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ENERGY AGRICULTURE FORESTRY INFRASTRUCTURE

Precision Farming / Infrastructure planning for

APPLICATION Ol Pipeline Monitoring Oil Field Monitoring Food supply chain Forestry - tree count renewable energy projects

Paper peodh

OVERVIEW

OQUTCOME
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MUEE OHS 2/0HS 3 YU —X 10 $4THY, 8 AT EIFIFEALL->T WS,

FttidE 7, FEDBAFHEETH L BRERBE LFHEV E— MUYV TIEH Y 2 — L EBE
ERAELTEY NN— AT MVEG T — SR, Ve, R E IR TRYHEAT
W5,

6) Planet
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Qil & Gas Leak Coal Power Plant Low Carbon Forest Carbon Landfill Gas Capture
Detection Emissions Verification Certification Management Improvements
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7) GHGSat
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18



(5]
c
=
[
v
(&)
==
(©]
=)
5
=)
~N
(5

2-23 GHGSat £t GHG (X% V) EEfRA X —
HA ) https://spacenews.com/ghgsat-new-sensor/ (2023 £ 2 A 14 HEE)

fEERL AL TO GHG BfE LT, @tz 174 Oil Sands Innovation Alliance (COSIA)
LEELTEY ., W OB WIEYIH S 2 & OWE) BIEIC X 2 IRERERE (GHG BERIRDE
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Bl ZANEHKE TIFHE I YAV Y AT (BMDS)IZBIT 2 IV OVEROFERB L BN EE
DI T & AVTWS, £72BMIZEWTIX Horizon Europe (28T, EERR S 58k~
DY V= ay NG EBR LI E CIRILSERBEOXZEE2T-oT V5,

19



* 2-6 BADELRLZRREETOI S A

SBIRS USSF
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NG OPIR USSF
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FORTRESS AFRL
NROIZC&LD NRO
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Horizon Europe EU
FRN
Copernicuslckd EU

RET—5 OFESA

HHF) & TR B 95 ) S0 BRI
(1) REDOZKREETOISA

1) BEIYAIVBAEIRTLA

FOMEEERALLE

IR HEI ) VREEREEV AT A
SBIRS D&EETEID

IR BES S HERER R T L

o oM T BRI TO TS A

INN=2RTRIVE  NRODEBEHEE DHEZNE LURFP

INAIN=ZRTEI,

FROME EUDFRERE OIS A
e, SAR Copernicus®

(ERNN=200)) REGET Y %RFET %P

KEIEE 2-TITRTEOLEE IV AIVEH#EY AT A (Ballistic Missile Defense System)®d

BELHELTHY  HEV AT AIGBE E IV VOEHL YL UTHER IO TWS, FEIC
B IV ANVBRHNERIIA — VAV AT LFITEEEIND,

& 2-7 HEIYAIVEEEY AT L(BMDS) DR

BfR
Aegis BMD

Standard Missile SM-3 Kinetic
Warhead seeker

Ground-based Midcourse Segment
(Ground-Based Interceptor: GBI)

EKV (Exoatmospheric Kill
Vehicle)Seeker

NGI (Next Generation Interceptor)

HBTSS (Hypersonic and Ballistic
Tracking Space Sensor)

THAAD (Terminal High Altitude
Area Defense)

HFT) BEARIERE ) ZERSHRATER

a. SBIRS
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g LR EIEI L
ih R EDE I

IR —A

GBI#ORIHRES )L
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th FECIREZEIGEENES YU

SBIRS(Space-based Infrared System)id BMDS |25 1) 258 I Y )V REIER G E Y AT
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o (K#EE(EER 1,350km)IZEE XN/~ STSS: 2 1

4 sers & osp
!
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-

P

/‘
Re-Entry Midcourse Phase
Phase
PYRF
()
@ -
Yy <

Saa-Based
S2t=d Rt

Wi
Facifty

2-24 SBIRS DA X—

H{Ff) https://news.northropgrumman.com/news/releases/northrop-grumman-built-missile-tracking-satellite
s-reach-tenth-year-on-orbit? gl=1xwebatj* ga*NTgzOTYIMDQUMTY2NTcyOTYzOQ..*x ga 7YV3CDXO0OR
2¥MTY20Dc2MTASNy4yLjAUMTY20Dc2MTEwWNi4wLjAuUMA (2023 £ 3 B 1 HEE)

ZhoDFEEIZIE 900nm~2,500nm FZE D Short Wave Infrared (SWIR)#& 3,000nm
~5,000nm FBED Mid Wave Infrared(MWIR) #2804 5 I MEHINTHY . IY 1L
DFFTEDEIR & HHRIT 5,

SBIRS (& 2022 FIZEENT T UTEHY, keI EE LT3R 45 NG OPIR 2%% 5,

b. NG OPIR(Next Generation Overhead Persistent Infrared)

