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Foreword

%\ 'RXJ $GDPV
&KLHI ([HFXWLYH 2vFHU DQG 3UHVLGHQW 177 *OREDO 'DWD &H

$SUWLVFLDO LQWHOOLJHQFH $, LV UHVKDSLQJ WKH GLJLWDO H
SDFH )URP ODUJH VFDOH PRGHO WUDLQLQJ WR LQFUHDVLQJ GI
$, LV GULYLQJ D QHZ ZDYH RI GHPDQG IRU FRPSXWH FRQQHFW
LQIUDVWUXFWXUH $W WKH FHQWHU RI WKDW WUDQVIRUPDWLR:
SK\VLFDO IRXQGDWLRQ WKDW PDNHV WKLY SURJUHVYVY SRVVLEDO

2YHU WKH SDVW VHYHUDO \HDUV ZH KDYH VHHQ $, HYROYH IUR
FDSDELOLW\ LQWR D PDLQVWUHDP IRUFH LOQWXHQFLQJ HYHU\ L
VKLIW KDV FRPH D OHDS LQ WKH VFDOH GHQVLW\ DQG FRPSOF
LQIUDVWUXFWXUH UHTXLUHG WR VXSSRUW LW 'DWD FHQWHUYV
JURZLQJ LQ VL]H WKH\ DUH EHLQJ DVNHG WR GHOLYHU SHDN S
ODWHQF\ DQG JUHDWHU UHOLDELOLW\ DOO ZKLOH RSHUDWLDQ.
DURXQG SRZHU ODQG ODERU DQG WLPH WR GHSOR\PHQW

$w 177 *OREDO 'DWD &HQWHUV ZH RSHUDWH DW WKH LQWHUVFE
DPELWLRQ DQG LQIUDVWUXFWXUH UHDOLW\ (YHU\ GD\ ZH ZRUI
DUH PRYLQJ TXLFNO\ WR GHSOR\ $, DW VFDOH DQG ZLWK FRPF
DQG SROLF\PDNHUV ZKR PXVW EDODQFH WKDW JURZWK ZLWK E!
HQYLURQPHQWDO SULRULWLHYVY W KDV EHFRPH FOHDU WKDW Z
DFFHOHUDWLQJ WKH V\VWHPVY UHTXLUHG WR VXSSRUW LW PXV

/KDW LV SUHFLVHO\ ZK\ ZH FRPPLVVLRQHG WKLV VWXG\

2XU REMHFWLYH zZzDV QRW VLPSO\ WR SURMHFW JURZWK EXW W
FRQGLWLRQV XQGHU ZKLFK WKDW JURZWK UHPDLQV VXVWDLQD
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KRZ GLUHUHQW WUDMHFWRULHYV IRU $, DGRSWLRQ FRXOG VKD
WKURXJK DQG WKH FULWLFDO UHVRXUFHYVY VXFK DV SRZH
VXSSO\ FKDLQV QHHGHG WR VXSSRUW LW %\ PRGHOLQJ DFF
JURZWK VFHQDULRV WKH DQDO\WLYV KHOSV GLVWLQJXLVK EH
VWUXFWXUDO FKDOOHQJHY DQG KLIKOLJKWYV ZKHUH FRRUGL
ZLOO PDWWHU PRVW

2QH RI WKH NH\ LQVLIJKWY WKDW HPHUJHV LV WKDW WKH LQG
FRQVWUDLQW EXW D FRQYHUJHQFH RI SUHVVXUHYV 3RZHU DY
DUH EHFRPLQJ GHFLVLYH IDFWRUV LQ ZKHUH DQG KRZ LQIUD
VDPH WLPH DGYDQFHV LQ QHWZRUN GHVLJQ FRROLQJ WHFKQ(
FRPSXWLQJ DUFKLWHFWXUHY DUH FUHDWLQJ UHDO RSSRUWXQ(
DSSOLHG WKRXJKWIXOO\ DQG HDUO\

7KLV UHSRUW LV LQWHQGHG DV ERWK DQ DVVHVVPHQW DQG D
LW XQGHUVFRUHY WKH LPSRUWDQFH RI VIVWHPY OHYHO GHVL
JRU SROLF\PDNHUV DQG XWLOLWLHV LW KLJKOLJKWYV WKH QH
GLJLWDO LQIUDVWUXFWXUH GHYHORSPHQW DQG HQHUJ\ DQG

IRU HQWHUSULVHYV GHSOR\LQJ $, LW UHLQIRUFHV WKH YDOXH
LQIUDVWUXFWXUH SURYLGHUV ZKR XQGHUVWDQG KRZ WR GHC
UHVSRQVLEO\

$, ZLOO FRQWLQXH WR WUDQVIRUP WKH ZRUOG LQ SRZHUIXO
LQIUDVWUXFWXUH EHKLQG LW NHHSV SDFH HXFLHQWO\ VXV
FKDOOHQJH ZH DOO VKDUH :‘:H KRSH WKH LQVLJKWY LQ WKLV
WKDW HuURUW DQG VXSSRUW LQIRUPHG GHFLVLRQ PDNLQJ DF

Doug Adams
&(2 3UHVLGHQW
177 *OREDO 'DWD &HQWHUYV

177 *OREDO 'DWD &HQWHUYV
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Framing the Future

JURP LWV KXPEOH RULJLQV DV DQ LQ KRXVH FRPSXWLQJ IDF LThe Sttidy iodels BrocVgdertial GroWtH pathv@ys: J U R Z Q
WR EHFRPH D PDLQVWD\ RI WRGD\ V ,7 HFRV\VWHP DQG QDWLRQDO HFRQRPLF LQIUDVWUXFWXUH
'DWD FHQWHUV SRZHU QHDUO\ HYHU\ DVSHFW RI GDLO\ OLIH IURP FORXG VIWWWHPV WKDW VXSSRUW
VPDUWSKRQHY DQG HYHU\GD\ FRPSXWLQJ WR WKH GHQVH DUUD\V RI VHU,\'(I-@ UDENV WKD@HOS @
WUDLQ ODUJH ODQJXDJH $, PRGHOV %XW GDWD FHQWHUV DUH QRZ HQWHWLQFJ WKHLU QHYWHULWLFDO
JURZWK SKDVH LQ ZKLFK WKH\ DUH EHLQJ FDOOHG XSRQ WR SRZHU WKH DVFHQW RI HYHU

PRUH SRZ#ebdrxi@e models, Alagents, DQG PDQ\ R-velktetigital Accelerated Steady Slow

technologies
'H WUDFH WKHLU LPSDFW RQ HQHUJ\ GHPDQG ODQG DQG ZDWHU

/R XOGHUVWDQG WKH VFDOH DQG LPSOLFDWLRQV RI WKLYV VKﬁ;kWLéY/7 5@%E@|§)EIF@U\/QWWHM|¥QWV WKURXJK %\ VWUHVV VW
FRPPLVVLRQHG HFRQRPLF FRQVXOWDQF\ 7TKRXJKW/DE WR H[DBH®W &RQ&V@(MR]@\R@Q@L@WD WKH DQDO\VLYVY DLPV WR FODULI\ Z
FHQWHU LQGXVWU\ FRXOG HYROYH RYHU WKH UHPDLQGHU RI MW S FReHU H LOQOQRYDWLRQ LV HDVLQJ VWUDLQV DQG ZKDW F

DPELWLRQ ZLWK LQIUDVWUXFWXUH UHDOLW\

N\
N\
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Powering the Al Era

(KH 1HZ 'DWD &HQWHU ODQGDWH
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Engines of Economic Performance

'‘DWD FHQWHUYVY KDYH UDSLGO\ PRYHG IURP D QLFKH LQIUDVWUXFWXUH DVVHW WR RQH RI WKH SULQFLSDO HQJLQHV RI HFRQRP
FDSDELOLWLHV WKH\ GULYH VLIJQLVFDQW EHQHVWY IRU ORFDO HFRQRPLHVY DQG FRPPXQLWLHY 7KH HFRQRPLF EHQHVWY FDQQ

@ . . @ @

Of U.S. GDP Growth Jobs Supported Additional Job Tax Revenue Of County
Types Created Generated Revenue

QYHVWPHQW LQ GDWD FHSWRVWHQW VXSSRUWHG'HU\ GLUHFW GDWD FHQWHU GDWD FHQWHUV o /RXGRXQ &RXQW\ GDWD
DQG UHODWHG LQIRUPDWLR/&H 8 6 GDWD FHQWRE VXSSRUWYV PRUH WKRQ@WULEXWHG ELORHRYHUV RFFXS\ RQO\
SURFHVVLQJ WHFKQRORJOGXVWU\ JUHZ IURP DGGLWLRQDO MREV WKURXJHKEBKNWDO VWDWH DQRE R ELDO SDUEHOV E

DFFRXQWHG IRU DQ HVWPPOWIHRQ WR PLOOLRQVMREBURDGHU HFRQRP\WD[ UHYHQXHV LQ JHQHUDWH DSSUR[LPDWHO\

RI'8 6 *3 JURZWK LQEHWZHHQ DQG RI JHQHUDO IXQG UHYHQXH
WKH vUVW KDOI RI
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%H\RQG GLUHFW VQDQFLDO UHWXUQV GDWD FHQWHUV D Al and related technologies could

GHSHQGHQW HQWHUSULVHYV DQG GLJLWDO VHUYLFHV VUF raise US labor productivity by 1% to
D YLUWXRXV F\FOH RI LQIUDVWUXFWXUH LQYH
GHYHORSPHQW &LWLHV VXFK DV 'DOODV )RUW 2.6% annually over the next decade.

'XEOLQ KDYH OHYHUDJHG K\SHUVFDOHU LQYHV
WKHLU HFRQRPLHYVY VWLPXODWH ZRUNIRUFH W
WKHPVHOYHY DV LQQRYDWLRQ KXEV 'DWD FH(
PRGHOV DQG KLJK SHUIRUPDQFH FRPSXWLQJ V
GUXJ GLVFRYHU\ PDWHULDOV VFLHQFH DQG F
PDNLQJ WKHP LQGLVSHQVDEOH WR VFLHQWLVF
FRPPHUFLDO JURZWK ,Q IDFW VHYHUDO VWXG
DQG UHODWHG WHFKQRORJLHVY FRXOG UDLVH

W R DQQOXDOO\ RYHU WKH QH[W GHFDGH

7KHVH JDLQV DUH QRW DXWRPDWLF KRZHYHU
JRYHUQDQFH FRPPXQLWLHV FDQ IDFH LQFUHD
RQ SRZHU ZDWHU DQG ODQG 7KH HPHUJLQJ E
LV WR LOQWHJUDWH GDWD FHQWHU SROLF\ LQW
GHYHORSPHQW VWUDWHJLHY W\LQJ LQFHQWL
SURJUDPV LQIUDVWUXFWXUH FR LQYHVWPHQ
SHUIRUPDQFH
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-XVW \HDUV DJR WKH W\SLFDO GDWD FHQWHU ZDV DQ LQ KRXVHFRRURBGQ GIUWRLVHQHUJ\ 5 HVHDUFK *URXS K\SHUVFDOHUV RSt

HOWHUSULVH IDFLOLW\ 7RGD\ WKH ODQGVFDSH KDV EHHQ I XQG DIPWM QWKIHOKO W HRYKD SHIFERXQWLQJ IRU URXJKO\ RI JOREDO
WKH ULVH RI K\SHUVFDOH GDWD FHQWHUV ODUJH FDPSXV OLNHSIDFEME&EWHKBVWSS HBHDWIKIG E\ 2YHU WKH VDPH SHULRG WI
E\ PDMRU FORXG SURYLGHUV W\SLFDOO\ UDQJLQJ IURP O: WR FHQWRBUSRAMHKDUH RI FULWLFEDO ,7 ZRUNORDGV LV H[SHFWHG
FDSDFLW\ DQG GHVLJQHG IRU VHDPOHVY VFDODELOLW\ DURXQG E\

*HRJUDSKLFDOO\ FDSDFLW)\
UHPDLQV KHDYLO\ FRQFHQW
LQ WKH 8QLWHG 6WDWHV ZK
DFFRXQWYV IRU DSSUR[LPDW
RI JOREDO LQVWDOOHG F|
RI  *: IROORZHG E\ (XURSH
DW DQG $VLD 3DFLVF DW

The Evolution of the Data Center

On-premise,
In-house facilities

Cloud-provider
operated campuses

i)
<

$ GHvQLQJ FKDUDFWHULVWLF RI WKH FXUUHQW ODQGVFDSH |

rO\ Built and managed by & Centralized at FHQWHUV LQ VSHFLVF UHJLRQV GULYHQ E\ DFFHVV WR SRZH
individual organizations massive scale ODERU FRQQHFWLYLW\ DQG SUR[LPLW\ WR PDMRU SRSXODW
FHQWHUV JOREDOO\ FRQVXPH DERXW RI ZRUOGZLGH HOH

(-E'\O Distributed, fragmented ot Highly scalable, UHJLRQV FDQ UHDFK RI ORFDO HOHFWULFLW\ XVH XQG
infrastructure consolidated ecosystems LQIUDVWUXFWXUH SUHVVXUHYV H[SORUHG LQ WKH IROORZLQJ
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The Impact of Al on Data Center Growth

$, LQOIUDVWUXFWXUH UHSUHVHQWY D IXQGDPHQWDO VKLIW IURP WKH &388 EDVHG V
racks built around GPUs and other accelerators typically consume 60-120 kW each IDU HIFHHGLQJ WKH GUL
WUDGLWLRQDO UDFNV DQG DUH RUJDQL]J]HG LQ WLIJKWO\ FRXSOHG FOXVWHUV UH"
GUDPDWLFDOO\ KLIJKHU HQHUJ\ UHTXLUHPHQWYVY SHU XQLW RI FDSDFLW\

/R XQGHUVWDQG KRZ WKLV VKLIW FRXOG UHVKDSH WKH LQGXVWU\ 7KRXJKW/DE P

Al Workloads vs Traditional Workloads

2025 2030 | Slow 2030 | Steady 2030 | Accelerated

54% ~69% ~/8% ~80%

DQQXDO SURMHFWHIQQXDO SURMHFWHBQQXDO SURMHFWHG
JURZWK UDWH JURZWK UDWH JURZWK UDWH

177 *OREDO 'DWD &HQWHUV FRQVLGHUV WKH PRVW OLNHO\ SDWK WR OLH EHWZHH(
WKH LQGXVWU\ FDQ VXVWDLQ HYHQ WKH EDVH FDVH KRZHYHU GHSHQGV RQ KRZ L
FRQVWUDLQWY WKH IRFXV RI WKH DQDO\VLV WKDW IROORZV

The Future of Data Is the Growth of Data Calls to Action
Centers Centers Sustainable?



