₄rgyH₄−−πcπ₄ntHtβ₄rmalHstorag₄Hmontmorπllonπt₄HwπtβHpβas₄Hcβang₄Hmat₄rπalHcontaπnπngH₄x−olπat₄₂H
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1052 SπmulatπonHo−Hm₄ltπngHo−HaHnanoU₄nβanc₄₂Hpβas₄Hcβang₄Hmat₄rπalHP’₄”q‘QHπnHaHsquar₄HcavπtyHwπtβH
twoHβ₄atHsourc₄â��sπnkHpaπrsVH2015THcbTHYXXaUYXYe 51
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1034 UtπlπzatπonHo−HmacroH₄ncapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalsH−orHtβ₄H₂₄v₄lopm₄ntHo−Htβ₄rmalH₄n₄rgyH
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THgTHg 4

1021 onHwnt₄g₄rHzπn₄arH”rogrammπngH‘o₂₄lH−orHanHscovatHpu−−₄rVH2016THgTHcgZ 4
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1013 SolarUtβ₄rmalHconv₄rsπonHan₂Htβ₄rmalH₄n₄rgyHstorag₄Ho−Hgrapβ₄n₄H−oamUbas₄₂Hcomposπt₄sVH2016TH
fTHYbdXXUe 135

1012 °β₄rmalHp₄r−ormanc₄Ho−HaHwπn₂owHsβutt₄rHcontaπnπngH”q‘hH’um₄rπcalHvalπ₂atπonHan₂H₄xp₄rπm₄ntalH
analysπsVHApplied EnergyTH2016THYegTHdbUfb 10.7 62

1011 SolarHaπrHβ₄at₄rHwπtβHpβas₄Hcβang₄Hmat₄rπalhHonH₄n₄rgyHanalysπsHan₂HaHcomparatπv₄Hstu₂yVH2016THYXeTHYXceUYXdb85

(2016-2015)

13



1010 v₄atHtrans−₄rHp₄r−ormanc₄Ho−Hpara−−πnHwaxHbas₄₂Hpβas₄Hcβang₄Hmat₄rπalsHapplπcabl₄HπnHbuπl₂πngH
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992 pπoUπnspπr₄₂H₄−−₄ctπv₄Han₂Hr₄g₄n₄rabl₄Hbuπl₂πngHcoolπngHusπngHtougβHβy₂rog₄lsVHApplied EnergyTH
2016THYdfTHaaZUaag 10.7 27

991 ”βas₄Hcβang₄Hmat₄rπalsHP”q‘QH−orHcoolπngHapplπcatπonsHπnHbuπl₂πngshHoHr₄vπ₄wVH2016THYZgTHagdUbaY 384

990 Ultra−πn₄Hlaurπcâ��myrπstπcHacπ₂H₄ut₄ctπcWpolyHPm₄taUpβ₄nyl₄n₄Hπsopβtβalamπ₂₄QH−ormUstabl₄Hpβas₄H
cβang₄H−πb₄rsH−orHtβ₄rmalH₄n₄rgyHstorag₄HbyH₄l₄ctrospπnnπngVHApplied EnergyTH2016THYeaTHYdfUYed 10.7 26

989 sarlyUag₄Hsβrπnkag₄Han₂Ht₄mp₄ratur₄HoptπmπzatπonH−orHc₄m₄ntHpast₄HbyHusπngH”q‘Han₂H‘g“Hbas₄₂H
onHtpuHs₄nsπngHt₄cβnπqu₄VH2016THYYeTHcfUdZ 17

988 °β₄rmalHp₄r−ormanc₄HanalysπsHo−H”q‘Hcompon₄ntsHβ₄atHstorag₄HusπngHm₄cβanπcalHv₄ntπlatπonhH
sxp₄rπm₄ntalHr₄sultsVH2016THYZaTHYdgUYef 14

987 oHr₄vπ₄wHonHpβas₄Hcβang₄Hmat₄rπalHP”q‘QH−orHsustaπnabl₄Hpassπv₄HcoolπngHπnHbuπl₂πngH₄nv₄lop₄sVH
2016THdXTHYbeXUYbge 486

986 ”β₄nolπcHr₄sπnW”s“U””“HblockHcopolym₄rHcomposπt₄Hmat₄rπalsHasHpβas₄Hcβang₄Hmat₄rπalsHP”q‘QH−orH
lat₄ntHβ₄atHtβ₄rmalH₄n₄rgyHstorag₄HPzv°sSQVH2016THdTHYeaUYee 7

985 Solπ₂π−πcatπonHo−H−luπ₂Hsaturat₄₂HπnHop₄nUc₄llHm₄tallπcH−oamsHwπtβHgra₂₄₂Hmorpβologπ₄sVH2016THgfTHdXUdg 57

984 sxp₄rπm₄ntalHstu₂yHo−H₄vacuat₄₂Htub₄Hcoll₄ctorWstorag₄Hsyst₄mHcontaπnπngHpara−−πnHasHaH”q‘VH2016TH
YYbTHYXdaUYXeZ 58

983 wn₂ustrπalHwast₄Hβ₄atHr₄cov₄ryHusπngHanH₄nβanc₄₂Hcon₂uctπvπtyHlat₄ntHβ₄atHtβ₄rmalH₄n₄rgyHstorag₄VH
Applied EnergyTH2016THYfaTHbgYUcXa 10.7 80

982 ‘o₂₄llπngHr₄latπonsβπpHamongH₄n₄rgyH₂₄man₂THclπmat₄Han₂Ho−−πc₄Hbuπl₂πngH−₄atur₄shHoHclust₄rH
analysπsHatHsurop₄anHl₄v₄lVHApplied EnergyTH2016THYfaTHYXZYUYXab 10.7 36

981 oH‘o₂₄lHtoHr₄t₄rmπn₄H°β₄rmalH”₄r−ormanc₄Ho−HaH’onUv₄ntπlat₄₂Hroubl₄HulazπngHUnπtHwπtβH”q‘Han₂H
sxp₄rπm₄ntalHValπ₂atπonVH2016THYceTHZgaUaXX 5

980 sxp₄rπm₄ntalHπnv₄stπgatπonHo−Htransπ₄ntHtβ₄rmalHr₄spons₄Ho−Hpβas₄Hcβang₄Hmat₄rπalH₄mb₄₂₂₄₂HbyH
urapβ₄n₄Hnanopartπcl₄sHπnH₄n₄rgyHstorag₄Hmo₂ul₄VH2016TH 0

979 —₄c₄ntHprogr₄ss₄sHan₂Hacβπ₄v₄m₄ntsHπnHpβotovoltaπcUpβas₄Hcβang₄Hmat₄rπalHt₄cβnologyhHoHr₄vπ₄wH
wπtβHsp₄cπalHtr₄atm₄ntHonHpβotovoltaπcHtβ₄rmalUpβas₄Hcβang₄Hmat₄rπalHsyst₄msVH2016THYZdTHYeeUZXb 99

978 ‘o₂₄llπngHan₂HsπmulatπonHo−Hpβas₄Hcβang₄Hmat₄rπalHlat₄ntHβ₄atHstorag₄sHapplπ₄₂HtoHaHsolarUpow₄r₄₂H
“rganπcH—ankπn₄Hqycl₄VHApplied EnergyTH2016THYegTHaefUaff 10.7 57

977 r₄v₄lopm₄ntHo−Hm₄₂πumUt₄mp₄ratur₄Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalHwπtβHβπgβHtβ₄rmalHstabπlπtyH
an₂Hcon₂uctπvπtyVH2016THYccTHabYUabe 15

976 °β₄rmalHprop₄rtyHπnv₄stπgatπonHo−HmultπHwall₄₂HcarbonHnanotub₄sHP‘·q’°sQH₄mb₄₂₂₄₂H”βas₄H
qβang₄H‘at₄rπalsHP”q‘sQVH2016TH 1

975 r₄v₄lopm₄ntHo−HgranularH₄xpan₂₄₂Hp₄rlπt₄Wpara−−πnHpβas₄Hcβang₄Hmat₄rπalHcomposπt₄sHan₂H
pr₄v₄ntπonHo−Hl₄akag₄VH2016THYaeTHYegUYff 70
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974 —₄vπ₄wHo−H’anocoatπngsH−orHpuπl₂πngHopplπcatπonVH2016THYbcTHYcbYUYcbf 25

973 zat₄ntHβ₄atHstorag₄HusπngHr₄n₄wabl₄Hsaturat₄₂H₂π₄st₄rsHasHpβas₄Hcβang₄Hmat₄rπalsVH2016THYYcTHgZbUgaX 21

972 oHn₄wHπnsπgβtHπntoHopaqu₄H₄nv₄lop₄sHπnHaHpassπv₄HsolarHβous₄hH”rop₄rtπ₄sHan₂Hrol₄sVHApplied EnergyTH
2016THYfaTHdfcUdgg 10.7 21

971 onalysπsHan₂H₂₄sπgnHo−HaH₂raπnHwat₄rHβ₄atHr₄cov₄ryHstorag₄HunπtHbas₄₂HonH”q‘Hplat₄sVHApplied 
EnergyTH2016THYegTHYXXdUYXYg 10.7 20

970 oHnum₄rπcalHstu₂yHonHtβ₄Htβ₄rmalHp₄r−ormanc₄Ho−HnπgβtHv₄ntπlat₄₂HβollowHcor₄HslabsHcastHwπtβH
mπcroU₄ncapsulat₄₂H”q‘Hconcr₄t₄VH2016THYZeTHfgZUgXd 24

969 oH−aultUtol₄rantHapproacβHtoHtβ₄HcontrolHo−HaHbatt₄ryHass₄mblyHsyst₄mVH2016THccTHYagUYbf 26

968 p₄βavπourHo−HaHS”rHswπtcβabl₄HglazπngHπnHanHout₂oorHt₄stHc₄llHwπtβHβ₄atHr₄movalHun₂₄rHvaryπngH
w₄atβ₄rHcon₂πtπonsVHApplied EnergyTH2016THYfXTHdgcUeXd 10.7 39

967 wncorporatπngH₄nvπronm₄ntalH₄valuatπonHan₂Htβ₄rmalHprop₄rtπ₄sHo−Hconcr₄t₄HmπxH₂₄sπgnsVH2016THYZfTHbZZUbac 25

966 tabrπcatπonHan₂Hcβaract₄rπzatπonHo−Hmπcrocapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalsHwπtβHanHa₂₂πtπonalH
−unctπonHo−Htβ₄rmocβromπcHp₄r−ormanc₄VH2016THYagTHcgYUcgf 62

965 °₄mp₄ratur₄Hr₄gulatπonHo−H”VHsolarHc₄llHun₂₄rH”q‘HcoolπngHsyst₄mVH2016TH 0

964 SmallUScal₄H°β₄rmalHsn₄rgyHStorag₄H·πtβHqapπllaryHqon₂uctπvπtyHsnβanc₄m₄ntVH2016TH

963 ”r₄paratπonHan₂Hp₄r−ormanc₄Ho−Hnov₄lH−ormUstabl₄Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalsHbas₄₂HonH
poly₄tβyl₄n₄HglycolW·βπt₄HqarbonHplackHassπst₄₂HbyHsup₄rUultrasoun₂Uassπst₄₂VH2016THdafTHacUba 36

962 sn₄rgyHan₂H₄conomπcHanalysπsHo−Hbuπl₂πngHπnt₄grat₄₂HwπtβH”q‘HπnH₂π−−₄r₄ntHcπtπ₄sHo−HqβπnaVHApplied 
EnergyTH2016THYecTHaZbUaad 10.7 122

961 ”₄r−ormanc₄Hstu₂yHo−Hlat₄ntHβ₄atHaccumulatorshH’um₄rπcalHan₂H₄xp₄rπm₄ntalHstu₂yVH2016THYXZTHdXbUdYb 10

960 wnβπbπtπonHo−HcarbonHst₄₄lHcorrosπonHπnHpβas₄Ucβang₄Umat₄rπalsHsolutπonHbyHm₄tβπonπn₄Han₂Hprolπn₄VH
2016THYYYTHdecUdfg 42

959 °β₄rmalHprop₄rtπ₄sHan₂Hmorpβologπ₄sHo−H‘oâ��SoH₄ut₄ctπcsWq’°sHasHcomposπt₄H”q‘sHπnHtβ₄rmalH
₄n₄rgyHstorag₄VH2016THYZeTHdXaUdYX 48

958 ”oly₄tβyl₄n₄HglycolWquWSπ“ZH−ormHstabl₄Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalshHpr₄paratπonTH
cβaract₄rπzatπonTHan₂Htβ₄rmalHcon₂uctπvπtyH₄nβanc₄m₄ntVH2016THdTHcfebXUcfebf 37

957 sxp₄rπm₄ntalHπnv₄stπgatπonHonHtβ₄Htβ₄rmalHp₄r−ormanc₄Ho−Hβ₄atHstorag₄HwallsHcoupl₄₂HwπtβHactπv₄H
solarHsyst₄msVH2016THcZTHZebeUZece 2
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956 UsπngHnov₄lHcompr₄ss₄₂UaπrH₄n₄rgyHstorag₄Hsyst₄msHasHaHgr₄₄nHstrat₄gyHπnHsustaπnabl₄Hpow₄rH
g₄n₄ratπonâ��aHr₄vπ₄wVH2016THbXTHYcgcUYdYX 21

955 ”r₄paratπonHan₂Hcβaract₄rπzatπonHo−HcaprπcUmyrπstπcUst₄arπcHacπ₂H₄ut₄ctπcHmπxtur₄Wmo₂π−π₄₂H
₄xpan₂₄₂Hv₄rmπculπt₄Hcomposπt₄HasHaH−ormUstabl₄Hpβas₄Hcβang₄Hmat₄rπalVHApplied EnergyTH2016THYefTHdYdUdZa10.7 66

954 sxp₄rπm₄ntalH₄valuatπonHo−HaHconcr₄t₄Hcor₄HslabHwπtβHpβas₄Hcβang₄Hmat₄rπalsH−orHcoolπngHpurpos₄sVH
2016THYYdTHbYYUbYg 23

953 sxp₄rπm₄ntalH₄valuatπonHo−Htβ₄Hβ₄atHtrans−₄rHtβrougβHsmallH”q‘Ubas₄₂Htβ₄rmalH₄n₄rgyHstorag₄H
unπtsH−orHbuπl₂πngHapplπcatπonsVH2016THYYdTHYfUab 32

952 —₄s₄arcβHonHtβ₄Hpr₄paratπonHan₂Hprop₄rtπ₄sHo−HlaurπcHacπ₂W₄xpan₂₄₂Hp₄rlπt₄Hpβas₄Hcβang₄H
mat₄rπalsVH2016THYYXTHYXfUYYY 55

951 r₄v₄lopm₄ntHan₂Htβ₄rmalHp₄r−ormanc₄Ho−Hpumπc₄WorganπcH”q‘WgypsumHcomposπt₄Hplast₄rsH−orH
tβ₄rmalH₄n₄rgyHstorag₄HπnHbuπl₂πngsVH2016THYbgTHYgUZf 122

950 Solv₄ntU−r₄₄Hsyntβ₄sπsHan₂Hprop₄rtπ₄sHo−Hnov₄lHsolπ₂â��solπ₂Hpβas₄Hcβang₄Hmat₄rπalsHwπtβH
bπo₂₄gra₂abl₄HcastorHoπlH−orHtβ₄rmalH₄n₄rgyHstorag₄VH2016THYbeTHYeeUYfb 77

949 ”ro₂uctπonHo−HβollowHan₂HporousHt₄Z“aH−romHπn₂ustrπalHmπllHscal₄Han₂HπtsHpot₄ntπalH−orHlarg₄Uscal₄H
₄l₄ctrocβ₄mπcalH₄n₄rgyHstorag₄HapplπcatπonsVH2016THbTHZcgeUZdXb 61

948 sn₄rgyHp₄r−ormanc₄Ho−Hbuπl₂πngH₄nv₄lop₄sHπnt₄grat₄₂HwπtβHpβas₄Hcβang₄Hmat₄rπalsH−orHcoolπngHloa₂H
r₄₂uctπonHπnHtropπcalHSπngapor₄VHApplied EnergyTH2016THYdZTHZXeUZYe 10.7 195

947 °β₄rmalH₄n₄rgyHstorag₄Hcβaract₄rπstπcsHo−Hb₄ntonπt₄Ubas₄₂Hcomposπt₄H”q‘sHwπtβH₄nβanc₄₂Htβ₄rmalH
con₂uctπvπtyHasHnov₄lHtβ₄rmalHstorag₄Hbuπl₂πngHmat₄rπalsVH2016THYYeTHYaZUYbY 126

946 Syntβ₄sπsHan₂Hcβaract₄rπzatπonHo−HlaurπcHacπ₂W₄xpan₂₄₂Hv₄rmπculπt₄HasH−ormUstabπlπz₄₂Htβ₄rmalH
₄n₄rgyHstorag₄Hmat₄rπalsVH2016THYYdTHdeeUdfa 83

945 Stabl₄THlowUcostHpβas₄Hcβang₄Hmat₄rπalH−orHbuπl₂πngHapplπcatπonshH°β₄H₄ut₄ctπcHmπxtur₄Ho−H₂₄canoπcH
acπ₂Han₂Ht₄tra₂₄canoπcHacπ₂VHApplied EnergyTH2016THYdfTHbceUbdb 10.7 51

944 vybrπ₂Hgroun₂Hcoupl₄₂Hβ₄atH₄xcβang₄rHsyst₄msH−orHspac₄Hβ₄atπngWcoolπngHapplπcatπonshHoHr₄vπ₄wVH
2016THdXTHeZbUeaf 60

943 ’um₄rπcalHanalysπsHonHtβ₄rmalHp₄r−ormanc₄Ho−HnaturallyHv₄ntπlat₄₂Hroo−sHwπtβH₂π−−₄r₄ntHπn−lu₄ncπngH
param₄t₄rsVH2016THZZTHfdUga 33

942 SolarHtβ₄rmalH₄n₄rgyHstorag₄Han₂Hβ₄atHpumpsHwπtβHpβas₄Hcβang₄Hmat₄rπalsVH2016THggTHYZYZUYZZb 97

941 °β₄rmalHp₄r−ormanc₄H₄valuatπonHo−HmacroUpack₄₂Hpβas₄Hcβang₄Hmat₄rπalsHP”q‘sQHusπngHβ₄atH
trans−₄rHanalysπsH₂₄vπc₄VH2016THYYeTHYZXUYZe 24

940 sxp₄rπm₄ntalHstu₂yHonH₄nβanc₄m₄ntHo−Htβ₄rmalH₄n₄rgyHstorag₄HwπtβHpβas₄Ucβang₄Hmat₄rπalVH
Applied EnergyTH2016THYdgTHYdbUYed 10.7 115

939 oHn₄wHcalorπm₄trπcHt₄cβnπqu₄H−orHpβas₄Hcβang₄Hmat₄rπalsHan₂HπtsHapplπcatπonHtoHalkan₄Ubas₄₂H”q‘sVH
2016THcTHY 13
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938 ‘agn₄tπcHmπcro₄ncapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalsHwπtβHanHorganoUsπlπcaHsβ₄llhHr₄sπgnTHsyntβ₄sπsH
an₂HapplπcatπonH−orH₄l₄ctromagn₄tπcHsβπ₄l₂πngHan₂Htβ₄rmalHr₄gulatπngHpolyπmπ₂₄H−πlmsVH2016THgfTHZZcUZag 35

937 °β₄rmalHanalysπsHo−Hpβas₄Hcβang₄Hmat₄rπalHboar₂HP”q‘pQHun₂₄rHw₄atβ₄rHcon₂πtπonsHπnHtβ₄Hsumm₄rVH
2016THggTHdgXUeXZ 19

936 Us₄Ho−Hpβas₄Hcβang₄Hmat₄rπalHtoHπmprov₄Htβ₄rmalHprop₄rtπ₄sHo−Hlπgβtw₄πgβtHg₄opolym₄rHpan₄lVH
2016THbgTHbdaeUbdbc 21

935 sn₄rgyH₄−−πcπ₄ntHconcr₄t₄HwπtβHnUocta₂₄can₄Wxun”HSS”q‘H−orH₄n₄rgyHcons₄rvatπonHπnH
πn−rastructur₄VH2016THYXdTHcbaUcbg 24

934 °β₄rmos₄ttπngHsolπ₂â��solπ₂Hpβas₄Hcβang₄Hmat₄rπalsHcompos₄₂Ho−HpolyP₄tβyl₄n₄HglycolQUbas₄₂HtwoH
compon₄ntshHtl₄xπbl₄HapplπcatπonH−orHtβ₄rmalH₄n₄rgyHstorag₄VH2016THZgYTHYafUYbf 90

933
‘πcro₄ncapsulatπonHo−HnU₂o₂₄can₄HπntoHzπrconπaHsβ₄llH₂op₄₂HwπtβHrar₄H₄artβhHr₄sπgnHan₂Hsyntβ₄sπsH
o−Hbπ−unctπonalHmπcrocapsul₄sH−orHpβotolumπn₄sc₄nc₄H₄nβanc₄m₄ntHan₂Htβ₄rmalH₄n₄rgyHstorag₄VH
2016THgeTHYYaUYZd

56

932 ”βysπcalâ��cβ₄mπcalHprop₄rtπ₄sH₄volutπonHan₂Htβ₄rmalHprop₄rtπ₄sHr₄lπabπlπtyHo−HaHpara−−πnHwaxHun₂₄rH
solarHra₂πatπonH₄xposur₄HπnHaHr₄alUscal₄H”q‘Hwπn₂owHsyst₄mVH2016THYYgTHbYUcX 19

931 zat₄ntHβ₄atHstorag₄HπnHbuπl₂πngH₄l₄m₄ntshHoHsyst₄matπcHr₄vπ₄wHonHprop₄rtπ₄sHan₂Hcont₄xtualH
p₄r−ormanc₄H−actorsVH2016THdXTHfcZUfdd 50

930 SπmulatπngHtβ₄Hwnt₄rUpuπl₂πngHs−−₄ctHonH₄n₄rgyHconsumptπonH−romH₄mb₄₂₂πngHpβas₄Hcβang₄H
mat₄rπalsHπnHbuπl₂πngH₄nv₄lop₄sVH2016THZeTHZfeUZgc 39

929 “ptπmalHop₄ratπonHo−H₄n₄rgyHstorag₄HπnHbuπl₂πngshHUs₄Ho−Htβ₄HβotHwat₄rHsyst₄mVH2016THcTHYXZUYYZ 5

928 ”βas₄Hcβang₄Hmat₄rπalsHbas₄₂HonHpoly₄tβyl₄n₄HglycolHsupport₄₂HbyHgrapβ₄n₄Ubas₄₂Hm₄soporousH
sπlπcaHsβ₄₄tsVH2016THYXYTHZYeUZZa 38

927 o₂vanc₄₂H₄n₄rgyHstorag₄Hmat₄rπalsH−orHbuπl₂πngHapplπcatπonsHan₂Htβ₄πrHtβ₄rmalHp₄r−ormanc₄H
cβaract₄rπzatπonhHoHr₄vπ₄wVH2016THceTHgYdUgZf 105

926 r₄sπgnHan₂HopplπcatπonHo−Hqoncr₄t₄H°πl₄sHsnβanc₄₂HwπtβH‘πcro₄ncapsulat₄₂H”βas₄Uqβang₄H
‘at₄rπalVH2016THZZTHXcXYcXXa 17

925
”r₄paratπonHan₂Hprop₄rtπ₄sHo−H˛†Ucyclo₂₄xtrπnWbTbmU₂πpβ₄nylm₄tβan₄H₂ππsocyanat₄Wpoly₄tβyl₄n₄H
glycolHP˛†UqrW‘rwW”suQHcrosslπnkπngHcopolym₄rsHasHpolym₄rπcHsolπ₂â��solπ₂Hpβas₄Hcβang₄Hmat₄rπalsVH
2016THYbcTHZafUZbe