NG OPIR(Next Generation Overhead Persistent Infrared)id SBIRS D#&##EHE T,
SBIRS L RIUKEFHE (USSF) NEE LU THEEL ED TV,
BEMLUTIUTOERL 2> TS,
o FIFEE (NG OPIR GEO): 3%
> Lockheed Martin #:2%E E85&
> 2018 i 29 BNV ORRFESZK & s
> 2021 T 49 BRIV OBLE K & s
o REMHERE (NG OPIR Polar) : 2#
» Northrop Grumman #t7% £ &3&
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https://news.northropgrumman.com/news/releases/northrop-grumman-built-missile-tracking-satellites-reach-tenth-year-on-orbit?_gl=1*webatj*_ga*NTgzOTY1MDQuMTY2NTcyOTYzOQ..*_ga_7YV3CDX0R2*MTY2ODc2MTA5Ny4yLjAuMTY2ODc2MTEwNi4wLjAuMA
https://news.northropgrumman.com/news/releases/northrop-grumman-built-missile-tracking-satellites-reach-tenth-year-on-orbit?_gl=1*webatj*_ga*NTgzOTY1MDQuMTY2NTcyOTYzOQ..*_ga_7YV3CDX0R2*MTY2ODc2MTA5Ny4yLjAuMTY2ODc2MTEwNi4wLjAuMA
https://news.northropgrumman.com/news/releases/northrop-grumman-built-missile-tracking-satellites-reach-tenth-year-on-orbit?_gl=1*webatj*_ga*NTgzOTY1MDQuMTY2NTcyOTYzOQ..*_ga_7YV3CDX0R2*MTY2ODc2MTA5Ny4yLjAuMTY2ODc2MTEwNi4wLjAuMA

> 2020 T 23.7 BRIV RN & s

2-25 Next Gen OPIR GEO HENA X—

HiAr) https://www.ssc.spaceforce.mil/Portals/3/Documents/PRESS% 20RELEASES/Next-Generation% 200v
erhead%20Persistent%20Infrared%20Program%20Selects%20Mission%20Payload % 20Suppliers%20v
4. pdf?ver=7qUXGXb35DOGSCh2UAQEGW%3D%3D#: :text=%E2%80% 94 Space %20Systems%20Co
mmand%27s%20Next%2DGeneration,contested%20and%20congested% 20space%20domain (2023 £
3H1HHE%E)

c. HEIYAILEYRTLICET SERENR

Bk, BMDS O E Y AT A3E EHERE SO BN ARLEE TBRIN TSI, 511k,
DEDOKREL KT, BaAANSEREEENS SROE~FHERENEITTIHELR>TVS,

2022 F 9 Bizik. FHEDFZNY 7 THh5 Frank Calvelli KA, Next Gen OPIR GEO M
IANDEILFEFRHROR XTI OVTHEIL TV,

IDIHLEEEREE L KFHEFHARD (SDA)EE®D Derek Tournear Ki, FERIIZIx
BHIERIZH /> TEIEEEIREFEURWARICES RS L TEY . Next Gen OPIR GEO 2%,
BHiA A DThE T A RBDRIAER A I EFHEEHEL DL LTS, X612 Tournear K, 5#13%
BB~ FHEHENIVAOVORER - B2 HI L2 BELTVILEHEE LTS, 28, BF
?D SBIRS #£13451%# 20 LA E, NG OPIR GEO 14 2050 FLUBEERINEFETH D,

X033k SDA TRIBEBRHEGEE IV ATV —Ya Vv BRI TEH Y —F 7 7F v
(PWSA)3 | D—RE LT, IYANERHEDIRFEEED TS, 2025 F 4 ANSIVANVEREEE
2 81fitfiE (L3Harris Technologies #:& XU Northrop Grumman - C& 4t 148%80E) 355t
EE LU TR, 20234 3 AIZ Raytheon Technologies #t& #7212 7 #DE E D ELE 24 2 #F
LT\,

d. RKEDOFESFNETIHEIE
EHEATORIMNETISEIM 2 FHE L~ R—bE LT, Maxtech Internatonal #:M[The World

P RERIERMEFEEY —F72F v (NDSA) JEIFENTWA3, 2023 & 1 BIZBfrI s,
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https://www.ssc.spaceforce.mil/Portals/3/Documents/PRESS%20RELEASES/Next-Generation%20Overhead%20Persistent%20Infrared%20Program%20Selects%20Mission%20Payload%20Suppliers%20v4.pdf?ver=7qUXGXb35DOGSCh2uAQEGw%3D%3D#:~:text=%E2%80%94Space%20Systems%20Command%27s%20Next%2DGeneration,contested%20and%20congested%20space%20domain
https://www.ssc.spaceforce.mil/Portals/3/Documents/PRESS%20RELEASES/Next-Generation%20Overhead%20Persistent%20Infrared%20Program%20Selects%20Mission%20Payload%20Suppliers%20v4.pdf?ver=7qUXGXb35DOGSCh2uAQEGw%3D%3D#:~:text=%E2%80%94Space%20Systems%20Command%27s%20Next%2DGeneration,contested%20and%20congested%20space%20domain
https://www.ssc.spaceforce.mil/Portals/3/Documents/PRESS%20RELEASES/Next-Generation%20Overhead%20Persistent%20Infrared%20Program%20Selects%20Mission%20Payload%20Suppliers%20v4.pdf?ver=7qUXGXb35DOGSCh2uAQEGw%3D%3D#:~:text=%E2%80%94Space%20Systems%20Command%27s%20Next%2DGeneration,contested%20and%20congested%20space%20domain
https://www.ssc.spaceforce.mil/Portals/3/Documents/PRESS%20RELEASES/Next-Generation%20Overhead%20Persistent%20Infrared%20Program%20Selects%20Mission%20Payload%20Suppliers%20v4.pdf?ver=7qUXGXb35DOGSCh2uAQEGw%3D%3D#:~:text=%E2%80%94Space%20Systems%20Command%27s%20Next%2DGeneration,contested%20and%20congested%20space%20domain