Data Center Resource Requirements

'DWD FHQWHUV UHO\ RQ D YDULHW\ Rl SK\VLFDO DQG vQDQFLDO UHVRXUFHV HOHFWULFLW\ ODQG ZDWHU FDSLWDO SURFHVYV
H[SORUHG EHORZ

Electricity Land

(OHFWULFLW\ LV WKH PRVW YLVLEOH LQSXW DFFRXQWLQJ IRUMURXHKQ\GDWPRI IOQRWE BOVGRIPEPXX3 GRAHIHQW DPRXQWYV RI VSDFH

XVDJH LV ULVLQJ UDSLGO\ DV $, ZRUNORDGYVY LQFUHDVH UDFN GHXQJWLRUHM WDINL RGP WDNERQWBBNVNOLWLHY WR WHQV RU HYHQ |
DPRQJ WKH IDVWHVW JURZLQJ ORDGV RQ PDQ\ UHJLRQDO SRZHUY\SHUGFVDORZBIGHE W, WKHXVMHISD FIWRHY RIWHQ FOXVWHU PXOWLSOH
FRPPXQLWLHYV LV RIWHQ PLVXQGHUVWRRG GDWD FHQWHUYV DUM LWVOH KHHFOD-AMLIQ JAAI IRV WIUXF W XUHF WION RIMMKIDOO ODQG UHTXLUHP|
XWLOLWLHV WKURXJK GHPDQG UHVSRQVH SURJUDPYVY DQG GHGLY¥RWHRX DGILDIV BXUMHRW XOURH LLVQAY IHRAW BDHQADWWX S SRUW VSDFH KLOH
WR PDQDJH DQG DEVRUE ORDG JURZWK UDWKHU WKDQ SDVVLQVKWKRVRI RRPWW\R QQOWMRDOQKVECHWRWLIDW PG FROQFHQWUDWH LQ VS

FRPPHUFLDO UDWHSD\HUYV DQG FRPSHWH ZLWK RWKHU XVHV
1-2% JDVWHVW JURZLQJ ~ DFUHYV +LJKO\
Of Global electricity demand grid load segment per site In metro/industrial

Z20Nes
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Water :
Capital
-DWHU FROQVXPSWLRQ LV WKH RQH UHVRXUFH WKDW LV PRVW RI\é/IBIQLW\/DIbUE/%PA/\(/I-\IAﬁDH: {Noggl\
J

D@HH FORXG SURYLGHUV QRZ UXQV
RXWGDWHG HYDSRUDWLYH FRROLQJ VIVWHPV FDQ FRQVXPH PLO EQBOEH
&z 65
DG

DFTXLVLWLRQ SRZHU LQIUDVWUXF
F I—ll'éHL%Fi—Bahg‘JULYDOV LOYHVWPHQW LQ WUDC

D
e
(@D

r<<

<
=

o

QHZHU WHFKQRORJLHV LQFOXGLQJ FORVHG ORRS FRROLQJ V\VW
DQG LPPHUVLRQ FRROLQJ ZKLFK DUH HPSOR\HG E\ PDQ\ RI WKH OH
RSHUDWRUV VKDUSO\ UHGXFH RU HOLPLQDWH ZDWHU XVH DOWRJHWKHU

OLOOLRQV RI JDOQ@RRYV |[HUR SRVVLIEXHGUHGV RI ELIO(@IHRQV VFDOH VS

Legacy evaporative cooling usage With modern closed-loop a year in investment Comparable to traditional energy sector
systems
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Processors Rare Earths & Metals Labor

3URFHVVRUV LQFOXGLQJ &38V IRU FRQNMHQW FRQ@DPLARUPORDIY/G PHWDOV LQFOXBADRJFARSIHIWN GHSHQG RQ VNLOOHG ODER
DQG *38V IRU $, IDFH VLIJQLVFDQW V X S3®X FLRIVPW DML WYUH HDUWK HOHPHQWY GHINKHORSPHQW FRQVWUXFWLRQ FRPPLVVL
$GYDQFHG FKLS IDEULFDWLRQ LV KLJKOQHR®PHER UDWH 8 PIOHRE®H® W K UR X JKR X W RQURLIDUVR SHRZBIWLRQV &RQVWUXFWLRQ SK
DQG ORQJ PDOXIDFWXULQJ OHDG WLPHW\WPWMNHPSURPKVFRROLQJ HTXLSPHQW OLQLOMDUDEXXAEAUYJIJRI WUDGHV ZKLOH VWHDG
DYDLODELOLW\ D NH\ OLPLWLQJ IDFWRUDIRH RRHZFARSDUOWHNG LQ (DVW $VLD DQG 6RHKOWKREP B UWMAFDOOHU EXW KLJKO\ VSHFLDOL]
H[SDQVLRQ H[SRVLQJ VXSSO\ FKDLQV WR JHRSROLW L FOIF@ PWO\G IVEIDAEMWLHY VHEXULW\ DQG ,7 ,Q¢
GLVUXSWLRQV FHQWHUY DOVR VXSSRUW MREV LQ VXSSO\
FRPPXQLWLHYV WKURXJK LOGXFHG VSHQGLOQ

LQIUDVWUXFWXUH

/IRQJ OHDG WLPHNIKO\ FROFHQOQWUDIWKGOG\ UHJLRQDILWDO GHSHQGDQPRWXOWLSOH VHFEFWRUYV 6SHFLDOI
typically months -to years global supply OLQLQJ DQG UHtQLQJ KXdmWedded across compute + Build phase supports jobs For steady state operations
clustered globally power systems across sectors

>

-

SN
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JURZWK WUDMHFWRU\

*URZLQJ SXEOLF UHVLVWDQFH LV VORZLQJ w;m*" Foam g S o R
PDNLQJ QHZ GDWD FHQWHU GHYHORSPHQW PRUH GLxFXQEEBSEIERSERES & . _G88 e R
""" ' | L
$Q LQFUHDVLQJO\ FRPSOH[ JOREDO UHJXODWRU\ HQ
UDLVLQJ FRVWY DQG VORZLQJ GHSOR\PHQW i,
e hi‘\. By N
6XSSO\ FKDLQ FRQVWUDLQWY RQ FULWLFDO HTXLS - 3 \ :‘;‘x i,

WKH VSHHG RI GDWD FHQWHU H[SDQVLRQ
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IRFDO UHVLVWDQFH LV FOLPELQJ DFURVV WKH 86 (XURSH $VLD DQG /DWLQ $PHULFD GULYHQ E\ FRQFHUQV RYHU QRLVH WU
VHYHQ FRXQWULHV IRXQG WKDW DYHUDJH SXEOLF VHQWLPHQW ZKLFK ZDV SRVLWLYH LQ GURSSHG VKDUSO\ LQ DQG

DQG &DQDGD WKRXJK WKH 8. J)UDQFH DQG $XVWUDOLD UHPDLQ SRVLWLYH )LJXUH 7KLV EDFNODVK LV OHQJWKHQLQJ DQG
LQGXVWU\ GHSHQGV RQ

JLIXUH JLIXUH
Average sentiment trend toward data centers, 2021-2026, all countries Average sentiment score by country
E
0.4 2 . e e
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Regulatory Barriers

'DWD FHQWHUV IDFH D OD\HUHG FRPSOLDQFH HQYLUTF
UHSRUWLQJ UHTXLUHPHQWY VXFK DV WKH (8 (QHUJ\ |
VSHFLVF UXOHV VXFK DV +,3%$$ IRU KHDOWK GDWD QI
IRUHLJQ LOYHVWPHQW DQG GDWD ORFDOL]DWLRQ PI
&KLQOD 5XVVLD DQG 9LHWQDP 7RJHWKHU WKHVH DG
SDUWLFXODUO\ IRU RSHUDWRUV ZLWK PXOWLQDWLRC(

Centers Centers Sustainable
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Equipment Bottlenecks

*38 VXSSO\ LV KHDYLO\ FRQFHQWUDWHG LQ 19,',$ IRU C
IDEULFDWLRQ ZLWK QHZ FDSDFLW\ LQ WKH 86 DQG -DS
RQ VWUHDP %XW ERWWOHQHFNVY H[WHQG ZHOO EH\RQC

FXVWRP HQJLQHHUHG DQG SURGXFHG PDLQO\ LQ *HUP
DQG &KLQD FDUU\ OHDG WLPHV RI WZR WR IRXU \HDU\
UXQV PRQWKV RU PRUH %DFNXS JHQHUDWRUV IDFH E
DQG LQFUHDVLQJ UHJXODWRU\ VFUXWLQ\ LQ (XURSH *I
JHOQHUDWLRQ UHTXLUH SHUPLWWLQJ DQG LQ (XURSH F
7KH UHVXOW LV D VXSSO\ FKDLQ ZKHUH PXOWLSOH FUL
VLPXOWDQHRXVO\ FRQVWUDLQHG

7KH QH[W VHFWLRQ DQDO\]|HV KRZ WKH LPSDFW RI WKH GDWD FH
ZLQGY ZLOO DuUHFW WKH IXWXUH JURZWK RI GDWD FHQWHUYV

Centers Centers Sustainable

@ Introduction Powering the Al Era The Future of Data Is the Growth of Data Calls to Action

© 2026 NTT Global Data Centers 18



The Future of Data Centers

([ KUHH *URZWK 6FHQDULRYV




Can Data Centers Keep Pace with Al?

Key Questions

7KH H[SRQHQWLDO JURZWK RI $, LOQRYDWLRQ WRJHWKHU ZLVER W WO HFRMVRXW FMKFHR B QNHDWLIHOFE D ®E PDQ\ FRQVWUDLQW
KHDGZLQGY UDLVHV WKUHH FUXFLDO TXHVWLRQV DERXW WK HJ UX\8XFRQRHWW HRID\R BB OD®NWUPHQWHRKLSY ODQG FDSLWD

LQGXVWUN\ WLIKWHQLQJ DW RQFH LWKRXW PXFK VWURQJHU FRRUGLQD
PDOQXIDFWXUHUVY LQYHVWRUV DQG SROLF\PDNHUV WKH LQG

PHJDZDWWV IDVWHU WKDQ LW FDQ OLQH XS WKH UHVRXUFHYV
1 +RZ ZLOO WKH $, ERRP DsHFW WKH SRWHQWLDO SDWK R EPEWPR LRNQ Wl VIWRAWY "WHVW LV D ZDUQLQJ WKH $, HUD ZL(

FHOQWHU JURZWK DV D VA\VWHP ZLGH FKDOOHQJH WR EH RUFK

ZRQ RQH SURMHFW DW D WLPH
2 Will data center capacity meet the burgeoning compute and data

storage needs of the Al economy, or will tightening energy and resource
constraints stymie progress?

¥

3 How will innovative technologies, such as new data center designs and =
cooling systems, lessen the impact of data centers on resource use?

/R DQVZHU WKHVH TXHVWLRQV ZH ZRUNHG ZLWK 7KRXJKW/DE
SRWHQWLDO VFHQDULRY IRU JOREDO GDWD FHQWHU JURZWK |

VWUHVV WHVWHG WKHP WR DVVHVV WKHLU VXVWDLQDELOLW\ _
LV RXWOLQHG LQ $QQH[ $

2Q LWV FXUUHQW WUDMHFWRU\ RXU VWUHVYVY WHVW VKRZV WK

@ Introduction Powering the Al Era The Future of Data Is the Growth of Data
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Powering the Al Era

Can Data Centers Keep Pace with Al?

Steady, Accelerated, or
Slower Growth?

"'he Future of Data
Centers

TKRXJKW/DE HFRQRPLVWY PRGHOOHG WKUHH GDWD FHQWHU JURZWK "
EDVH FDVH FDSDFLW\ JURZV DW D &$*5 ,Q D IDVWHU JURZWK VFHC

DQQXDOO\ GULYHQ E\ VWURQJHU GHPDQG ,Q WKH VORZHU VFHQDL
FRQVWUDLQWY VXFK DV UHJXODWLRQ VXSSO\ FKDLQV DQG SRZHU DY

(KHVH VFHQDULRY EXLOG RQ SURMHFWLRQV IURP WKH QWHUQDWLRQ
FHQWHU HQHUJ\ XVH DORQJ ZLWK OF.LQVH\ V HVWLPDWHYV RI KRZ $, C
RYHU WKH QH[W vYH \HDUV

/KH VFHQDULRY GUDZ D GLVWLQFWLRQ EHWZHHQ WRWDO JOREDO ,7 F
FDSDFLW\ UHWHFWYV WKH HQHUJ\ XVHG E\ VHUYHUY DQG QHWZRUNLQJ
LQ WKH HQHUJ\ DOVR QHHGHG WR UXQ WKH IDFLOLW\ LWVHOI VXFK D

2XU DQDO\WLYVY PHDVXUHY HQHUJ\ HXFLHQF\ XVLQJ 3RZHU 8VDJH (UHFW
FRPSDUHV WRWDO IDFLOLW\ SRZHU WR ,7 HTXLSPHQW SRZHU /RZHU 3

Is the Growth of Data Calls to Action
Centers Sustainable?



Scenario 1 L Scenario 2 Scenario 3
oWHDG\ JURZWK EDVH FDVH $FFHOHUDWHG JURZWK 6ORZHU JURZWK

'Q WKH VWHDG\ JURZWK VFHQDULR JORIECB@) GBW W KHQWHW,JURZWK VFHQDULR JOREQONGDWD FHIDMHEB ,UHIJXODWRU\ VXSS
FDSDFLW\ JURZV E\ RQ DYHUDJH HDFK \FDSDXKEWXRFOLPEV DQ DYHUDJH RI SHU \HERZHURFFRQWWUDLQWY WRJHWKHU ZLWK
VOLJKWO\ DKHDG RI WKH JURZWK UHERUGW®E® LQ *: LQ $, GHPDQG PXVKURBRRSRDGAWLFDO DQG EXVLQHVV FRQFHU
LL*UHDWHU $, DGRSWLRQ DQG GLJLWD®GRENQRG GUWKHLOPFWBDVHG K\SHUVFDOHU AW MW PH@WWXKQ GDWD FHQWHU ,7 FDSD
FHQWHU H[SDQVLRQ FDXVLQJ SRZHU X\DJRYHR GRBQYWQAXK®YGLQJ VHWY Ru D VXSHUF\BORXRIGGDWPHEHOWHUFRQVLVWHQW ZLW
WR FOLPE RYHU WKH QH[W vYH \HDUV ( HlJJ]RZI—WKLHQF\ HVWLPDWHV IRU FRQVWUDLQHG JURZWK

VWHDGLO\ LPSURYHVY WKDQNV WR DGYOQFHPH ROLQ H RWKHU WZR VFHQ
,/ KDUGZDUH DQG GLJLWDO RSWLPL]D LR lg i%UVLV\I%_U)l(:}FRVSi(I;/(\sVI%JIUgiVZVig HXFLHQF\ HQKDQF
WKLV JURZWK LV WHPSHUHG E\ PRXQWL J W HV WR UHWU VW ﬁE/V\éLLI%\R(DUH EOXQWHC
‘WE P ﬁ
KHUH

WLIKWHQLQJ UHJXODWRU\ UHVWULFWL QEF BG FRROLQJ [WH QG
}éu

(8 DQG JURZLQJ VXSSO\ FKDLQ ERWWOHQ ORJL

WKHVH HxFLHQFLHV WKH 3RZHU 8VDJH
DURXQG JDV WXUELQHYVY VHUYHUV JUL &/ H $SQQH[ $ D NH\ PHDVXUH RI GDWD

JHRSROLWLFDO DQG WUDGH GLVUXSWLRQ 0\ R LF%.%QB
N V IURP LQ W R LQ
WKHVH GLXFXOWLHV WKH LQGXVWU\ PD|L Z IE)UV DOG IURP L0 W R LO
IRU QHZ QROQ $, GDWD FHQWHUYV
23% 30% 15%
Average annual capacity growth Average annual capacity growth Average annual capacity growth

400 -

| Accelerated G rowth
350

| Base Case

ol | Slow Growth YLIXUH
Evolution of data center growth under the three

200 - / scenarios, 2024-2030 (GW of electricity capacity)
150 -

100 -

300 -

50 | | | | | | |
2024 2025 2026 2027 2028 2029 2030

@ Introduction Powering the Al Era The Future of Data Is the Growth of Data Calls to Action

Centers Centers Sustainable?