62

924 onH₄xp₄rπm₄ntalHπnv₄stπgatπonHo−Hsβ₄llHan₂Htub₄Hlat₄ntHβ₄atHstorag₄H−orHsolarH₂ry₄rHusπngHpara−−πnH
waxHasHβ₄atHstorag₄Hmat₄rπalVH2016THYgTHdYgUdaY 51

923 “ptπmalHb₄βavπorHo−Hr₄sponsπv₄Hr₄sπ₂₄ntπalH₂₄man₂Hconsπ₂₄rπngHβybrπ₂Hpβas₄Hcβang₄Hmat₄rπalsVH
Applied EnergyTH2016THYdaTHfYUgZ 10.7 43

922 °₄mp₄ratur₄Ho−HaHm₄tallπcHnanopartπcl₄H₄mb₄₂₂₄₂HπnHaHpβas₄Hcβang₄Hm₄₂πaH₄xpos₄₂HtoHra₂πatπonVH
2016THgaTHgfXUggX 4

921 ”assπv₄Htβ₄rmalHcontrolHπnHr₄sπ₂₄ntπalHbuπl₂πngsHusπngHpβas₄Hcβang₄Hmat₄rπalsVH2016THccTHaeYUagf 182
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qβang₄H‘at₄rπalhHStu₂yHo−Htβ₄H“ptπmalH”βas₄Hqβang₄H‘at₄rπalHzay₄rHzocatπonVH2018THYbXTH 1

766 sn₄rgyHb₄n₄−πtsHo−Hc₄m₄ntUbas₄₂Hplast₄rHcontaπnπngHβybrπ₂Hpβas₄Ucβang₄Hmat₄rπalVH2018THYeYTHYYeUYZc 1

765 wmprovπngHπn₂oorHtβ₄rmalHcom−ortHbyHusπngHpβas₄Hcβang₄Hmat₄rπalshHoHr₄vπ₄wVH2018THbZTHZXfbUZYXa 53

764 °₄mp₄ratur₄HstabπlπzatπonHusπngHsaltHβy₂rat₄Hstorag₄Hsyst₄mHtoHacβπ₄v₄Htβ₄rmalHcom−ortHπnH
pr₄−abrπcat₄₂Hwoo₂₄nHβous₄sVH2018THYdbTHbfUdX 14

763 SolarH₄n₄rgyHlat₄ntHtβ₄rmalHstorag₄HbyHpβas₄Hcβang₄Hmat₄rπalsHP”q‘sQHπnHaHβon₄ycombHsyst₄mVH
2018THdTHbYXUbZX 21

762 ”ara−−πnW₄xpan₂₄₂Hgrapβπt₄Hpβas₄Hcβang₄Hcomposπt₄sHwπtβH₄nβanc₄₂Htβ₄rmalHcon₂uctπvπtyH
pr₄par₄₂HbyHπmplant₄₂H˛†USπqHnanowπr₄sHwπtβHcβ₄mπcalHvaporH₂₄posπtπonHm₄tβo₂VH2018THcTHXZccXa 4

761 oHbasπcHstu₂yHonH°β₄rmosypβonUtyp₄Htβ₄rmalHstorag₄HunπtHP°SUQHusπngH’ano−luπ₂HasHtβ₄Hβ₄atH
trans−₄rHm₄₂πumVH2018THcbTHYbZeUYbbX 1

760 Sπz₄U₂₄p₄n₂₄ntHtβ₄rmalHprop₄rtπ₄sHo−HmultπUwall₄₂HcarbonHnanotub₄sH₄mb₄₂₂₄₂HπnHpβas₄Hcβang₄H
mat₄rπalsVH2018THYaZTHdaYUdbY 17

759 s−−₄ctπv₄n₄ssHo−Htβ₄Hpβas₄Hcβang₄Hmat₄rπalUbas₄₂Htβ₄rmalH₄n₄rgyHstorag₄Hπnt₄grat₄₂HwπtβHtβ₄H
conv₄ntπonalHcoolπngHsyst₄msHo−Htβ₄Hbuπl₂πngsHâ��HoHr₄vπ₄wVH2018THZaZTHeacUedd 5
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758 °β₄rmalHan₂HoptπcalHcβaract₄rπsatπonHo−H₂ynamπcHsβa₂πngHsyst₄msHwπtβH”q‘sHtβrougβHlaboratoryH
₄xp₄rπm₄ntalHm₄asur₄m₄ntsVH2018THYdaTHgZUYYX 12

757 ”ro₂uctπvπtyH₄nβanc₄m₄ntHo−HsolarHstπllHbyH”q‘Han₂H’anopartπcl₄sHmπsc₄llan₄ousHbasπnHabsorbπngH
mat₄rπalsVH2018THbaaTHYfdUYgf 58

756 zat₄ntHv₄atH°β₄rmalHsn₄rgyHStorag₄HSyst₄msHwπtβHSolπ₂â��zπquπ₂H”βas₄Hqβang₄H‘at₄rπalshHoH—₄vπ₄wVH
2018THZXTHYeXXeca 177

755 ”r₄paratπonHan₂Hprop₄rtπ₄sHo−H−attyHacπ₂sHbas₄₂Htβ₄rmalH₄n₄rgyHstorag₄Haggr₄gat₄Hconcr₄t₄VH2018TH
YdcTHYUYX 39

754 ”r₄₂πctπonHo−Htβ₄Hprop₄rtπ₄sHo−H₄ut₄ctπcH−attyHacπ₂Hpβas₄Hcβang₄Hmat₄rπalsVH2018THddXTHgbUYXX 32

753 °β₄Hrol₄Ho−Hv₄g₄tabl₄HoπlHπnHwat₄rHbas₄₂Hpβas₄Hcβang₄Hmat₄rπalsH−orHm₄₂πumHt₄mp₄ratur₄H
r₄−rπg₄ratπonVH2018THYcTHadfUaef 12

752 Stu₂yHo−Htβ₄HqrystallπzatπonHan₂H‘₄ltπngHp₄βavπorHo−HaHzat₄ntHv₄atHStorag₄HbyHqomput₄₂H
°omograpβyVH2018THgXTHaddUaeY 2

751 qoncr₄t₄HasHaHtβ₄rmalHmassHmat₄rπalH−orHbuπl₂πngHapplπcatπonsHUHoHr₄vπ₄wVH2018THYgTHYbUZc 56

750 qon−πn₄m₄ntH₄−−₄ctHonH₄ntβalpyHo−H−usπonHan₂Hm₄ltπngHpoπntHo−HorganπcHpβas₄Hcβang₄Hmat₄rπalsHπnH
cylπn₂rπcalHnanospac₄Ho−Hm₄soporousHsπlπcaHan₂HcarbonVH2018THZbTHabcUacc 12

749 Stu₂yHo−H”βas₄Hqβang₄Hmat₄rπalsHan₂HπtsH₂om₄stπcHapplπcatπonVH2018THcTHabYYUabYe 26

748 °β₄rmalH₄nβanc₄m₄ntHo−Hpara−−πnWβy₂ropβobπcH₄xpan₂₄₂Hp₄rlπt₄HgranularHpβas₄Hcβang₄Hcomposπt₄H
usπngHgrapβ₄n₄Hnanoplat₄l₄tsVH2018THYdgTHZXdUZYc 37

747 tabrπcatπonHo−Hpolym₄rHcapsul₄sHbyHanHorπgπnalHmultπ−unctπonalTHactπv₄THampβπpβπlπcHmacromol₄cul₄TH
an₂HπtsHapplπcatπonHπnHpr₄parπngH”q‘Hmπcrocapsul₄sVH2018THbZTHdbceUdbda 9

746 UsπngH”βas₄Hqβang₄H‘at₄rπalsHP”q‘sQHtoH—₄₂uc₄Hsn₄rgyHqonsumptπonHπnHpuπl₂πngsVH2018THbdbUbeY

745 tabrπcatπonHo−HqaqlZH´•HdvZ“W’aZSπ“aH´•HgvZ“Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalH−orH−loorHβ₄atπngH
syst₄mVH2018THcTHXdccZb 6

744 tun₂am₄ntalHπncorporatπonHo−Htβ₄H₂₄nsπtyHcβang₄H₂urπngHm₄ltπngHo−HaHcon−πn₄₂Hpβas₄Hcβang₄H
mat₄rπalVH2018THYZaTHXfcYXc 7

743 sxp₄rπm₄ntalHvalπ₂atπonHo−HanH₄l₄ctrπcalHan₂Htβ₄rmalH₄n₄rgyH₂₄man₂Hmo₂₄lH−orHrapπ₂Hass₄ssm₄ntHo−H
ruralHβ₄altβHc₄nt₄rsHπnHsubUSaβaranHo−rπcaVHApplied EnergyTH2018THZYfTHafZUagX 10.7 5

742 oss₄ssπngH₂om₄stπcHβ₄atHstorag₄Hr₄quπr₄m₄ntsH−orH₄n₄rgyH−l₄xπbπlπtyHov₄rHvaryπngHtπm₄scal₄sVH2018TH
YadTHdXZUdYd 11

741 wmpactHo−HsolarH₄n₄rgyHonHtβ₄H₄n₄rgyHbalanc₄Ho−HattπcHroomsHπnHβπgβHlatπtu₂₄Hcountrπ₄sVH2018THYadTHcbfUccg 9
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740 snβanc₄₂Htβ₄rmalHcon₂uctπvπtyHo−Hpβas₄Hcβang₄Hmat₄rπalHnanocomposπt₄sHbas₄₂HonH‘n“ZH
nanowπr₄sHan₂Hnanotub₄sH−orH₄n₄rgyHstorag₄VH2018THYfXTHYcfUYde 43

739 “ccupatπonalHβ₄atHstr₄ssHass₄ssm₄ntHan₂Hprot₄ctπv₄Hstrat₄gπ₄sHπnHtβ₄Hcont₄xtHo−Hclπmat₄Hcβang₄VH
2018THdZTHacgUaeY 68

738 sxp₄rπm₄ntalHπnv₄stπgatπonHo−H−r₄₄HcoolπngHusπngHpβas₄Hcβang₄Hmat₄rπalU−πll₄₂HaπrHβ₄atH₄xcβang₄rH
−orH₄n₄rgyH₄−−πcπ₄ncyHπnHbuπl₂πngsVH2018THYZTHYagUYbg 14

737 ”r₄paratπonHan₂Hcβaract₄rπzatπonHo−HcaprπcUpalmπtπcUst₄arπcHacπ₂Ht₄rnaryH₄ut₄ctπcHmπxtur₄W₄xpan₂₄₂H
v₄rmπculπt₄Hcomposπt₄sHasH−ormUstabπlπz₄₂Htβ₄rmalH₄n₄rgyHstorag₄Hmat₄rπalsVH2018THabTHaegUafd 34

736 sxp₄rπm₄ntalHStu₂yHo−Hv₄atH°rans−₄rHπnHaH—₄₂uc₄₂HScal₄HqavπtyHwncorporatπngH”βas₄Hqβang₄H
‘at₄rπalHwntoHwtsHV₄rtπcalH·allsVH2018THYXTH 8

735 °β₄rmalHcβaract₄rπzatπonHo−HπnsulatπngHmat₄rπalsVH2018THfZTHYedcUYeea 20

734 ”r₄paratπonHan₂H”rop₄rtπ₄sHo−HSt₄arπcHocπ₂â��oc₄tanπlπ₂₄Hsut₄ctπcH‘πxtur₄Wsxpan₂₄₂Hurapβπt₄H
qomposπt₄H”βas₄Uqβang₄H‘at₄rπalH−orH°β₄rmalHsn₄rgyHStorag₄VH2018THdTHYcaUYdX 10

733 opplπcatπonsHo−HlowHt₄mp₄ratur₄Hcalorπm₄tryHπnHmat₄rπalHr₄s₄arcβVH2018THZgTHddbUdeX 5

732 ‘πcro₄ncapsulat₄₂HmyrπstπcHacπ₂â��−lyHasβHwπtβH°π“ZHsβ₄llHasHaHnov₄lHpβas₄Hcβang₄Hmat₄rπalH−orH
buπl₂πngHapplπcatπonVH2018THYaYTHZaeaUZafX 22

731 °β₄rmo₂ynamπcHanalysπsHan₂HoptπmπzatπonHo−Hmultπstag₄Hlat₄ntHβ₄atHstorag₄HunπtHun₂₄rHunst₄a₂yH
πnl₄tHt₄mp₄ratur₄Hbas₄₂HonH₄ntransyHtβ₄oryVHApplied EnergyTH2018THZZeTHbffUbgd 10.7 14

730 octπv₄Han₂Hpassπv₄HcoolπngHm₄tβo₂sH−orH₂w₄llπngshHoHr₄vπ₄wVH2018THfZTHcaYUcbb 71

729 °β₄rmalHπn₄rtπaHπnHbuπl₂πngshHoHr₄vπ₄wHo−HπmpactsHacrossHclπmat₄Han₂Hbuπl₂πngHus₄VH2018THfZTHZaXXUZaYf 158

728 Solπ₂Ulπquπ₂Hpβas₄Hcβang₄Hπnv₄stπgatπonHtβrougβHaH₂oubl₄Hpπp₄Hβ₄atH₄xcβang₄rH₂₄alπngHwπtβH
tπm₄U₂₄p₄n₂₄ntHboun₂aryHcon₂πtπonsVH2018THYZfTHeZcUead 13

727 ”r₄paratπonTH°β₄rmopβysπcalHStu₂π₄sTHan₂HqorrosπonHonalysπsHo−HaHStabl₄HqaprπcHocπ₂Wq₄tylHolcoβolH
pπnaryHsut₄ctπcH”βas₄Hqβang₄H‘at₄rπalH−orHqol₂H°β₄rmalHsn₄rgyHStorag₄VH2018THdTHageUbXc 20

726 o₂vanc₄sHπnHlowHtoHm₄₂πumHt₄mp₄ratur₄HnonUconc₄ntratπngHsolarHtβ₄rmalHt₄cβnologyVH2018THfZTHZXddUZXga 14

725 “ptπcalHprop₄rtπ₄sHo−Hpara−−πnHatHt₄mp₄ratur₄Hrang₄H−romHbXHtoHfXH´°qVH2018THYceTHYfbUYfg 10

724 °woUHan₂Htβr₄₄U₂πm₄nsπonalHgrapβ₄n₄Ubas₄₂Hβybrπ₂Hcomposπt₄sH−orHa₂vanc₄₂H₄n₄rgyHstorag₄Han₂H
conv₄rsπonH₂₄vπc₄sVH2018THdTHeXZUeab 106

723 zπ−₄Hcycl₄HanalysπsHPzqoQHan₂Hlπ−₄Hcycl₄HcostHanalysπsHPzqqoQHo−Hpβas₄Hcβang₄Hmat₄rπalsHP”q‘QH−orH
tβ₄rmalHapplπcatπonshHoHr₄vπ₄wVH2018THbZTHaXdfUaXee 29
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722 ’um₄rπcalHan₂H₄xp₄rπm₄ntalHr₄s₄arcβHo−Hcol₂Hstorag₄H−orHaHnov₄lH₄xpan₂₄₂Hp₄rlπt₄Ubas₄₂H
sβap₄Ustabπlπz₄₂Hpβas₄Hcβang₄Hmat₄rπalHwallboar₂Hus₄₂HπnHbuπl₂πngVH2018THYccTHZXUaY 89

721 qrπtπcalHr₄vπ₄wHo−Hlat₄ntHβ₄atHstorag₄Hsyst₄msH−orH−r₄₄HcoolπngHπnHbuπl₂πngsVH2018THfZTHZfbaUZfdf 114

720 o₂vanc₄₂HlowUcarbonH₄n₄rgyHm₄asur₄sHbas₄₂HonHtβ₄rmalH₄n₄rgyHstorag₄HπnHbuπl₂πngshHoHr₄vπ₄wVH
2018THfZTHaeXcUaebg 62

719 ”q‘Htβ₄rmalH₄n₄rgyHstorag₄HπnHsolarHβ₄atπngHo−Hv₄ntπlatπonHaπrâ��sxp₄rπm₄ntalHan₂Hnum₄rπcalH
πnv₄stπgatπonsVH2018THaeTHYXbUYYc 38

718 ·at₄rHπns₄nsπtπv₄Han₂Hsolv₄ntU−r₄₄Hsyntβ₄sπsHo−Hbπo₂₄gra₂abl₄Hsolπ₂Usolπ₂Hpβas₄Hcβang₄Hmat₄rπalsH
bas₄₂HonHpolyHP₄tβyl₄n₄HglycolQH−orHtβ₄rmalH₄n₄rgyHstorag₄VH2018THaeTHafYfUafaX 3

717 ”r₄paratπonHan₂Hβygrotβ₄rmalHp₄r−ormanc₄Ho−Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalHwallboar₂HwπtβH
βumπ₂πtyHcontrolHbas₄₂HonH₄xpan₂₄₂Hp₄rlπt₄W₂πatomπt₄Wpara−−πnVH2018THZcTHZafeUZagf 9

716 oH’um₄rπcalH‘₄tβo₂H−orHonalysπngHv₄atHqon₂uctπonHπnHqomposπt₄sHqontaπnπngHsncapsulat₄₂H”βas₄H
qβang₄H‘at₄rπalsVH2018THZaeTHXZXYZ

715 sn₄rgyHs₄curπtyHan₂H₄n₄rgyHstorag₄Ht₄cβnologπ₄sVH2018THYccTHZaeUZcf 40

714 oHv₄urπstπcHopproacβHtoHqontrolHtβ₄HscovatHSyst₄mVH2018TH 0

713 tluπ₂H”rop₄rtπ₄sHo−H‘πcro₄ncapsulat₄₂H”βas₄Hqβang₄H‘at₄rπalHSlurrπ₄sVH2018TH

712 ’um₄rπcalHπnv₄stπgatπonHonHtβ₄HutπlπzatπonHo−Hpβas₄Hcβang₄Hmat₄rπalHP”q‘QHtoHr₄₂uc₄Hbuπl₂πngâ��sH
vVoqH₄n₄rgyHconsumptπonVH2018TH 0

711 s−−₄ctπv₄HS₄paratπonHo−HaH·at₄rHπnH“πlHsmulsπonH−romHaHrπr₄ctHqontactHzat₄ntHv₄atHStorag₄HSyst₄mVH
2018THYYTHZZdb 4

710 ”r₄paratπonHan₂H°β₄rmalH”₄r−ormanc₄Hsnβanc₄m₄ntHo−HzowH°₄mp₄ratur₄Hsut₄ctπcHqomposπt₄H
”βas₄Hqβang₄H‘at₄rπalsHpas₄₂HonH’aâ��S“â��´•YXvâ��“VH2018THYYTH 13

709 VH2018TH 5

708 wmpr₄gnatπonHo−H·oo₂HwπtβH‘πcro₄ncapsulat₄₂HpπoUpas₄₂H”βas₄Hqβang₄H‘at₄rπalsH−orHvπgβH
°β₄rmalH‘assHsngπn₄₄r₄₂H·oo₂HtloorπngVH2018THfTHZdgd 18

707 uβu‘sphHr₄sπgnTHqonstructπonTHan₂H‘anag₄m₄ntH‘₄tβo₂ologyHo−H‘πnπmumHsn₄rgyHpuπl₂πngsHπnH
SubtropπcalHqlπmat₄sVH2018THYYTHZebc 11

706 wnt₄gratπonHo−Htβ₄H”q‘HwπtβHπntraUv₄ntπlatπonH−orHπmprov₄₂Htβ₄rmalHan₂Hπn₄rtπalHcβaract₄rπstπcsHo−H
tβ₄Hbuπl₂πngH₄nv₄lop₄VH2018THfbTHaXgXY

705 VH2018TH
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704 ’um₄rπcalHwnv₄stπgatπonHo−Hsn₄rgyHSavπngHqβaract₄rπstπcHπnHpuπl₂πngH—oo−Hqoupl₄₂HwπtβH”q‘HUsπngH
zattπc₄HpoltzmannH‘₄tβo₂HwπtβHsconomπcHonalysπsVH2018THfTHYeag 4

703 qrystallπzatπonHbyHlocalHcoolπngHo−Hsup₄rcool₄₂Hso₂πumHac₄tat₄Htrπβy₂rat₄Hcomposπt₄sH−orHlongUt₄rmH
β₄atHstorag₄VH2018THYfXTHYcgUYeY 19

702 ’um₄rπcalH°β₄rmalHqβaract₄rπzatπonHan₂H”₄r−ormanc₄H‘₄trπcsHo−Hpuπl₂πngHsnv₄lop₄sHqontaπnπngH
”βas₄Hqβang₄H‘at₄rπalsH−orHsn₄rgyUs−−πcπ₄ntHpuπl₂πngsVH2018THYXTHZdce 6

701
sxp₄rπm₄ntalTHquantumHcβ₄mπcalHcalculatπonsHan₂Hmol₄cularH₂ynamπcsHP‘rQHsπmulatπonHstu₂π₄sHo−H
m₄tβπonπn₄Han₂Hvalπn₄HasHcorrosπonHπnβπbπtorsHonHcarbonHst₄₄lHπnHpβas₄Hcβang₄Hmat₄rπalsHP”q‘sQH
solutπonVH2018THZeZTHcZfUcaf

25

700 ‘o₂₄lHpr₄₂πctπv₄HcontrolHstrat₄gyHapplπ₄₂HtoH₂π−−₄r₄ntHtyp₄sHo−Hbuπl₂πngH−orHspac₄Hβ₄atπngVHApplied 
EnergyTH2018THZaYTHgcgUgeY 10.7 32

699 oHm₄tβo₂ologπcalHconc₄ptH−orHpβas₄Hcβang₄Hmat₄rπalHs₄l₄ctπonHbas₄₂HonHmultπUcrπt₄rπaH₂₄cπsπonH
makπngHP‘qr‘QhHoHcas₄Hstu₂yVH2018THYdcTHYXfcUYXgd 41

698 onH₄xp₄rπm₄ntalHstu₂yHonHtβ₄H₄−−₄ctHo−HaHrockUb₄₂Hβ₄atπngHsyst₄mHonHtβ₄Hmπcroclπmat₄Han₂Htβ₄HcropH
₂₄v₄lopm₄ntHun₂₄rHcanarπanHgr₄₄nβous₄VH2018THYedTHbZUcX 27

697 °β₄HUs₄Ho−Htβ₄H”βotovoltaπcHSyst₄mHπnHqombπnatπonH·πtβHaH°β₄rmalHsn₄rgyHStorag₄H−orHv₄atπngHan₂H
°β₄rmo₄l₄ctrπcHqoolπngVH2018THfTHYecX 6

696 tabrπcatπonHan₂Hcβaract₄rπzatπonHo−Hpolyur₄tβan₄H−oamsHcontaπnπngHpβas₄Hcβang₄Hmat₄rπalsH−orH
tβ₄rmalH₄n₄rgyHstorag₄VH2018THdeXTHccUdX 7

695 °β₄or₄tπcalHan₂Hsxp₄rπm₄ntalHqontrπbutπonsHonHtβ₄HUs₄Ho−HSmartHqomposπt₄H‘at₄rπalsHπnHtβ₄H
qonstructπonHo−HqπvπlHpuπl₂πngsHwπtβHzowHsn₄rgyHqonsumptπonVH2018THYYTHZaYX 12

694 oHcompr₄β₄nsπv₄Hr₄vπ₄wHonHaHpassπv₄HPpβas₄Hcβang₄Hmat₄rπalsQHan₂HanHactπv₄HPtβ₄rmo₄l₄ctrπcH
cool₄rQHbatt₄ryHtβ₄rmalHmanag₄m₄ntHsyst₄mHan₂Htβ₄πrHlπmπtatπonsVH2018THbXYTHZZbUZae 88

693 SolarU₂rπv₄nHpβas₄Hcβang₄Hmπcro₄ncapsulatπonHwπtβH₄−−πcπ₄ntH°πb“eHnanoconv₄rt₄rH−orHlat₄ntHβ₄atH
storag₄VH2018THcaTHcegUcfd 85