Market for Military Infrared Imaging Detectors and Systems |h3$ 5, F 2-8 IXFE+4ED
FEILLD S 5 ERTOXREDHRARTIHD FHIZRLT VS,

% 2-8 MIEHIX[Tactical Missiles], [Strategic Missiles & Defense]. [ Airborne .
Naval]l. [Ground Based |D#5IVEIIFHEINTEY, §izkd SBIRS LU NG OPIR Di#
EIVAIVBEY AT Mkl Strategic Missiles & Defense | 7573V IiIZ&ENhTW5, CAGR
(Compound Average Growth Rate)id£fk& UL T% 8.7%. [ Strategic Missiles &
Defense | B TASL13. 1%L FRIINTEY, SBREKEDLZLHEESETF CORMETHBIIIL
RUTOKEDEFHIZNT VS,

& 2-8 RKEDEZHRIMEHIZED TR

(100 ZRIV) FY22 FY23 FY24 FY25 FYZ26 FY27 CAGR

Tactical Missiles 314 352 440 372 509 543 11.6%
Start Miss. & Def. 894 879 1,051 1,420 1,582 1,656 13.1%
Airbone 2,317 2,518 2,740 2,706 2,761 2,902 4.6%
Naval 296 352 418 472 549 574 14.2%
Ground Based 1,868 2,059 2,584 2,664 2,801 2,947 9.5%
Total 5,688 6,160 7,232 7,734 8,201 8,601 8.7%

Hifr)Maxtech Internatonal #:The World Market for Military Infrared Imaging Detectors and Systems |

2) FORTRESS

FORTRESS (Focused Opportunity Reaching Toward Reliable Electro-Optic
Strategic Sensors)I3EBEHIFEHFHDABDIK) A ZFMGEEHFv 7787V (SCA)IZET
LIRERRFE T TS LT REEDMHFFFMB T H D EEMEA (AFRL) HHEHEL TV D,

2016 %2 Raytheon #t& Teledyne WA 7TV S AIGEEINTVS,

Raytheon #i% 2016 £ 11 A, 7,355,017 RIVOZKIERE GFITFRETIZ 2019 FE 7 B)L. AT
07 I A TEBIE/ A X, BEFMROAR HgCdTe RAMEESE Y VIREZSOHRE -8EETHE
LTW5, 26 2018 F 11 A, 19,172,016 RINZEFERF AR ORE N DO EIR CEA R gERH
HRIMEERE 7 V1 DOFARD/ZOIZNEENZINTEY . RTETIE 2022 F 2 BLZ2->TW\W5,

Teledyne #& 2016 FIZFHEMAHATHL2EDDE N 2MEELTEY, X612 2019 £ 1 A,
16,448,132 RIVIZfERD HgCdTe 74 M A7 —REYDEE MR R IEIRMNR R OB KRR
HegCdTe MAIZREAMOMERHFED -~ DILHZEEL., FITE 71X 2022 F 3 B> TW5,

3) NRO [C& B ERHEEET—YDiRE

NRO TIdiEfE, REEZELD/NN—M—2v 72U TS, KETIE 2018 FICHABEEB
DFRE XKL U TOREDKRE R ZREHRD (NGA) 25 NRO ABEINTEHY, 2019 F, &
2-9NTRGHZE NAN=ART MY, SAR, HfF AR (RF) LW~ EEIEEDOABET — 4 %,
RREEHEFEEEL LN EMELUCEREL TS, NRO 225 Uz REMBZEDERIFMELFIETIZ L,
WEFEHTHHEL TS,
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+ 2-9 2019 FZFHF I NIz NRO FFZFEE2#I(Study Contract)

RN B EEROH)

S 2019568 A% HERE #. Maxari.,
INIS—RRI ) 2019595 [/ HySpeclQ#t

SAR 2019%12H |/ Capella Spacett
TSR (RF) 2019&128 YN Hawkeye 3604t

HAT) EREARIERS Y ZER AR

LRI D—DTHBENAI—ZART MU DWTIE, NRO 1% 2019 4 9 BIZKRE D/ A /83—
AR NVEB AR —NT v 7% TH S HySpeclQ #IZHFZEE#) (Study Contract) ZFIEL TV
%, 21Ut NRO L EEIEELEDNAN—ARTNT—=RIZETHHDEHTHY, NRO IXREHD
TF—REFEHL, KERORMEFEIIER T2 LT3, 8. HySpeclQ #Hid, N1 /8—ZAR_RT ML
BE 1 #E% 2023 FERPEIHTH T, 20%FEHL 2 ESITH EIFRFETH D, TOAh,
%, SAR. EiREKH(RF) CTERRDOIHAZNAF —ATOFEMATHON TS, ZD5H,
BlackSky #HZDW\WTIk 2021 £ 8 AICFAEZNIHITL TS,