© 2026 NTT Global Data Centers




The Impact of Al on Data
Center Growth

'‘DWD FHQWHUV WUDGLWLRQDOO\ KDYH EHHQ GHVLJQHG DURXQG &38 ED
FORXG ZRUNORDGV $, LQIUDVWUXFWXUH UHSUHVHQWY D IXQGDPHQWDO
VSHFLDOL|]HG VHUYHUYV SDLUHG ZLWK DFFHOHUDWRUV PRVW FRPPRQO\ * (PHUJLQJ $, WHFKQRORJLHV VXFK DV ODUJH

HQJLQHHUHG VSHFLVFDOO\ IRU WKH LQWHQVLYH FRPSXWDWLRQ UHTXLU DQG $, DIJHQWYV DUH QRZ ZULWLQJ WKH QH[W
DFFHOHUDWHG V\VWHPVY GHOLYHU RUGHUV RI PDJQLWXGH PRUH SURFHYV HYROXWLRQ RI GDWD FHQWHUV $, DQG GDWD
WKH\ DOVR LOQWURGXFH GUDPDWLFDOO\ KLIJKHU HQHUJ\ UHTXLUHPHQWYV VIPELRWLF UHODWLRQVKLS $, GULYHV GHPDC

7KH VFHQDULRY DERYH KHOS XV XQGHUVWDQG WKH UROH WKDW $, GHPD gaiﬁjg\ggZDK(;(SHRSD;)JSWV\AL(J;DQVIRUPLQJ IR
JURZWK ,Q WKH EDVH FDVH RI VWHDG\ JURZWK $, ZRUNORDGV JURZ UDS

L Q WR DURXQG E\ (KH DFFHOHUDWHG JURZWK VFHQDULR VHHYV ODQ\ HIDPSOHV RI HXxFLHQF\ GULYLQJ $, WHEK
VXUSDVVLQJ E\ ,Q WKH VORZ JURZWK VFHQDULR $, ZRUNORDGV F HILVW )RU HIDPSOH 6HDWWOH EDVHG WHFKQC

Al and Data Centers: a Symbiotic Relationship

UDWH IURP DURXQG RI WRWDO ,7 FDSDFLW\ LQ WR DURXQG E\ 3KDLGUD XVHV $, DJHQWYVY WR JDWKHU GDWD |
RI HOHFWURQLF FRPSRQHQWY VHQVRUV DFUR
JLIXUH DQG XVHV ZKDW WKH\ OHDUQ WR FXW FRROLQ

Projections for share of Al workloads under each scenario *ILL@LPLODUO\ 'XWFK VWDUW XS /XFHQG XV
PLOOLRQV RI GDWD FHQWHU GDWD SRLQWYV

B 83% WXFWXDWLRQV KXPLGLW\ FKDQJHV DQG KDU

N 78% LGHQWLI\ RSHUDWLRQDO LQHXFLHQFLHYV DQG

T WR UHGXFH HQHUJ\ FR®WRPENMWNVR OV DOUHDG\

— — 70% KDSSHQLQJ DORQJ D EURDG IURQW IURP $, S

- PDQDJHPHQW V\VWHPV WR G\QDPLF DOORFDW
/ UHVRXUFHV EDVHG RQ UHDO WLPH GHPDQG D(
FDUERQ LPSDFWV

| 6ORURWK] %DVH &DWHFHOHUDRWIKG *
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Can Data Centers Keep Pace with Al?

& What Next?

7KH WKUHH VFHQDULRY DERYH GHSLFW SRVVLEOH SDWK
2] WKHVH 177 *OREDO 'DWD &HQWHUV H[SHUWV FRQ
JURZWK SDWK WR EH EHWZHHQ WKH VWHDG\ DQG DFFHO
__ +RZHYHU WKH FRQGLWLRQV WKDW KDYH IDFLOLWDWHG .
4 FRQWLQXH LQGHVQLWHO\ DQG WKHVH VFHQDULRYV QHHG
WKH VXSSO\ FRQVWUDLQWY DQG KHDGZLQGY QRZ IDFLQJ
WKHVH TXHVWLRQV LQ 6HFWLRQ

NTT Global Data Centers experts
consider the most likely growth path to
be between the steady and accelerated
growth scenarios
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IS the Growth of Data
Centers Sustainable?
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7KH $, ERRP UHTXLUHY GDWD FHQWHUV WR EROVWHU WKHLU XVH RI YDULRXYVY UHVRXUFHV HOHFWULFLW\ Can Data Centers Keep Pace with Al?
WR SRZHU VHUYHUV QHWZRUNLQJ DQG IDFLOLWLHYV ODQG IRU GDWD FHOQWHU FRQVWUXFWLRQ DQG

HISDQVLRQ SURFHVVRUV WR UXQ ZRUNORDGYV UDUH HDUWK PLQHUDOV HPERGLHG LQ VHUYHUYV

VWRUDJH DQG FRROLQJ V\VWHPV ZDWHU LQ VRPH FDVHV IRU FRROLQJ VNLOOHG ODERU IRU

FROQVWUXFWLRQ DQG UXQQLQJ RI GDWD FHQWHUYVY DQG FDSLWDO IRU ERWK FRQVWUXFWLRQ DQG ,7

KDUGZDUH LQYHVWPHQW

OHHWLQJ WKHVH JURZLQJ UHVRXUFH UHTXLUHPHQWY LQ WKH IDFH Rl ORFDO KHDGZLQGYV UDLVHYV

D SLYRWDO TXHVWLRQ IRU GDWD FHQWHUV +RZ VXVWDLQDEOH LV IDVWHU GDWD FHQWHU JURZWK"
$QVZHULQJ WKLV TXHVWLRQ UHTXLUHYV DQ XQGHUVWDQGLQJ RI WKH NH\ ULVNV DQG YXOQHUDELOLWLHYV
DVVRFLDWHG ZLWK HDFK JURZWK VFHQDULR DQG KRZ WKH\ FRXOG XQIROG DW GLUHUHQW OHYHOV

IURP QDWLRQDO DQG UHJLRQDO V\VWHPVY GRZQ WR LQGLYLGXDO FRPPXQLWLHYV

/7R GR WKLV RXU DQDO\VWYV VWUHVV WHVWHG HDFK VFHQDULR XVLQJ D PL[ RI TXDQWLWDWLYH DQG
TXDOLWDWLYH HYLGHQFH :‘H IRFXVHG RQ WZR EURDG VHWYV RI VWUHVVRUYV

HOHFWULF XWLOLW\ FRQQHFWEBWWHU&L&DID/QGAMmYDLODELOLW\
*38V WUDQVIRUPHUYV DQG VZLWOHKXKJWDO FRQVWUXFWLRQ FDSDFLW\
DQG EDFNXS JHQHUDWRUYV DQRG RSHUDWLRQV ODERU

Stress Scores

JRU HDFK VWUHVVRU ZH DVVLJQHG D VFRUH IURP WR ZKHUH UHSUHVHQWY WKH PRVW DFXWH
SUHVVXUH 7KLV IUDPHZRUN DOORZV XV WR FRPSDUH WKH H[SRVXUH RI HDFK JURZWK VFHQDULR

WR VXSSO\ FKDLQ DQG UHVRXUFH ERWWOHQHFNY DQG KLJKOLJKW WKH PDLQ WURXEOH VSRWV IRU GDWD

/IHDVW 3UHVVXUH ORVW 3UHVVXUH
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Powering the Al Era

The Future of Data

Centers

Can Data Centers Keep Pace with Al?

FHOQOWHUY DFURVYV ZRUOG UHJLRQV 6LQFH WKH SDLQ SRLQW)
WKH VWUHVVY WHVW EDVHG RQ FRQGLWLRQV LQ WKUHH PDMR

$vV SDUW RI WKLV DQDO\WVLY ZH HVWLPDWHG KRZ PXFK RI WK
RFFXU LQ HDFK UHJLRQ +LVWRULFDOO\ JOREDO GDWD FHQ
WRZDUGYV WKH 86 7KDW WUHQG LV JRLQJ WR FROQWLQXH ZLW
DGGLWLRQV SURMHFWHG WR RFFXU LQ WKH 86 $3%& ZLOO FI
(XURSH /7KH UHVW RI ZRUOG ZKLFK LQFOXGHV $IULFD /DV
(DVW ZLOO FDSWXUH DQRWKHU RI WKH QHZ GDWD FHQWHL

8QGHU WKH EDVHOLQH VFHQDULR WKH 86 ZLOO VHH *:V |
$3%5& **V (XURSH *:V. DQG 52: (KH DFFHOHUDWH
ZLOO VHH **V RI QHZ FDSDFLW\ DGGLWLRQV LQ WKH 86
LQ (XURSH DQG *LQ WKH UHVW RI WKH ZRUOG

/KLV VHFEWLRQ IRFXVHVY RQ WKH VWHDG\ DQG DFFHOHUDWHG
PRUH OLNHO\ DQG ZKLFK ZRXOG SXW WKH JUHDWHVW VWUDLIL

)LIXUH

Distribution of new
data center capacity by
region

EUURSH

Is the Growth of Data Calls to Action
Centers Sustainable
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Can Data Centers Keep Pace with Al?

Rising Power Constraints
In the US and Europe

3RZHU DYDLODELOLW\ LV HPHUJLQJ DV D FHOQDDWUDOWRQOQINVWUDYQWERWYW FUHDWHY FKDOOHQJHYV
GDWD FHQWHU H[SDQVLRQ ZLWK JULG FRQQ HDFONGL 8 RW M U QrRXWDHODLWAL\Q BMWUW LFXODUO\ IRU ODUJ
FLWHG DV RQH RI WKH PRVW VLIQLVFDQW ERWWCKHQWENQ IHOWKWHH®A DELOLW\ UHTXLUHPHQW
QWHUFRQQHFWLRQ WLPHOLQHYV UHPDLQ SURORXFIH® WG B ODJHQD VDH AADWDFLW\ JULG LQWHJU
WR QHZ FDSDFLW\ HYHQ DV GHPDQG DFFHOHUDWNV PDAHUWLWEK® RU HI[FHHG WKRVH VHHQ LQ W
SHULRG LQFUHPHQWDO GDWD FHQWHU HOHEF F HT X P.HQWYV

|Q WKH 86 DUR H[SHFWHG WR DFFRXQW IRU Lj:gx 3 LUEPRRRG iﬂfgDgGHGPLDV;?LGRggsgvHVLgQ(VgF;
JHQHUDWLRQ FDSDFLW\ DGGLWLRQV XQGHU % NN E/?/DI—P &

] UHQHZDEOHV ZLWK &KL
GHPDQG UHODWLYH WR VXSSOl JURZWK PRVW RI WKH EXLOGRXW +RZHYHU GDWD FHQW

KLOH RQ VLWH JHOQHUDWLRQ LV RIWHQ SRVLWRBBHGRM DSKREFDDORXGQAEWULEXWHG DFURVV
LW IDFHV LWV RZQ VWUXFWXUDO OLPLWDWLRWWU % ¥ VW)RUDHGPE W WKW FKSEHWZHHQ ZKHUH SRZH
UHOLDEOH RQ VLWH JHQHUDWLRQ UHTXLUHV EKHOB LLQUW ML JHWEBGW7HIPHVIWUWKHU HOHYDW F
FDSDFLW\ LOWR RuVLWH JHOQHUDWLRQ UHODWLYBDIOWRLZNPRQA Q| ODWWM XFWXUH DQG FURVV |
FRQWH[W RI D VXSSO\ FUXQFK IRU JDV WXU E IDQ/H ¥ R WNWKHV (B OH [BLAPDMDDAW LRQV LQ WKH UHJLROQ
LW LV QRW FOHDU WKDW RQVLWH JHQHUDWLRQ QHFHVVDULO\ SURPLVHV D

IDVWHU URXWH WR PDUNHW IRU GDWD FHQWHUV DW VFDQH
Q *ULG &RQQHFWLRQV

, Q (XURSH LQFUHPHQWDO GDWD FHQWHU GHPDQG UHSU
VPDOOHU VKDUH RI SODQQHG FDSDFLW\ DGGLWLRQV DS

RYHU WKH VDPH SHULRG +RZHYHU WKH FRPS VSL\%LR R1 KD 50 -0
FDSDFLW\ LQWURGXFHV IXUWKHU FRPSOH[LW) 7K HUZKHOPLO
PDMRULW\ Rl QHZ JHOHUDWLRQ LV H[SHFWHEERRRISHEWN 1yrp %k oDlU 50 3.0

DQG ZLQG ZLWK OLPLWHG H[SDQVLRQ LQ GLVSDWFKDEOH VRXUFHV VXFK
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Can Data Centers Keep Pace with Al?