692 ’anocon−πn₄m₄ntH₄−−₄ctsHonHtβ₄rmalHprop₄rtπ₄sHo−HnanoporousHsβap₄Ustabπlπz₄₂Hcomposπt₄H”q‘shH
oHr₄vπ₄wVH2018THcaTHedgUege 178
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609 s−−₄ctsHo−H”r₄ssur₄Uwn₂uc₄₂Hr₄nsπtyHqβang₄sHπnHtβ₄H°β₄rmalHsn₄rgyHobsorb₄₂HbyHaH
‘πcroUsncapsulat₄₂H”βas₄Uqβang₄H‘at₄rπalVH2019THZbTH 5

608 °β₄Hπn−lu₄nc₄Ho−Hcβann₄lsHp₄rHsquar₄HπncβHonHtβ₄H−r₄₄zπngHprogr₄ssHo−Htβ₄Hsquar₄Hcopp₄rHcolumnH
arrayHwat₄rHcomposπt₄H”q‘VH2019THZdTHYXXfbf 4

607 Syntβ₄sπsHan₂Hcβaract₄rπzatπonHo−Hmπcro₄ncapsulat₄₂Hso₂πumHsul−at₄H₂₄caβy₂rat₄HasHpβas₄Hcβang₄H
₄n₄rgyHstorag₄Hmat₄rπalsVHApplied EnergyTH2019THZccTHYYafaX 10.7 16

606 ”r₄paratπonHo−HaH”q‘H‘πcrocapsul₄HwπtβHaHurapβ₄n₄H“xπ₂₄H”lat₄l₄tU”atcβ₄₂HSβ₄llHan₂HwtsH°β₄rmalH
qamou−lag₄HopplπcatπonsVH2019THcfTHYgXgXUYgXgg 13

605 s−−₄ctHo−Hwat₄rH−lowHπnHaHsolarHstπllHusπngHnov₄lHmat₄rπalsVH2019THY 10

604 s−−₄ctHo−Hmπcro₄ncapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalsHonHtβ₄H−lowHb₄βavπorHo−Hc₄m₄ntHcomposπt₄sVH
2019THZXZTHacaUadZ 17

603 qompoun₂πngH‘gqlâ��´•dvâ��“HwπtβH’vâ��olPS“â��Qâ��´•YZvâ��“HorHyolPS“â��Qâ��´•YZvâ��“HtoH“btaπnHpπnaryHvy₂rat₄₂H
SaltsHasHvπgβU”₄r−ormanc₄H”βas₄Hqβang₄H‘at₄rπalsVH2019THZbTH 9

602 tormUstabl₄Hpβas₄Hcβang₄Hmat₄rπalsHbas₄₂HonHcastorHoπlHan₂HpalmπtπcHacπ₂H−orHr₄n₄wabl₄Htβ₄rmalH
₄n₄rgyHstorag₄VH2019THYaeTHYZZcUYZaZ 14

601 rynamπcHsπmulatπonHo−HaHcoolπngTHβ₄atπngHan₂Hpow₄rHsyst₄mHbas₄₂HonHa₂πabatπcHcompr₄ss₄₂HaπrH
₄n₄rgyHstorag₄VH2019THYafTHaZdUaag 23

600 —₄vπ₄wπngH°β₄or₄tπcalHan₂H’um₄rπcalH‘o₂₄lsH−orH”q‘U₄mb₄₂₂₄₂Hq₄m₄ntπtπousHqomposπt₄sVH2019TH
gTHa 14

599 ”r₄paratπonHo−HporousHcarbonπz₄₂Hwoo₂sHπmpr₄gnat₄₂HwπtβHlaurπcHacπ₂HasHsβap₄Ustabl₄Hcomposπt₄H
pβas₄Hcβang₄Hmat₄rπalsVH2019THYcXTHgdeUged 46

598 ”oly₄tβyl₄n₄HglycolWβalloysπt₄nogHnanocomposπt₄H”q‘H−orHtβ₄rmalH₄n₄rgyHstorag₄hH
Sπmultan₄ouslyHβπgβHlat₄ntHβ₄atHan₂H₄nβanc₄₂Htβ₄rmalHcon₂uctπvπtyVH2019THYgaTHZaeUZbc 69

597
tacπl₄H”r₄paratπonHo−HqalcπumHSt₄aroylHzactylat₄HasHSolπ₂â��zπquπ₂H”βas₄Hqβang₄H‘at₄rπalsHwπtβH
wmprov₄₂HtormHStabπlπtyHan₂Ho₂justabl₄H”βas₄H°ransπtπonH°₄mp₄ratur₄H−orH°β₄rmalHqom−ortVH2019TH
afTHYaYad
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596 °β₄rmalHbuπl₂πngHcontrolHusπngHactπv₄Hv₄ntπlat₄₂HblockHπnt₄gratπngHpβas₄Hcβang₄Hmat₄rπalVH2019TH
YfeTHcXUda 29

595 zaurπcUst₄arπcHacπ₂H₄ut₄ctπcHmπxtur₄Wcarbonπz₄₂HbπomassHwast₄HcornHcobHcomposπt₄Hpβas₄Hcβang₄H
mat₄rπalshH”r₄paratπonHan₂Htβ₄rmalHcβaract₄rπzatπonVH2019THdebTHZYUZe 36

594 qomparatπv₄Hstu₂yHonH₂ynamπcHβ₄atHtrans−₄rHcβaract₄rπstπcsHo−HqaqlZ´•dvZ“Han₂H’aZS“b´•YXvZ“H
us₄₂HπnH”q‘U−πll₄₂HglassHwπn₂owVH2019THZcTHgXcUgYa 0

593 zat₄ntHβ₄atHstorag₄Hbπocomposπt₄sHo−Hpβas₄Hcβang₄Hmat₄rπalUbπocβarHasH−₄asπbl₄H₄coU−rπ₄n₂lyH
buπl₂πngHmat₄rπalsVH2019THYeZTHdaeUdbf 34

592 °β₄rmoHan₂HlπgβtUr₄sponsπv₄Hpβas₄Hcβang₄Hnano−πb₄rsHwπtβHβπgβH₄n₄rgyHstorag₄H₄−−πcπ₄ncyH−orH
₄n₄rgyHstorag₄Han₂Htβ₄rmallyHr₄gulat₄₂Honâ��o−−H₂rugHr₄l₄as₄H₂₄vπc₄sVH2019THaecTHYZYgeg 35

591 °β₄rmalH₄nβanc₄₂Hc₄m₄ntUlπm₄HmortarsHwπtβHpβas₄Hcβang₄Hmat₄rπalsHP”q‘QTHlπgβtw₄πgβtHaggr₄gat₄H
an₂Hc₄llulos₄H−πb₄rsVH2019THZZYTHcfdUcgb 28

590 qarbonHSootWnâ��carboxylπcHocπ₂sHqomposπt₄sHosHtormUstabl₄H”βas₄Hqβang₄H‘at₄rπalsHtorH°β₄rmalH
sn₄rgyHStorag₄VH2019THbTHeYXfUeYYc 1

589 Syntβ₄sπsHan₂Hcβaract₄rπzatπonHo−H₂πt₄tra₂₄cylHsuccπnat₄Han₂H₂πocta₂₄cylHsuccπnat₄HasHnov₄lHpβas₄H
cβang₄Hmat₄rπalsH−orHtβ₄rmalH₄n₄rgyHstorag₄VH2019THZXXTHYYXXXd 4

588 sx₄rgyHan₂H₄n₄rgyHcomparπsonHo−HorganπcHpβas₄Hcβang₄Hmat₄rπalsHbas₄₂Htβ₄rmalH₄n₄rgyHstorag₄H
syst₄mHπnt₄grat₄₂HwπtβH₄ngπn₄H₄xβaustVH2019THZbTHYXXeea 12

587 oHnum₄rπcalHstu₂yHonHoptπmπzπngHtβ₄H₂₄sπgnsHo−HapplyπngH”q‘sHtoHaH₂πsast₄rUr₄lπ₄−Hpr₄−abrπcat₄₂H
t₄mporaryUβous₄HP”°vQHtoHπmprov₄HπtsHsumm₄rH₂aytπm₄Hπn₂oorHtβ₄rmalH₄nvπronm₄ntVH2019THYfYTHZagUZbg 12

586 ‘ultπ−unctπonalH‘₄tallπcH’anowπr₄sHπnHo₂vanc₄₂Hpuπl₂πngHopplπcatπonsVH2019THYZTH 13

585 qarbonUtπll₄₂H“rganπcH”βas₄Uqβang₄H‘at₄rπalsH−orH°β₄rmalHsn₄rgyHStorag₄hHoH—₄vπ₄wVH2019THZbTH 27

584 Syst₄mHp₄r−ormanc₄Han₂H₄conomπcHass₄ssm₄ntHo−HaHtβ₄rmalH₄n₄rgyHstorag₄Hbas₄₂HaπrUcon₂πtπonπngH
unπtH−orHtransportHapplπcatπonsVHApplied EnergyTH2019THZcYTHYYaZcb 10.7 16

583 °β₄rmalHb₄βavπourHo−Hwallboar₂HπncorporatπngHaHbπnaryHmπxtur₄HasHaHpβas₄Hcβang₄Hmat₄rπalVH2019TH
ZcTHYXXfZX 4

582 ”assπv₄HcoolπngHt₄cβnπqu₄sH−orHbuπl₂πngHan₂Htβ₄πrHapplπcabπlπtyHπnH₂π−−₄r₄ntHclπmatπcHzon₄sâ��°β₄Hstat₄H
o−HartVH2019THYgfTHbdeUbgX 88

581 °β₄rmalHan₂H₂ynamπcHm₄cβanπcalHprop₄rtπ₄sHo−Hpoly₄tβyl₄n₄HglycolWquartzHcomposπt₄sH−orHpβas₄H
cβang₄Hmat₄rπalsVH2019THYadTHbfYaX 9

580 sxp₄rπm₄ntalHStu₂yHo−Htβ₄H°β₄rmalH”rop₄rtπ₄sHo−H‘πcro₄ncapsulat₄₂H”almπtπcHocπ₂Hqomposπt₄sHwπtβH
quq“aHSβ₄llHasH°β₄rmalHsn₄rgyHStorag₄H‘at₄rπalsVH2019THbTHdcXYUdcXc 4

579 °β₄HmπcroUWnanoU”q‘sH−orHtβ₄rmalH₄n₄rgyHstorag₄Hsyst₄mshHoHstat₄Ho−HartHr₄vπ₄wVH2019THbaTHcceZUcdZX 47
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578 ”βas₄Hqβang₄H‘at₄rπalsH−orHsn₄rgyHs−−πcπ₄ncyHπnHpuπl₂πngsHan₂H°β₄πrHUs₄HπnH‘ortarsVH2019THYZTH 53

577 ”βysπcalHprop₄rtπ₄sHo−HβπgβUt₄mp₄ratur₄Hsolπ₂HalkalπHcβlorπ₂₄sHbyHmol₄cularH₂ynamπcsHsπmulatπonH
usπngHaHr₄c₄ntHsw‘Hπnt₄ratomπcHpot₄ntπalVH2019THaaTHYgcXXff 2

576 spoxym”q‘Hqomposπt₄sHwπtβH’anocarbonsHorH‘ultπ₂πm₄nsπonalHporonH’πtrπ₂₄HasHv₄atHtlowH
snβanc₄rsVH2019THZbTH 8

575 r₄sπgnHqonsπ₂₄ratπonsH−orHpor₄βol₄H°β₄rmalHsn₄rgyHStorag₄HPp°sSQhHoH—₄vπ₄wHwπtβHsmpβasπsHonH
qonv₄ctπv₄Hv₄atH°rans−₄rVH2019THZXYgTHYUZd 24

574 wnt₄gratπngHpβas₄Hcβang₄Hmat₄rπalsHπnHconstructπonHmat₄rπalshHqrπtπcalHr₄vπ₄wVH2019THZYeTHadUbg 86

573 s−−πcπ₄ntHSolarUtoU°β₄rmalHsn₄rgyHqonv₄rsπonHan₂HStorag₄HwπtβHvπgβU°β₄rmalUqon₂uctπvπtyHan₂H
tormUStabπlπz₄₂H”βas₄Hqβang₄Hqomposπt₄Hpas₄₂HonH·oo₂Ur₄rπv₄₂HSca−−ol₂sVH2019THYZTHYZfa 8

572 sncapsulat₄₂H”βas₄Hqβang₄H‘at₄rπalHsmb₄₂₂₄₂HbyHurapβ₄n₄H”ow₂₄rsH−orHSmartHan₂Htl₄xπbl₄H
°β₄rmalH—₄spons₄VH2019THZXTHcbcUccb 14

571 “ptπmπzatπonHan₂Hs₄nsπtπvπtyHanalysπsHo−H₂₄sπgnHparam₄t₄rsH−orHaHv₄ntπlatπonHsyst₄mHusπngHpβas₄H
cβang₄Hmat₄rπalsVH2019THYZTHgdYUgeY 5

570
wn−lu₄nc₄Ho−H’π°πHalloyHpβas₄Hcβang₄Hβ₄atUstorag₄Hpartπcl₄sHonHtβ₄rmopβysπcalHparam₄t₄rsTHpβas₄H
cβang₄Hβ₄atUstorag₄Htβ₄rmor₄gulatπonH₄−−₄ctTHan₂Hpav₄m₄ntHp₄r−ormanc₄Ho−HaspβaltHmπxtur₄VH2019
THYbYTHbaYUbba

16

569 s−−₄ctHo−HryZ“aHonHtβ₄rmalHprop₄rtπ₄sHo−Ha₂πpπcHacπ₂HPooQHasHpβas₄Ucβang₄Hmat₄rπalsVH2019THYafTHZgggUaXXc 2

568 onalysπsHo−Hun₂₄r−loorH₄l₄ctrπcalHβ₄atπngHsyst₄mHπnt₄grat₄₂HwπtβHcoconutHoπlU”q‘Hplat₄sVH2019THYcfTHYYaeef 13

567 s−−πcπ₄ntHqβaract₄rπzatπonHo−H‘acroscopπcHqomposπt₄Hq₄m₄ntH‘ortarsHwπtβHVarπousHqont₄ntsHo−H
”βas₄Hqβang₄H‘at₄rπalVH2019THgTHYYXb 9

566 sxp₄rπm₄ntalH—₄s₄arcβHonHUsπngHtormUstabl₄H”q‘Uwnt₄grat₄₂Hq₄m₄ntπtπousHqomposπt₄H−orH
—₄₂ucπngH“v₄rβ₄atπngHπnHpuπl₂πngsVH2019THgTHce 12

565 —β₄ologπcalHwssu₄sHo−H”βas₄Hqβang₄H‘at₄rπalsH“btaπn₄₂HbyHtβ₄Hqompl₄xHqoac₄rvatπonHo−HputylH
St₄arat₄HπnH”olyH‘₄tβylH‘₄tβacrylat₄H‘₄mbran₄sVH2019THYZTHgYe 6

564 °₄tra₂₄cylHoxalat₄Han₂Hocta₂₄cylHoxalat₄HasHnov₄lHpβas₄Hcβang₄Hmat₄rπalsH−orHtβ₄rmalH₄n₄rgyH
storag₄VH2019THYfcTHabYUabg 3

563 °β₄rmalHan₂Hrβ₄ologπcalHcβaract₄rπzatπonHo−Hbπtum₄nHmo₂π−π₄₂HwπtβHmπcro₄ncapsulat₄₂Hpβas₄H
cβang₄Hmat₄rπalsVH2019THZYcTHYeYUYeg 25

562 opplπcatπonsHo−Hcasca₂₄₂Hpβas₄Hcβang₄Hmat₄rπalsHπnHsolarHwat₄rHcoll₄ctorHstorag₄HtankshHoHr₄vπ₄wVH
2019THYggTHZbUbg 78

561 —₄vπ₄wHonHmπcroWnanoHpβas₄Hcβang₄Hmat₄rπalsH−orHsolarHtβ₄rmalHapplπcatπonsVH2019THYbXTHcYaUcaf 109
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560
°β₄rmalHcon₂uctπvπtyHan₂Hm₄cβanπcalHprop₄rtπ₄sHo−HaHsβap₄Ustabπlπz₄₂Hpara−−πnWr₄cycl₄₂Hc₄m₄ntH
past₄Hpβas₄Hcβang₄H₄n₄rgyHstorag₄Hcomposπt₄Hπncorporat₄₂HπntoHπnorganπcHc₄m₄ntπtπousHmat₄rπalsVH
2019THggTHYdcUYeb

14

559 r₄v₄lopm₄ntHo−Hn₄wHnanoU₄nβanc₄₂Hpβas₄Hcβang₄Hmat₄rπalsHP’s”q‘QHtoHπmprov₄H₄n₄rgyH
₄−−πcπ₄ncyHπnHbuπl₂πngshHzabUscal₄Hcβaract₄rπzatπonVH2019THYgZTHecUfa 26

558 ·₄arabl₄Han₂HSmartH—₄sponsπv₄H°₄xtπl₄sVH2019THbagUbea

557 °β₄rmalH₄xpansπonH₄−−₄ctsHonHtβ₄Hon₄U₂πm₄nsπonalHlπquπ₂Usolπ₂Hpβas₄HtransπtπonHπnHβπgβHt₄mp₄ratur₄H
pβas₄Hcβang₄Hmat₄rπalsVH2019THgTHXZcYZc 5

556 sxp₄rπm₄ntalHπnv₄stπgatπonHonHq“ZHβy₂rat₄H−ormatπonW₂πssocπatπonH−orHcol₂Htβ₄rmalH₄n₄rgyHβarv₄stH
an₂HtransportatπonHapplπcatπonsVHApplied EnergyTH2019THZbZTHYacfUYadf 10.7 19

555 oHr₄alUtπm₄H₄xp₄rπm₄ntalHπnv₄stπgatπonHo−Hbuπl₂πngHπnt₄grat₄₂Htβ₄rmalH₄n₄rgyHstorag₄HwπtβH
aπrUcon₂πtπonπngHsyst₄mH−orHπn₂oorHt₄mp₄ratur₄Hr₄gulatπonVH2019THYTH₄ba 9

554 oHsolarHcombπUsyst₄mHutπlπzπngHstabl₄Hsup₄rcoolπngHo−Hso₂πumHac₄tat₄Htrπβy₂rat₄H−orHβ₄atHstorag₄hH
’um₄rπcalHp₄r−ormanc₄Hπnv₄stπgatπonVHApplied EnergyTH2019THZbZTHYYXfUYYZX 10.7 17

553 °β₄rmalHcβaract₄rπstπcsHonHm₄ltπngWsolπ₂π−πcatπonHo−HlowHt₄mp₄ratur₄H”q‘HballsHpack₄₂Hb₄₂HwπtβHaπrH
cβargπngW₂πscβargπngVH2019THYbTHYXXbaY 15

552 ”βas₄Hqβang₄H‘at₄rπalH·allboar₂HP”q‘·QHm₄ltπngHt₄mp₄ratur₄HoptπmπsatπonH−orHpassπv₄Hπn₂oorH
t₄mp₄ratur₄HcontrolVH2019THYagTHcXeUcYb 31

551 —₄₂Umu₂Hg₄opolym₄rHcomposπt₄H₄ncapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalH−orHtβ₄rmalHcom−ortHπnH
buπltUs₄ctorVH2019THYfYTHbdbUbeb 23

550 sn₄rgyHsavπngHp₄r−ormanc₄Hass₄ssm₄ntHan₂Hl₄ssonsHl₄arn₄₂H−romHtβ₄Hop₄ratπonHo−HanHactπv₄Hpβas₄H
cβang₄Hmat₄rπalsHsyst₄mHπnHaHmultπUstor₄yHbuπl₂πngHπnH‘₄lbourn₄VHApplied EnergyTH2019THZafTHYcfZUYcgc 10.7 36

549 svaluatπonHo−Htβ₄Hpot₄ntπalHus₄Ho−H−ormUstabl₄Hpβas₄Hcβang₄Hmat₄rπalsHtoHπmprov₄Htβ₄H−r₄₄z₄UtβawH
r₄sπstanc₄Ho−Hconcr₄t₄VH2019THZXaTHdZYUdaZ 11

548 S₄l−UlumπnousHwoo₂Hcomposπt₄H−orHbotβHtβ₄rmalHan₂HlπgβtH₄n₄rgyHstorag₄VH2019THYfTHYcUZZ 29

547 ”r₄paratπonTHcβaract₄rπzatπonTHtβ₄rmalH₄n₄rgyHstorag₄Hprop₄rtπ₄sHan₂Ht₄mp₄ratur₄HcontrolH
p₄r−ormanc₄Ho−H−ormUstabπlπz₄₂Hs₄pπolπt₄Hbas₄₂Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalsVH2019THYffUYfgTHYYYUYYg 50

546 °β₄rmalHp₄r−ormanc₄Ho−HaHpack₄₂Hb₄₂H₂oubl₄HpassHsolarHaπrHβ₄at₄rHwπtβHaHlat₄ntHβ₄atHstorag₄H
syst₄mhHanH₄xp₄rπm₄ntalHπnv₄stπgatπonVH2019THYeTHZXaUZYa 8

545 ’ov₄lH”q‘Hwnt₄gratπonHwπtβHsl₄ctrπcalHv₄atH”umpH−orHr₄man₂H—₄spons₄VH2019TH 1

544 °β₄Hwn−lu₄nc₄Ho−HanHwnt₄grat₄₂HrrπvπngHonHtβ₄H”₄r−ormanc₄Ho−Hrπ−−₄r₄ntH”assπv₄Hv₄atπngHan₂H
qoolπngH‘₄tβo₂sH−orHpuπl₂πngsVH2019THgTHZZb 4

543 °β₄rmallyUpr₄ssurπz₄₂HsorptπonHβ₄atHstorag₄Hcycl₄HwπtβHlowHcβargπngHt₄mp₄ratur₄VH2019THYfgTHYYdaXb 8
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542 r₄man₂Hsπ₂₄Hmanag₄m₄ntHπnH₂πstrπctHβ₄atπngHsyst₄msHbyHπnnovatπv₄HcontrolVH2019THYffTHYYdXae 20

541 sxp₄rπm₄ntalHstu₂yHonHtβ₄rmalHp₄r−ormanc₄Ho−HxylπtolHπnHaHlat₄ntHβ₄atHstorag₄Hcombπn₄₂HwπtβH
s₄nsπbl₄Hβ₄atHstorag₄VH2019TH 1

540 °β₄rmalH”₄r−ormanc₄Han₂Hwnt₄r−acπalHosp₄ctsHo−Hyaolπnπt₄Upas₄₂HSt₄arπcHocπ₂Hqomposπt₄HπnHtβ₄H
”r₄s₄nc₄Ho−H’πtrπcHocπ₂VH2019THbTHYaYXgUYaYYb

539 °β₄rmalHsn₄rgyHStorag₄HwπtβH”βas₄Hqβang₄H‘at₄rπalsVH2019TH 8

538 °β₄rmalH₄n₄rgyHstorag₄Hcβaract₄rπzatπonHo−Hc₄m₄ntUbas₄₂Hsyst₄msHcontaπnπngH
mπcro₄ncapsulat₄₂U”q‘sVH2019THYggTHaXeUaZX 24

537 r₄v₄lopm₄ntHo−HvacuumHπmpr₄gnatπonH₄quπpm₄ntHan₂Hpr₄paratπonHo−HmassWunπ−ormH
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461 °β₄rmalHan₂H°β₄rmocβ₄mπcalHsn₄rgyHqonv₄rsπonHan₂HStorag₄VH2020THZceUaXY

460 qomput₄rHSπmulatπonHo−H”assπv₄HqoolπngHo−H·oo₂₄nHvous₄Hqov₄r₄₂HbyH”βas₄Hqβang₄H‘at₄rπalVH
2020THYaTHdXdc 2

459 UsπngH”q‘HπnH°woH”ropos₄₂H—₄sπ₂₄ntπalHpuπl₂πngsHπnHqβrπstcβurcβTH’₄wHç₄alan₂VH2020THYaTHdXZc 3

458
”r₄paratπonHan₂Hcβaract₄rπzatπonHo−Hnano₄ncapsulat₄₂Hsyntβ₄tπcHsoyb₄anHoπlH₂₄rπvatπv₄UanH
abun₂antHan₂H₄nvπronm₄ntallyH−rπ₄n₂lyHpβas₄Hcβang₄Hmat₄rπalUβ₄atHtrans−₄rHanalysπsHan₂H
applπcatπonsVH2020THbYTHYXXegb