2022 % 11 H.NRO 3NA/RN—=ARI MV T—ZDFHEICE T2 RFPIREERE) 2 HRK LU/,
RFP OWRIZEFRANVZ DAFEERRETENLSMIIIIEARTH S H, NRO 1ZRFED/NV R (Bk
AEHESE) TR EBDONVRIZBEOMH DL LTS, 20 RFP T, SHEEEOIV AT —Y s
VIZETBRETY VI RFENE N, EAF DIV AT —Ya v EETAEAIIIETEEENS,
BE.KEFEEEETINHELEEAIISIAREL XN TEY AERZEIZEFFE LM T
BRI TH S, 11 B 15 HIZRFP %R - FEXEFIBL. AA 29 B HEFHRICRE SN
TW=,NRO & 2023 FR IR ERHEFETHDL LTS, /-5 SRITNEONDF
TAANTRTIEY, NRO DEE T —XFEIZEHS RFP IINAN—ARI MV EREL UZED LA
IZEREEZINTHY, SAR ® RF MWL LEL-TWS, 28, £ 2-9 1R T 2019 EOZHTIIREHE
TR I ENRODT —I7T I F X IZONFRETE2NITERPIBENMNTOZDIZR L, £ 2-10 ITR
3 2021 FLEDOEZHTIIE REBZEDREN &7l T 5 2L NELRBEHEINT VS,

+& 2-10 NRO OFHET—YEICEND1EFED RFP

Airbus#t
- Capella Space#ft
SAR 2021E10R 2022F18 I - ICEYE#t
+ PredaSAR#
+ Umbrat

« Aurora Insighttt
- HawkEye 3601t

REEER  202087R  2022%9A Fag | K0S Sbacedt
- Spire Global#t
= Umbra Labitt

INAIE—

X,  2022&11A TBD JFAR? TBD

HFT) EREARIERS Y ZERATERTER
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F72. % 2-10 ITRT 3 DOMNRELEOFHZEIZEWTIL, NRO 2 2021 £ 10 BIZERU/-F7-
WM ZE 7V — AU — 2 Strategic Commercial Enhancement’s Broad Agency
Announcement(SCE BAA)DHWSONTWS, SCE BAA 13722 REDRES (A SAR. /)
AN=ART NV, R E (RF) %) DiEAICRHMELZ NRO OFfET LV —AT7—2THd,NRO &
REBZENRRIZEZN 2SR ATHY . NR ST NEITEREIRRINS, SCEBAA %
FAWT, ZNETIT SAR & RF IZDWTEE, B INTEY, Wihd RFP E&RHMO K
EETHOITPENATHo/2LINTNS,

(2) BRMDZRREETOT S L

1) Horizon Europe / Horizon 2020

Horizon Europe 1%, EU DE¥EHF HOE bt S3RERER 2 BV U2 FEREE 955 [E1—
0(13.3 kM) DEXRLBHEHRE OIS A THY, EfifiFEIL 2021~2027 E2FEL TS,
Horizon Europe IXEUNTHERANZITHONTEAREITTO 7S ATHY, B &% Horizon 2020
(2014~2020 FE)TH 5, 2D Horizon Europe (Z5BIAEFFEIMTHONTOEALNSH, BE
IZ Horizon2020 CEEFNED 2 E&H, £ 2-111RT L5 HS/IR ICEET 427 0Y s
MYTHNTEY,EU N7V hESDREAEREL TS, LT TETIY 27 hDFEl % ik
ND,

Z= 2-11 Horizon Europe / Horizon 2020 NZ%KREHE SO T U~

ARE- MEAS

FOCUS Copernicus#i2 = UAVIC £ BFHERE =925 —E2DRR
HS  op3c HSF— 9 BEHIFT 270 DT /N1 RBAR:

PHySIS HSF—9%1— 7 (BET—9) DIESMIBEAOMT

SWIRup BFOFRASWIRE U OMAERE D7 DRIS

IR
NEMILIES BEDTOI LU THELUEER CEMFRIRESRRERME T T OISR A

HFT) EREARIERL Y ZER AR

a. FOCUS

FOCUS (Forest Operational monitoring using Copernicus and UAV hyperSpectral
data)it, A1V 7IRZ RV ENERL/-7 OV NThD, K 2-26 1270V 7 b
BEA A=V %IRRT, RNV TIIEFHLFEMREDILAP M RFEL 2> THY FEILINTY
SFMEFRTEIFENNELINTVS, £ T, Copernicus #HEL UAV IZLEHFMERE=X
VYT —CAERFEL BEINLINTOEIHFMERRTEIL T BIARBEEYY TOEKE ATREL
95, Horizon 2020 OHHAMAIZENT 2018 £~2021 FEIZEHmINZ7OT 7 THY, 1
Vx/h&E& 195 Ha—um>5b, 178 Ha—uh EU MNHMEIN TV S,