Scarcer Land in Prime Locations

/KH DPRXQW RI ODQG UHTXLUHGWRH 6 ZWEKMHWHDUHFWLYH VXSSO\ IRRRGBWDSHHYWHH ,Q DGGLWLRQ PDQ\ (XURSHDQ
FHOQOWHUY GHSHQGY KHDYLO\ RQ GMKYHERRBBBEBQW RPNV[RIWHQ FRQVWUGDWHGFHDRWBU SURMHFWY KDYH HQFRXQWHUHG VWURQJ
RI GDWD FHQWHU W\SHV 7KH SUHKGGRWHQDN QM WKUWHRGYLWHY FORVH OWRRFERWISERYKWLRQ DQG SHUPLWWLQJ FKDOOHQJHYV

LQ UHFHQW \HDUV KDV EHHQ WREDSOF2WWYJFRZ RUWIKMOQUDVWUXFWXUHHDQGGQEWR FDQFHOODWLRQY RU GHOD\V IRU VHYHUDO
PXOWL EXLOGLQJ IDFLOLWLHV GRSWMOR KA WRRKIDIOGEGBUWLFXODUOJURDZDWXVO IRWISQP\QQHG FDSDFLW\N DFURVV PXOWLSOH
$, ZRUNORDGYV ‘H DVVXPH WKDWDSSRLERMHELRQV LQ VHFWRUV OLNKDQDK) SWIRMMAWYLHFHKVY.Y FRPELQDWLRQ RI OLPLWHG
FDSDFLW\ DGGLWLRQV ZLOO EH B\@GGE FFRPPXYUFPDMNWNLRQYV 7KHVH UHOBIQUEHBRBGQGWWRPPXQLW\N SXVKEDFN LV VORZLQJ GDWD
FHQWHUYV ZLOO EH LQ ODUJHVAKRAHNY /EH SRRO RI YLDEOH ORHHVOMRKQY H(¥BQ WR QN KH

ORFDWLRQ GDWD FHQWHUV DQGVXSZDORIEWXYAWDEOQOH ODQG LV VWLOO oDL\%;LO\ \DXCELH QW WR
/ ODELD LWL NVV OLPLWHG LQ $3%& WKDOQ
UHWDLO FRORFDWLRQ FHQWHUVPHHW SURMHFWHG GDWD FHQWHULL%QFX%% 1 DOG WKH 86 KLOH VRPH SVLDO FLWLHV

2XU LPSDFW DQDO\VLV HVWLP DWHRZ MYKHDW WKH WHKHFHQW H[SORVLRQWH SKEOHPHO\ GHQVH ODQG RXWVLGH WKH ODUJHVW
EDVH FDVH RI VWHDG\ JURZWK [R® PREEAIWLIRRD® GDWD FHQWHUV ER @ONLIW LIRD K DVGHWHUDOO\ PRUH DFFHVVLEOH
DFUHYV KHEFWDUHV RI QMROWQBLDODLODEOH ODQG DQG KDWKDHGLWY RHVKHHUQ PDUNHWY /RFDO RSSRVLWLRQ DQG
EH UHTXLUHG EHWZHHQ QRZ DOGDQFWRODWLRQ RU VFDOLQJ EDFN BQ 8 DQAHS ERMWIEFFWW DUH HPHUJLQJ LQ SODFHV VXFK
DFFRPPRGDWH WKH JURZWK LQ YWD WHGOWIHDUM WZR \HDUV RYHWYV -BESOQLRBQRIDEBWE DQG FRQVWUDLQHG DUHDV R
JOREDOO\ 7KLV DPRXQWV WR FHOQWHHVSURMHKAHVY KDYH EHHQ FBRVWOOBGDRDQGEHODAHD %XW WKH EDFNODVK KDV QRW
86 DFUHV LQ $3%$& DQG 7RAUHWLQJ WLGH RI FRPPXQLW\ RESRVHWERBDGFWWEHEHQWHQVLW\ VHHQ LQ WKH 86 RU
(XURSH DQG DFUHV LQ WKH WHHVQV LRI WRKHBQGWRZWK LQ SURMHFWBROHRHOODWLRQV WZR
7KH WRWDO ODQG UHTXLUHPHOQW Q@LVHWYL1I@LVFD@WG\ LQ ZLWK  RI
LO WKH DFFHOHUDWHG JURZWK WEKH) BEDDORH®WEADDIRRX@MGRFEXUULOJ LQO WKHEDRGFRVBLEOPELREW)
DFUHYV KHFWDUHV E\ WKH7KHIU

EUHDNV RXW WR DFUHV LQ 8
DEUHV LO $3$& DOG SEUR VY é@%é%@*f@i OLW\ LV HYHQ WLJKaAHGHQ fYURSH, 57 KH

3.0

U SRSXODWLRQ GHQVLWUHYV DQG VWULFWHU

DFUHV LQ WKH URVW Rl 2ZRUKB500L00 FROWUROV PHDO WKDHVSM nEdR op ot olip 35
'HVSLWH WKH DSSDUHQW DEXQGBREHURDQB®QGEHWLQO FRUH PDUNHWYV LV VFDUFHU DQG
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Can Data Centers Keep Pace with Al?

Processor Production Shortages

&38V DQG *38V DUH WKH VWDSOH VMUSHY RRFERWHEBWRDQXIDFWXUHUVIERROGRMWD GKLR FRPELQDWLRQ PDN
RI GDWD FHQWHUV ZLWK &38V SULERULIOY ¥XISSARGLVUXSWLRQYV DQG *38V D ELJJHU LVVXH LQ (XURSH
FRQYHQWLRQDO ,7 ZRUNORDGY DQG ERWK &38 DQG *38 EDVH FDVH DQG WKH DFFHOHUDWHG
FDSDFLW\ UHTXLUHG IRU $, ZRUNORDGV *OREDO V $V D FRQVHTXHQFH VXSSO\ FRQVWUI
GHSHQGV RQ D VPDOO QXPEHU RI ODUJH DFW DV D FHLOLQJ RQ KRZ IDVW $, K|

DQG FRPSOH[ FURVYVY ERUGHU VXSSO\ FKD |1*38 FDSDFLW\ FDQ JURZ LQ (XURSH

SURFHVVRL-J DYDLODELOLW\ D SDUDPRXQ 1&38V O $3$& SURFHVVRU VXSSO\ KXUGOH:
FROQFHUQ ‘H HVWLPDWH WKDW WKH JORE WR KDOW GDWD FHOWHU JURZWK EX
&38V TURP WR ZLOO EH DSSURILP Accel. Growth RXWV RU OHDYH VRPH IDFLOLWLHV X

S e
PLOOLRQ XOLWYV XQGHU WKH EDVH FBVH BO G SKRUWDJHY DUH OLNHO\ WR KDYH WK

PLOOLRQ XQLWV XQGHU WKH DRRAQIBVIEYHGWIFEO Y 1IRU 238V DOEPHUSHE L POOWHBWY ZLWK OHVV SXUF
VFHQDULR LQFOXGLQJ &38V IRU QHy FPSBEEWEPY AT SS) bv D EUDNH RE® KRZLIVON OHFZHUDJH WKDQ K\SHU\
DV UHSODFHPHQWYV URXJKOV HYHUL XY pHPYY W U WEEL W\ FDQ FRPH RQ@UHH LOHW K REBR I\ vUPV
VDPH SHULRG ZH H[SHFW &38 SURGKXFWIRBR R BEREM oG SRZHU DUH DYDLODEOH_ :KHO

PLOOLRQ XQLWV VLJIQDOLQJ D SR RHHWHRBO: KK \VVS\%PQFDUFH RU H[WUHRPPA @[@@%VWQ’ SURFHVVRU VX

XQGHU ERWK VFHQDULRV SURMHEWY DUH RIWHQ GHOD\HG VF\HBI—M‘]ET/D}‘—ZEXHEJ R'$\§¥V&U§V\é¢8 vv\>/:<<||—|4|
‘H HYWLPDWH WKDW JOREDO GHPDQUHIRWUSISBYWHG &RQWLQXHG WLJIKW SQE%HL& RYYVP% 8s'oy <
H

v
LQFOXGLQJ *38V IRU QHZ FDSDFLW\DREGIHRRSBASWHEDODO\ FRQVWUDLQHE YRE TR R(HG JURZWK SURFI
+38V DW H[LVWLQJ GDWD FHQWHUYV PR X\DWWXWH QA FRX0G PHDQ WKDWOSRAPY Y8 BRBRRH D KLIK VWUHVVR
ZLOO EH DSSUR[LPDWHO\ P L O OH. R\ DVOH WRUX@BWD FHQWHUV DUH vHFYRHE OB FwWH DAFESE WRHKLIK SURY
WKH EDVH FDVH DQG PLOOLRQ &33WDQX® GcHAV WQHH GHG WR UXQ WKHP 7KDW PD\
DFFHOHUDWHG JURZWK VFHQDULR LRQWH QMLH\\FIRPEHWLWLRQ DPRQJ 86 RSHUDWRYRIRY VHKU ¥
SHULRG DSSUR[LPDWHO\ PLOOLP® ORAD VLR E H

SURGXFHG UHVXOWLQJ LQ D VOLJVgWU}ﬁéﬂSLCV(\L/QXB Y MEBHDNHU SRVLWLRO |
EDVH FDVH DQG D GHVFLW XQGHU WKE HERPTRP YSGFowy SURGXFLQ WRE’S?‘S%\EE"PF & 3
JURZWK VEHQDULR —+RZHYHU FRPSRWWEEE LRIV ERYR e wr KLk 8@ oc WODGH 5

:

FLtF
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Can Data Centers Keep Pace with Al?

Power Transformers:
A Major Pain Point

'DWD FHQWHUYV UHO\ RQ D KLHUDUFK\ RURZYWK VAHOOIHUNR 7KLY UHSUHVHQWY URXJKO\ DQG

IJURP ODUJH JULG LQWHUIDFH XQLWV GRZRYWBDORZ WRDOMWMWORMWPHU VXSSO\ UHVSHFWLYHO\ +RZHYHU
GLVWULEXWLRQ PHWHULQJ DQG RWKHQ 88BFWODGHIH&DWD FHQWHUV GHSHQG RQ PRUH VSHFLDOL]JHG
WUDQVIRUPHUYV +LJK YROWDJH WR PHGRREEeOS MOUWDRDVYHRUPHUY ZLWK VWULFWHU WHFKQLFDO VSHFLVFDWLRQV
WUDQVIRUPHUY FRQQHFW WKH GDWD HHIGNPIRRUWROWKIHWSHRZBURGXFWLRQ FDSDFLW\ $V D UHVXOW

JULG DQG VWHS XWLOLW\ VFDOH YROWXIEBWOGRRQWRIJBHGQGWXPDUH PXFK PRUH DFXWH LQ WKLYV

OHYHOV OHGLXP YROWDJH WR ORZ YROMIPPHOYWWIONORWRHWAIIJUHIDWH PDUNHW VKDUH LPSOLHYV

WKHQ IXUWKHU UHGXFH WKH YROWDJH W

A)@FJ:\E%?_IH\LY%I*&VV\%@JXKLL%RGGE\DDQG IRU WUDQVIRUPHUYV IURP

VZLWFKJHDU 836 VIVWHPV DQG PHFKD YWULDO SURMHFWYV JULG PRGHUQL]DWLRQ LQLWLDWLYHV

o)
‘H HVYWLPDWH WKDW GDWD FHQWHUV ZUBQHZBEOHJHQHUJ\ GHSOR\PHQWY DQG XWLOLW\ XSJUDGH
DSSUR[LPDWHO\ 09 +9 WUDQVIRUPBURJIJX@E®MU WKHHVXSSO\ RIl WKHVH GHYLFHV KDV EHFRPH
EDVH FDVH DQG QHDUO\ WUDQV IR BRRHUR | XVQIGHH B RWKMH VLIQLVFDQW FRQVWUDLQWY IDFLQJ 86 GDWD

DFFHOHUDWHG JURZWK VFHQDULR 7KIFHQWSHUNVHOKWVULVNQE VOLIKWO\N ORZHU LQ (XURSH ZKHUH

RI WKH HVWLPDWHG VXSSO\ RYHU WKKIH VFWEB8H RI GDWD FHQWHU EXLOGRXWYVY LV VPDOOHU 7KH VWUDLQ
SHULRG :KLOH WKH GHPDQG UHTXLUHPVYVGQWM@ DHYNHPURQRXQFHG LQ $3%& ZKHUH PXFK RI WKH
DFKLHYDEOH ODUJH WUDQVIRUPHUV DROHQBOWNIHHQGHGDERDFLWN LV ORFDWHG %XW GDWD FHQWHUYV
RWKHU ODUJH LQGXVWULDO SURMHFWW KHILH WWRIGCOHW QR FBIWAIRRS HW LWLRQ IURP WKH HQHUJ\ JULG
UHQHZDEOH HQHUJ\ DQG XWLOLW\ XSUWHXGH\DEGKVWDKIEY (9 VHFWRUYV
SXVKHG WKH OHDG WLPH IRU ODUJH WUDQVIRUP%%%I—YY.F?%B%Q/IRUPHUV

ZHHNYV
wiwzing  wr  cowd erowroy dur wis TN
UHTXLUH QHDUO\ VPDOOHU WUDQVIRUPHUV| XQGGHU |W Kk 3.0
EDVH FDVH DQG XS WR XQGHU WKH DEFHOHUDWHG

ccel. Growth 5.0 5.0 4.0
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Can Data Centers Keep Pace with Al?

The Need for Backup Generators

WHFDXVH WKH SXEOLF SRZHU JULG Y HQRW QOWBRPKQRORDEKWMWWH VXFK DV IXHC
GDWD FHQWHUV UHO\ RQ EDFNXS JHQRWBHBWRUD OTBREWH UQDWLYHY IRU EDFN X
JHQHUDWRUV HQVXUH WKDW FULWLADOHO S/ DQMHKFRRBWHQVMRPH VXSSO FRQVWL
VIVWHPV UHPDLQ RSHUDWLRQDO GXDIGRSERXWOQIHAMUBYGE WKH LQGXVWU\ KDV
PHHW VWULQJHQW XSWLPH UHTXLUHWRQGODWHKLY FRQWLQXLW)\

LV HVVHQWLDO WR SURWHFW GDWD G.HIT X PHQ V

VXGGHQ SRZHU ORVYV FDQ FRUUXSWE lg\LD LL%{/%X)A}D EU\G%/HIJRLLTQED,FQN)((XSUJRHi
VHQVLWLYH KDUGZDUH VXFK DV VH \iR IH>f/ §LDQW HTXLSPHOW I
VWRUDJH VA\VWHPY DQG QHWZRUN L b \(\J/H WU KDOOHQJHV WKHUH 0O

%HWZHHQ DQG GDWD FHQWHBNFRVF HERHFWING URP VWURQJ UHJLRQD
WR UHTXLUH DSSUR[LPDWHO\ JHFOIBSDBWWRUVQ QVKMHKIB6 ULVNY DUH VKDSH

0: UDQJH XQGHU RXU EDVH FDVH PPHOQXDAWRXDQ@) FDSDFLW\ DQG PRUH E\
XS WR XQGHU RXU DFFHOHUDWHKX WG 8 AW K HWRRHIQYLWLWRD LU TXDOLW\ UHJX
7KLV GHPDQG UHSUHVHQWY URXJKOFRPRQLWRRSSRVLWLRQ WR ODUJH GLH
JOREDO JHQHUDWRU VXSSO\ RYHU WWHKDWD FIB G KWHARB SURMHFWY FRQVWUDI

%HFDXVH GDWD FHQWHUV ZLOO DFF F%E%W;\% LREG JDU KR FQWRULE RUW

VKDUH Rl WRWDO GHPDQG JHQHUDW ELOLW\
SUHVHQWYV D NH\ ULVN DFURVV DOO UHJLRQV 'DWD FHQWH
ZLOO EH FRPSHWLQJ IRU VXSSO\ ZLWK RWKHU PRPUNERHQHUDWRUYV
FULWLFDO DQG LQGXVWULDO XVHUV VXFK DV

FLtF
VFDOH LOQGXVWULDO IDFLOLWLHV UHPRWH PL—

DQG SXEOLF VDIHW\ LQIUDVWUXFW XUHase Case 4.0 4.5 3.5
Accel. Growth 4.5 5.0 4.0

UV
UbD
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Can Data Centers Keep Pace with Al?