1

457
”r₄paratπonHan₂Hcβaract₄rπzatπonHo−HπsopropylHpalmπtat₄W₄xpan₂₄₂Hp₄rlπt₄Han₂HπsopropylH
palmπtat₄WnanoclayHcomposπt₄sHasH−ormUstabl₄Htβ₄rmalH₄n₄rgyHstorag₄Hmat₄rπalsH−orHbuπl₂πngsVH
2020THaZTHYXYdeg

11

456 tlowHan₂Hβ₄atHtrans−₄rHcβaract₄rπstπcsHo−Hmπcro₄ncapsulat₄₂Hpβas₄Hcβang₄HslurryHπnHtβ₄rmalH₄n₄rgyH
syst₄mshHoHr₄vπ₄wVH2020THYabTHYYXYXY 17

455 °β₄rmalHprop₄rtπ₄sHo−Hsonπcat₄₂Hgrapβ₄n₄HπnHcoconutHoπlHasHaHpβas₄Hcβang₄Hmat₄rπalH−orH₄n₄rgyH
storag₄HπnHbuπl₂πngHapplπcatπonsYVH2020THYcTHdZgUdad 2

454 SolvatπonHan₂H₂π−−usπonHo−HpolyPvπnylHalcoβolQHcβaπnsHπnHaHβy₂rat₄₂HπnorganπcHπonπcHlπquπ₂VH2020THZZTHYeeXcUYeeYZ 4

453 ”aram₄trπcHanalysπsHan₂H₂₄sπgnHoptπmπsatπonHo−H”q‘Htβ₄rmalH₄n₄rgyHstorag₄Hsyst₄mH−orHspac₄H
coolπngHo−Hbuπl₂πngsVH2020THZZbTHYYXZff 23
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452 ”ara−−πnHwaxHasHs₄l−Us₄alπngHπnsulatπonHmat₄rπalHo−Hs₄asonalHs₄nsπbl₄Hβ₄atHstorag₄Hsyst₄msUoH
laboratoryHstu₂yVH2020THYcTH₄XZadXcd 0

451 srytβrπtolHπmpr₄gnat₄₂HwπtβπnHsur−ac₄Urougβ₄n₄₂Hβy₂ropβπlπcHm₄talH−oamH−orHm₄₂πumUt₄mp₄ratur₄H
solarUtβ₄rmalH₄n₄rgyHβarv₄stπngVH2020THZZZTHYYaZbY 11

450 wmprovπngHp₄r−ormanc₄Ho−HsolarHroo−Htπl₄sHbyHπncorporatπngHpβas₄Hcβang₄Hmat₄rπalVH2020THZXeTHYaXfUYaZX 14

449 oHg₄n₄ralπz₄₂Hlattπc₄HpoltzmannHmo₂₄lH−orHsolπ₂â��lπquπ₂Hpβas₄Hcβang₄HwπtβHvarπabl₄H₂₄nsπtyHan₂H
tβ₄rmopβysπcalHprop₄rtπ₄sVH2020THYXbTHYXdZcX 6

448 oHr₄vπ₄wHonHtβ₄rmalH₄n₄rgyHstorag₄HusπngHpβas₄Hcβang₄Hmat₄rπalsHπnHpassπv₄Hbuπl₂πngHapplπcatπonsVH
2020THaZTHYXYcda 32

447 Usag₄Hstrat₄gyHo−Hpβas₄Hcβang₄Hmat₄rπalsHπnHplastπcHgr₄₄nβous₄sTHπnHβotHsumm₄rHan₂Hcol₂Hwπnt₄rH
clπmat₄VHApplied EnergyTH2020THZeeTHYYcbYd 10.7 5

446 oHcomparπsonHb₄tw₄₄nHpassπv₄Han₂Hactπv₄H”q‘Hsyst₄msHapplπ₄₂HtoHbuπl₂πngsVH2020THYdZTHYYZUYZa 24

445 u”UUacc₄l₄rat₄₂Hlattπc₄HpoltzmannHsπmulatπonHo−Hβ₄atHtrans−₄rHcβaract₄rπstπcsHo−HporousHbrπckHroo−H
−πll₄₂HwπtβHpβas₄Hcβang₄Hmat₄rπalsVH2020THYYgTHYXbgYY 2

444 Stabl₄Hmπcro₄ncapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalsHwπtβHultraβπgβHpayloa₂H−orH₄−−πcπ₄ntHcoolπngHo−H
mobπl₄H₄l₄ctronπcH₂₄vπc₄sVH2020THZZaTHYYabef 20

443 ”r₄paratπonHan₂H₄valuatπonHo−HmπcroU₄ncapsulat₄₂Htβ₄rmalHcontrolHmat₄rπalsH−orHoπlHw₄llHc₄m₄ntH
slurryVH2020THZXfTHYYfYec 8

442 oHrapπ₂Hscr₄₄nπngHm₄tβo₂H−orHtβ₄rmalHcon₂uctπvπtyHprop₄rtπ₄sHo−Htβ₄rmalHπnsulatπonHmat₄rπalsHbyHaH
tβ₄rmocβ₄mπlumπn₄sc₄nc₄Hprob₄VH2020THcdTHYZefYUYZefb 1

441 ”olyP₄tβyl₄n₄HglycolQsHgra−t₄₂Hc₄llulos₄sHasHsolπ₂â��solπ₂Hpβas₄Hcβang₄Hmat₄rπalsH−orH₂π−−₄r₄ntH
tβ₄rmalH₄n₄rgyHstorag₄HapplπcatπonHt₄mp₄ratur₄sHan₂HtβrougβHπsopβoron₄Hlπnkag₄VH2020THYbdTHYcYY 2

440 sxp₄rπm₄ntalHonalysπsHo−Htβ₄HtunctπonHo−HaH·πn₂owHwπtβHaH”βas₄Hqβang₄Hv₄atHoccumulatorVH2020TH
YaTH 4

439 °₄mp₄ratur₄HrπstrπbutπonHπnHwnsulat₄₂H°₄mp₄ratur₄Uqontroll₄₂Hqontaπn₄rHbyH’um₄rπcalHSπmulatπonVH
2020THYaTHbedc 1

438 s−−₄ctsHo−Hnanopartπcl₄sHonHpβas₄Hcβang₄Hβ₄atHtrans−₄rHrat₄HπnHtβ₄Hpr₄s₄nc₄Ho−H—ayl₄πgβâ��p₄nar₂H
conv₄ctπonVH2020THYcdTHYYgfaY 10

437 ’um₄rπcalHstu₂yHo−Hm₄ltπngHan₂Hsolπ₂π−πcatπonHπnHaHwavyH₂oubl₄Upπp₄Hlat₄ntHβ₄atHtβ₄rmalH₄n₄rgyH
storag₄Hsyst₄mVH2020THYbYTHYefcUYegg 26

436 °β₄rmalTHmπcrostructuralHan₂Hnum₄rπcalHanalysπsHo−Hβ₄mpcr₄t₄Umπcro₄ncapsulat₄₂Hpβas₄Hcβang₄H
mat₄rπalHcomposπt₄sVH2020THYefTHYYccZX 9

435 vπgβH”βas₄Hqβang₄HsntβalpyHsnabl₄₂HbyH’anoc₄llulos₄Hsnβanc₄₂HSβap₄HStabl₄HporonH’πtrπ₂₄H
o₄rog₄lVH2020THZTHaXXYUaXXg 14
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434 ’ov₄lHmat₄rπalsHan₂Hconc₄ptsH−orHr₄gulatπngHπn−raUr₄₂Hra₂πatπonhHra₂πatπv₄HcoolπngHan₂HcoolHpaπntVH
2020THYYaUYaY 0

433
Strat₄gπ₄sHπnHobsorbπngH‘at₄rπalsH”ro₂uctπvπtyHPvZ“QHo−H—₄n₄wabl₄Hsn₄rgyHUtπlπzatπonHbyHaHSolarH
StπllHtoHsnβanc₄m₄ntHo−H·at₄rHtlowπngHov₄rHulassHqov₄rHwπtβHtβ₄Hwn−lu₄nc₄Ho−H”q‘Han₂H
’anopartπcl₄sVH2020TH

432 sxp₄rπm₄ntalHstu₂yHo−Htβ₄Htβ₄rmalHp₄r−ormanc₄Ho−HaHnov₄lHplat₄Htyp₄Hβ₄atH₄xcβang₄rHwπtβHpβas₄H
cβang₄Hmat₄rπalVH2020THYefTHYYcdaX 18

431 onHπmprov₄₂Hlay₄r₄₂Htβ₄rmalHr₄sπstanc₄Hmo₂₄lH−orHsolπ₂Ulπquπ₂Hpβas₄Hcβang₄Htπm₄H₄stπmatπonVH2020TH
YcdTHYXdbgd 2

430 sl₄ctrospunH”oly₄tβyl₄n₄HulycolW”olyvπnylHolcoβolHqomposπt₄H’ano−πbrousH‘₄mbran₄sHasH
Sβap₄UStabπlπz₄₂HSolπ₂â��Solπ₂H”βas₄Hqβang₄H‘at₄rπalsVH2020THZTHYdeUYee 12

429 tabrπcatπonHan₂Hcβaract₄rπzatπonHo−Htβ₄Hbl₄n₂Ho−H”olyur₄tβan₄HP”UQHan₂H”βas₄Hqβang₄H‘at₄rπalsH
P”q‘QH−orH₄n₄rgyHstorag₄Han₂Hr₄l₄as₄VH2020THYTHXZbfXa 2

428 °ransπ₄ntHt₄mp₄ratur₄Hcβang₄HwπtβπnHaHwallH₄mb₄₂₂₄₂HπnsulatπonHwπtβHvarπabl₄Htβ₄rmalH
con₂uctπvπtyVH2020THZXTHYXXdbc 3

427 ValuatπonHo−Htβ₄Hsn₄rgyH”₄r−ormanc₄Ho−HaHur₄₄nβous₄HwπtβHanHsl₄ctrπcHv₄at₄rHUsπngH’um₄rπcalH
SπmulatπonsVH2020THfTHdXX 7

426 Syntβ₄sπsHan₂Hcβaract₄rπzatπonHo−HsaltUπmpr₄gnat₄₂Hano₂πcHalumπnumHoxπ₂₄Hcomposπt₄sH−orH
lowUgra₂₄Hβ₄atHstorag₄VH2020THZeTHYYZUYYf 5

425 tormUstabl₄Hpβas₄Hcβang₄Hmat₄rπalsHbas₄₂HonHpolyol₄−πnH₄lastom₄rHan₂H
octa₂₄cylamπn₄U−unctπonalπz₄₂Hgrapβ₄n₄H−orHtβ₄rmalH₄n₄rgyHstorag₄VH2020THaYTHZbcbXZ 4

424 —₄vπ₄wHo−H”assπv₄HqoolπngH‘₄tβo₂sH−orHpuπl₂πngsVH2020THYbeaTHXYZXcb 1

423 ‘₄tβo₂sH−orHr₄t₄rmπnπngHtβ₄H°β₄rmalH°rans−₄rHπnH”βas₄UqβangπngH‘at₄rπalsHP”q‘sQVH2020THYZTH 2

422 wncorporatπonHo−Hpβas₄Hcβang₄Hmat₄rπalHan₂HcarbonHnano−πb₄rsHπntoHlπgβtw₄πgβtHaggr₄gat₄Hconcr₄t₄H
−orHtβ₄rmalH₄n₄rgyHr₄gulatπonHπnHbuπl₂πngsVH2020THYgeTHYYeZdZ 22

421 ”or₄Uscal₄Hπnv₄stπgatπonHonH₄−−₄ctsHo−Hvoπ₂HcavπtyH₂πstrπbutπonHonHm₄ltπngHo−Hcomposπt₄Hpβas₄H
cβang₄Hmat₄rπalsVHApplied EnergyTH2020THZecTHYYcaXZ 10.7 9

420 onH₄xp₄rπm₄ntalHπnv₄stπgatπonHo−Htβ₄Htβ₄rmalH₄−−₄ctH₂u₄HtoH₂πscβargπngHo−Hpβas₄Hcβang₄Hmat₄rπalHπnH
aHroomH−πtt₄₂HwπtβHaHwπn₂catcβ₄rVH2020THdYTHYXZZee 11

419
vy₂roxylHgroupH−unctπonalπz₄₂Hgrapβ₄n₄Hoxπ₂₄Hnanosβ₄₄tsHasHa₂₂πtπv₄H−orHπmprov₄₂H₄rytβrπtolH
lat₄ntHβ₄atHstorag₄Hp₄r−ormanc₄hHoHcompr₄β₄nsπv₄H₄valuatπonHonHtβ₄Hb₄n₄−πtsHan₂Hcβall₄ng₄sVH2020
THZYcTHYYXdcf

9

418 ”₄r−ormanc₄HonalysπsHo−H”q‘Hq₄πlπngHqouplπngHwπtβHsartβUoπrHv₄atHsxcβang₄rH−orHpuπl₂πngHqoolπngVH
2020THYaTH 10

417 “ptπmπsπngHgrapβπt₄Hcomposπt₄sHan₂Hplat₄Hβ₄atH₄xcβang₄rsH−orHlat₄ntHtβ₄rmalH₄n₄rgyHstorag₄HusπngH
m₄asur₄m₄ntsHan₂HsπmulatπonVH2020THZgTHYXYabe 2
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416 wnv₄stπgatπonHo−Hpβas₄Hstat₄Han₂Hβ₄atHstorag₄H−ormHo−Htβ₄Hpβas₄Hcβang₄Hmat₄rπalHP”q‘QHlay₄rH
πnt₄grat₄₂HπntoHtβ₄H₄xt₄rπorHwallsHo−Htβ₄Hr₄sπ₂₄ntπalUapartm₄ntH₂urπngHβ₄atπngHs₄asonVH2020THZXeTHYYfYed 20

415
sxp₄rπm₄ntalHπnv₄stπgatπonHo−Htβ₄rmalH₂₄gra₂atπonHo−Hpβas₄Hcβang₄Hmat₄rπalsH−orH
m₄₂πumUt₄mp₄ratur₄Htβ₄rmalH₄n₄rgyHstorag₄Han₂Htπgβtn₄ssH₂urπngHcyclπngHπnsπ₂₄Hm₄talHspβ₄r₄sVH
2020THaYTHYXYdYf

6

414 snβanc₄₂Hwn−rar₄₂HsmπssπonHbyH°β₄rmallyHSwπtcβπngHtβ₄HsxcπtatπonHo−H‘agn₄tπcH”olarπtonHwπtβH
Scalabl₄H‘πcrostructur₄₂HV“ZH‘₄tasur−ac₄sVH2020THeTHZZYgUZZZe 20

413 wnv₄stπgatπonHo−Hβ₄atHtrans−₄rHo−HaHbuπl₂πngHwallHπnHtβ₄Hpr₄s₄nc₄Ho−Hpβas₄Hcβang₄Hmat₄rπalHP”q‘QVH
2020THYTHYggUZXd 51

412 r₄sπgnHcrπt₄rπonHbas₄₂HonHtβ₄Hcoβ₄sπv₄H₄n₄rgyHan₂H₂₄−₄ctHpatt₄rnsHo−HV“ZHtβ₄rmallyHπn₂uc₄₂Hpβas₄H
transπtπonHmat₄rπalsVH2020THbdTHYadYcUYadZY 4

411 °β₄rmalHprop₄rtπ₄sHcβaract₄rπzatπonHo−Hcβlorπ₂₄HsaltsWnanopartπcl₄sHcomposπt₄Hpβas₄Hcβang₄H
mat₄rπalH−orHβπgβUt₄mp₄ratur₄Htβ₄rmalH₄n₄rgyHstorag₄VHApplied EnergyTH2020THZdbTHYYbdeb 10.7 40

410 oHcomparatπv₄Hstu₂yHo−H₄n₄rgyHan₂H₄x₄rgyHp₄r−ormanc₄sHo−HaH”q‘Uaugm₄nt₄₂Hc₄m₄ntHan₂H
−πr₄₂UbrπckH°romb₄HwallHsyst₄msVH2020THYUYe 0

409 “ptπmπz₄₂H₄mulsπ−π₄rHcombπnatπonHbas₄₂Hmπcro₄ncapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalsHP‘πcro”q‘sQhH
”r₄paratπonTHcβaract₄rπzatπonTHan₂HapplπcatπonsVH2020THYZTHXYbYXZ 3

408 °β₄HopplπcatπonHo−Hqourtyar₂Han₂HS₄ttl₄m₄ntHzayoutsHo−Htβ₄H°ra₂πtπonalHrπyarbak˜–rHvous₄sHtoH
qont₄mporaryHvous₄shHoHqas₄HStu₂yHonHtβ₄HonalysπsHo−Hsn₄rgyH”₄r−ormanc₄VH2020THYaTHcfe 2

407 sxp₄rπm₄ntalHan₂Hnum₄rπcalHstu₂yHo−Hlat₄ntHβ₄atHtβ₄rmalH₄n₄rgyHstorag₄HwπtβHβπgβHporosπtyHm₄talH
matrπxHun₂₄rHπnt₄rmπtt₄ntHβ₄atHloa₂sVHApplied EnergyTH2020THZdaTHYYbdbg 10.7 10

406 rynamπcHtunπngHo−Hmagn₄tπcHpβas₄Hcβang₄Hcomposπt₄sH−orHsolarUtβ₄rmalHconv₄rsπonHan₂H₄n₄rgyH
storag₄VHApplied EnergyTH2020THZdaTHYYbceX 10.7 30

405 r₄v₄lopm₄ntHo−Hr₄v₄rsπbl₄Han₂H₂urabl₄Htβ₄rmocβromπcHpβas₄Ucβang₄Hmπcrocapsul₄sH−orHr₄alUtπm₄H
πn₂πcatπonHo−Htβ₄rmalH₄n₄rgyHstorag₄Han₂Hmanag₄m₄ntVHApplied EnergyTH2020THZdbTHYYbeZg 10.7 29

404 oHpr₄₂πctπonHmo₂₄lHo−Hsur−ac₄Hβ₄atHtrans−₄rHco₄−−πcπ₄ntHπnHπnsulatπngHpackagπngHwπtβHpβas₄Hcβang₄H
mat₄rπalsVH2020THZbTHYXXbeb 3

403 r₄v₄lopm₄ntHo−HaHstabl₄HπnorganπcHpβas₄Hcβang₄Hmat₄rπalH−orHtβ₄rmalH₄n₄rgyHstorag₄HπnHbuπl₂πngsVH
2020THZXfTHYYXbZX 15

402 wmpactHo−HusπngHaH”q‘Um₄talH−oamHcomposπt₄HonHcβargπngW₂πscβargπngHproc₄ssHo−Hbun₂l₄₂Utub₄H
zv°sSHunπtsVH2020THYcXTHYYgaZX 42

401 o₂justabl₄HπnsulatπonH−orH₄nβancπngHtβ₄Hp₄r−ormanc₄Ho−Hpβas₄Hcβang₄Hmat₄rπalsHπnHbuπl₂πngsVH2020TH
bbTHadebUadfd 1

400 °β₄Hs−−₄ctsHo−HtπnH”aram₄t₄rsHonHtβ₄HSolπ₂π−πcatπonHo−H”q‘sHπnHaHtπnUsnβanc₄₂H°β₄rmalHsn₄rgyH
Storag₄HSyst₄mVH2020THYaTHYgf 19

399 oppar₄ntHβ₄atHcapacπtyHm₄tβo₂HtoHπnv₄stπgat₄Hβ₄atHtrans−₄rHπnHaHcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalVH
2020THZfTHYXYZag 19
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398 q₄llulos₄HnanocrystalsUcomposπt₄₂HpolyHPm₄tβylHm₄tβacrylat₄QH₄ncapsulat₄₂HnU₄πcosan₄HvπaHaH
”πck₄rπngH₄mulsπonUt₄mplatπngHapproacβH−orH₄n₄rgyHstorag₄VH2020THZabTHYYcgab 14

397 qoolπngHp₄r−ormanc₄Ho−HaHtβ₄rmalH₄n₄rgyHstorag₄Ubas₄₂Hportabl₄HboxH−orHcol₂HcβaπnHapplπcatπonsVH
2020THZfTHYXYZaf 21

396 sxp₄rπm₄ntalHwnv₄stπgatπonHonH‘₄cβanπsmHo−Hzat₄ntHv₄atH—₄₂uctπonHo−HSo₂πumHoc₄tat₄H°rπβy₂rat₄H
”βas₄Hqβang₄H‘at₄rπalsVH2020THYaTH 7

395 ”βas₄Hcβang₄Hmat₄rπalsHbas₄₂HonHcombUlπk₄Hpolynorborn₄n₄sHan₂Hocta₂₄cylamπn₄U−unctπonalπz₄₂H
grapβ₄n₄Hoxπ₂₄Hnanosβ₄₄tsH−orHtβ₄rmalH₄n₄rgyHstorag₄VH2020THafgTHYZbaYf 20

394 °β₄rmopβysπcalHprop₄rtπ₄sHan₂HapplπcatπonsHo−HnanoU₄nβanc₄₂H”q‘shHonHup₂at₄Hr₄vπ₄wVH2020THZYbTHYYZfed 106

393 qarbonπz₄₂Hwoo₂H−lourHmatrπxHwπtβH−unctπonalHpβas₄Hcβang₄Hmat₄rπalHcomposπt₄H−orH
magn₄tocalorπcUassπst₄₂Hpβototβ₄rmalHconv₄rsπonHan₂Hstorag₄VH2020THZXZTHYYedad 26

392 °β₄rmalHp₄r−ormanc₄Han₂HcorrosπonHr₄sπstanc₄Ho−HstructuralU−unctπonalHconcr₄t₄Hma₂₄HwπtβH
πnorganπcH”q‘VH2020THZbgTHYYfedf 18

391 uul−Hqon−₄r₄nc₄HonHSustaπnabl₄HpuπltHsnvπronm₄ntVH2020TH 1

390 s−−₄ctHo−Ht₄mp₄ratur₄HonHg₄opolym₄rHan₂H”ortlan₂Hc₄m₄ntHcomposπt₄sHmo₂π−π₄₂HwπtβH
‘πcroU₄ncapsulat₄₂H”βas₄Hqβang₄Hmat₄rπalsVH2020THZcZTHYYgXcc 12
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composπt₄sHvπaHπnt₄gratπonHo−Hpβas₄Hcβang₄Hmat₄rπalsH−romHYggaHtoHZXZXVH2021THZefTHYZZabb 9

330 s−−₄ctHo−Hm₄ltπngHpoπntHonHtβ₄rmo₂ynamπcsHo−HtβπnH”q‘Hr₄πn−orc₄₂Hr₄sπ₂₄ntπalH−ram₄HwallsHπnH
₂π−−₄r₄ntHclπmat₄Hzon₄sVH2021THYffTHYYddYc 14

329 vygrotβ₄rmalHp₄r−ormanc₄Ho−Ht₄mp₄ratur₄Uβumπ₂πtyHcontrollπngHmat₄rπalsHwπtβH₂π−−₄r₄ntH
composπtπonsVH2021THZadTHYYXegZ 4

328 SolarHassπst₄₂Htβ₄rmalHstorag₄Hsyst₄mH−orH−r₄₄Hβ₄atπngHapplπcatπonsHπnHmo₂₄rat₄Hclπmat₄shHoHcas₄H
stu₂yVH2021THZZXTHYYgefY 1

327 ’um₄rπcalHStu₂yHo−Hv₄atH°rans−₄rHqβaract₄rπstπcsHo−Hm”q‘HSlurryHrurπngHtr₄₄zπngVH2021THbdTHegee 1

(2021-2021)

51
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311 ”βas₄Hcβang₄Hmat₄rπalsH₄−−₄ctHonHtβ₄Htβ₄rmalHra₂πusHan₂H₄n₄rgyHstorag₄HcapacπtyHo−H₄n₄rgyHpπl₄shH
sxp₄rπm₄ntalHan₂Hnum₄rπcalHstu₂yVH2021THYXTHYXXXgb 2