F—&2 LTl Sentinel-2 DFEET —ZB LT UAV THREU/NA/N—AXRT ML T — & % fFH
LTWa, £IMEEICKYREHE 2 BRI T2 THIE O 21T\, X612 UAV OEREET—X
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ERWAILIZIY, EAB ARG Y T OVER A AT e 725,

2-26 FOCUS MHEAA—
i) http://focus.uc.pt/wp-content/uploads/2018/10/FOCUS Project Fact Sheet.pdf (2023 £ 3 A 1 HEE)

b. OP3C

OP3C (On board Processing for Compression and Clouds Classification in
hyperspectral data)ld, Plenetek Hellas #£(FV > v) BWEMHLUZBEENSM_ EITEET /N1
N=ARZNVEIEDT — 2 EZ BT B720DTNAAFFK IOV I NTH D, NA/N—ART M
EEDFERGET —ABILLDHEDAN —IVRER, EEDS VEE 2 EFTHILICLDIENEL
ToAEBEE VWS RE LR T L0, EMESG T — 2 &2 WE T 72 FPGA(Field
Programmable Gate Array) DEFE%1T-7/z, K 2-27 IZ FPGA IZ& B EBEREDA A —T &R
3, FPGA WAL T, EBEMICLDEENSDNAIN—ART NVF — 2R EEDHIER. B
BOEENFITL DT —REEDTENAIREL 25, KT TV =7 NCITEAMMRE 72 1) TL<RFH
RETHREMEED THREMEEFEML TS, Horizon 2020 OFEMAIZEWT 2015 FEIZERE
INATUIINTHY, TuVINES 7.1 FL—uD>H, 5 FL—ud EU oI Ty
%,
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2-27 OP3C BHREMEDAAX—T

HAr) https://www.planetek.it/sites/default/files/space OP3C Brochure.pdf #foverlay-context=eng (2023 % 3
A1 HHE)

c. PHySIS

PHySIS (Sparse Signal Processing Technologies for HyperSpectral Imaging
Systems)iZ, IDRYMA TECHNOLOGIAS KAI EREVNAS (FV) ¥ %) WEEL/2/NAIN— AR
I MVT—2Fa—T (BET—4) DESEEMORFE Oy 7 hTHY X 2-28127 0y s b
DBEARA—TV%RY, ATV I MNTIE NAN—ART VT —EFa—T 2 )T IVEA LA TRET
57 DF L\ ME B IREATDORFE - 7 A N - §Hi 21757z, 20 PHySIS 70y =/ NCRAFIN/HK
ik, REROFEHEER)E— VYV I VAT LAREETL-DIZIEHFE TH 5, Horizon
2020 ORHAEAIZENT 2015 F£~2017 EIZEHEINZTOI 27 MTHY, TuIz7hES 103
F1—uDEEEN EU Mol INT VS,

2-28 PHySIS DEEA X—
H{FR) https://cordis.europa.eu/project/id/640174/reporting (2023 £ 3 H 1 HHE)

d. SWIRup

SWIRup (HOT III-V II-VI Focal Plane Arrays for Space Applications in the Upper
SWIR Band)ix. Thales Alenia Space(75 Y A)NWERLU-EFEEFEDFEHA SWIR 23D M§E
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https://www.planetek.it/sites/default/files/spaceOP3C_Brochure.pdf#overlay-context=eng
https://cordis.europa.eu/project/id/640174/reporting

B EDEDOREFE IO/ NTHY, K 2-29 1270V OBEASA—VERT, KA7OT b
DBEMIF, RENERED ERERERKD 1.7um 5 2.5um Na LXE3Zee, MERE LK
D 200~210K 75 230~290K N\ EXE2ZLICL2EERMOBAFHERDIEKBTH 5,
Horizon 2020 OFHEMAIZENT 2018 £~2022 FEIZEFINA-T OV MNTHY, 7OV Ib

&4 285 FA—UDLEN EU Mol INn TV,

R

SWIR HgCdTe N/P FPA in cryostat

Carbon dioxide in the mid-troposphere
July 2009

Averaged carbon dioxide concentration
Oct 1- Noy 11. 2014 from oco-2

Ty

2-29 SWIRup DBEEA AKX —T
HAr) https://www.sheffield.ac.uk/swirup/overview (2023 & 3 B 1 HEE)

e. NEMILIES

NEMILIES (NanoElectroMechanical Infrared Light for Industrial and
Environmental Sensing)id. INVISIBLE-LIGHT LABS(F—AN)7) NEHELTNBZERT
BIERRE RS BRE RNV Y OHBRA L BRI OV I NTH D, hHEIFRMNE - ZRMEEE
B BT 2 IS EIR MR ETHEH, TNFETH NEMILIS 7OV IMIEWTERT
BEd 2 Y DTUNATEFEFKLTEITEY., 2O Tu A 7OBEFS LSRR L H R
DHBEAE BIEL T3, Horizon Europe OFHEAIZIEWT 2022 F~2024 FTOEMMF
EINTWS 7OV INTHY, TuVz I ES 222 FA—UDLREEMN EU MoHlHIN TS, 4