Moderate Demand for Rare Earth and Critical Minerals

1HRG\PLXP <WWULXP *DGROLQLXP $&KHRIQWRHVHRDUBUMHW WR H[SHULHQHHVWLIQLH{BRVWW BRODWKI ROV DQG VDQFWLRQV IURP &I
HDUWK PLQHUDOV KDUGO\ WULS Ru W® Hz WRRIDY & HX QEXH\W VERMAKHR XU EDVH F DV H FDAQHGG DFERID RUBWBRIOE EXW WKH RYHUDOO LPSDFW

DQG RWKHU UDUH HOHPHQWYV SOD\ D@ RPW R UV¥BIQW ULROH WIQHW K X U H FHQWHUYV KDV VR IDU EHHQ OLPLWHG %DUULQJ D PDM
RSHUDWLRQ RI GDWD FHQWHUV 1HRG\PLXP LRU LQVWDQFH g FROWLFW ZLWK &KLQD VXSSO\ ULVNV IRU WKH 86 DUH
LV XVHG LQ WKH SHUPDQHQW PDJQHCE U&BW@@%@W@\LAQ@A@ cHEPDOG IRU GLsHWHROWHPDLQ PDQDJHDEOH LQ WKH EDVH FDVH RXWORR
DQG PRWRUV <WWULXP KHOSV ZLWK |\tghties BEE©earniige!d (it @ 1ohe) 0> LQ D KLJKHU JURZWK VFHQDULR ZKHUH GHPDQG LQFU
DQG *DGROLQLXP SURYLGHV KHDW FR@WUR®GaLQ *88V D§(§G N 2= DQG SUHVVXUHV LOQWHQVLI\ WKHVH ULVNV DUH VWLO
738V WHQVRU SURFHVVLQJ XQLWYV ” <9 X « 2 3 ZLWKLQ WROHUDEOH OLPLWV
o LL

7KH WHUP UDUH HDUWK PLQHUDOV L\ VRPﬁg\/KLQiJ R b2 . 52 5LVNV UHODWHG WR UDUH HDUWK DQG FULWLFDO PLQ
PLVQRPHU 7KH VFDUFLW\ GHULYHV QR\WEIURR SK\YLFDZE o =2 VOLJKWO\ KLJKHU LQ (XURSH XQGHU WKH EDVH FDVH
GHDUWK EXW IURP WKH GLXFXOWLHV L¢ LQELiQJ H?I}QF&%LFDO;O\ o LV PRUH LPSRUW GHSHQGHQW DQG LW KDV PRYHG PR
IHDVLEOH TXDQWLWLHV 6XSSO\ LVV UBICFRP S QLHG = oI VORZO\ WR VHFXUH DOWHUQDWLYH VXSSOLHV RU DSS
E\ WKH JHRJUDSKLF FRQFHQWUDWLR PLQLO 2.8 o ¢ T PLQLQJ SURMHFWY 8QGHU DQ DFFHOHUDWHG JURZWK
SURFHVVLQJ &KLQD DFFRXQWV IRU W 160 IR | EDQ4 o =9 WKHVH VWUXFWXUDO IDFWRUV DUH OLNHO\ WR KHLJK\
SURGXFWLRQ DQG RI UHVQLQJ FDS AL 03g 058 0.71 H[SRVXUH WR VXSSO\ GLVUXSWLRQV DQG SULFH YROD
JRU WKH SXUSRVHV RI RXU DQDO\VLYV ZH DVVHVVHG WKH 5DUH HDUWK DQG FULWLFDO PLQHUDOV DUH JHQHUDO
GHPDQG SDWKV IRU VL[ FDWHJRULHV RI PHWBSY DEEES oW SUREOHPDWLF IRU $3%$& 7KH UHJLRQ V GRPLQDQFH LC
HDUWK PLQHUDOV XVHG LQ WKH GDWRLBHOWIHW YURZWK RI $, DOG GDWD FRO® HIVAS H FLRONA\OWQ SURFHVVLQJ UHGXFHV WKH OLN'!

Copper GHPDQG IRU WKHVH UHVRXUFHV WK HVKXRANYDWRVGIIRW DG PMPWHILQWHU EXLOGRXWYV SURYLGH

DSSHDU WR EH ORZ 7KDW LV EHFDXVRR@PLE \WEHERRN @ RW UG LUHFW VXSSO\

UHSUHVHQWY D VPDOO VKDUH RI WRWDO JOREDOSB%QV()ﬁ%WLBQ HUDOYV
Structural metals FRPSDUHG WR ODUJHU XVHUV VXFK DV HOHFWU

Other conductors and thermal metals

Semi-conductors and electronics critical GHSOR\PHQW DQG JULG H[SDQVLRQ FLtF
_ FROFHUQ HYHQ WKRXJK WKH FRXQWU%\C%ATI%-IJO\WIN HDYl O\|RQ
: 2. 1.
Energy storage and power electronics LPSRUWV RI UDUH HDUWK PLQHUDOV SDUWLFXO uc%\d_lu p £R1 0 0
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Innovation Is Easing Water Concerns

'KLOH ROGHU GDWD FHQWHUV VWLOO XVH EQ@ ORIRHQ D 8 9RYR/UIDW LY HW R ELOZDLVWRVOUIBWORGY BQQXDOO\ EHWZHHQ
FRROLQJ WRZHUV WRGD\ V GDWD IDFL QIHDIFHKY. D D XK OGRWHYH WRWDO RI RE HQ O DFROQZIDDAHOR Q E VRYWINFWKRQ KDV GH
DGYDQFHG FRROLQJ WHFKQRORJLHV VSFHK DR/GDI$$ FRRQCPOWHQG RI WKLV GHPLOGHZE®PWEHGE GR YOH® LEW LPSURYHPHQV
FORVHG ORRS OLTXLG V\VWHPV ZKLFK %LUGDUFRIPE® 6D §BBIXFH RRI SXW WKLV LQSDRUSHEBEXOSBEWL Y 6/RRWEEG WD®D QXXDRS H

HYHQ HOLPLQDWH RQ VLWH ZDWHU XVHFRQVXPSWLYH ZDWHU XVH LQ WKH 86 LV R/S\%/%E;k/%%wl_{/%

WLRQ LV KF
2XU DQDOVWLY RI ZDWHU XVDIH UHwHN@w 5 w B2V Y WKH 1X00 %géq%ﬁ PR IOH Y +Dp
RI FRROLQJ WHFKQRORJLHVY WKURXJK W% VVH IURP WKH %D

(UHFWLYHQHVYVY :8( PHDVXUHG DV OLWH UUN!:lBQVXPSWLRQ ZKLOH 6WDUW &DPSXV LQ SDUWQHUVKL
Rl , 7 ORDG FDSWXUHV KRZ HXxFLHQWO\ DQG\NWI-H) b HEHRNOHHW XWHYS JURZWK VEFHQDUUR/ DRAXWIRYDYHD IRUPHU VHDZDWHU E

ZDWHU IRU FRROLQJ FRQVXPSWLRQ ULVHV IURP ELOOLRQ GIIDICHORIDF LQLW) MR3RUWXJIJDO $V UHOL
L E‘RO E ZLWK FXPXODWHY¥B LEQHPDDGGUH O WKHLWQIDWLYH DSSURDI

7RGD\ V $, IRFXVHG GDWD FHQWHUV DUF 8%_\]‘0“]%\}_ 3 E oV Ly Ly HTXLY DRR@WW WRLQRWIKQ\ (WKR S H GONVH[SHFWH

OHVV ZDWHU IRU FRROLQJ 2Q DYHUDJH v& “VH RYHU WKH VD O

OLWHUV RI ZDWHU IRU HDFK XOLW RI HON WVJEF' YEWe 8 3RV PP oHz cowb FHOWHUV DUH

URXJKO\ WKH HTXLYDOHQW RI D FXS RIZ\D—\/‘!UI—H)@O?KZIVV\V—IH(GLLI—}\/QIFDVW EHFRPLQJ D OKFRAM UZDMVHNUI R W GHDWWH € HF@OW RDWHYV 7R I
FRPHV IURP QHZHU FRROLQJ PHWKRGYV WKDMORGIR HOQW WD RQHYRIDFLOLWLHY ShOWWHEXQ DRRIJHL @ DWKHI 86xFLHQW FRROL
ZDWHU ,Q FRQWUDVW WUDGLWLRQDO ®GDWD/ KHIQW BUWRYZE R® GBY FRROG FRROQDTXWE AXKQR QRPHWWLRAWRROLQJ DQG
VIVWHPV WKDW UHO\ PRUH KHDYLO\ RQ ZO\WHUZ DWHWUDMHQBRW D V\VWHPLF FRQVMWILALHDN IDON WKH @B W IR QMHFODLPHG RU
DERXW OLWHUV SHU XQLW Rl HOHFWIUHYFH @/ \ LRUFDRXBEUPBDWHAXSFWLRQ IRU SARRKMIFHW GO KXER S\PHXWDNVQO6LQJDSRUH
RI ZDWHU IRU WKH VDPH DPRXQW RI FR}?SNWLL\Q:JJHRJUDSKLHV 'Q ZDWHU VW UDKIHG PHRILIR GI¥F VXEGW FRROLQJ DSSURD
/RRNLOJ DKHDG FROWLOXHG DGRSWLR@/ @v wﬁé,@& LQ DUHDV ZLWKHDNULRYHQOSHIPWWW IGHPDQG IURP GLC
V X SDUWV RI WKH :HVW DQG *UHDW 30DLQV
SDUWLFXODUO\ OLTXLG V\VWHPV SDLU 3 GHPDOG PD\ IDFH SXEOLF
JUHDWHU XVH RI UHFODLPHG ZDWHU Z H\& E%%{ké WHLQQ\

'DWHU &RQVXPSWLRQ
LQWHQVLW\ 9%\ QHZ $, IDFLOLWLHYV SUSH o e HO DWWV

EHWZHHQ  DQG / N:K ZKLOH QRQ $$ I\D_FPLLGDLDNJLEDVID\NHUQ KROGV LQ (XURSH $OWKRXJK F L
H[SHFWHG WR LPSURYH WR URXJKO\ JWQHUD/OND‘KPDQDJHDEOH FHUWDLQ UHJLRQ H% HUYL VWHQW, -0

,Q WKH EDVH FDVH VFHQDULR WRWDO 35%\%&?@ §Z&B§ML%¢$VRK%P:§SWX§%:%S§%WEF VEPPVIRY WREYW 2.5

IURP QHZ GDWD FHQWHU FDSDFLW\ LV SUR Rz T =T
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Can Data Centers Keep Pace with Al?

Capital Investment on the Rise

7KH FDSLWDO H[SHQGLWXUH QHHGHG SR EB[GPOWDHPH QW HDQ G RI WKH BRERSWKHUWFHRBREGQ LV WKH LQGXVWU\ V XVH Rl vOQDQFL
JURZWK LV QRZ UHDFKLQJ HQRUPR ®D ONHF\W O VK LTKHH QRW LQVLIJQLVFDQW LQQHRWH \SHREOH @WHK HDW 5HDO (VWDWH ,QYHVWPHQW 7U>
HVWLPDWHYV WKDW WKH FDSLWDO H/BHBP GUDWMDUH IRE OMKHR O DAUKIH \GMHS DQ G (O X VG HFPLISIOVBRUSRVH YHKLFOHY IRUZDUG OHDVLC
WHFKQRORJ\ FRPSDQLHV ZDV RYHUPDUNHW®WULR® W&H QRUPDO FRXUVH ROHY®BQUW\D VGHEWBNFBQWHQYIHPHQWY 7KHVH LQVWUXPHQ

D VXP ELJJHU WKDQ JOREDO LQYQH\HWRHPG\WY W Q/ RRROG EH DEOH WR ZRWKWQ DE 8 SD EHEM RUVWKH EDODQFH VKHHWY RI GDWD
DQG QDWXUDO JDV SURGXFWLRQ FDVOB FFHQWHQ RERBEBVPLF GRZQWXUQFHQWHU RZQHUV LQWHQVLI\LQJ VQDQFLDO ULVNV )RU

QHHG FDSLWDO H[SHQGLWXUHV IRU ERWK ,7 KDUGZDUH DQG RWKHU UHDVRQV GHEW VQDQFH IRU GDWD FHQWH
VXFK DV FKLSV DQG QHWZRUNLQJ GHYLFHV D\ ZHQ Q4R Yon new data LQYHVWPHQW LV EHJLQQLQJ WR WLJKWHQ
IDFLOLW\ DQG LQIUDVWUXFWXUH FRQV W U X F W|Lc&t€ capacity for each scenario

S8QGHU ERWK VFHQDULRY FDSLWDO LV D JUHDWHU VWL
IRU (XURSH WKDQ IRU WKH 86 DQG $VLD &RQVWUXFWLI
QFLDO FRVWY DUH KLJKHU RQ DYHUDJH UHWHFWLQJ HOHYDWE
DQG WHFKQRORJ\ DODO\WVWYV $QD O\¥W¥Voik B HQHUJ\ SULFHVY DQG PRUH IUDJPHQWHG QDWLRQDO PDL
DQQXDO GDWD FHQWHU LQYHVWPHQW LV DSS DQG UHJXODWRU\ UHJLPHY 8QGHU WKH DFFHOHUDWHG