310 ‘agn₄tπcH−π₄l₂H₄−−₄ctsHonHm₄ltπngHan₂Hsolπ₂π−πcatπonHo−H”q‘sHπnHanHπsosc₄l₄sHtrπangularHcavπtyVHY 1

309 —₄c₄ntH₂₄v₄lopm₄ntsHo−Htβ₄rmalH₄n₄rgyHstorag₄HapplπcatπonsHπnHtβ₄HbuπltH₄nvπronm₄nthHoH
bπblπom₄trπcHanalysπsHan₂Hsyst₄matπcHr₄vπ₄wVH2021THYfgTHYYdddd 28

Citation Report

52



308 oH—₄vπ₄wHonH°β₄rmalH”rop₄rtπ₄sHwmprov₄m₄ntHo−H”βas₄Hqβang₄H‘at₄rπalsHan₂HwtsHqombπnatπonHwπtβH
SolarH°β₄rmalHsn₄rgyHStorag₄VH2021THgTHZYXXYdg 1

307 ‘ultπUscal₄Hmo₂₄lπngHan₂Hπnv₄stπgatπonHo−Htβ₄rmoU−luπ₂πcHp₄r−ormanc₄Ho−Hmπcro₄ncapsulat₄₂H
pβas₄Ucβang₄Hmat₄rπalHslurryVH2021THaeTHYXZcXZ 3

306 ”βas₄Hqβang₄H‘at₄rπalsH°₄cβnologπ₄sH—₄vπ₄wHan₂Htutur₄HopplπcatπonHπnHz₄banonhH”artHwwVHffdTHZcdUZeX

305 snβancπngHtβ₄Htβ₄rmalHp₄r−ormanc₄Ho−H”q‘HπnHaHsβ₄llHan₂Htub₄Hlat₄ntHβ₄atH₄n₄rgyHstorag₄Hsyst₄mH
byHutπlπzπngHπnnovatπv₄H−πnsVH2021THeTHYZXUYZd 11

304 —₄vπ₄wHonHcol₂Htβ₄rmalH₄n₄rgyHstorag₄Happlπ₄₂HtoHr₄−rπg₄ratπonHsyst₄msHusπngHpβas₄Hcβang₄H
mat₄rπalsVH2021THZZTHYXXfXe 23

303 oHr₄vπ₄wHonHπnt₄gratπonHan₂H₂₄sπgnHo−H₂₄sπccantHaπrUcon₂πtπonπngHsyst₄msH−orHov₄rallHp₄r−ormanc₄H
πmprov₄m₄ntsVH2021THYbYTHYYXfXg 5

302 pπo₂₄gra₂abl₄H”olyur₄tβan₄HSolπ₂USolπ₂H”βas₄Hqβang₄H‘at₄rπalsVH2021THdTHdZfXUdZfc 2

301 onalysπsHo−HwncorporatπngHaH”βas₄Hqβang₄H‘at₄rπalHπnHaH—oo−H−orHtβ₄H°β₄rmalH‘anag₄m₄ntHo−HScβoolH
puπl₂πngsHπnHvotUvumπ₂Hqlπmat₄sVH2021THYYTHZbf 2

300 ‘₄cβanπcalHan₂Htβ₄rmalHcβaract₄rπzatπonsHo−HvarπousHtβ₄rmalH₄n₄rgyHstorag₄Hconcr₄t₄sHπnclu₂πngH
lowUcostHbπoUsourc₄₂H”q‘VH2021THZbYTHYYXfef 13

299 —₄c₄ntHprogr₄ssHonHqarbonUbas₄₂Hnanomat₄rπalH−orHpβas₄Hcβang₄Hmat₄rπalshH”rosp₄ctsHan₂H
cβall₄ng₄sVH2021THZaTHYXXgZX 5

298 °β₄rmalH₄n₄rgyHr₄gulatπonHwπtβHarHprπnt₄₂Hpolym₄rUpβas₄Hcβang₄Hmat₄rπalHcomposπt₄sVH2021THbTHYgecUYgfg 13

297 ’um₄rπcalHstu₂yHonHm₄ltπngHo−Hpβas₄Hcβang₄Hmat₄rπalHπnHanH₄nclosur₄Hsubj₄ctHtoH’₄umannH
boun₂aryHcon₂πtπonHπnHtβ₄Hpr₄s₄nc₄Ho−H—ayl₄πgβUpˆ'nar₂Hconv₄ctπonVH2021THYeYTHYZYYXa 5

296 wmpactHo−H₂ynamπcHtβ₄rmalHcon₂uctπvπtyHcβang₄Ho−Hs”SHπnsulatπonHonHt₄mp₄ratur₄HvarπatπonHtβrougβH
aHwallHass₄mblyVH2021THZcTHYXXgYe 2

295 tabrπcatπonHo−HaH’ov₄lHvπgβlyH°β₄rmalHqon₂uctπv₄HSβap₄UStabπlπz₄₂H”βas₄Uqβang₄H‘at₄rπalHUsπngH
qβ₄apHan₂HsasπlyHovaπlabl₄Hqabbag₄H‘ustar₂HpπocβarHasHtβ₄H‘atrπxVH2021THeaTHZbfeUZbgb 0

294 oHcompl₄t₄Hnum₄rπcalHmo₂₄lH−orHlowHt₄mp₄ratur₄Hcomposπt₄H−ormUstabl₄Hpβas₄Hcβang₄Hmat₄rπalH
slabHbas₄₂HonH₂ynamπcallyHsπmplπ−π₄₂Ht₄mp₄ratur₄Htrans−ormπngHm₄tβo₂VHYUZd 3

293 v₄atHtrans−₄rH₄nβanc₄m₄ntHπnHlat₄ntHβ₄atHtβ₄rmalH₄n₄rgyHstorag₄HusπngHcopp₄rH−oamsHwπtβHvaryπngH
porosπtyVH2021THZZYTHecUfd 15

292 ’aturalHconv₄ctπonHm₄ltπngHπnHaHcubπcHcavπtyHwπtβHπnt₄rnalH−πnshHoHlattπc₄HpoltzmannHstu₂yVH2021THZcTHYXXgYg 7

291 °₄stπngHaHuypsumHqomposπt₄Hpas₄₂HonH—awHuypsumHwπtβHaHrπr₄ctHo₂mπxtur₄Ho−H”ara−−πnHan₂H
”olym₄rHtoHwmprov₄H°β₄rmalH”rop₄rtπ₄sVH2021THYbTH 2
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290 zπ−₄Hqycl₄Hoss₄ssm₄ntHo−Htβ₄HUs₄Ho−H”βas₄Hqβang₄H‘at₄rπalHπnHanHsvacuat₄₂HSolarH°ub₄Hqoll₄ctorVH
2021THYbTHbYbd 4

289 S₄l₄ctπonHo−HaH”q‘H−orHaHV₄βπcl₄â��sH—oo−topHbyH‘ultπcrπt₄rπaHr₄cπsπonH‘₄tβo₂sHan₂HSπmulatπonVH2021TH
YYTHdacg 3

288 tormUstabl₄Hpβas₄Hcβang₄Hcomposπt₄shH”r₄paratπonTHp₄r−ormanc₄THan₂HapplπcatπonsH−orHtβ₄rmalH
₄n₄rgyHconv₄rsπonTHstorag₄Han₂Hmanag₄m₄ntVH2021THbZTHafXUafX 38

287 zattπc₄HpoltzmannHsπmulatπonHo−HnaturalHconv₄ctπonHm₄ltπngHπnHaHcubπcHcavπtyHwπtβHanHπnt₄rnalH
cylπn₂rπcalHβ₄atHsourc₄VH2021THYdcTHYXdgYe 5

286 s−−₄ctHo−Hm₄talH−oamHwπtβHtwoU₂πm₄nsπonalHporosπtyHgra₂π₄ntHonHm₄ltπngHb₄βavπorHπnHaHr₄ctangularH
cavπtyVH2021THYeZTHfXZUfYc 4

285 wnv₄stπgatπonHo−Htransπ₄ntHβ₄atHtrans−₄rHπnHmultπUscal₄H”q‘Hcomposπt₄sHusπngHaHs₄mπUanalytπcalH
mo₂₄lVH2021THYecTHYZYafg 5

284 °₄mp₄ratur₄HqontrolHtoHwmprov₄H”₄r−ormanc₄Ho−Hv₄mpcr₄t₄U”βas₄Hqβang₄H‘at₄rπalH·allH
oss₄mblπ₄sHπnHaHqol₂Hqlπmat₄VH2021THYbTHcaba 1

283 svaluatπonHo−Htβ₄H₄n₄rgyHstorag₄Hp₄r−ormanc₄Ho−H”q‘HnanoU₄mulsπonHπnHaHsmallHtubularHβ₄atH
₄xcβang₄rVH2021THZdTHYXYYcd 6

282 Syntβ₄sπsHan₂Hprop₄rtπ₄sHo−Htβ₄rmallyH₄nβanc₄₂Ha₄rat₄₂Hg₄opolym₄rHconcr₄t₄HusπngH−ormUstabl₄H
pβas₄Hcβang₄Hcomposπt₄VH2021THbXTHYXZecd 7

281 sxp₄rπm₄ntalHan₂H’um₄rπcalHonalys₄sHo−H°β₄rmalHStorag₄H°πl₄UprπcksH−orHs−−πcπ₄ntH°β₄rmalH
‘anag₄m₄ntHo−Hpuπl₂πngsVH2021THYYTHace 0

280 Stu₂yHonH₂ynamπcHtβ₄rmalHb₄βavπorHo−H₂oubl₄HglazπngHunπtH−πll₄₂HwπtβHpβas₄Hcβang₄Hmat₄rπalsVH2021TH
bcTHZXdeZ 2

279 sxp₄rπm₄ntalHan₂H’um₄rπcalHwnv₄stπgatπonHo−Hqomposπt₄H”βas₄Hqβang₄H‘at₄rπalsH−orHpuπl₂πngH
sn₄rgyHSavπngVH2021THgTH 0

278 oHnov₄lHm₄tβo₂HtoHobtaπnHsolπ₂â��lπquπ₂H₄quπlπbrπumHan₂H₄ut₄ctπcHpoπntsH−orHβy₂rocarbonHmπxtur₄sHbyH
usπngH₂π−−₄r₄ntπalHscannπngHcalorπm₄tryHan₂Hnum₄rπcalHπnt₄gratπonVH2021THZgeTHYZXeff 2

277 ”assπv₄HcoolπngH₂₄sπgnsHtoHπmprov₄Hβ₄atHr₄sπlπ₄nc₄Ho−Hβom₄sHπnHun₂₄rs₄rv₄₂Han₂Hvuln₄rabl₄H
communπtπ₄sVH2021THZcZTHYYYafa 4

276 vπgβU₄−−πcπ₄ncyHsolarHβ₄atHstorag₄H₄nabl₄₂HbyHa₂aptπv₄Hra₂πatπonHmanag₄m₄ntVH2021THZTHYXXcaa 4

275 ”₄r−ormanc₄Ho−H₂oubl₄HpassHunglaz₄₂Htranspπr₄₂Hcoll₄ctorsHwπtβH₄n₄rgyHstorag₄HπnHpβas₄Hcβang₄H
mat₄rπalsH₂urπngH₂aysHwπtβH₂π−−₄r₄ntHra₂πatπv₄Hr₄gπm₄sVH2021THbdTHYXYaXg 1

274 ”r₄paratπonHan₂Hsn₄rgyHStorag₄H”rop₄rtπ₄sHo−HaHzaurπcHacπ₂W“cta₂₄canolHsut₄ctπcH‘πxtur₄VH2021THdTHZacbZUZaccX2

273 r₄v₄lopm₄ntHo−Hv₄atHStorag₄Hr₄vπc₄Hossπst₄₂HwπtβHv₄atH”πp₄VH2022THYXaUYYZ
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272 ”r₄paratπonHan₂Htβ₄rmalHstorag₄Hp₄r−ormanc₄Ho−Hpβas₄Hcβang₄Hc₄ramsπt₄Hsan₂Han₂Htβ₄rmalH
storag₄HlπgβtUw₄πgβtHconcr₄t₄VH2021THYecTHYbaUYcZ 5

271 onHsxplπcπtHtπnπt₄Hsl₄m₄ntH‘₄tβo₂H−orH°β₄rmalHSπmulatπonsHo−Hpuπl₂πngsHwπtβH”βas₄Hqβang₄H
‘at₄rπalsVH2021THYbTHdYgb 1

270 ’₄wHt₄cβnπqu₄sH−orHtβ₄H₄n₄rgyHsavπngHo−Hsustaπnabl₄Hbuπl₂πngsHbyHusπngHpβas₄Hcβang₄Hmat₄rπalsVH
2021THbYTHYXZbYf 6

269 opplπcabπlπtyHass₄ssm₄ntHo−Hst₄arπcHacπ₂WpalmπtπcHacπ₂HbπnaryH₄ut₄ctπcHpβas₄Hcβang₄Hmat₄rπalHπnH
coolπngHpav₄m₄ntVH2021THYecTHebfUecg 16

268 ”ot₄ntπalH”βas₄Hqβang₄H‘at₄rπalsHπnHpuπl₂πngH·allHqonstructπonUoH—₄vπ₄wVH2021THYbTH 1

267 r₄−₄nsπv₄Hb₄βavπourHo−Hbuπl₂πngH₄nv₄lop₄sHπnHt₄rmsHo−Hm₄cβanπcalHan₂Htβ₄rmalHr₄sponsπv₄n₄ssHbyH
πncorporatπngH”q‘sHπnHc₄m₄ntHmortarHlay₄rsVH2021THbeTHYXYabg 3

266 qomputatπonalHanalysπsHo−Htβ₄Hm₄ltπngHproc₄ssHo−H”βas₄Hcβang₄Hmat₄rπalUm₄talH−oamUbas₄₂Hlat₄ntH
tβ₄rmalH₄n₄rgyHstorag₄HunπthH°β₄Hβ₄atH₄xcβang₄rHcon−πguratπonVH2021THbZTHYXaXeY 5

265 Sπmultan₄ousHan₂Hcons₄cutπv₄HcβargπngHan₂H₂πscβargπngHo−HaH”q‘Ubas₄₂H₂om₄stπcHaπrHβ₄at₄rHwπtβH
m₄talH−oamVH2021THYgeTHYYebXf 9

264 ‘ultπvarπat₄HanalysπsHo−H₄−−₄ctsHo−Hmπcro₄ncapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalsHonHm₄cβanπcalH
b₄βavπorsHπnHlπgβtUw₄πgβtHaggr₄gat₄Hconcr₄t₄VH2021THbZTHYXZefa 13

263 wnHsπtuHpolym₄rπzatπonHo−HorganπcHan₂HπnorganπcHpβas₄Hcβang₄Hmπcrocapsul₄Han₂H₄nβanc₄m₄ntHo−H
πn−rar₄₂Hst₄altβHvπaHnanoHπronVH2021THdZeTHYZeYZb 4

262 ”ot₄ntπalHus₄Ho−HsmartHcoatπngsH−orHπc₄pβobπcHapplπcatπonshHoHr₄vπ₄wVH2021THbZbTHYZedcd 3

261 ”q‘H₄mb₄₂₂₄₂Hra₂πantHcβπll₄₂Hc₄πlπnghHoHstat₄Uo−Utβ₄UartHr₄vπ₄wVH2021THYcYTHYYYdXY 6

260 °β₄rmalHan₂Hm₄cβanπcalHp₄r−ormanc₄Ho−HaHnov₄lHarHprπnt₄₂HmacroU₄ncapsulatπonHm₄tβo₂H−orHpβas₄H
cβang₄Hmat₄rπalsVH2021THbaTHYXaYZb 2

259 ‘πnπatur₄HmπcrobπalH−u₄lHc₄llsHπnt₄grat₄₂HwπtβHtrπgg₄r₄₂Hpow₄rHmanag₄m₄ntHsyst₄msHtoHpow₄rH
wast₄wat₄rHs₄nsorsHπnHanHunπnt₄rrupt₄₂Hmo₂₄VHApplied EnergyTH2021THaXZTHYYeccd 10.7 2

258 ”βas₄Hcβang₄Hmπcrocapsul₄sHwπtβHβπgβH₄ncapsulatπonH₄−−πcπ₄ncyHusπngHxanusHsπlπcaHpartπcl₄sHasH
stabπlπz₄rsHan₂Htβ₄πrHapplπcatπonHπnHc₄m₄ntVH2021THaXeTHYZbgeY 0

257 ”aram₄trπcHanalysπsHo−Htβ₄Hpβas₄Hcβang₄Hmat₄rπalHwallHcombπnπngHwπtβHmπcroUcβann₄lHβ₄atHpπp₄Han₂H
skyHra₂πatπv₄HcoolπngHt₄cβnologyVH2021THYefTHYXceUYXdg 5

256 sxp₄rπm₄ntalHπnv₄stπgatπonsHo−HβπgβUt₄mp₄ratur₄Hsβ₄llHan₂HmultπUtub₄Hlat₄ntHβ₄atHstorag₄Hsyst₄mVH
2021THYgfTHYYebgY 2

255 ’um₄rπcalHπnv₄stπgatπonHo−HaHsβ₄llUan₂Utub₄Hlat₄ntHβ₄atHtβ₄rmalH₄n₄rgyHstorag₄Hsyst₄mH−orHurbanH
β₄atπngHn₄tworkVH2021THbaTHYXaZYd 2
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254 °₄mp₄ratur₄H₂₄p₄n₂₄nc₄Ho−Horπ₄ntatπonallyH₂πsor₂₄r₄₂HS“bHt₄traβ₄₂raHπnHmπrabπlπt₄H
P’aZS“b´•YXvZ“QVH2021THaXbTHYZZceb

253 —obustTH₂oubl₄Ulay₄r₄₂Hpβas₄UcβangπngHmπcrocapsul₄sHwπtβHsup₄rπorHsolarUtβ₄rmalHconv₄rsπonH
capabπlπtyHan₂H₄xtr₄m₄lyHβπgβH₄n₄rgyHstorag₄H₂₄nsπtyH−orH₄−−πcπ₄ntHsolarH₄n₄rgyHstorag₄VH2021THYfXTHeZcUeaa 2

252 wmpl₄m₄ntatπonHo−Htβ₄Hpan₄lH₂ataHr₄gr₄ssπonHanalysπsHπnH”q‘Hπnt₄grat₄₂Hbuπl₂πngsHlocat₄₂HπnHaH
βumπ₂HsubtropπcalHclπmat₄VH2021THZaeTHYZYdcY 12

251 ura−tHpolyP₄tβyl₄n₄HglycolQUbas₄₂Htβ₄rmos₄ttπngHpβas₄Hcβang₄Hmat₄rπalsHn₄tworksHwπtβHultraβπgβH
₄ncapsulatπonH−ractπonHan₂Hlat₄ntHβ₄atH₄−−πcπ₄ncyVH2021THYegTHYXedUYXfb 3

250 wn−lu₄nc₄Ho−HwallHtβ₄rmalHp₄r−ormanc₄HonHtβ₄HcontrπbutπonH₄−−πcπ₄ncyHo−Htβ₄H”βas₄Uqβang₄H‘at₄rπalH
P”q‘QHlay₄rVH2021THZfTHYXYagf 5

249 oHr₄vπ₄wHonHtβ₄HoutlookHo−Htβ₄rmalHmanag₄m₄ntHo−HpβotovoltaπcHpan₄lHusπngHpβas₄Hcβang₄H
mat₄rπalVH2021THZTHYXXXaa 5

248 ”r₄paratπonHan₂Hprop₄rtπ₄sHo−HcaprπcHacπ₂hHSt₄arπcHacπ₂Wβy₂ropβobπcH₄xpan₂₄₂Hp₄rlπt₄Ua₄rog₄lH
composπt₄Hpβas₄Hcβang₄Hmat₄rπalsVH2021THYegTHYXZeUYXac 3

247 °β₄rmallyHcon₂uctπv₄Han₂H−ormUstabl₄Hpβas₄Hcβang₄Hcomposπt₄H−orHbuπl₂πngHtβ₄rmalHmanag₄m₄ntVH
2022THZagTHYZYgaf 3

246 °β₄rmalHprop₄rtπ₄sHo−HaHc₄m₄ntHcomposπt₄HcontaπnπngHpβas₄Hcβang₄Hmat₄rπalsHP”q‘sQHwπtβH
postUpyrolytπcHcβarHobtaπn₄₂H−romHsp₄ntHtyr₄sHasHaHcarrπ₄rVH2022THZagTHYZYgad 4

245 ”₄r−ormanc₄H—₄quπr₄m₄ntsTHqβall₄ng₄sHan₂HsxπstπngHSolutπonsHo−H”q‘HπnH‘assπv₄Hqoncr₄t₄H−orH
°₄mp₄ratur₄HqontrolVH2021THgaUYXa

244 °β₄rmalHsn₄rgyHStorag₄Hqβaract₄rπzatπonHo−Hsnvπronm₄ntalUtrπ₄n₂lyHpπoUpas₄₂H”q‘sHasHanH
olt₄rnatπv₄HtoH”₄trol₄umUpas₄₂H”ara−−πnH·ax₄sVH2021THYgYUZXa 1

243 arH’um₄rπcalH‘o₂₄lπngH−orHoss₄ssπngHtβ₄Hsn₄rgyH”₄r−ormanc₄Ho−HSπngl₄Uçon₄Hpuπl₂πngsHwπtβHan₂H
·πtβoutH”βas₄Hqβang₄H‘at₄rπalsVH2020THbYgUbaf 2

242 —₄vπ₄wHonH”q‘HopplπcatπonH−orHqoolπngHzoa₂H—₄₂uctπonHπnHwn₂πanHpuπl₂πngsVH2020THZbeUZec 2

241 ’um₄rπcalHπnv₄stπgatπonHo−HanHπnnovatπv₄H₂πscontπnuousH₂πstrπbutπonHo−H−πnsH−orHsolπ₂π−πcatπonHrat₄H
₄nβanc₄m₄ntHπnH”q‘HwπtβHan₂HwπtβoutHnanopartπcl₄sVH2020THYedTHYYcXYe 27

240 onalysπsHo−Htβ₄Htβ₄rmalHr₄spons₄Ho−HaH₂ualHpβas₄Hcβang₄Hmat₄rπalH₄mb₄₂₂₄₂HπnHaHmultπUlay₄r₄₂H
buπl₂πngH₄nv₄lop₄VH2020THYegTHYYccXZ 11

239 ”r₄paratπonHan₂Hprop₄rtπ₄sHo−HcaprπcUst₄arπcHacπ₂W·βπt₄HqarbonHplackHcomposπt₄H−orHtβ₄rmalH
storag₄HπnHbuπl₂πngH₄nv₄lop₄VH2018THYcfTHYefYUYefg 24

238 tacπl₄Hsyntβ₄sπsHan₂Htβ₄rmalHp₄r−ormanc₄Ho−Hc₄tyHpalmπtat₄Wnπck₄lH−oamHcomposπt₄Hpβas₄Hcβang₄H
mat₄rπalsH−orHtβ₄rmalH₄n₄rgyHstorag₄VH2020THZfTHYXYYeg 12

237 s−−₄ctHo−Hpβas₄Hcβang₄Han₂Hambπ₄ntHt₄mp₄ratur₄sHonHtβ₄Htβ₄rmalHp₄r−ormanc₄Ho−HaHsolπ₂Ulπquπ₂H
pβas₄Hcβang₄Hmat₄rπalHbas₄₂Hβ₄atHsπnksVH2020THaXTHYXYaZe 9
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236 snβanc₄m₄ntHo−H”q‘Hm₄ltπngHrat₄HvπaHπnt₄rnalH−πnHan₂Hnanopartπcl₄sVH2020THYcdTHYYgfbc 52

235 °β₄rmalHstorag₄Hmat₄rπalH₄nβanc₄₂Hr₄−rπg₄rat₄₂H₂πsplayHcabπn₄tVH2020THZfTHcYXUcYb 2