2) Copernicus IC & D ERIT—5 DIEES M

Copernicus Tk, 2—H¥DF|{EMEMR L& HHE LT, Copernicus Contributing Missions
(CCMS)L L TRMEET —XDFAZEET> TS, FAZEL-EMEE T — &I Sentinel HE>V —
ADMFET —REUTDRE T LR2>TW\ S,

CCMS TR — YT BZ I —VDEIU FEATRMBEE T — 2 DBEHERS L OBEETHZ
LM EEL 2> THY, Standard (7 —H 1757 —ZDOEUSFLBRIZER) & Rush(RE/z2—F DA
MNEMTEXBRAEHHER) L WS 2DDFEFENERINT VD,

ER@ET -2 LTIEE 2-12 DHEE(RE)MNEBEEINTVS, FHRTRZEELV VT2
FERL U TGEEINTOERVD, AT A FORBRIJIINAN=ART MV ORAATREEIZOWTE

4 https://cordis.europa.eu/project/id/101058011 (B&EH:2023 £ 3 A 8 H)
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RBIINTW3,
T 2-12 CCMSTEEINTL\2HE(FXHR)

I T TR [ TR T N

RADARSAT-2 ot Korea Aerospace Research
Airbus GeoEye-1 Maxar
. gg,swl}l% Italian Space Agency(ASI) e WorldView-1,2,3  Airbus
KOMPSAT-2 I((Ko'&%?)Aerospace Research Institute Pléiades 1A, 1B glrgi;rﬂgaa?gg(?gég?mh
PAZ firous SPOT-6,7 Planet
ICEYE ICEYE ResourceSat-2 GEOSAT

HAT) EREARIERS Y ZER AR

2.1.4 ZRRVE—MEIIIITF—IEIRZAERYVESRIRE ESH

2.1.3 HiF TIThRNAZLFRVE— MY VI F—REI R ALY ERAESFEZ, BAEDHE
WBRBEODET o/ DIZH o TIEE 2-13 ITRT IO, AEBRELAEERE, 75 ABRYL
RAFAERIZHT, SWOT o #1707z,

HADEAL L TIX, ASTER LU HISUI 12k 2818 EEENHDIEN, DA DIEDEEIZLS
Fa—FTN-INFLYDHE EEIENFEINTNDILNH D, —FH, FAL LTI I A RE
FEDAE—RDGESNE L LB U TRBWED, 7 —4F ALY A AD T IV AT LADEETI TN
LENEITONG AMPEREL UTE, RIS FE RV 2 B8 U EET LITBUIIREN TH S
FT GHG BHIXZLEEIFIIB VW TEHEREVE— MUYV I TF—ROEENEZYOOHDHIL
WXTIABERTHD, — A TIMTABERE LTI, SBEBEOHICLFER VY2 BE U/ A EREK
DR BILX0, KEPHM TIIBFERDOARED L F RV HEFKEERLTEY REAELD
MHERZARH ZBELTOIE0, —HBOREBETIEERNIZPoC 2#EL TV IENEIToN
5,
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2.2

xR 2-13 ZRRVE— NIV ITTFT—HYEIRRICET S SWOT 91

I

38 (Strength) $3#(Weakness)

« ASTER.HISUIIC&B/IN\AIS—ANRY  « EIRAETFDAE—RHIENEEHE

ML OEE FEENSH D (VIR UTEL

IR =5Cim) « N\—ROEETETHNLEZT—YHEED

SHDIEHEEICLDFa1—FTILIL FADIIVAT LDEEEF T

FEoHOEE EREEFELTHY, « UELVOERICETSEIEIV—IVERK

S NBUEIC [ Tz B R A A ADEFEA D9 TIER N

»>d o REEEDNAIS—IRINIVEED
2T L—3 U FEELRL

¥=(Opportunity) BR(Threat)

. HRNICSHEETUVERRULEET - BAORMARICLZISHELUTER
g‘r} . PAUT—3VDTDOTHZGHGER - FKES LM CIRIKEFEERTARD
IE
%

SO

LITHILREIRENTHS HUZHEEDRBENSEREETEMT S
NERFENEXUDODHD ZRRCRREEERL. REEREE

+ KETREZL2FREMAECREERDS HEMSTHHEEERL TS
BERT—IDFENBEYUDDOHY. 4 - —HIORM[EER(Satellogic.
EERICESARMLHD HySpeclQ%) TIEEEMIC 11k

R EHEL, POCEHEEL TS

HFT) ZZAR TR SRR

ZREVELTIFRAEIRAMRR

BEO/NER IV ATL—ya vy D—LIEDN, VE— MY YV T =AUV R AT B E %0
ZTW5, /-, RO—2% HAPS OHIUIZEY, RN S H o= EE2ELEUIMIE I HARNS
BRMEMNEU, BERDT 5V T A—LTEEU T =2 &l AEDEH 2R AR EENODH
%,

FRAGEE . SEE R T ORI EBIRE BB T RELR IR E— My YV I F— R DB #MTH 5, R
I IR E B OERE MG TS EEL VY DIEAIEA, IREXNREHT ADBEHIR - TRINE
REHAIL CE VA RIZDRIT 2 XD 7-RE VA AEHIAL TS,