RI 86 *'3 ZKLFK DOUHDG\ H[FHHGYRW KK WH@BRRP FHOWHU vODOFLQJ KDYREWMKNVFHERAULR WKHVH FRVWV DUH OLNHO\ WR HVF
LQIUDVWUXFWXUH EXLOGRXW LQ HRNKQ\ KHDY\ UHOLDOFH RO GHEW E\ W IER XS 8 MWEWHREH KD XS IRU HTXLSPHQW DQG ODERU

'O RXU EDVH FDVH WRWDO JORE D R Wy QR UHWWHF KRQRORJIV SURYLGHBY R FXQGRYWW D PH G Whilh (XURSHDQ GDWD FHQWHUV -

C

FDSDFLW\ ULVHY IURP MXVW XOGHUISDRYBRRREQADP'\VWY HVWLPDWH W EIW WRWWVDHFWADOWERVLQYHVWRUV UHODWLYH WR 86 -
WR WULOOLRQ E\ D WR\(/?VDO LL\QWMB%%REL?)G ELOOLRQ RI LQNWRRIHHOW L®b 8 HRIMEUWWR VHEXUH IXQGLQJ DW VFDOF

WULOOLRQ RYHU WKDW SHULRG $ERXw DERYWDWOPHEGWY WKH DYHUBJE3RE SHHS 1LY SRVHY PHGLXP VEFDOH ULVNV DOWKF
FRPHV IURP $, GHPDQGV ,Q WKH DERRBYUDWKBLIMUMARE LQ VSHQRGLQJ KIRW GYELRH®w YWIGLWIHRU ODUJH VFDOH EXLOGYV LQ PC
VFHQDULR JOREDO FDSLWDO H[SH&BVHWWRA/RWWKIDOK\SHRYFDOHUV WR dilsld PRENMWVHMBRYHY FDSLWDO FRQVWUDLQWY UHOI
MXVW XQGHU ELOOLRQ LQ WRLRFHyyuLoBKRE IFROOHFWLYHOV WKRWwgHYHUAH VYW KD Q

IRU D WRWDO LQYHVWPHQW RI RAHMHIYTER WG Rp LU FXUUHQW VLIH  7KH PRLORIN WD O
GULYHO SUHGRPLODOQWO\ E\ $ GHEW OHYHOV DQG UHGXFHG FDVK WRZ KDYH W

WR PDNH LW KDUGHU RU DW OHDVW PRUH H[SH

7KLV IXQGLQJ LV HTXLYDOHQW WR RERXWFEFDORS® DOG RWKHU WHFKQRORJBase Gasq HU3\5‘)W
UHVSHFWLYHO\ RI DOO LQYHVWREQRADOMMHYNZPOSWD FHQWHU s UR MACESy Growth

(KH LPSDFW RI GDWD FHQWHU JURZWK Rf}H P
PDUNHWY LV DWWUDFWLQJ JUHDWHU VFUXWL

FLtF
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Can Data Centers Keep Pace with Al?

Rising Need for
Specialized Labor

'DWD FHQWHUV UHTXLUH VSHFLDOL]HG ZRUNHUV IRU FRQVWUXFWLRC
DQG ,7 UHODWHG MREV 2XU EDVH FDVH VFHQDULR SURMHFWY WKDW
FHQWHUYV ZLOO ULVH IURP MREV LQ WR QHDUO\ LQ N
HPSOR\PHQW ZLOO ULVH WR QHDUO\ E\ IURP D EDVH RI

/KH 86 LV IDFLQJ D VKRUWDJH RI VSHFLDOL]HG GDWD FHQWHU FRQV\
RI HOHFWULFDO PHFKDQLFDO DQG FRPPLVVLRQLQJ (OHFWULF XWL(
VDPH SURIHVVLRQDOV IRU JULG HI[SDQVLRQ DQG QHZ JHQHUDWLRQ S
JHW ZRUVH DV ROGHU HPSOR\HHV UHWLUH

(XURSH IDFHVY PDQ\ RI WKH VDPH ODERU FKDOOHQJHYV EXW LWV FRQ'
LY PDNLQJ LW VOLIJKWO\ HDVLHU DQG FKHDSHU WR vQG WKH ZRUNHU
FRQVWUXFWLRQ UHODWHG ODERU ULVNYVY DUH ORZHU RZLQJ WR WKHL
HISHULHQFH GHOLYHULQJ ODUJH VFDOH LQGXVWULDO SURMHFWYV

&ERQVWUXFWLRQ /DERU 2SHUDWLRQV /DERU
FLtF
Base Case 4.0 4.0 3.0
Accel. Growth 5.0 5.0 3.0
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Can Data Centers Keep Pace with Al?

(XURSH XQGHU WKH JUHDWHVW Base Case Accelerated Growth
SUHVVXUH $3%& WKH OHDVW
US Europe $VLD 3DFLtF UsS Europe $VLD 3I
JRU WKH EDVH FDVH WKH 86 KDV D
PHGLXP WR KLJK VWUHVYVY VFRUH RI RXW
R I VRPHZKDW EHWWHU WKDQ (XUR%=H EXW

ZRUVH WKDQ $VLD 3DFLVF 7KH vwuvv oHYRB03Ry 3.55 2 55 40 4.1 3.1

DFFHOHUDWHG JURZWK VFHQDULR LV KLJKHU
UHWHFWLQJ WKH JUHDWHU GHPDQGYVY WKDW WKH
DFFHOHUDWHG JURZWK VFHQDULR ZLOO SODFH RQ
UHVRXUFHV ITURP HOHFWULFLW\ ZDWHU DQG OIS:QG
WR HTXLSPHQW FDSLWDO DQG ODERU

(XURSH IDFHV VLPLODU FRQVWUDLQWYV WR

WKH 86 DQG $VLD EXW VHYHUDO ULVNV DURXQG

HTXLSPHQW FDSLWDO DQG ODQG DUH%?BrEﬁX\%Bt\egory »DVH &DVH $FFHOHUDWHG *URZWK
PRUH SURQRXQFHG (XURSH KDV D PHGLXP

B RIS WL WY WIERUIE R IRU WKH &iyMEbnnections 4.0 5.0 2.0 5.0 5.0 3.0

FDVH DQG IRU WKH DFFHOHUDWHG JURZWK | o =b|je 40 At 3L 50 50 40

VFHQDULR

'DWD FHOWHU ULVNV DUH JHO H U D S8GCrEEs & 3yjtchgear 5.0 4.0 3.0 5.0 4.5 4.0

LQ $VLD WKDQ LQ (XURSH DQG WKH 8eBackyp Ggnerators 4.0 4.5 3.5 4.5 2.0 4.0
H[SRVXUH WR KLJKHU JHRSROLWL F fReye Gartly & Giticgl dtngrals 1.5 2.0 1.0 2.0 2.5 1.5
IDFHV WKH ORZHVW VWUHVV OHYHOV XQGHU ERWWater 2.0 2.0 2.0 3.0 3.0 2.5
VFHQDULRYV $3$& IDFHV D PHGLXP ORZ Mad AaNability 4.0 4.0 3.0 4.5 4.5 3.5
OHYHO RI IRU WKH EDVH FDVH DQG D VOLJIKWQhita 30 35 55 40 A5 35
KLIKHU VWUHVY OHYHO RI - 1RU WKHCBERHBIK PIES 40 40 30 5.0 50 35
Operations Labor 2.0 2.0 2.0 2.0 2.0 2.0

Final
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Calls to Action
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Can Data Centers Keep Pace with Al?

Actions Overview

7KH JOREDO GDWD FHQWHU LQGXVWU\ LV HQWHULQJ D SHULRG IRQ GOQBWUHF BBHQ 8 RGQFK\D @1 B OVEK WQHSRZHU DYDLODELOLW)\

E\ WKH H[SORVLYH JURZWK LQ QHZ $, WHFKQRORJLHV VXFK DV WHKEHUDWWWYH CXE PDHQWLWR,UPYXUQJ FRPPXQLW\ RSSRVLWLR
VFHQDULR EDVHG DQDO\VLV VHWV RXW SRVVLEOH GDWD FHQWHLR QFRIZ\VQK DEWKW [RIMMKHXE® JHEXBRCGE DDRMBHO\ GLPLQLVK DV G
$VLD RYHU WKH QH[W vYH \HDUV EDVHG RQ DXWKRULWDWLYH GIRRD IVRXIEWYX PRGH/RRQBUIVFKRKXRIGRQW XFK DV DLU DQG OL
DERXW LQGXVWU\ GHYHORSPHQW

JRU WKH GDWD FHQWHU LQGXVWU\ WKH XOWLPDWH JRDO LV

%DVHG RQ RXU IRUHFDVWY GDWD FHQWHU LQVWDOOHG FDSDFMWR GW IPYRH/ W KOH. KDHHOW W R YO iRA & H WX OGIRIYDWLRQ ZKLOH DGGUHYV
DQG SHU DQQXP VRPHZKHUH EHWZHHQ WKH EDVH FDVH RDQWHRFPPXURIIWNWKFRQBEHWRM 2XU DQDO\WVLY KLIJKOLJKWYVY VRPH

DFFHOHUDWHG JURZWK VFHQDULR 2XU DQDO\VLV UHYHDOV WKDWGVEROLFEYRD OHNN CADVQNVNWENMHMRUR POEH WKLY KDSSHQ
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Can Data Centers Keep Pace with Al?

Imperatives for Industry Decision-makers

2XU UHVHDUFK XQGHUVFRUHV IRXU NH\ VWHSY WKDW LQGXVWU\ OHDGHUV VKRXOG IRFXV RQ

@ © ©® © @

Set consistent, stretch Drive a new wave of data Make supply-chain '"HPRQVWUDWH WKH E 8dathah\wower and grid
goals for the PUE and WUE center innovation resilience an imperative data centers will bring to Infrastructure with utilities

local communities

@ Introduction Powering the Al Era The Future of Data s the Growth of Data Calls to Action
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Set Consistent, Stretch Goals for the
PUE and WUE
6WDQGDUGL]H OHWU

/KH 38( LV ULJKWO\ UHIJDUGHG DV WKH JROG VWDQGDUG RI SODQW DQG LQGXYV Establish industry-wide PUE and WUE
ZLGHO\ DFURVV WKH LQGXVWU\ :KLOH K\SHUVFDOHUV RIWHQ UHSRUW 38(V LQ
FDQ KDYH VFRUHY DV KLJK DV DQG HOQOWHUSULVH 38(V FDQ EH HYHQ KLJK
OHJDF\ GDWD FHQWHUV ZKLFK FDQ KDYH 38(V DERYH EHFDXVH RI WKHLU SRR

DOG QHWZRUNYV 'HVLJOQ IRU (VFLHQF\

'HVSLWH WKH YDULDELOLW\ UHSRUWLQJ RI 38( VFRUHV LV XQHYHQ 6HWWLQJ I ODNH ZDWHY, HvFLHQW, FRROLQJ WKH
38( VWDQGDUGY DORQJVLGH EHWWHU EHQFKPDUNLQJ ZRXOG DOORZ WKH LQG default for new builds
WR UHGXFLQJ HQHUJ\ FRQVXPSWLRQ ZKLOH VKDUSHQLQJ LQFHQWLYHV IRU GD

benchmarks

'Q DGGLWLRQ WR 38( :8( QHHGVY WR EH WUHDWHG DV D FRUH FRPSOHPHQWDU\
LOGXVWU\ SHUIRUPDQFH :DWHU HXFLHQW GHVLJQ VXFK DV FORVHG ORRS K\E ,PSURYH /U DQVS DUH
RQ VLWH WUHDWPHQW DQG UHXVH VKRXOG EH WKH GHIDXOW IRU DOO QHZ EXL Communicate performance data to

LQGXVWU\ ZLGH DQG FRQVLVWHQW :8( VWDQGDUGY VXSSRUWHG E\ EHWWHU E policymakers and communities

KHOS GHPRQVWUDWH WKH LOGXVWU\ V FRPPLWPHQW WR ZDWHU FRQVHUYDWLR

-XVW DV LPSRUWDQW RSHUDWRUV DQG LQGXVWU\ ERGLHY QHHG WR FRPPXQLF
PRGHUQ FRROLQJ SUDFWLFHV FOHDUO\ DQG ZLGHO\ WR SROLF\PDNHUV FRPPX
PLVFRQFHSWLRQV URRWHG LQ ROGHU PRUH ZDWHU LQWHQVLYH DSSURDFKHYV

Introduction Powering the Al Era The Future of Data Is the Growth of Data Calls to Action
Centers Centers Sustainable?
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Key Actions

SFFHOHUDWH $GYDOQF

Scale liquid and direct-to-chip technologies

2SWLPL]H $, :RUNORL

SURPRWH HVFLHQW PRGHOV
prompts, and architectures

(QDEOH 6PDUW 30DF

Shift workloads to cleaner and
PRUH HVFLHQW UHJLRQV

Powering the Al Era

@ Introduction

© 2026 NTT Global Data Centers

Can Data Centers Keep Pace with Al?