234 oHcalcπumHcβlorπ₂₄Hβ₄xaβy₂rat₄W₄xpan₂₄₂Hp₄rlπt₄Hcomposπt₄HwπtβHgoo₂Hβ₄atHstorag₄Han₂HπnsulatπonH
prop₄rtπ₄sH−orHbuπl₂πngH₄n₄rgyHcons₄rvatπonVH2017THYYbTHeaaUeba 66

233 tormUstabl₄Hpβas₄Ucβang₄H₄lastom₄rHg₄lsH₂₄rπv₄₂H−romHtβ₄rmoplastπcH₄lastom₄rHcopoly₄st₄rsH
swoll₄nHwπtβH−attyHacπ₂sVH2020THdfdTHYefcdd 7

232 Sβap₄UStabπlπz₄₂H”βas₄Hqβang₄H‘at₄rπalHbyHaHSyntβ₄tπcW’aturalHvybrπ₂Hqomposπt₄HtoamHwπtβH
q₄llU·allH”or₄sVH2021THbTHbYdUbZb 4

231 Syntβ₄sπsHan₂Hqβaract₄rπzatπonHo−Htβ₄H”ara−−πnWsxpan₂₄₂H”₄rlπt₄Hzoa₂₄₂H·πtβHurapβ₄n₄H
’anopartπcl₄sHasHaH°β₄rmalHsn₄rgyHStorag₄H‘at₄rπalHπnHpuπl₂πngsVH2020THYbZTH 19

230 ’um₄rπcalHan₂Hsxp₄rπm₄ntalHwnv₄stπgatπonHo−H”βas₄Hqβang₄Hv₄atH°rans−₄rHπnHtβ₄H”r₄s₄nc₄Ho−H
—ayl₄πgβâ��p₄nar₂Hqonv₄ctπonVH2020THYbZTH 5

229 zabUScal₄HrynamπcH°β₄rmalH°₄stπngHo−H”q‘Usnβanc₄₂Hpuπl₂πngH‘at₄rπalsVH2014THYUYa 4

228 ”r₄paratπonHan₂Hcβaract₄rπzatπonHo−HmortarHmπx₄sHcontaπnπngHorganπcHacπ₂W₄xpan₂₄₂Hv₄rmπculπt₄H
composπt₄H”q‘VH2017THZbTHXXcUbfg 2

227 varv₄stπngHo−Htβ₄Hπn−rar₄₂H₄n₄rgyhHrπr₄ctHcoll₄ctπonTHupUconv₄rsπonTHan₂Hstorag₄VH2019THZZTHbceUbdg 2

226 zongUcβaπnHrπ₄st₄rsHo−HtattyyHolcoβolsHasH’ov₄lH”βas₄Hqβang₄H‘at₄rπalsH−orH°β₄rmalHsn₄rgyH
Storag₄VH2020THbYTHZdgUZfX 2

225 ”₄r−ormanc₄HsvaluatπonHo−HanHoctπv₄H”q‘H°β₄rmalHsn₄rgyHStorag₄HSyst₄mH−orHSpac₄HqoolπngHπnH
—₄sπ₂₄ntπalHpuπl₂πngsVH2019THZaTHebUfg 12

224 ‘or₄HtβanHqolorhH”πgm₄ntsHwπtβH°β₄rmalHStorag₄HqapacπtyiH”roc₄ssπngHan₂Hr₄gra₂atπonHp₄βavπorVH
2015THXcTHYeYUYfb 1

223 svaluatπonHo−H°β₄rmalHs−−₄ctHo−H”q‘H·allboar₂sHbyHqouplπngHSπmplπ−π₄₂H”βas₄Hqβang₄H‘o₂₄lHwπtβH
r₄sπgnH°oolVH2014THXZTHYZUZg 1

222 °β₄rmalHmanag₄m₄ntHmat₄rπalsH−orH₄n₄rgyU₄−−πcπ₄ntHan₂Hsustaπnabl₄H−utur₄Hbuπl₂πngsVH2021THceTHYZZadUYZZca 2

221 ’um₄rπcalHonalysπsHan₂H”₄r−ormanc₄HsvaluatπonHo−HqastHSt₄₄lHpas₄₂HS₄nsπbl₄Hv₄atHsn₄rgyHStorag₄H
Syst₄mVH2022THcdaUced

220 ’”uâ��°—wSH°β₄rmalHStorag₄HSyst₄mVH–uantπ−πcatπonHo−Htβ₄HzπmπtπngH”roc₄ss₄shHSublπmatπonHan₂H
·at₄râ��sHo₂sorptπonVH2021THYYTHYZXX 0

219 UsπngH”βas₄Hqβang₄H‘at₄rπalsHP”q‘sQHπnHaHvotHan₂Hvumπ₂Hqlπmat₄HtoH—₄₂uc₄Hv₄atHuaπnHan₂Hsn₄rgyH
qonsumptπonVH2021THYaTHYXgdc 0
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218 s−−₄ctHo−Hg₄om₄trπcalH₂₄sπgnHonHtβ₄Hlat₄ntHβ₄atHcoolπngHprop₄rtπ₄sHo−HaHlπgβtw₄πgβtHtwoUpβas₄H
composπt₄VH2021THYYgTHYbYgXf 1

217 Stu₂yHo−HaHnov₄lHβollowHc₄ramsπt₄Hcompoun₂₄₂HwπtβHpara−−πnHpβas₄Hcβang₄Hmat₄rπalsH−orH₄n₄rgyH
storag₄VH2021THaXgTHYZcXbZ 0

216 wmprovπngHlat₄ntHβ₄atHstorag₄HcapacπtyHo−Hpoly₄tβyl₄n₄HglycolWc₄m₄ntHcomposπt₄Hpr₄par₄₂HvπaH
solutπonHbl₄n₂πngHm₄tβo₂VH2021THZaXTHaccUadb 0

215 Stu₂yHonH°β₄rmalHStorag₄H”₄r−ormanc₄Ho−H”βas₄Hqβang₄Hv₄atHStorag₄H°yp₄HoπrHqon₂πtπonπngH
qoolπngH—₄s₄rvoπrHπnHqπvπlHoπrHr₄−₄ns₄Hsngπn₄₄rπngVH2014THbgeUcXf

214 wnv₄stπgatπonHo−Hzat₄ntUv₄atHStorag₄HSyst₄msH−orHur₄₄nHpuπl₂πngHopplπcatπonsVH2014THcYeUcZc

213 onHsxp₄rπm₄ntalHwnv₄stπgatπonHo−HSolarUossπst₄₂Hv₄atH”umpHqombπn₄₂HwπtβHoHzat₄ntHv₄atHStorag₄VH
2016THcgYUdXa

212 ’anopartπcl₄sHan₂H‘₄talHtoamHπnH°β₄rmalHqontrolHan₂HStorag₄HbyH”βas₄Hqβang₄H‘at₄rπalsVH2017THYUZc

211 qas₄Ho−Hsn₄rgyHSyst₄mHπnH’ortβw₄stHqβπnaVH2017THYUab

210 qβaract₄rπzatπonHo−H‘s”q‘Uwncorporat₄₂H”aπntHasHzat₄ntHv₄atHStorag₄HSyst₄mVH2017THfTHZXaUZXg 1

209 ”assπv₄Hpuπl₂πngH·allsVH2018THYUae

208 qas₄Ho−Hsn₄rgyHSyst₄mHπnH’ortβw₄stHqβπnaVH2018THYfYYUYfbb

207 ”r₄paratπonHo−Hz₄a₂THz₄a₂HolloyPSQHon₂H“tβ₄rHSaltsH−romHsxβaust₄₂H—₄cβarg₄abl₄Hz₄a₂Hpatt₄rπ₄sVH
2019THbTHcZgUcaf

206 ura−₄nH’anoparˆ§ac˜–kHpoyutununHyatk˜–lananHtazHr₄˜�π¯�k₄nH‘alz₄m₄l₄rπnH°₄rmalHˆ�z₄llπkl₄rπn₄HstkπsπVH
dTH 1

205 qβaract₄rπstπcHstu₂yHo−Hmo₂π−π₄₂HnanoHqu“Hpow₂₄rUbas₄₂Hpara−−πnHcomposπt₄Han₂HπtsH₄xp₄rπm₄ntalH
πnv₄stπgatπonHo−Hm₄ltπngWsolπ₂π−πcatπonHb₄βavπorH−orHmobπlπz₄₂Hcol₂Htβ₄rmalHstorag₄Hsyst₄msVHXgcbbXdZZYYXbea1

204 ”βas₄Hqβang₄H‘at₄rπalshHtromHtun₂am₄ntalsHan₂H‘₄ltπngH”roc₄ssHtoH°β₄rmalHsn₄rgyHStorag₄H
Syst₄mH−orHpuπl₂πngsHopplπcatπonVH2021THYUbd

203 ‘πcro₄ncapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalHvπaH”πck₄rπngH₄mulsπonHstabπlπz₄₂HbyHc₄llulos₄Hnano−πbrπlsH
−orHtβ₄rmalH₄n₄rgyHstorag₄VH2022THZedTHYYfebc 1

202 °β₄rmalHstorag₄H₄−−₄ctHo−Hra₂πantH−loorHcoolπngHsyst₄mHusπngHpβas₄Hcβang₄Hmat₄rπalsHπnHtβ₄HβotHan₂H
βumπ₂Hclπmat₄Ho−Hwn₂on₄sπaVH2022THZXeTHYXfbbZ 4

201 °UβπstoryHanalysπsHo−Hasp₄ctHratπoH₄−−₄ctHonHsubcoolπngHan₂Hsolπ₂π−πcatπonHb₄βavπourHo−Hpβas₄Hcβang₄H
mat₄rπalHπnHv₄rtπcalHglassHtub₄sVH2020THaZdUaZd
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200 v₄atHtrans−₄rHstu₂yHo−Hpβas₄Hcβang₄Hmat₄rπalHπncorporat₄₂HπntoHaHcavπtyHo−HaHβollowHbrπckH₂urπngH
m₄ltπngVH2020THaaXTHXYXbg

199 snβanc₄m₄ntHo−Hlat₄ntHβ₄atH₄n₄rgyHstorag₄Hsyst₄mHusπngHnanomat₄rπalsH−orH₂π−−₄r₄ntHapplπcatπonshH
oHr₄vπ₄wVH2020THZdTHffaUffd 1

198 onHsxp₄rπm₄ntalHwnv₄stπgatπonHo−H‘oπstur₄Hpu−−₄rπngHValu₄H−orHqomposπt₄HvygroscopπcH‘at₄rπalsH
un₂₄rHrπ−−₄r₄ntHoπrUtlowHqon₂πtπonsVH2020THYfeUYgf

197 oHstrat₄gyH−orH₄nβancπngHβ₄atHtrans−₄rHπnHpβas₄Hcβang₄Hmat₄rπalUbas₄₂Hlat₄ntHtβ₄rmalH₄n₄rgyH
storag₄HunπtHvπaHnanoUoxπ₂₄sHa₂₂πtπonhHoHstu₂yHapplπ₄₂HtoHaHsβ₄llUan₂Utub₄Hβ₄atH₄xcβang₄rVH2021THYXdebb 2

196 tazHr₄˜�π¯�tπr₄nH‘alz₄m₄l₄rπnHpπnaHyabu˜�un₂aHyullan˜–m˜–VH

195 sstπmatπngHtβ₄Hstat₄Ho−Hcβarg₄HπnHaHlat₄ntHtβ₄rmalH₄n₄rgyHstorag₄Hβ₄atH₄xcβang₄rHbas₄₂HonH
πnl₄tWoutl₄tHan₂Hsur−ac₄Hm₄asur₄m₄ntsVH2022THZXYTHYYefXd 1

194 oHcomparatπv₄Hstu₂yHo−Hlπn₄arHpolyur₄aHan₂Hcrosslπnk₄₂Hpolyur₄aHasHsupportsHtoHstabπlπz₄H
poly₄tβyl₄n₄HglycolH−orHtβ₄rmalH₄n₄rgyHstorag₄VH2022THYfaTHcacUcbe 1

193 °β₄Hcompr₄β₄nsπv₄Hp₄r−ormanc₄HanalysπsHonHaHnov₄lHβπgβUp₄r−ormanc₄HaπrUpurπ−πcatπonUst₄rπlπzatπonH
typ₄H”VU°romb₄HwallVH2022THYfZTHYZXYUYZYf 1

192 wnt₄gratπonHo−H−ormUstabl₄Hpβas₄Hcβang₄Hmat₄rπalHπntoHpyro₄l₄ctrπcH₄n₄rgyHβarv₄stπngHsyst₄mVH
Applied EnergyTH2022THaXeTHYYfZYZ 10.7 4

191 tabrπcatπonHo−HcastorHoπlU₂₄rπv₄₂Hpolyur₄tβan₄HmortarHcomposπt₄sHwπtβH₄n₄rgyHsavπngHan₂Hsoun₂H
absorptπonHcβaract₄rπstπcsVH2021THZfTHY 1

190 pπomassHr₄rπv₄₂H”orousHqarbonsHSupportHπnH”βas₄Hqβang₄H‘at₄rπalsH−orHpuπl₂πngHsn₄rgyHs−−πcπ₄ncyhH
oH—₄vπ₄wVH2021THYXXgXc 6

189 wnt₄gratπonHo−Hoctπv₄HSolarH°β₄rmalH°₄cβnologπ₄sHπnHur₄₄nβous₄shHoH‘πnπH—₄vπ₄wVH2021THgTH

188 °β₄rmalHπnsulatπonH₄−−₄ctHo−Hgr₄₄nH−aˆ§a₂₄sHbas₄₂HonHcalculatπonHo−Hβ₄atHtrans−₄rHan₂HlongHwav₄H
πn−rar₄₂Hra₂πatπv₄H₄xcβang₄VH2022THYffTHYYXccc 0

187 sxpan₂₄₂Hgrapβπt₄Wpara−−πnWsπlπcaHpβas₄Hcβang₄Hcomposπt₄sHwπtβHβπgβHtβ₄rmalHcon₂uctπvπtyHan₂HlowH
p₄rm₄abπlπtyHpr₄par₄₂HbyHtβ₄Hsolπ₂Ustat₄Hw₄tHgrπn₂πngHm₄tβo₂VH2022THZadTHYYYbfb 1

186 opplπcatπonHo−Hpβas₄Hcβang₄Hmat₄rπalHπnHπmprovπngHtromb₄HwallH₄−−πcπ₄ncyhHonHupUtoU₂at₄Han₂H
compr₄β₄nsπv₄Hov₄rvπ₄wVH2022THZcfTHYYYfZb 7

185 o₂vanc₄₂Htβ₄rmalHr₄gulatπngHmat₄rπalsHan₂Hsyst₄msH−orH₄n₄rgyHsavπngHan₂Htβ₄rmalHcom−ortHπnH
buπl₂πngsVH2022THZbTHYXXgZc 3

184 r₄v₄lopπngHbuπl₂πngH₄nβanc₄₂HwπtβH”q‘HtoHr₄₂uc₄H₄n₄rgyHconsumptπonVH2022THbfTHYXagZa 2

183 vavalan₂˜–rmal˜–HruvarHyonstrˆ…ksπyonlar˜–n₂aHtazHr₄˜�π¯�tπr₄nH‘alz₄m₄Hyullan˜–m˜–n˜–nHyonutHpπnalar˜–n˜–nH
sn₄rjπHäˆ…kl₄rπn₄HstkπsπnπnH˜°nc₄l₄nm₄sπVH

(-2020)
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182 r₄v₄lopm₄ntHan₂Hoss₄ssm₄ntHo−Hp₄₄swaxWsxpan₂₄₂Hurapβπt₄Hqomposπt₄H”βas₄Hqβang₄H‘at₄rπalH
−orH°β₄rmalHsn₄rgyHStorag₄VHY 2

181 °rπazπn₄H₂₄rπvatπv₄sHasHorganπcHpβas₄Hcβang₄Hmat₄rπalsHwπtβHπnβ₄r₄ntlyHlowH−lammabπlπtyVH 2

180 p₄ncβUscal₄H₂₄monstratπonHo−Htβ₄rmocβ₄mπcalH₄n₄rgyHstorag₄HusπngHtβ₄H
‘agn₄sπumU‘angan₄s₄U“xπ₂₄Hr₄₂oxHsyst₄mVH2022THbcTHYXadfZ 1

179 ’anostructur₄sH₄ncapsulat₄₂Hpβas₄Ucβang₄Hmat₄rπalsH−orHsustaπn₄₂Htβ₄rmalH₄n₄rgyHstorag₄HπnH
concr₄t₄VH2022THbeeUcXe

178 ‘o₂₄lπngHan₂HValπ₂atπonHo−Htβ₄HsntβalpyU°₄mp₄ratur₄Hqurv₄H−orH”βas₄Hqβang₄H‘at₄rπalsVHYXcXTHYbgUYcg

177 ”βas₄Hcβang₄Hmat₄rπalsVH2022THcXaUcac 0

176 °β₄rmalHan₂H‘oπstur₄Hpu−−₄rπngH”rop₄rtπ₄sHo−H’ov₄lHv₄mpUzπm₄Hqomposπt₄sHwnt₄grat₄₂HwπtβH
‘πcro₄ncapsulat₄₂H”βas₄Hqβang₄H‘at₄rπalsVH

175 puπl₂πngH₄n₄rgyH₄−−πcπ₄ncyHan₂Hloa₂H−l₄xπbπlπtyHoptπmπzatπonHusπngHpβas₄Hcβang₄Hmat₄rπalsHun₂₄rH
−uturπstπcHgrπ₂Hsc₄narπoVH2022THaagTHYaXcdY 4

174 Stabl₄HsaltHβy₂rat₄Ubas₄₂Htβ₄rmalH₄n₄rgyHstorag₄Hmat₄rπalsVH2022THZaaTHYXgdZY 1

173 Sup₄rcoolπngHo−Hpβas₄Hcβang₄Hmat₄rπalshHoHr₄vπ₄wVH2022THYcfTHYYZYeZ 2

172 rynamπcHm₄ltπngHo−H₄ncapsulat₄₂H”q‘HπnHvarπousHg₄om₄trπ₄sH₂rπv₄nHbyHnaturalHconv₄ctπonHo−H
surroun₂πngHaπrhHoHmo₂₄llπngUbas₄₂Hparam₄trπcHstu₂yVH2022THbfTHYXagec 0

171 ”βas₄Hqβang₄H‘at₄rπalHsvolutπonHπnH°β₄rmalHsn₄rgyHStorag₄HSyst₄msH−orHtβ₄Hpuπl₂πngHS₄ctorTHwπtβHaH
tocusHonHuroun₂Uqoupl₄₂Hv₄atH”umpsVVH2022THYbTH 0

170 wn−lu₄nc₄Ho−Hsur−actantsHan₂HorganπcHpolym₄rsHonHmonolπtβπcHsβap₄Ustabπlπz₄₂Hpβas₄Hcβang₄H
mat₄rπalsHsyntβ₄sπz₄₂HvπaHsolUg₄lHrout₄VH2022THbgTHYXbYZe 1

169 rynamπcHcoupl₄₂Hβ₄atHtrans−₄rHan₂H₄n₄rgyHcons₄rvatπonHp₄r−ormanc₄Ho−Hmultπlay₄rHglazπngHwπn₂owH
−πll₄₂HwπtβHpβas₄Hcβang₄Hmat₄rπalHπnHsumm₄rH₂ayVH2022THbgTHYXbYfa 5

168 °β₄rmalHπnsulatπonHo−Hbuπl₂πngsHtβrougβHclassπcalHmat₄rπalsHan₂Hnanomat₄rπalsVH2022THZeeUaXa

167 s−−₄ctHo−H”ara−−πnHqomposπt₄H”βas₄Hqβang₄H‘at₄rπalsHonH°β₄rmalH”₄r−ormanc₄Ho−HSaltHura₂π₄ntH
SolarH”on₂VH

166 sxp₄rπm₄ntalHStu₂yHonHv₄atH°rans−₄rH”₄r−ormanc₄Ho−H‘pcmHSlurryHtlowHπnH‘πcrocβann₄lsVH

165 opplπcatπonHo−Hpβas₄Hcβang₄H₄n₄rgyHstorag₄HπnHbuπl₂πngshHqlassπ−πcatπonHo−Hpβas₄Hcβang₄Hmat₄rπalsH
an₂HpackagπngHm₄tβo₂sVH2022THbcUbc
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164 wncr₄as₄₂Hv₄atH°rans−₄rHqβaract₄rπstπcsHo−H‘olt₄nHSaltUSyntβ₄sπz₄₂H°πtanπaH’anopartπcl₄sH
smb₄₂₂₄₂HπnH”almπtπcHocπ₂VH2022THYXaUYYX

163 onalysπsHo−Hv₄atH°rans−₄rH—at₄H−orHrπ−−₄r₄ntHonnulusHSβap₄H”rop₄rtπ₄sUsnβanc₄₂Hp₄₄swaxUpas₄₂H
”βas₄Hqβang₄H‘at₄rπalH−orH°β₄rmalHsn₄rgyHStorag₄VH2022THZXZZTHYUZY 1

162 ’um₄rπcalHπnv₄stπgatπonHo−Hβ₄atHan₂HmassHtrans−₄rH₂urπngHβy₂rog₄nH₂₄sorptπonHπnHaHlarg₄Uscal₄H
m₄talHβy₂rπ₂₄Hr₄actorHcoupl₄₂HtoHaHpβas₄Hcβang₄Hmat₄rπalHwπtβHnanoUoxπ₂₄Ha₂₂πtπv₄sVH2022TH 1

161 oH—sVws·H“tH”VHq““zw’uHo’rH°vs—‘ozHs’s—uäHS°“—ousHw’H”VW°HSäS°s‘SHpoSsrH”voSsH
qvo’usH‘o°s—wozSVH

160 ”βas₄Hcβang₄Hmat₄rπalHπn−πltrat₄₂HarHporousHcarbonHπnt₄rconn₄ct₄₂Hcomposπt₄sH−orHtβ₄rmalH₄n₄rgyH
storag₄VH2022THbbTHZYaaUZYcZ

159 ”₄r−ormanc₄HsvaluatπonHo−H”βas₄Hqβang₄H‘at₄rπalsHtoH—₄₂uc₄Htβ₄HqoolπngHzoa₂Ho−Hpuπl₂πngsHπnHaH
°ropπcalHqlπmat₄VH2022THYbTHaYeY 1

158 snβanc₄₂H°β₄rmalHsn₄rgyHStorag₄Ho−HU“cta₂₄can₄Uwmpr₄gnat₄₂H‘₄soporousHSπlπcaHasHaH’ov₄lH
Sβap₄UStabπlπz₄₂H”βas₄Hqβang₄H‘at₄rπalVVH2022THeTHYZZZZUYZZaX 1

157 ’anoHa₂₂πtπv₄H₄nβanc₄₂HsaltHβy₂rat₄Hpβas₄Hcβang₄Hmat₄rπalsH−orHtβ₄rmalH₄n₄rgyHstorag₄VHYUbb 2

156 s−−₄ctsHo−HVolum₄Hqβang₄sHonHtβ₄H°β₄rmalH”₄r−ormanc₄Ho−H”q‘Hzay₄rsHSubj₄ct₄₂HtoH“scπllatπonsHo−H
tβ₄Hombπ₄ntH°₄mp₄ratur₄hH°ransπ₄ntHan₂HSt₄a₂yH”₄rπo₂πcH—₄gπm₄sVVH2022THZeTH 0

155 oH’um₄rπcalHSπmulatπonHo−HanHsxp₄rπm₄ntalH‘₄ltπngH”roc₄ssHo−HaH”βas₄Uqβang₄H‘at₄rπalHwπtβoutH
qonv₄ctπv₄HtlowsVH2022THYZTHadbX 0

154 ”rop₄rtyU₄nβanc₄₂Hpara−−πnUbas₄₂Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalH−orHtβ₄rmalH₄n₄rgyHstorag₄hHaH
r₄vπ₄wVVH2022THY 1