% EY Y HE ASTER, HISUL E W2 7OV = 7 e LT X A BAE AR AL DMK TH
%, —HT, HRETCIEAEDZODARI NV T —EANE - BLEIIRELUTEY, EARIENT /20D
DERRE - HRIRDSNT NS,

ZDEHRMEZSFHE - NO—2 oY A—H F—Z TSIV T x—<, 21—, SRENSIE
JEXAVUNEEDIZHERY LT —ZF ALY A AMER 12 2022F 1081232 EIT, BAAED %
BRVE—M YV T T— AT BN CEE R B R 5L L 612, S RO D A RO
WCEREIT o /2 AAEEXDAVUNER 2-14 12 MELOFEBRL E0EEY £ 2-15 1R
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& 2-14 ZRRVECLIT —IFAEIRIA|AREA VN

BEE (EHH)

ZE B —RREAEE AFEHS AT ABFEF BHEEIE (J-spacesystems) A&

AR BE BHEESHAST BEEEE
1]z ERMERR ST 15—
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BB (OTV)ITHEE L TITS LIS, Bl L EFERERE EREL. #E ERITHBROT — 42 BE L=,
TR UARERIZBEWTE, EYVa— DTV F—E SRR BERED T —XEENENTH /-7
. XA OFHEBEERRIIIT > TNV, B, BXvyasid X-37B D 6 EHDIvYa>(0OTV-6)
ThHY.,PRAM-FX ###L/- X-37B 1%, 2022 £ 11 AIZ 908 HEIDRITEKR I Tr 2T 1 FH
TUE—ITREL TS,

Zofti, NRL Tid 2020 £ 2 BIZ, FEEITNRETH BH ISS ICBWTL 7T HEBDEET
EEERU~, FHRITETHS Jessica Meir KHY NRL DILEctenna™ | (FENREHR T > TF)
EEALT, RERAY NI — 2 L FARROERRAY NV —2{E 52 ENIIEM TR FE2FEE LU,

6 https://spacenews.com/nasa-to-reexamine-space-based-solar-power/ (2022 £ 9 B 8 HHE)
7 https://www.spaceforce.mil/News/Article/3217077/x-37b-orbital-test-vehicle-concludes-sixth-
successful-mission/ (2022 £ 12 B 9 HEE)
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o e e N

3-1 NRL @ PRAM-FX &

HAr) https://www.cbc.ca/radio/quirks/a-secret-military-space-plane-is-carrying-an-experiment-to-
harvest-power-from-space-1.5590837 (2022 £ 2 B 2 HHE)

(3) KR=ZE#HFAA(AFRL)D SSPIDR

2019 F£EIZ, AFRL @ Space Vehicles Directorate (25T SSPIDR (Space Solar
Power Incremental Demonstrations and Research) 70>y =2 "MMEENL =, R DRI
BRI ANB IR AV TEIZZE LAY AT 1 7 ABN-E 6572012, B
SSPS i/ N—RU 752K TIIL2HRNELTWS, K70V /ML SSPS D70 g7z
NEREREME BB TLT0T /N THY, BE, I EEREED 3 DOEREFEL,
—EBRITHRTH S, FTER 3-2 1TRT [Arachne | EIFIEN S 818 ETFERISEFH LT VR
AVF BNV EFERALT, KBTZANX—2GRAK (RE) EACERTOH 0B MEEIEToLLE
2. ZDZANF— %M EITERE U CERATTRERENICE BTS2 RTEDT, 2025 FITHT
EIFFrEEESTNS, NALKS Helios ESPA VY7 Rqu—Keie% SSPRITE(Space Solar
Power RF Integrated Tile Experiment)% Northrop Grumman #28LELTEY, ZDE
HEEEX 1 BRIV EEE->TW53, 2021 4 12 AiZl3, AFRL ¢ Northrop Grumman #t& T, ¥
YRAYF - BAMIEB RGN (V—F—T 32l —4) S RF TAVF—ZHi e 75 L EBRIZTE )
LT3,

INSDKERRROMETIREHEN TS SSPS X, EOU VAT 7 ADREIIN ST DI NE
HELZR>TWED, —H CRIENICIERIMEDH S EREL 2L AR R SIEE BN LT 5720
DI R IR B ATREMEIZ DWW T H ERINDLIALLH>T WS,
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aad

e

3-2 BiE_ETOM Arachne DEER1 X— (Credit : AFRL)
HAT) https://afresearchlab.com/technology/arachne/ (2023 #£1 H 16 HE)

(4) A)I7AN=F7IRKRZE(Caltech) DEIHFEIT LIT

1) 7 3V =7 TR A% (Caltech: California Institute of Technology)ix 2013 iz
Donarld Bren KiZ&3 1 BRIVDOEF %5217 T SSPS BEDFZRF % REHNIBIB U= (B
DRE (AL, L) ITLSFNIRE SN TV, ), 2015 £iZld Northrop Grumman & 3 £/ T
1750 BRIVOZEMFEZN LU, 50 LA EDF— Lz fA, MmiREIZLk5 Space Solar
Power Initiative (SSPI) #Ft5L7=,