Drive a New Wave of Data
Center Innovation

$FKLHYLQJ ORIWLHU HXxFLHQF\ JRDOV UHTXLUHVY SURJUHVYV DORQJ D EURDG Il
FXWWLQJ HGJH SURFHVVRUV OLTXLG RQ WKH FKLS FRROLQJ $, SRZHUHG ZRI
G\QDPLF VFKHGXOLQJ $W WKH VDPH WLPH ROGHU WHFKQRORJLHV VXFK DV
SKDVHG RXW

:KLOH GDWD FHQWHUY KDYH OLPLWHG GLUHFW FRQWURO RYHU KRZ $, PRGHO
FDQ VWLOO LQWXHQFH HxFLHQF\ FKRLFHVY WKURXJK WKH LQIUDVWUXFWXUH D
WKH\ FDQ SURPRWH WKH XVH RI VPDOOHU ODQJXDJH PRGHOV DQG PRUH HXFL
VSDUVH FRPSXWDWLRQ DQG PL[WXUH RI HISHUWYVY 7KH\ FDQ DOVR HQFRXUDJI
FRPSUHVVLRQ PHWKRGY OLNH TXDQWL]|DWLRQ ZKLFK UHGXFH PRGHO VL]H DC
PLQLPDO ORVV RI DFFEXUDF\

H\RQG WKH PRGHO OD\HU RSHUDWRUV FDQ H[SRVH $3,V DQG VHUYLFHV IRU
ZRUNORDG SODFHPHQW DXWRPDWLFDOO\ VKLIWLQJ WUDLQLQJ DQG LQIHUHQ
UHJLRQV RU WLPH ZLQGRZVY 7'DNHQ WRIJHWKHU WKHVH VWHSV SRVLWLRQ GD\
QRW MXVW DV SDVVLYH KRVWV RI $, EXW DV DFWLYH VKDSHUV RI D PRUH VX
LQIUDVWUXFWXUH VWDFN

The Future of Data Is the Growth of Data Calls to Action

Centers Centers Sustainable?
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Make Supply-chain
Resilience an Imperative
'LYHUVLI\ 6 XSSOLHU

6XSSO\ FKDLQV IRU SURFHVVRUV WUDQVIRUPHUV VZLWFKJHDU DQG EDFNXS J Reduce dependence on single-
VLIQLVFDQW YXOQHUDELOLWLHV IRU IXWXUH GDWD FHQWHU JURZWK 3URGXFW
WUDGH GLVSXWHV KLJKOLJKW WKH QHHG IRU VWURQJHU FRQWLQJHQF\ SODQQ

source vendors

7R PDQDJH WKHVH ULVNV RSHUDWRUV VKRXOG GLYHUVLI\ VXSSOLHUV IRU FUL
ORFDO VRXUFHV QHJRWLDWH ORQJ WHUP SXUFKDVH DQG RUWDNH DJUHHPHQW 6HFXUH &ULWLFDO (
VWUDWHJILF LQYHQWRULHV Rl ORQJ OHDG LWHPV FDOLEUDWHG WR SURMHFW S VrpJong-term agreememts g

E\ PDSSLQJ VXE WLHU VXSSOLHUV PRQLWRULQJ JHRSROLWLFDO DQG WUDGH U strategic inventories
SURFXUHPHQW FKDQQHOV ZKHUH IHDVLEOH ORUH VWUXFWXUDO RSWLRQV LQF(
HTXLSPHQW DV VHHQ LQ DLUOLQHV RU SKDUPDFHXWLFDOV DQG WDUJHWHG V

LQ NH\ YHQGRUV ZKLOH UHVHUYLQJ IXO0O YHUWLFDO LQWHJUDWLRQ IRU RQO\ 6WDQGDUGLIH ;QIUD

RWKHU PHDVXUHV SURYH LQVXXFLHQW Design sites around interchangeable

'Q SDUDOOHO RSHUDWRUV VKRXOG VWDQGDUGL]H GHVLJQV DQG HTXLSPHQW components
FRPSRQHQWY DQG VSDUH SDUWYV DUH LQWHUFKDQJHDEOH DQG TXDOLVHG DOW
ZLWKRXW UHGHVLJQ 7KH\ VKRXOG DOVR WUDFN VXSSO\ FKDLQ ULVN LQGLFDWH
GHSHQGHQFLHVY DQG UHJLRQDO FRQFHQWUDWLRQ DQG IDFWRU WKHP H[SOLFL
DSSURYDOV 7KLV HQVXUHV WKDW VXSSO\ FKDLQ UHVLOLHQFH LV WUHDWHG D
VOQDQFLQJ GHFLVLRQV UDWKHU WKDQ VRPHWKLQJ FRQVLGHUHG RQO\ DIWHU D

Introduction Powering the Al Era The Future of Data Is the Growth of Data Calls to Action
Centers Centers Sustainable?



Key Actions

(QJDJH (DUO\

Provide transparent information
RQ LPSDFWV DQG EHQHtWYV

,QYHVW /RFDOO\

Support jobs, training, and workforce
development

%XLOG &RPPXQLW)\ 3

Support education, research, and local
Innovation

Powering the Al Era

@ Introduction

© 2026 NTT Global Data Centers

Can Data Centers Keep Pace with Al?

"HPROQVWUDWH WKH %YHQHT7V
Wil Bring to Local Communities

'‘DWD FHQWHU H[SDQVLRQ RIWHQ PHHWYV ZLWK RSSRVLWLRQ IURP UHVLGHQWYV Z
FRPPXQLW\ )RU WKDW UHDVRQ LW LV HVVHQWLDO WR SURYLGH UHVLGHQWYV ZL\
DQG WKH ULVNYV

%HWWHU PHVVDJLQJ PXVW VWDUW ZLWK WUDQVSDUHQW VWUXFWXUHG HQJDJHP
MREV ZDWHU DQG HQHUJ\ XVH DQG PLWLIJDWLRQ PHDVXUHYV LQ SODLQ ODQJXDJ
SXEOLVK LQGHSHQGHQW LPSDFW DVVHVVPHQWY DQG YLVLEO\ OLQN GDWD FHQW
VFKRROVY SDUNV RU WUDQVLW DUH OHVV OLNHO\ WR IDFH HOQWUHQFKHG RSSRVI
DQG RSHUDWRUV FRPPXQLFDWH MRLQWO\ UDWKHU WKDQ WKURXJK FORVHG GRR
JLYH FLWL]HQV D EDVLV IRU LQIRUPHG FRQVHQW UDWKHU WKDQ UHDFWLYH SXVK

+7ZHYHU EFRFPPXQLFDWLRQ DORQH LV QRW HQRXJK 'DWD FHQWHU EXLOGHUV DQ
WR IRVWHU HFRQRPLF DQG VRFLDO YDOXH %XLOGLQJ VWURQJHU OLQNV ZLWK O
ZD\ LV WR IXQOG RU KRVW VFLHQWLVF DQG YRFDWLRQDO WUDLQLQJ SURJUDPV $¢
FRPSXWLQJ UHVRXUFHV WR QHDUE\ XQLYHUVLWLHY FROOHJHV RU VWDUWXSV
UHJLRQDO VWUHQJWKY IRU H[DPSOH K\GURSRQLFV UHVHDUFK LQ IDUPLQJ UHJLF
KXEV RU JHQRPLFV SURMHFWY LQ SDUWQHUVKLS ZLWK ORFDO KRVSLWDOV DQG
ZLWKLQ UHDFK DQG FDQ KHOS VKLIW FRPPXQLW\ SHUFHSWLRQV IURP LPSRVHG L
SDUWQHU

The Future of Data Is the Growth of Data Calls to Action

Centers Centers Sustainable?
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Co-plan Power and Grid
Infrastructure with Utllities

'RUNLQJ SURDFWLYHO\ ZLWK XWLOLWLHY DQG UHJXODWRUY RQ ORQJ UDQJH SR/

ORDGV ULVH VKDUSO\ RIWHQ LQ DOUHDG\ FRQVWUDLQHG UHJLRQV XQFRRUGLQD
SURMHFW GHOD\V KLJKHU WDULuUV DQG SXEOLF EDFNODVK RYHU SHUFHLYHG F 30 DQ_ /__RQJ /HUP 7RJ
ZLWK XWLOLWLHY DOLJQV QHZ GDWD FHQWHU FDSDFLW\ ZLWK WLPHO\ LQYHVWP Align growth with utility

GHPDQG VLGH UHVRXUFHV UHGXFLQJ WKH ULVN RI ERWWOHQHFNV DQG FXUWDL Infrastructure investment
QHZ LQIUDVWUXFWXUH RSHUDWRUV DOVR KHOS VHFXUH vQDQFLQJ DQG HQVXU
SODQQLQJ PDSV

0 *
7KLY DSSURDFK DOOHYLDWHYVY VHYHUDO V\VWHP OHYHO SUREOHPV ,W UHGXFHYV N XLOG ULG 6XSSRU

E\ ORFDWLQJ FDPSXVHV ZKHUH WKH\ FDQ XVH H[LVWLQJ LQWHUFRQQHFWLRQV D SVH VWRUDJH ' GHPDQG UHVSRQVH DI
VLWHV RU VWURQJ WUDQVPLVVLRQ FRUULGRUV ,W HQVXUHV UHOLDELOLW\ E\ V
VWRUDJH VR IDFLOLWLHV FDQ H[SRUW SRZHU GXULQJ SHDNV KHOSLQJ WR HDV
LPSURYHV SXEOLF DFFHSWDQFH E\ VKRZLQJ WKDW GDWD FHQWHUV VKDUH LQ W
UDWKHU WKDQ VLPSO\ DGGLQJ ORDG DQG OHDYLQJ RWKHUV WR SD\ 6 KDUH /RQJ fHUP )R

Coordinate future capacity and

/R JHW WKH EHVW IURP XWLOLWLHY DQG SRZHU JULGYVY RSHUDWRUV VKRXOG HQ .
infrastructure needs

WKH\ FDQ SDUWLFLSDWH LQ UHVRXUFH SODQQLQJ SURFHVVHVY VKDUH FUHGLEO
VFHQDULRY WKDW DOLJQ QHZ FDPSXVHV ZLWK GHFDUERQL]DWLRQ DQG UHOLDE
FROODERUDWH RQ VLWH VHOHFWLRQ LQWHUFRQQHFWLRQ VWXGLHV DQG SKDV
FRQJHVWLRQ KRW VSRWV -RLQWO\ GHVLJQLQJ JULG VXSSRUWLYH FDPSXVHV
GLVSDWFKDEOH RQ VLWH JHQHUDWLRQ RU VWRUDJH FDQ WXUQ GDWD FHQWHUYV
LOFOXGLQJ UHJXODU H[HFXWLYH OHYHO FKHFN LQV DQG VKDUHG GDVKERDUGV |
FRQVWUDLQWY KHOSV ERWK VLGHV VSRW SUREOHPV HDUO\ DQG DGMXVW EHIR

(
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Can Data Centers Keep Pace with Al?

'HtQH D GDWD FHQW ALCtklerate the energy Plan and zone for digital Require better data Promote data center
strategy linked to transition infrastructure disclosure and forecasting Innovation

government goals

Centers Centers Sustainable
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Can Data Centers Keep Pace with Al?

'"H7/7QH D 'DWD &HQWHU 6WU
Linked to Government Goals

1IDWLRQDO JRYHUQPHQWY DUH EHVW SODFHG WR VHW D FOHDU YLVLRQ IRU KR Align data/center growth with économic and
LQIUDVWUXFWXUH VXSSRUW ORQJ WHUP FRPSHWLWLYHQHVV SURGXFWLYLW\ I Mrla SR Gbhls

H[SOLFLWO\ FRQQHFW GDWD FHQWHU JURZWK WR EURDGHU REMHFWLYHV VXFK
LQIUDVWUXFWXUH UHQHZDO DQG UHJLRQDO GHYHORSPHQW VR PLQLVWULHV O
SOD\ERRN UDWKHU WKDQ DW FURVV SXUSRVHV $ SUDFWLFDO vUVW VWHS LV W
GLJLWDO LQIUDVWUXFWXUH VWUDWHJ\ WKDW VHWV RXW SULRULW\ UHJLRQV D Bring operators, utilities, governments,
H[SHFWDWLRQV RQ HQHUJ\ ZDWHU DQG HPLVVLRQV DQG KRZ GDWD FHQWHUYV AR cYrhhuHTR Sy Ethat
VOQDQFH PDQXIDFWXULQJ OLIH VFLHQFHV RU SXEOLF VHUYLFHV 7KLV VWUDW
ZKHUH GDWD FHQWHUV DUH HQFRXUDJHG ZKHUH WKH\ DUH FRQGLWLRQDO DQ¢
KHOSLQJ WR DOLJQ LQYHVWRU LQWHUHVW ZLWK SXEOLF SULRULWLHYV

&UXFLDOO\ SROLF\PDNHUV VKRXOG XVH WKHLU FRQYHQLQJ SRZHU WR EULQJ

JRYHUQPHQWY FRPPXQLWLHV DQG H[SHUWV 5HJXODU PXOWL VWDNHKROGHU
H[DPSOH LOQWHUFRQQHFWLRQ TXHXHV HQYLURQPHQWDO SHUPLWWLQJ RU VN
VLQJOH DFWRU FDQ GHOLYHU DORQH *RYHUQPHQWY VKRXOG DOVR FUHDWH P
VXFK DV VWUXFWXUHG GLDORJXHV EHWZHHQ UHVLGHQWY SODQQHUV DQG GH
ORLVH DQG HQYLURQPHQWDO LPSDFW DUH GHEDWHG RSHQO\ ZLWK DFFHVV W
SURMHFW E\ SURMHFW 2YHU WLPH WKLV KHOSV EXLOG D SUHGLFWDEOH WUZX
JLYLQJ FRPPXQLWLHY D PHDQLQJIXO YRLFH LQ KRZ GLJLWDO LQIUDVWUXFWXU

Address land use and environmental
concerns proactively

Centers Centers Sustainable
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Invest in generation, transmission,
and distribution capacity

Support long-term renewable energy
agreements

Incentivize storage, demand
response, and load shifting

@ Introduction

© 2026 NTT Global Data Centers

Powering the Al Era

OLW\

The Future of Data Is the Growth of Data I Calls to Action
Centers Centers Sustainable

Accelerate the Energy Transition

S8QFHUWDLQ DFFHVV WR UHOLDEOH DuURUGDEOH SRZHU LV RQH RI WKH ELJJH
HISDQVLRQ DQG $, FRPSHWLWLYHQHVYV DQG LW GLUHFWO\ DuHFWV SXEOLF V
WUHDW SRZHU V\VWHP PRGHUQL]J]DWLRQ DV VWUDWHJILF LQGXVWULDO SROLF'
/7KDW PHDQV DFFHOHUDWLQJ LQYHVWPHQW LQ FOHDQ HQHUJ\ UHLQIRUFLQJ
QHWZRUNV LQ SULRULW\ FRUULGRUYVY DQG FUHDWLQJ FOHDU EDQNDEOH IUDI
SURFXUHPHQW E\ ODUJH ORDGYV *RYHUQPHQWY FDQ DOVR FODULI\ KRZ GDWL
GHFDUERQL]J]DWLRQ SDWKzZD\V VR WKDW RSHUDWRUV XQGHUVWDQG H[SHFWD

UHPHQWLELOLW\ IURP WKH RXWVHW

7KHUH DUH RWKHU FRQFUHWH VWHSYV SROLF\PDNHUV FDQ WDNH VXFK DV VW
DQG UHQHZDEOH SURMHFWY WLHG WR GHVLJQDWHG GDWD FHQWHU FOXVWHL
H[DPSOH YLUWXDO 33%V WKDW OHW RSHUDWRUV XQGHUZULWH QHZ FOHDQ F
UHZDUG WH[LELOLW\ RQ VLWH JHQHUDWLRQ DQG VWRUDJH (QHUJ\ DQG GLJ
FR SODQ IXWXUH ORDG DQG FDSDFLW\ VWHHULQJ QHZ FDPSXVHV WR DUHDV
HXFLHQW DQG HQYLURQPHQWDO DQG FRPPXQLW\ LPSDFWVY DUH PDQDJHDEOH
GDWD FHQWHUV WR RSHUDWH DV JULG VXSSRUWLYH UHVRXUFHVY WKURXJK G}
DQG H[SRUW FDSDEOH RQ VLWH JHQHUDWLRQ E\ H[SOLFLWO\ YDOXLQJ WKHV!I
UHOLDELOLW\ IUDPHZRUNV :KHQ KDQGOHG HUHFWLYHO\ WKHVH VWHSV WXU
LQWR SDUWQHUV LQ GHOLYHULQJ D FOHDQHU PRUH UHVLOLHQW SRZHU V\VW
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Can Data Centers Keep Pace with Al?