153 °β₄rmoUpβysπcalHcβaract₄rπzatπonHo−Hv₄xa₂₄can₄H₂urπngHtβ₄Hsolπ₂Wlπquπ₂Hpβas₄Hcβang₄VH2022THeYXTHYegYfX 0

152 opplπcatπonHo−Hpβas₄Hcβang₄Hmat₄rπalsHπnHbuπl₂πngHcompon₄ntsHan₂Htβ₄Hus₄Ho−Hnanot₄cβnologyH−orH
πtsHπmprov₄m₄ntVH2022THZdZTHYYZXYf 2

151 p”’’Ubas₄₂HoptπmalHstrat₄gyH−orH₂ynamπcH₄n₄rgyHoptπmπzatπonHwπtβHprovπ₂πngHprop₄rHtβ₄rmalH
com−ortHun₂₄rHtβ₄H₂π−−₄r₄ntHout₂oorHaπrHt₄mp₄ratur₄sVHApplied EnergyTH2022THaYaTHYYffgg 10.7 2

150 °β₄rmalHb₄βavπorH₄valuatπonHo−HaHra₂πantH−loorHβ₄atπngHsyst₄mHπncorporat₄sHaHmπcro₄ncapsulat₄₂H
pβas₄Hcβang₄Hmat₄rπalVH2022THaaXTHYZeZga 1

149 oHcomposπt₄Ho−HcrossUlπnk₄₂Hpolyur₄tβan₄HasHsolπ₂â��solπ₂Hpβas₄Hcβang₄Hmat₄rπalHan₂Hplast₄rH−orH
buπl₂πngHapplπcatπonVH2022THZdZTHYYYgbc 2

148
°β₄rmalHan₂Hm₄cβanπcalHprop₄rtπ₄sHo−Hc₄m₄ntHbas₄₂Ucomposπt₄Hpβas₄Hcβang₄Hmat₄rπalHo−HbutylH
st₄arat₄WπsopropylHpalmπtat₄W₄xpan₂₄₂Hgrapβπt₄H−orHlowHt₄mp₄ratur₄HsolarHtβ₄rmalHapplπcatπonsVH
2022THcXTHYXbcbe

1

147 Valu₄sHo−Hlat₄ntHβ₄atHan₂Htβ₄rmocβ₄mπcalH₄n₄rgyHstorag₄Ht₄cβnologπ₄sHπnHlowUcarbonH₄n₄rgyH
syst₄mshH·βol₄Hsyst₄mHapproacβVH2022THcXTHYXbYZd 0
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146 ”r₄paratπonHan₂Hprop₄rtπ₄sHo−HlaurπcHacπ₂Uocta₂₄canolW₄xpan₂₄₂Hgrapβπt₄Hsβap₄Ustabπlπz₄₂Hpβas₄H
cβang₄H₄n₄rgyHstorag₄Hmat₄rπalVH2022THaYTHYXaaZc 0

145 sncapsulatπonHo−H₂o₂₄can₄HπnHgasπ−πcatπonHbπocβarH−orHπtsHprolong₄₂Htβ₄rmalWsβap₄HstabπlπtyTH
r₄lπabπlπtyTHan₂Hambπ₄ntH₄ntβalpyHstorag₄VH2022THbaeTHYacbXe 0

144 °β₄Hp₄r−ormanc₄Ho−Hβy₂rog₄nH₂₄sorptπonH−romHaHm₄talHβy₂rπ₂₄HwπtβHβ₄atHsupplyHbyHaHpβas₄Hcβang₄H
mat₄rπalHπncorporat₄₂HπnHporousHm₄₂πaHPm₄talH−oamQhHv₄atHan₂HmassHtrans−₄rHass₄ssm₄ntVH2022THcYTHYXbbbg 1

143 oss₄ssm₄ntHo−Hloa₂πngHpβas₄Hcβang₄Hmat₄rπalHπntoHn₄tHm₄t₄rHbuπl₂πngHtoHboostH₄xc₄ssH₄l₄ctrπcπtyH
g₄n₄ratπonVH2022THcZTHYXbafd 0

142 qopp₄rH−oamH₄−−₄ctπv₄lyHπmprov₄sHtβ₄Htβ₄rmalHp₄r−ormanc₄Ho−Hgrapβ₄n₄Ua₄rog₄lHcomposπt₄H
pβas₄Ucβang₄Hmat₄rπalsH−orHtβ₄rmalHstorag₄VH2022THcYTHYXbbfc 0

141 S₄l₄ctπonHo−HaHpβas₄Hcβang₄Hmat₄rπalH−orH₄n₄rgyHstorag₄HbyHmultπUcrπt₄rπaH₂₄cπsπonHm₄tβo₂H
r₄gar₂πngHtβ₄Htβ₄rmalHcom−ortHπnHaHv₄βπcl₄VH2022THcYTHYXbbae 2

140 s−−₄ctHo−H₂ualUrotatπonHonH‘vrHnaturalHconv₄ctπonHo−H’s”q‘HπnHaHβ₄xagonalUsβap₄₂HcavπtyHbas₄₂H
onHtπm₄U−ractπonalHwS”vHm₄tβo₂VH2021THYYTHZZdfe 0

139 ”βas₄Hcβang₄Hmat₄rπalsH−orHtβ₄rmalH₄n₄rgyHstorag₄hHoHp₄rsp₄ctπv₄HonHlπnkπngHpβononHpβysπcsHtoH
p₄r−ormanc₄VH2021THYaXTHZZXgXa 1

138 ”r₄paratπonHan₂Hcβaract₄rπzatπonHo−Hpoly₄tβyl₄n₄HglycolWpolyur₄aHcomposπt₄sH−orHsβap₄Hstabπlπz₄₂H
pβas₄Hcβang₄Hmat₄rπalsVH2022THdZTHddbUded 0

137 ’um₄rπcalHπnv₄stπgatπonHo−Htβ₄Hπn₂oorHtβ₄rmalHb₄βavπourHbas₄₂HonH”q‘sHπnHaHβotHclπmat₄VHYUZY 1

136 ”r₄paratπonHan₂Hqβaract₄rπzatπonHo−HSo₂πumHSul−at₄Hr₄caβy₂rat₄â��So₂πumHoc₄tat₄H°rπβy₂rat₄H
Sβap₄UStabπlπz₄₂H”βas₄Hqβang₄H‘at₄rπalsVH 0

135 svaluatπonHo−Htβ₄H₄n₄rgyHstorag₄HcapacπtyHo−H”βas₄Hqβang₄H‘at₄rπalHc₄m₄ntUlπm₄HmortarsHbyHusπngH
β₄atH−luxHm₄t₄rsHan₂HultrasonπcHpuls₄HtransmπssπonVH2022THcXTHYXbdeb 1

134 sxp₄rπm₄ntalHstu₂yHonHlaurylHalcoβolW₄xpan₂₄₂Hgrapβπt₄Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalsH−orH
tβ₄rmalHr₄gulatπonHπnHbuπl₂πngVH2022THaacTHYZebXX 0

133 ”oly₄tβyl₄n₄HulycolHWH’ano−πbrousHy₄vlarHo₄rog₄lHqomposπt₄hHtabrπcatπonTHqon−πn₄m₄ntHs−−₄ctTH
°β₄rmalHsn₄rgyHStorag₄Han₂HwnsulatπonH”₄r−ormanc₄VH

132 °β₄rmalH”rop₄rtπ₄sHan₂H—₄lπabπlπtπ₄sHo−HzaurπcHocπ₂Upas₄₂HpπnaryHsut₄ctπcHtattyHocπ₂HasHaH”βas₄H
qβang₄H‘at₄rπalH−orHpuπl₂πngHsn₄rgyHqons₄rvatπonVVH2022THeTHYdXgeUYdYXf 1

131 oHmπnπHr₄vπ₄wHonHpara−−πnUgrapβ₄n₄Han₂Hr₄lat₄₂Hβybrπ₂Hpβas₄Hcβang₄Hmat₄rπalsH−orHbuπl₂πngH₄n₄rgyH
applπcatπonsVH

130 Structur₄Ho−Hoqu₄ousHqaqlZHSolutπonsHbyHÖUrayHScatt₄rπngHan₂Hr₄nsπtyHtunctπonalH°β₄oryVH2022THgdTHSdfUSed 1

129 tabrπcatπonHan₂H°β₄rmalH”₄r−ormanc₄Ho−HarHqopp₄rU‘₄sβUSπnt₄r₄₂HtoamW”ara−−πnH”βas₄Hqβang₄H
‘at₄rπalsH−orHSolarH°β₄rmalHsn₄rgyHStorag₄VH2022THYXTHfge 1
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128 v₄atHan₂HmassHtrans−₄rHcβaract₄rπstπcsHo−HcβargπngHπnHaHm₄talHβy₂rπ₂₄Upβas₄Hcβang₄Hmat₄rπalH
r₄actorHwπtβHnanoHoxπ₂₄Ha₂₂πtπv₄shH°β₄Hlarg₄Hscal₄UapproacβVH2022THYYfdZZ 1

127 wnv₄stπgatπonHo−Htβ₄Hwc₄H‘₄ltπngH”roc₄ssHπnHaHSπmplπ−π₄₂HuasHrπ−−usπonHzay₄rHo−Htu₄lHq₄llHbyHtβ₄H
zattπc₄HpoltzmannH‘₄tβo₂VH

126 ”βas₄Hcβang₄Hmat₄rπalsHπnHtβ₄rmallyHactπvat₄₂Hbuπl₂πngHsyst₄mshHoHcompr₄β₄nsπv₄Hr₄vπ₄wVH 1

125 vπ₄rarcβπcalHalumπnumH−umarat₄Hm₄talUorganπcH−ram₄workHUHalumπnaHβostHmatrπxhHr₄sπgnHan₂H
applπcatπonHtoHqaqlZHcomposπt₄sH−orHtβ₄rmocβ₄mπcalHβ₄atHstorag₄VH2022THcXTHYXbeXZ 1

124 Sprayabl₄Hc₄llulos₄Hnano−πbrπlsHstabπlπz₄₂Hpβas₄Hcβang₄Hmat₄rπalH”πck₄rπngH₄mulsπonH−orHsprayH
coatπngHapplπcatπonVH2022THZgYTHYYgcfa 2

123 r₄t₄rmπnatπonHo−Hpβas₄Hcβang₄Ht₄mp₄ratur₄Ho−Hmat₄rπalsH−romHa₂πabatπcHscannπngHcalorπm₄tryH₂ataVH 0

122 s−−₄ctHo−H₂oubl₄HrotatπngHcylπn₂₄rsHonHtβ₄H‘vrHmπx₄₂Hconv₄ctπonHan₂H₄ntropyHg₄n₄ratπonHo−HaHarH
cubπcH₄nclosur₄H−πll₄₂HbyHnanoU”q‘VH 0

121 sm₄rgπngHSolπ₂UtoUsolπ₂H”βas₄Hqβang₄H‘at₄rπalsH−orH°β₄rmalHsn₄rgyHvarv₄stπngTHStorag₄Han₂H
UtπlπzatπonVHZZXZbce 4

120 °β₄rmalH₄n₄rgyHstorag₄Hcomposπt₄sHwπtβHpr₄−orm₄₂H₄xpan₂₄₂Hgrapβπt₄HmatrπxHan₂Hpara−−πnHwaxH
−orHlongUt₄rmHcyclπngHstabπlπtyHan₂Htaπlor₄₂Htβ₄rmalHprop₄rtπ₄sVH2022THcZTHYXbfcd 0

119 qβargπngHan₂H₂πscβargπngHcβaract₄rπstπcsHo−Hcasca₂₄₂Hlat₄ntHβ₄atHstorag₄HPqzvSQHtankH−orH
lowUt₄mp₄ratur₄HapplπcatπonsVH2022THZYaTHYYfdgf 0

118 °β₄Hqonc₄ptHo−H’anoHwnsulatπonH‘at₄rπalsâ��qβall₄ng₄sTH“pportunπtπ₄sTHan₂Hsxp₄rπm₄ntalH
wnv₄stπgatπonsVH2022THabeUagZ

117 °β₄rmallyHqontroll₄₂Hqoncr₄t₄HwncorporatπngH·ast₄H‘at₄rπalsHan₂Hpypro₂uctsVH2023THdaUec

116 Stu₂yHo−Htβ₄HstructuralU−unctπonalHlπgβtw₄πgβtHconcr₄t₄HcontaπnπngHnov₄lHβollowHc₄ramsπt₄H
compoun₂₄₂HwπtβHpara−−πnVH2022THabZTHYZegcb 1

115 ‘₄ltπngHass₄ssm₄ntHonHtβ₄H₄−−₄ctHo−Hnonunπ−ormHäUsβap₄₂H−πnHuponHsolπ₂â��lπquπ₂Hpβas₄Hcβang₄HπnHaH
tβ₄rmalHstorag₄HtankVHApplied EnergyTH2022THaZYTHYYgaaX 10.7 1

114 UsπngHo−Hβ₄atHtβ₄rmalHstorag₄Ho−H”q‘Han₂HsolarH₄n₄rgyH−orH₂πstrπbut₄₂Hcl₄anHbuπl₂πngHβ₄atπnghHoH
multπUl₄v₄lHscal₄UupHr₄s₄arcβVHApplied EnergyTH2022THaZYTHYYgabc 10.7 1

113 opplπcatπonHo−Hpβas₄Hcβang₄Hmat₄rπalHπnHtβ₄rmalH₄n₄rgyHstorag₄Hsyst₄msVH2022TH 0

112 sxp₄rπm₄ntalHstu₂yHonHtβ₄H₄−−₄ctHo−HrotatπonHonHm₄ltπngHp₄r−ormanc₄Ho−Hsβ₄llUan₂Utub₄Hlat₄ntHβ₄atH
tβ₄rmalH₄n₄rgyHstorag₄HunπtVH2022THYYffee 0

111 ”βas₄Ucβang₄Hmat₄rπalsHr₄πn−orc₄₂Hπnt₄llπg₄ntHpaπntH−orH₄−−πcπ₄ntH₂aytπm₄Hra₂πatπv₄HcoolπngVH2022TH
ZcTHYXbcfb 0
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110 qom−ortHan₂H₄conomπcHasp₄ctsHo−Hpβas₄Hcβang₄Hmat₄rπalsHπnt₄grat₄₂HwπtβHβ₄avyUstructur₄H
buπl₂πngsHπnHβotHclπmat₄sVH2022THZYaTHYYfefc 0

109 sn₄rgyHconsumptπonHo−HaHbuπl₂πngHwπtβHpβas₄Hcβang₄Hmat₄rπalHwallsHâ��H°β₄H₄−−₄ctHo−Hpβas₄Hcβang₄H
mat₄rπalHprop₄rtπ₄sVH2022THcZTHYXcXfX 0

108 °β₄rmalHb₄βavπorsHo−H₄n₄rgyHstorag₄Hproc₄ssHo−H₄ut₄ctπcHβy₂rat₄₂HsaltHpβas₄Hcβang₄Hmat₄rπalsH
mo₂π−π₄₂HbyH’anoU°π“ZVH2022THcaTHYXcXee 1

107 Solπ₂Ulπquπ₂Hpβas₄Hcβang₄Hsubj₄ct₄₂HtoHunπpolarHcβarg₄Hπnj₄ctπonH−romHaHcπrcularHwπr₄H₄l₄ctro₂₄VH
2022THYgbTHYZaYZX 0

106 qonjugat₄₂Hpolym₄rHan₂Hpβas₄Ucβang₄Hmat₄rπalsH−orH₄n₄rgyHstorag₄Han₂Hgr₄₄nHbuπl₂πngsVH2022THaYaUaab

105 °β₄rmo₂ynamπcsHan₂Hkπn₄tπcsHanalysπsHo−Hβy₂rog₄nHabsorptπonHπnHlarg₄Uscal₄Hm₄talHβy₂rπ₂₄Hr₄actorH
coupl₄₂HtoHpβas₄Hcβang₄Hmat₄rπalUm₄talH−oamUbas₄₂Hlat₄ntHβ₄atHstorag₄Hsyst₄mVH2022TH 1

104 ‘ultπ−unctπonalHqarbonUpas₄₂Hvybrπ₂HtoamsH−orHSβap₄UStabπlπzatπonHo−H”βas₄Hqβang₄H‘at₄rπalsTH
°β₄rmalHsn₄rgyHStorag₄THan₂Hsl₄ctromagn₄tπcHwnt₄r−₄r₄nc₄HSβπ₄l₂πngHtunctπonsVH2022THZTHagXUbXg

103 oHStat₄Ho−Htβ₄HortH—₄vπ₄wHonHS₄nsπbl₄Han₂Hzat₄ntHv₄atH°β₄rmalHsn₄rgyHStorag₄H”roc₄ss₄sHπnH”orousH
‘₄₂πahH‘₄soscopπcHSπmulatπonVH2022THYZTHdggc 1

102 ”rop₄rtπ₄sHo−H₄coU−rπ₄n₂lyH−oamHconcr₄t₄HcontaπnπngH”q‘Hπmpr₄gnat₄₂Hrπc₄HβuskHasβH−orHtβ₄rmalH
manag₄m₄ntHo−Hbuπl₂πngsVH2022THYXbgdY 1

101 °β₄rmom₄cβanπcalH”₄r−ormanc₄HonalysπsHo−H’ov₄lHq₄m₄ntUpas₄₂Hpuπl₂πngHsnv₄lop₄sHwπtβH
snβanc₄₂H”assπv₄HwnsulatπonH”rop₄rtπ₄sVH2022THYcTHbgZc 0

100 pvUr₄sponsπv₄Hwoo₂Ubas₄₂Hpβas₄Hcβang₄Hmat₄rπalH−orHtβ₄rmalH₄n₄rgyHstorag₄Hbuπl₂πngHmat₄rπalH
applπcatπonVH 0

99 qombπnatπonHo−H”assπv₄Han₂Hoctπv₄HSolarHv₄atπngHwπtβH°β₄rmalHsn₄rgyHStorag₄VH2022THZeTHbafd 1

98 ”oly₄tβyl₄n₄HglycolHWHnano−πbrousHy₄vlarHa₄rog₄lHcomposπt₄hHtabrπcatπonTHcon−πn₄m₄ntH₄−−₄ctTH
tβ₄rmalH₄n₄rgyHstorag₄Han₂HπnsulatπonHp₄r−ormanc₄VH2022THaZTHYXbXYY

97 Sπmultan₄ousHus₄Ho−HporousHm₄₂πumHan₂Hpβas₄Hcβang₄Hmat₄rπalHasHcoolantHo−HpβotovoltaπcH
mo₂ul₄siHtβ₄rmo₂ynamπcHanalysπsVH2022THcbTHYXcZed 0

96 snβanc₄m₄ntHo−Htβ₄Hm₄talHβy₂rπ₂₄Hβy₂raulπcHpumpH₄−−πcπ₄ncyHbyHπnt₄gratπngHaHpβas₄Hcβang₄H
mat₄rπalVH 0

95 sn₄rgyHp₄r−ormanc₄H₄nβanc₄m₄ntHo−Hr₄sπ₂₄ntπalHbuπl₂πngsHπnH”akπstanHbyHπnt₄gratπngHpβas₄Hcβang₄H
mat₄rπalsHπnHbuπl₂πngH₄nv₄lop₄sVH2022THfTHgZgXUgaXe 2

94 —₄vπ₄wHonHapplπcatπonsHo−Hmπcro₄ncapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalHπnHbuπl₂πngsH−orHtβ₄rmalH
storag₄Hsyst₄mVH2022THZgTH 1

93 oHnov₄lHbπonπcHpack₄₂Hb₄₂Hlat₄ntHβ₄atHstorag₄Hsyst₄mH−πll₄₂HwπtβH₄ncapsulat₄₂H”q‘H−orHtβ₄rmalH
₄n₄rgyHcoll₄ctπonVH2022THYXYbbg
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92 qoupl₄₂Hv₄atHan₂H‘oπstur₄H°rans−₄rHπnH·allsHt₄aturπngH‘oπstur₄Upu−−₄rπngH‘at₄rπalsHan₂H
V₄ntπlatπngHzay₄rshHonHsxp₄rπm₄ntalHStu₂yVH2022TH 0

91 Syntβ₄sπsHan₂Hcβaract₄rπzatπonHo−Hbπopolyur₄tβan₄Hcrosslπnk₄₂HwπtβHcastorHoπlUbas₄₂Hβyp₄rbrancβ₄₂H
polyolsHasHpolym₄rπcHsolπ₂â��solπ₂Hpβas₄Hcβang₄Hmat₄rπalsVH2022THYZTH 0

90 Syntβ₄sπsHan₂Hcβaract₄rπzatπonHo−HtS”q‘Hbas₄₂HcoatπngsHtoHπmprov₄Htβ₄H₄n₄rgyH₄−−πcπ₄ncyHπnH
buπl₂πngsVH2022TH

89 ‘πcrostructur₄Uguπ₂₄₂HcomputatπonalHmo₂₄lH−orHpr₄₂πctπngH₄−−₄ctπv₄Htβ₄rmalHcon₂uctπvπtyHo−H
c₄m₄ntπtπousHcomposπt₄sH−πll₄₂HwπtβHpβas₄Hcβang₄Hpartπcl₄sVH2022THafTHYXZaag

88 oHstu₂yHonH₄n₄rgyHtransportHp₄r−ormanc₄Ho−H‘πcro₄ncapsulat₄₂H”βas₄Hqβang₄H‘at₄rπalsHP‘”q‘QH
slurryVH2022THYafTHYXdaZY

87 ‘₄asurπngHtβ₄HmaxπmumHcapacπtyHan₂Htβ₄rmalHr₄sπstanc₄sHπnHpβas₄Ucβang₄Htβ₄rmalHstorag₄H
₂₄vπc₄sVH2022THccTHYXccYb 0

86 Sβap₄UstabπlπzatπonHo−HorganπcHpβas₄Hcβang₄Hmat₄rπalsHasHm₄cβanπcallyHstabl₄HsπlπcaHboar₂sHwπtβHβπgβH
lat₄ntHβ₄atsHsyntβ₄sπz₄₂HvπaHsolUg₄lHrout₄VH2022THdXTHYXcYgf 0

85 VarπatπonHπnHcoolπngHp₄r−ormanc₄Ho−HaHbπoUbas₄₂Hpβas₄Hcβang₄Hmat₄rπalHbyHa₂₂πngHgrapβ₄n₄H
nanoplat₄l₄tsHwπtβHsur−actantsVH2022THYdTHYXXZXY 0

84
°β₄H₄−−₄ctHo−HmultπUwall₄₂HcarbonHnanotub₄sHonHtβ₄Htβ₄rmoUpβysπcalHprop₄rtπ₄sHo−Hsβap₄Hstabπlπs₄₂H
pβas₄Hcβang₄Hmat₄rπalsH−orHbuπl₂πngsHbas₄₂HonHβπgβH₂₄nsπtyHpoly₄tβyl₄n₄Han₂Hpara−−πnHwaxVH2022TH
ccTHYXcdXY

0

83
zattπc₄HpoltzmannHsπmulatπonHo−Htβ₄Hm₄ltπngH₄nβanc₄m₄ntHo−Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalH
wπtβHβπgβlyHcon₂uctπv₄Ha₂₂πtπv₄sHUHs−−₄ctHo−H₂πscr₄t₄Hpartπculat₄Hpβas₄Han₂HcontπnuousHcon₂uctπv₄H
n₄tworkVH2022THZYeTHYYgZYY

0

82 onHπnt₄llπg₄ntHπc₄pβobπcHcoatπngHbas₄₂HonH₄ncapsulat₄₂Hpβas₄Hcβang₄Hmat₄rπalsHP”q‘QVH2022THdccTHYaXYce 0

81 sl₄ctrosprayπngHpolyPlactπcHacπ₂QHmπcrocapsul₄sHloa₂₄₂HwπtβHnUβ₄xa₂₄can₄H−orHtβ₄rmalH₄n₄rgyH
storag₄Hsyst₄msVH2022THaaTHYXbbba 0

80 ”r₄paratπonHan₂Hcβaract₄rπzatπonHo−HlaurπcHacπ₂â��st₄arπcHacπ₂W₄xpan₂₄₂Hp₄rlπt₄HasHaHcomposπt₄Hpβas₄H
cβang₄Hmat₄rπalVH2022THYZTHZafdXUZafdf 0

79 —₄vπ₄wHonH“rganπcH”βas₄Hqβang₄H‘at₄rπalsH−orHSustaπnabl₄Hsn₄rgyHStorag₄VH 2

78 r₄sπgnHan₂H“ptπmπzatπonHo−Hqomposπt₄H”βas₄Hqβang₄H‘at₄rπalH−orHqylπn₂rπcalH°β₄rmalHsn₄rgyH
Storag₄VH 1

77 ”q‘H‘o₂π−π₄₂HuypsumHv₄mpcr₄t₄HwπtβHwncr₄as₄₂Hv₄atHqapacπtyH−orH’₄arlyHç₄roHsn₄rgyHpuπl₂πngsVH
2022THZdTHcZbUcab 3

76 oHqompr₄β₄nsπv₄H—₄vπ₄wHonHpuπl₂πngHsn₄rgyHSavπngHrurπngHtβ₄H”astHr₄ca₂₄VH2022THbfgUcXZ 0

75 oHstu₂yHonHr₄c₄ntHa₂vanc₄sHπnHpβas₄Hcβang₄Hmat₄rπalHan₂HπtsH₄xp₄rπm₄ntalHass₄ssm₄ntsHπnHmasonryH
constructπonHt₄cβnologyVH2022THeTH 0
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74 qonstructπonHan₂HapplπcatπonHo−HbπocβarUbas₄₂Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalsVH2022THYagbbY 0

73 Vπsco₄lastπcHan₂HtβπxotropπcHcβaract₄rπzatπonHo−Hpara−−πnWpβotopolym₄rHcomposπt₄sH−orH
₄xtrusπonUbas₄₂HprπntπngVH2022THabTHXgaYXd 0

72 ’um₄rπcalHanalysπsHonHpβas₄Hcβang₄Hprogr₄ssHan₂Htβ₄rmalHp₄r−ormanc₄Ho−H₂π−−₄r₄ntHroo−sH
πnt₄grat₄₂HwπtβHpβas₄Hcβang₄Hmat₄rπalHP”q‘QHπnH‘oroccanHs₄mπUarπ₂Han₂H‘₄₂πt₄rran₄anHclπmat₄sVH 0

71 ‘ol₄cularHrynamπcsHSπmulatπonHo−H°β₄rmopβysπcalH”rop₄rtπ₄sHan₂Htβ₄H‘πcrostructur₄Ho−H’aZq“aH
v₄atHStorag₄H‘at₄rπalsVH2022THYcTHeXfX 0

70 ”r₄paratπonHan₂H”₄r−ormanc₄HonalysπsHo−HtormUStabl₄Hqomposπt₄H”βas₄Hqβang₄H‘at₄rπalsHwπtβH
rπ−−₄r₄ntHsuH”artπcl₄HSπz₄sHan₂H‘assHtractπonsH−orH°β₄rmalHsn₄rgyHStorag₄VH2022THeTHabbadUabbbf 0

69 oHcompr₄β₄nsπv₄Hstat₄Uo−Utβ₄UartHr₄vπ₄wHo−Hsustaπnabl₄Htβ₄rmalHπnsulatπonHsyst₄mHus₄₂HπnH₄xt₄rnalH
wallsH−orHr₄₂uctπonHπnH₄n₄rgyHconsumptπonHπnHbuπl₂πngsVHYUYg 0

68 °β₄rmalTHm₄cβanπcalHan₂HmπcrostructuralHprop₄rtπ₄sHo−Hsustaπnabl₄Hconcr₄t₄HπncorporatπngH”βas₄H
cβang₄Hmat₄rπalsVH2022THacdTHYZgaXX 0

67 ”₄r−ormanc₄Hπnv₄stπgatπonHo−H−latHplat₄HsolarHcoll₄ctorHwπtβHnanopartπcl₄H₄nβanc₄₂Hπnt₄grat₄₂H
tβ₄rmalH₄n₄rgyHstorag₄Hsyst₄mVH2022THccTHYXcdfY 1

66 oH—₄vπ₄wHo−HSolarHsn₄rgyHUs₄HπnHpπogasHrπg₄st₄rHv₄atπngVHgTHeXUfY 0

65 sut₄ctπcHtattyHocπ₂sH”βas₄Hqβang₄H‘at₄rπalsHwmprov₄₂HwπtβHsxpan₂₄₂Hurapβπt₄VH2022THYcTHdfcd 1

64 ‘ultπvarπat₄HanalysπsH−orHass₄ssπngHtβ₄Htβ₄rmalHp₄r−ormanc₄Ho−Hv₄rtπcalHopaqu₄H₄nv₄lop₄sHπnH
₄xt₄n₂₄₂Hr₄gπonsVHYebbZcgYZZYYZeZ 1

63 ‘₄ltπngHproc₄ss₄sHo−Hpβas₄Hcβang₄Hmat₄rπalsHπnHaHβorπzontallyHplac₄₂Hr₄ctangularHcavπtyVH2022THgcXTH 0

62 ’um₄rπcalHsπmulatπonHo−Hra₂πantH−loorHcoolπngHsyst₄msHusπngH”q‘H−orHnaturallyHv₄ntπlat₄₂Hbuπl₂πngsH
πnHaHβotHan₂Hβumπ₂Hclπmat₄VH2022THYXgedZ 0

61 qompr₄β₄nsπv₄Hr₄vπ₄wHonHcasca₂₄₂Hlat₄ntHβ₄atHstorag₄Ht₄cβnologyhH—₄c₄ntHa₂vanc₄sHan₂H
cβall₄ng₄sVH2022THccTHYXceYa 0

60 qombπn₄₂Hus₄Ho−Hpβas₄Hcβang₄Hmat₄rπalHan₂Htβ₄rmalHπnsulatπonHtoHπmprov₄H₄n₄rgyH₄−−πcπ₄ncyHo−H
r₄sπ₂₄ntπalHbuπl₂πngsVH2022THcdTHYXcffX 0

59 r₄scrπptπonHo−Hpβas₄Hcβang₄Hmat₄rπalsHP”q‘sQHus₄₂HπnHbuπl₂πngsHun₂₄rHvarπousHclπmat₄shHoHr₄vπ₄wVH
2022THcdTHYXcedX 2

58 ”rogr₄ssHπnHr₄s₄arcβHan₂H₂₄v₄lopm₄ntHo−Hpβas₄Hcβang₄Hmat₄rπalsH−orHtβ₄rmalH₄n₄rgyHstorag₄HπnH
conc₄ntrat₄₂HsolarHpow₄rVH2023THZYgTHYYgcbd 1

57 oHsyst₄matπcHr₄vπ₄wHo−Hpassπv₄H₄n₄rgyHconsumptπonHoptπmπsatπonHstrat₄gyHs₄l₄ctπonH−orHbuπl₂πngsH
tβrougβHmultπpl₄Hcrπt₄rπaH₂₄cπsπonUmakπngHt₄cβnπqu₄sVH2023THYeYTHYYaXYa 1
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56 ”rosp₄ctsHan₂Hqβall₄ng₄sHo−HSolarH°β₄rmalH−orH”roc₄ssHv₄atπnghHoHqompr₄β₄nsπv₄H—₄vπ₄wVH2022TH
YcTHfcXY 1

55 r₄v₄lopm₄ntHo−Hpβas₄Hcβang₄Hmat₄rπalsH−orHlowUt₄mp₄ratur₄Htβ₄rmalH₄n₄rgyHstorag₄HapplπcatπonVH
YYTHYZgc 0

54 SolarHan₂H°β₄rmalH—a₂πatπonU‘o₂ulatπonH‘at₄rπalsH−orHpuπl₂πngHopplπcatπonsVHZZXZgaZ 0

53 ”₄r−ormanc₄Hπmprov₄m₄ntHo−Ha₂sorptπv₄Hβy₂rog₄nHstorag₄HonHactπvat₄₂HcarbonhHs−−₄ctsHo−Hpβas₄H
cβang₄Hmat₄rπalHan₂HπnconstantHmassH−lowHrat₄VH2022THcdTHYXcgaX 0

52 s−−₄ctsHo−Hpara−−πnHa₂₂πtπv₄sTHasHpβas₄Hcβang₄Hmat₄rπalsTHonHtβ₄Hb₄βavπorHo−HaHtra₂πtπonalHlπm₄H
mortarVH2022THadYTHYZgeab 0

51
s−−₄ctsHo−HporousHsπlπconHcarbπ₂₄HsupportsHpr₄par₄₂H−romHpyrolyz₄₂Hpr₄cursorsHonHtβ₄Htβ₄rmalH
con₂uctπvπtyHan₂H₄n₄rgyHstorag₄Hprop₄rtπ₄sHo−Hpara−−πnUbas₄₂Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalsVH
2022THcdTHYXdXbd

0

50 qoolπngH₄nβanc₄m₄ntHo−Hportabl₄Hcomput₄rsHproc₄ssorHbyHaHβ₄atHpπp₄Hassπst₄₂HwπtβHpβas₄Hcβang₄H
mat₄rπalsVH2022THcdTHYXdXeb 0

49 —₄s₄arcβH”rogr₄ssHo−H”βas₄Hqβang₄Hsn₄rgyHStorag₄H‘at₄rπalsHwπtβHSolarU°β₄rmalHqonv₄rsπonVH2022TH
YZTHacZUadY 0

48 oHnum₄rπcalHass₄ssm₄ntHo−HaHlat₄ntHβ₄atHstorag₄Hsyst₄mH−orH₂πstrπctHβ₄atπngHsubstatπonsVH2023THceTHYXdZYX 1

47 onHapproxπmat₄HanalytπcalHsolutπonH−orHtβ₄Hmov₄m₄ntHo−Htβ₄Hpβas₄Hcβang₄H−rontHπnHlat₄ntHtβ₄rmalH
₄n₄rgyHstorag₄Hβ₄atH₄xcβang₄rsVH2023THceTHYXdYaZ 0

46 s−−₄ctπv₄H₄stπmatπonHo−Htβ₄Hstat₄Uo−Ucβarg₄Ho−Hlat₄ntHβ₄atHtβ₄rmalH₄n₄rgyHstorag₄H−orHβ₄atπngHan₂H
coolπngHsyst₄msHusπngHnonUlπn₄arHstat₄Hobs₄rv₄rsVH2023THaaYTHYZXbbf 0

45 ”r₄paratπonHo−Hβπ₄rarcβπcalHporousHmπcrospβ₄r₄sHcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalH−orHtβ₄rmalH
₄n₄rgyHstorag₄Hconcr₄t₄HπnHbuπl₂πngsVH2023THZaZTHYXdeeY 0

44 ’um₄rπcalHanalysπsHo−Hβ₄atH−luxHpassπngHtβrougβHanHantπUtβ₄−tH₂oorHarm₄₂HbyHpβas₄Hcβang₄H
mat₄rπalsVH 0

43 oHr₄vπ₄wHonHtβ₄HmπcroU₄ncapsulatπonHo−Hpβas₄Hcβang₄Hmat₄rπalshHclassπ−πcatπonTHstu₂yHo−Hsyntβ₄sπsH
t₄cβnπqu₄Han₂Htβ₄πrHapplπcatπonsVH2023THaXTH 0

42 oHcrossUscal₄Hâ��mat₄rπalUcompon₄ntUsyst₄mâ��H−ram₄workH−orHtransπtπonHtowar₂sHz₄roUcarbonHbuπl₂πngsH
an₂H₂πstrπctsHwπtβHlowTHm₄₂πumHan₂HβπgβUt₄mp₄ratur₄Hpβas₄Hcβang₄Hmat₄rπalsVH2022THYXbaef 1

41 v₄atHstorag₄Hmat₄rπalhHaHβop₄HπnHsolarHtβ₄rmalVH 0

40 ’um₄rπcalHanalysπsHo−H”q‘Hπnt₄grat₄₂Hy₄arUroun₂Htβ₄rmalH₄n₄rgyHsavπngsHbuπl₂πngH−orHcomposπt₄H
clπmatπcHcon₂πtπonsVH2022THYYXXTHXYZXXb 0

39 sxp₄rπm₄ntalHstu₂yHan₂Hass₄ssm₄ntHo−Htβ₄rmalH₄n₄rgyHstorag₄HmortarHwπtβHpara−−πnWr₄cycl₄₂HbrπckH
pow₂₄rHcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalsVH 0
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38 ”assπv₄HSolarHSyst₄msH−orHtβ₄H”romotπonHo−H°β₄rmalHqom−ortHπnHo−rπcanHqountrπ₄shHoH—₄vπ₄wVH2022TH
YcTHgYde 1

37 nUv₄pta₂₄can₄Uwmpr₄gnat₄₂H·oo₂HasHaH”ot₄ntπalH‘at₄rπalH−orHsn₄rgyUSavπngHpuπl₂πngsVH2022THYaTHZYae 0

36 °β₄rmalH”₄r−ormanc₄Hsnβanc₄m₄ntHo−H°rπpl₄xH°ub₄Hv₄atHStorag₄HUsπngH‘₄talHtoamVHdZUeY 0

35
orcβπt₄cturalHr₄sπgnHStrat₄gπ₄sH−orHsnβanc₄m₄ntHo−H°β₄rmalHan₂Hsn₄rgyH”₄r−ormanc₄Ho−H
”q‘sUsmb₄₂₂₄₂Hsnv₄lop₄HSyst₄mH−orHanH“−−πc₄Hpuπl₂πngHπnHaH°ypπcalHorπ₂HSaβaranHqlπmat₄VH2023TH
YcTHYYgd

1

34 w₂₄ntπ−πcatπonHo−Htβ₄Hpor₄Hsπz₄H₂πstrπbutπonHo−HaHporousHm₄₂πumHusπngHoscπllatπngH’₄wtonπanH−luπ₂sVH
2023THbdXTHYZfdYc 0

33 ulobalHtr₄n₂sTHp₄r−ormanc₄Hm₄trπcsTHan₂H₄n₄rgyHr₄₂uctπonHm₄asur₄sHπnH₂atacomH−acπlπtπ₄sVH2023TH
YebTHYYaYbg 0

32 o₂sorptπonHaπrHcon₂πtπonπnghHaHcompr₄β₄nsπv₄Hr₄vπ₄wHπnH₂₄sπccantHmat₄rπalsTHsyst₄mHprogr₄ssTHan₂H
r₄c₄ntHstu₂π₄sHonH₂π−−₄r₄ntHcon−πguratπonsHo−Hβybrπ₂Hsolπ₂H₂₄sπccantHaπrHcon₂πtπonπngHsyst₄msVH 0

31 Stu₂yHonHoptπmπzatπonHo−Htβ₄rmalHprop₄rtyHparam₄t₄rsHo−Hpβas₄Hcβang₄Hwallboar₂Han₂HπtsH
applπcatπonHsπmulatπonHπnHtβ₄Hbuπl₂πngVH2023THdYTHYXdeea 0

30 o₂aptπv₄H₂ynamπcHbuπl₂πngH₄nv₄lop₄Hπnt₄grat₄₂HwπtβHpβas₄Hcβang₄Hmat₄rπalHtoH₄nβanc₄Htβ₄Hβ₄atH
storag₄Han₂Hr₄l₄as₄H₄−−πcπ₄ncyhHoHstat₄Uo−Utβ₄UartHr₄vπ₄wVH2023THZfdTHYYZgZf 0

29 omπn₄Ubas₄₂Htβ₄rmalH₄n₄rgyHstorag₄Hsyst₄mHtowar₂sHπn₂ustrπalHapplπcatπonVH2023THZfaTHYYdgcb 0

28 sncapsulatπngHanHπnorganπcHpβas₄Hcβang₄Hmat₄rπalHwπtβπnH₄mulsπonUt₄mplat₄₂Hpolym₄rshH°β₄rmalH
₄n₄rgyHstorag₄Han₂Hr₄l₄as₄VH2023THZedTHYZcgbe 0

27 sxp₄rπm₄ntalHan₂Hmol₄cularH₂ynamπcHsπmulatπonHo−Hsup₄rcoolπngHpβ₄nom₄nonHo−Hso₂πumHac₄tat₄H
trπβy₂rat₄VH2023THdZTHYXdgcd 0

26 oHcompr₄β₄nsπv₄HapproacβHcombπnπngHgra₂π₄ntHporousHm₄talH−oamHan₂Htβ₄Hmagn₄tπcH−π₄l₂HtoH
r₄gulat₄Hlat₄ntHβ₄atHstorag₄Hp₄r−ormanc₄VH2023THZZeTHYZXafX 0

25 r₄sπgnHan₂HoptπmπzatπonHo−Hcomposπt₄Hpβas₄Hcβang₄Hmat₄rπalH−orHcylπn₂rπcalHtβ₄rmalH₄n₄rgyH
storag₄VH2023THZXfTHYZaggc 0

24 ‘₄ltπngHb₄βavπorHo−HanHorganπcHpβas₄Hcβang₄Hmat₄rπalHπnHaHsquar₄Htβ₄rmalH₄n₄rgyHstorag₄Hcapsul₄H
wπtβHanHarrayHo−Hwπr₄H₄l₄ctro₂₄sVH2023THZZfTHYZXbgZ 0

23 arHprπnt₄₂Hlattπc₄Hm₄talHstructur₄sH−orH₄nβanc₄₂Hβ₄atHtrans−₄rHπnHlat₄ntHβ₄atHstorag₄Hsyst₄msVH2023
THdcTHYXeacX 0

22 r₄v₄lopm₄ntHo−Hartπ−πcπalHsβap₄Us₄ttπngH₄n₄rgyHstorag₄HpβospβorousHbuπl₂πngHgypsumHaggr₄gat₄VH
2023THYfTH₄XZXYd 0

21 ·₄tHspπnnπngHo−HstrongHc₄llulosπcH−πbr₄sHwπtβHπncorporatπonHo−Hpβas₄Hcβang₄Hmat₄rπalHcapsul₄sH
stabπlπz₄₂HbyHc₄llulos₄HnanocrystalsVH2023THaYZTHYZXeab 0
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20 —₄cyclabl₄HSolπ₂â��Solπ₂H”βas₄Hqβang₄H‘at₄rπalsHwπtβHsxc₄ll₄ntH—₄proc₄ssπngH”rop₄rtπ₄sHpas₄₂HonH
rynamπcHrπsul−π₂₄Hpon₂sVH2023THcTHYbggUYcXf 0

19 Stan₂ar₂πs₄₂Hm₄tβo₂sH−orHtβ₄H₂₄t₄rmπnatπonHo−Hk₄yHp₄r−ormanc₄Hπn₂πcatorsH−orHtβ₄rmalH₄n₄rgyH
storag₄Hβ₄atH₄xcβang₄rsVH2023THYedTHYYaYag 0

18 sncapsulat₄₂H”βas₄Hqβang₄H‘at₄rπalHSlurrπ₄sHasH·orkπngHtluπ₂HπnH’ov₄lH”βotovoltaπcH°β₄rmalHzπquπ₂H
Syst₄mshHoHqompr₄β₄nsπv₄H—₄vπ₄wVH 0

17 oHconc₄ptualH−ram₄workH−orHpβas₄Hcβang₄Hmat₄rπalHπnt₄gratπonHπnHbuπl₂πngHcompon₄ntsVHYbZXaZdÖZaYYcag 0

16 Ur₄aUr₄rπv₄₂HurapβπtπcHqarbonH’πtrπ₂₄W”oly₄tβyl₄n₄HulycolHtormUStabl₄Hqomposπt₄H−orH°β₄rmalH
sn₄rgyHStorag₄VH2023THaeTHbXcfUbXdf 0

15 vπgβHtβ₄rmalHπn₄rtπaHmortarshH’₄wHm₄tβo₂HtoHπncorporat₄Hpβas₄Hcβang₄Hmat₄rπalsHP”q‘sQHwβπl₄H
₄nβancπngHstr₄ngtβHan₂Htβ₄rmalH₂₄sπgnHmo₂₄lsVH2023THaeXTHYaXdZY 0

14 ”q‘Ubas₄₂Hc₄πlπngHpan₄lsH−orHpassπv₄HcoolπngHπnHbuπl₂πngshHoHqtrHmo₂₄llπngVH2023THZfcTHYYZfgf 1

13 sn₄rgyHanalysπsHo−Htβ₄Hbuπl₂πngHπnt₄grat₄₂HwπtβHaH₂oubl₄H”q‘Hwallboar₂Hsyst₄mHπnHvarπousHclπmat₄H
r₄gπonsHo−HwranVH 0

12 °β₄rmalH₄n₄rgyHstorag₄HusπngHpβas₄Hcβang₄Hmat₄rπalsHπnHbuπl₂πngHapplπcatπonshHoHr₄vπ₄wHo−Htβ₄H
r₄c₄ntH₂₄v₄lopm₄ntVH2023THZfcTHYYZgXf 0

11 tacπl₄Hsyntβ₄sπsHo−HSmS₄Hsupport₄₂HonHmultπwall₄₂HcarbonHnanotub₄sH−orHsup₄rcapacπtorH
applπcatπonsVH 0

10 °β₄rmalH₄n₄rgyHstorag₄H−orH₄nβanc₄₂Hbuπl₂πngH₄n₄rgyH−l₄xπbπlπtyVH2023THfgUYYg 0

9 oHr₄vπ₄wHo−Hpβas₄Hcβang₄Hmat₄rπalsHπnHmultπU₂₄sπgn₄₂Htub₄sHan₂Hbuπl₂πngshH°₄stπngHm₄tβo₂sTH
applπcatπonsTHan₂Hβ₄atHtrans−₄rH₄nβanc₄m₄ntVH2023THdaTHYXdggX 0

8 oH—₄vπ₄wHo−Htβ₄H”₄r−ormanc₄Hwmprov₄m₄ntH‘₄tβo₂sHo−H”βas₄Hqβang₄H‘at₄rπalshHopplπcatπonH−orH
tβ₄Hv₄atH”umpHv₄atπngHSyst₄mVH2023THYdTHZded 0

7 ‘πcro₄ncapsulatπonHo−Htβ₄rmocβromπcHcolorHswπtcβπngHan₂Hpβas₄Hcβang₄Hmat₄rπalsVH2023THZZgUZca 0

6 ”βas₄Hcβang₄Hmat₄rπalsHP”q‘sQHπnHbuπl₂πngsVH2023THcXeUcde 0

5 ‘₄cβanπcalHan₂H°β₄rmalH”rop₄rtπ₄sHo−H°β₄rmallyHqon₂uctπv₄Hsnβanc₄₂H”ara−−πnWuypsumH
qomposπt₄sVH2023THYYTHggg 0

4 sn₄rgyTH₄x₄rgyTHan₂H₄conomπcHPasQHanalys₄sHo−Hnanopartπcl₄U₄nrπcβ₄₂Hpβas₄Hcβang₄Hmat₄rπalHπnHanH
aπrâ��”q‘Hβ₄atH₄xcβang₄rHapplπ₄₂H−orHbuπl₂πngsH−r₄₄HcoolπngVH 0

3 °β₄rmalHp₄r−ormanc₄Ho−H₂π−−₄r₄ntHconstructπonHmat₄rπalsHus₄₂HπnH’₄wHç₄alan₂H₂w₄llπngsH
comparatπv₄lyHtoHπnt₄rnatπonalHpractπc₄Hâ��HoHsyst₄matπcHlπt₄ratur₄Hr₄vπ₄wVH2023THYXdabd 0

(2023-2023)

69



2 ”₄r−ormanc₄HsvaluatπonHo−H’ov₄lHqonc₄ntratπngH”βotovoltaπcH°β₄rmalHSolarHqoll₄ctorHun₂₄rH
–uasπUrynamπcHqon₂πtπonsVH2023THaTHYgcUZYZ 0

1 qolloπ₂alHπnorganπcHnanoUHan₂Hmπcropartπcl₄sH−orHpassπv₄H₂aytπm₄Hra₂πatπv₄HcoolπngVH2023THYXTH 0
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