Plan & Zone for Digital Infrastructure

6WDWH DQG UHJLRQDO OHDGHUV VKRXOG PRYH IURP DG KRF SURMHFW E\ SUR
LQIUDVWUXFWXUH SODQQLQJ 7KLV VWDUWYV ZLWK LGHQWLI\LQJ VXLWDEOH GD
DQG FRUULGRU VWUDWHJILHYVY SULRULWL]LQJ ORFDWLRQV ZLWK VWURQJ JULG F
FRQQHFWLYLW\ DFFHVV WR UHFODLPHG RU QRQ SRWDEOH ZDWHU ZKHUH QHHG
GLVWULFWYVY DUH GHVQHG JRQLQJ FDQ SUH FOHDU DSSURSULDWH XVHV DQG GH
VKRUWHQLQJ OHDG WLPHV 30DQV VKRXOG EH UHIUHVKHG SHULRGLFDOO\ WR

FRPPXQLW\ IHHGEDFN UDWKHU WKDQ ORFNLQJ LQ WRGD\ V FRQGLWLRQV IRU G

'LWKLQ GHVLJODWHG GLVWULFWY ORFDO JRYHUOPHOWY VKRXOG FUHDWH FRR (feale cogidinajed and time;
7KDW LQFOXGHV KDUPRQL]LQJ HOQYLURQPHQWDO UHYLHZV SRZHU ZDWHU DLU PouRq-apRIRY]Y PAGWAYS
GDWD UHTXLUHPHQWY DQG SHUIRUPDQFH WKUHVKROGY DQG RUHULQJ D VLQJO
)DVW WUDFN DSSURYDOV VKRXOG EH SDLUHG ZLWK PLQLPXP JXDUGUDLOV RQ 3
GRHVY QRW FRPH DW WKH H[SHQVH RI VXVWDLQDELOLW\ RU FRPPXQLW\ ZHOO E
JRYHUQPHQWY PD\ FKRRVH WR DSSO\ PRUH VWULQJHQW FULWHULD RU FDSV V |
WR EH DOLJQHG ZLWK ORQJ WHUP ODQG XVH DQG LQIUDVWUXFWXUH SODQV QF HR KB LA KUY W 'Wh JP LR
LQWHUHVW 3XEOLFO\ PDSSLQJ WKHVH JRQHV DQG FULWHULD DOVR KHOSV FRP LRy

H[SHFWHG DQG ZK\

Identify preferred locations for future growth

Centers Centers Sustainable
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Require Better Data
Disclosure & Forecasting

WLQJ(UHFWLYH SODQQLQJ LV LPSRVVLEOH ZLWKRXW UHOLDEOH JUDQXODU GDWD
FHQWHUV XVH WRGD\ DQG ZLOO QHHG LQ WKH IXWXUH 3ROLF\PDNHUV VKRXO
RI ORQJ WHUP SRZHU DQG ZDWHU GHPDQG DV SDUW RI LQLWLDO DSSOLFDWLF
DQG PHWULFV LQFOXGLQJ 38( DQG :8( VR XWLOLWLHY DQG ZDWHU SURYLGH!
ZLWK H[SHFWHG GLJLWDO JURZWK 7KHVH HVWLPDWHY VKRXOG EH UHIUHVKH
D J DQG WHFKQRORJ\ FKRLFHVY FKDQJH ZLWK FOHDU WULJJHUV IRU UHVOLQJ ZKH
RULJLQDO SODQV

Use common metrics for power and water
usage

Require long-term demand projections and

updates 'Q DGGLWLRQ UHJXODWRUV VKRXOG UHTXLUH RQJRLQJ VLWH VSHFLVF UHSR

ZDWHU ZLWKGUDZDOV DQG GLVFKDUJHV DQG EDFNXS JHQHUDWRU XVH DJDL

HQDEOH DSSOHV WR DSSOHV EHQFKPDUNLQJ ,QGHSHQGHQW WKLUG SDUW\ D
HQF\ FDQ EXLOG FRQVGHQFH LQ UHSRUWHG QXPEHUV IRU UHJXODWRUV LQYHVWRL
Publish regional performance and DQRQ\PL]HG GDWD FDQ WKHQ LQIRUP UHJLRQDO HQHUJ\ DQG ZDWHU SODQQL!
e e G ZKLFK WHFKQRORJLHV DQG SUDFWLFHV GHOLYHU WKH PRVW HXFLHQW RXWFR
E\ SXEOLVKLQJ VXPPDU\ GDVKERDUGY DW PHWUR RU UHJLRQDO OHYHO RQ GD
HXFLHQF\ WUHQGV KHOSLQJ WR GLVSHO PLVFRQFHSWLRQV DQG HQDEOLQJ P
DERXW FRVWV EHQHVWY DQG WUDGH RuV 2YHU WLPH WKLV WUDQVSDUHQF\
EDVHG LQFHQWLYHY DQG VWDQGDUGV WKDW UHZDUG OHDGHUV DQG SXVK OD

Introduction Powering the Al Era The Future of Data Is the Growth of Data I Calls to Action
Centers Centers Sustainable
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Can Data Centers Keep Pace with Al?

Promote Data Center Innovation

6XVWDLQHG LOQQRYDWLRQ LQ FKLSV LQIUDVWUXFWXUH GHVLJQ DQG $, PRGHO
HDVLQJ ORQJ WHUP SUHVVXUH RQ ODQG SRZHU ZDWHU DQG VXSSO\ FKDLQV
DJHQGD E\ IXQGLQJ EDVLF UHVHDUFK IRU H[DPSOH LQ ORZ SRZHU FRPSXWLQJ | |
XQLYHUVLW\ DQG QDWLRQDO ODE SURJUDPV DQG RUHULQJ WDUJHWHG WD[ FU HPPOJL DB EIGNGrafian ForipHng
HxFLHQW GLJLWDO LQIUDVWUXFWXUH 6NLOOV DQG WUDLQLQJ SROLFLHV VXFK apa-£epling fechaglogies
SRZHU HQJLQHHULQJ GDWD FHQWHU RSHUDWLRQV DQG VHPLFRQGXFWRU PDQ
KHOSLQJ WR HQVXUH WKDW QHZ WHFKQRORJLHY FDQ EH GHSOR\HG DQG RSHUD

5HIJXODWLRQ DQG LQFHQWLYHY VKRXOG H[SOLFLWO\ UHZDUG HXxFLHQF\ DQG UH Invest in skills, training, and
GHPRQVWUDWLRQ SURMHFWYV IRU OLTXLG DQG LPPHUVLRQ FRROLQJ KLJK GHQ
QHZ FRPSXWLQJ SDUDGLJPV VSDUVH DUFKLWHFWXUHY PL[WXUH RI H[SHUWV
JXDUDQWHHV RU vUVW ORVV FDSLWDO 3URFXUHPHQW UXOHV VXFK DV UHTXLU
VHFWRU GDWD FHQWHUV RU FORXG FRQWUDFWY FDQ FUHDWH HDUO\ PDUNHWYV
SROLF\PDNHUV FDQ SKDVH LQ SHUIRUPDQFH EDVHG VWDQGDUGV IRU H[DPSOH
RU WDUJHW IUDPHZRUNV IRU :8( WKDW UDWFKHW XS H[SHFWDWLRQV DV WHFKC Reward high-performance and
FODVV SUDFWLFHV LQWR WKH PDLQVWUHDP ZLWKRXW ORFNLQJ LQ WRGD\ V OL resilient infrastructure designs
DQG NQRZOHGJH VKDULQJ SODWIRUPV FDQ IXUWKHU DFFHOHUDWH GLUXVLRQ D
JOREDO RSHUDWRUV

technical education

Centers Centers Sustainable
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Can Data Centers Keep Pace with Al?

'‘DWD FHQWHUY KDYH DOUHDG\ KHOSHG EULQJ WKH EHQHVWY RI WKH $, UHYROXWLRQ WR PLOOLRQV
RI ZRUNHUV FLWL]J]HQVY DQG HQWHUSULVHY DFURVV WKH ZRUOG $V RXU DQDO\VLV KDV VKRZQ

WKH QH[W SKDVH RI WKDW UHYROXWLRQ SUHGLFDWHG RQ HYHU PRUH SRZHUIXO $, PRGHOV DQG
DSSOLFDWLRQV ZLOO OLNHO\ SURYH WHVWLQJ WR VRPH DVSHFWV RI GDWD FHQWHU GHYHORSPHQW
&RQFHUWHG DQG FRRUGLQDWHG DFWLRQ E\ DOO VWDNHKROGHUY QRZ LV HVVHQWLDO WR DGGUHVYV
WKHVH VWUHVVHY DQG VHFXUH D PRUH VXVWDLQDEOH IXWXUH IRU WKH LQGXVWU\ DQG FRPPXQLWLHYV
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Can Data Centers Keep Pace with Al?

"' LFN /LFKWHQEHUJ 2FWREHU FLWLQJ +DUYDUG HFRQRPLVW —DV@@\N)BKUQDWLRQDCL\(\/Q(I‘RLXW SEIHVQBF\FHQWHHAWVAXHVWLRQV RQ (QHUJ\ DQG !

*'3 JURZWK ZDV LQ WKH vUVW KDOI RI +DUYDUG HFRQRPLVW VD\V. JRUWXQH KWWSV_ |RUWXQH
[/%VDGWM¢HU 2FWREHU JUHVK Ru P URXQG WKLV 6HDWWOH
FRP GDWD FHQWHUV JGS JURZWK JHUR vUVW KDOI MDVRQ IXUPDQ KDUYDUG HFRQRPLVW
HOHUI\ DG HIHY D E JMMJSUEF%*HHNLUH KWWSV ZZZ JHHNZLUH FR
6 3 *OREDO 6DW\DP 3DQGD\ DQG 3DXO *UXHQZDOG 1RYHPEHU 'DWD FH T EQYHYWRHOWY DUH
VADWWOH YWDUWXS FXWV GDWD FHQWHU ERROLQJ HQHUJ\ DQG H\HV D
LOQFUHDVLQJO\ PRYLQJ WKH QHHGOH KWWSV Z72ZZ VSJOREDO FRP HQ UHVHDUFK LQVLJKWV VSHFLDO U WV ORR
IRUZDUG GDWD FHQWHU IURQWLHUYV GDWD FHQWHU LQYHVWPHQW PR YHWIAVMFIMNR QHMEIDHF HQG FRP
LL®7& )YHEUXDU\ (FRQRPLF FRQWULEXWLRQV Rl GDWD FHQWHUV LQ WKH 8QLWHG 6WDWHY 5HSRUW SUHSDUHG
IRU 7KH 'DWD &HQWHU &RDOLWLRQ KWWSV ZZZ GDWDFHQWHUFRDOLWLRQ RUJ UHSRUWY DQG SXEOLFDWLRQV
LLLEL G S 1RWH WKDW LQFRPH DQG HPSOR\PHQW JDLQV FDQ DOVR_ERPH IURP VSIOORYHUV IURP GDWD
FHQWHUV LQ QHDUE\ VWDWHY RU UHJLRQV
' ($ RS FLW S
SLYOE | G
YZKH :KLWH +RXVH -XO\ HFXWLYH 2UGHUV $FFHOHUDWLQJ ”UDQFRLVORUHR% AE WL gWDb FRQWHRUV JURZLQJ DSSHWLY
> = + -
' (1 QI IHGHRPE W E bV H@\}v A ufH HH[FKDQJHV FRP QHZV GDWD FHQ\
J QIUDVWUXFWXUH KWWSV Z72ZZ ZKLWHKRXVH JRY SUHVLGHQWLDO DFWLRQV DFFHOHUDWLQJ IHGHU
SHUPLWWLQJ RI GDWD FHQWHU LQIUDVWUXFWXUH i ($ RS FLW S
*YL@RQJUHVV JRY $SULO &KLQD V WK )LYH <HDU 30DQ 6 7 DQG "BIR®R PHEURMMNRU FWWHE KQWEZN AFAKWHQEHUJ $XIXVW 6SHQGL!
FRQJUHVV JRY FUV SURGXFW ,) WKDW LW V WDNHQ D ELJJHU FKXFN RI *'3 JURZWK WKDQ VKRSSLQJ DC
HFRQRP\ KWWSVY IRUWXQH FRP GDWD FHQWHU DUWLVFLDO LQ\
YLD QZHQ 'DZQ +LVFR[ 6HSWHPEHU KDWIA/DIOSHUVFDOH(HN@BJZéﬂélﬁFR%Bp%HQWH "\QDPLFV
KWWSV ZZZ GDWDFHQWHUG\QDPLFV FRP HQ DQDO\VLV ZKDW LV D K\SHUV GDWD FHQWHU

QYHVW FRP +\SHUVFDOHU ERQG VSUHDGV ZLGHQ DV WHFK JLDQW)

J
"LWe®QHUJ\ 5HVHDUFK *URXS +\SHUVFDOH RSHUDWRUV WR DFFRXQW IRyPHUEII—'[P ﬂ\ﬁ_IDDV\lﬁIBIfH}gWéJVFD ?fll: §( \\/ WLQJ FRP OHZV VWRFN PDUNH
Kwwsyvy 2z2zz7zZ VUJUHVHDUFK FRP DUWLFOHV K\SHUVFDOH RSHUDWR%JLG 5 B@F\ﬁ% }yV ILFiDUQ LQ\(?)?H EB%VI\[IIEVV 8 +
UR

FDSDFLW\ E\
Y5\DQ OFODUURZ HW DO 0D\ %LJ) THFK V EQ $, VSHQGLQJ VSUH!

HHERURWK\ 1HXIHOG -XO\ ODSSHG 'DWD FHQWHU FDSDFLW\ DURé(I_O”:]DV(\éIf_I ZR U?(%\/V\?é\yXDZ%fLP\ﬁLF\%[B’OI}ﬁ/&/WHQW E GIDED D IDF 'H DE
KWWSV 27Z7Z7Z YLVXDOFDSLWDOLVW FRP GDWD FHQWHU FDSDFLW\ DURXQ%&W I{I_I

, RULS) 3U124BNT]\Q\80$ 0(8&,%1031+0S GI 1U I9GINSG (< W],

[+ L QHV 3RZHU 30D\ 7KH HPHUJLQJ ODQG RSSRUWXQLW\ KWWSV ZzQD38LL \X/OIZR(W@*RWHUFIglCIDZ(}G)MREPMLN-O,*X)9, N4 VKDUHW\SH JLIW WRNH
SOD\ IXOO UHSRUW | D E D EF V\Q D ED
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