2017 ENGIIEBEE - BNROABEME RF R EREHEITLED - BATEER
FHHEBREBEARDO TN A TORMEHABR TV, BiE LEFEH SSPD (Space-based Solar
Power Demonstrator) DEFEE1T>TX /=, ZHi&. SSPD & VIGORIDE #i:8 LY —bE A8
(Momentus #:8) IZ#EA& X, 2021 F 12 BIZTH EIFond FEL > TV 2AY, VIGORIDE O
SLEDBEFIZLD AT Y a—ILANEN, ERRIZIE 2023 £ 1 HIZ Falcon 9 12&k54T LIS
(Transporter-6) CHUEIZIR A I N8,

SSPD % 3 DOFELREEERFMOFER(DOLCE, ALBA, MAPLE) #1752 2 HHET5
B8 50kg DEMHTHS (K 3-3 £0R), VIGORIDE |ZFEE X, FrE DEE F Tk X/
% 3T BB OBCEM I EFEERMFBINS FEL RS> TV, 3 DOBREROMELZ LT
IIRT

<SSPD D 3 DDEXELHERER >

® DOLCE (Deployable on-Orbit ultraLight Composite Experiment):6 71 —hXx6
714 —8(1.83mX1.83m) DIEER, EY 2a—IVAFEHEDT —F77F v, I 5 ., EFIERE
ZDFEHZITI,

® ALBA!FHLWIBEELRE TIIBWTORBELRELMN A DB ARG E O % FTf
TX5E012 32 D RLLKGEM (PV) IV EED/-ED, FIEADEEEEMREEN S, BR51R
BT TOMREDRERFHEE T, —EDERMNMTONDS, Tk 6 FHDERMGFEIN T
%,

8 https://www.caltech.edu/about/news/caltech-to-launch-space-solar-power-technology-demo-into-
orbit-in-january (2023 41 B 16 HEE)

42



® MAPLE (Microwave Array for Power-transfer Low-orbit Experiment):~-{ 271
R EERTOFMRET VA NEBRANIVITEIFICEY), 2 DORLDZEMTIEINVIZE
REPXY, FHEMICBIIEGRENEEEEIET 5,

Z D, SSPD D 4 DIERKEZL LTI, VIGORIDE D ¥ a—R DA VA —T7 2 — A LT
BEEEL, 3 DDEERZ HIHT 2B FREENEIT O N5,

SSPD & Caltech ® Space Solar Power Project IZ&VBIFRE LOEILENTHNT NS,
SSPD DEER 3 DDERERIE ) 35 ZDF—AIL->TERMNSHKET, BiE, TANETHE
HEINTW5, IFEREE L 3 2DEIZ (Professor Harry Atwater, Professor Ali Hajimiri,
Professor Sergio Pellegrino) 23 &H T3,
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SPACE SOLAR POWER DEMONSTRATOR

The Caltech Space Solar Power Project (SSPP) will launch a platform into space to test three key
elements of the plan to develop a constellation of modular spacecraft that collect solar power and
beam the energy back to Earth: DOLCE, which will test the design and deployment mechanisms
for a lightweight, foldable structure that supports the solar panels and power transmitters; ALBA,
testing the efficiency and robustness of different types of photovoltaic (PV) cells; and MAPLE,

a flexible array of microwave power transmitters with precise timing control capable of transmitting
power precisely and efficiently. If successful, space solar power would be a pipeline to a constant
and practically unlimited supply of energy.

:DOLCE
: Atightly folded structure that will deploy

: into a rigid square platform for solar
: panels and power transmitters

A collection of 32 different
: types of photovoltaic cells

: Phased array of 32
: flexible, lightweight %
: microwave transmitters

: to and draw pow:
: Momentus \ﬁg 7

3-3 SSPD EiI# M ER (ZL) /DOLCE DERMEERRA X—I (BL) /MAPLE DX OOKEE 7 LA
D7 TFHI—(EFRR),/SSPD % VIGORIDE ICHEA&T 21F (A T) (Credit : Caltech)

HAF) https://www.caltech.edu/about/news/caltech-to-launch-space-solar-power-technology-demo-into-
orbit-in-january (2023 4% 1 B 16 HEIE)
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3.1.2 B

T, SpaceX #0D Starship D& 7B KHEEIZL > THEEIZARSIT EIFa A D KIE
HHIED BB UMNTTE 2ol BEZRN AHEHE Net Zero O EEZERKTD/-HODT)—V T %
VX —IEOFEZEDIENH, BN SBSP 1203 128 /22 0 ORI L TWS,

(1) ESA @ SOLARIS 70735 A

1) HERETOTILOBE

2002 ££HH, ESA Tl SSPS MZEICEE§ SR v bV —2 %257 L. Advanced Concept
Team %#EFK LT, Leopold Summerer K% f.0&UTEUMAR SSPS 7075 A%EHTX /-,
2003 FiZ, #EE 7175 L (General Studies Programme) DHDEHMRET 7 = — X T,
2020/30 EEFEELTHL ETOVY 2 —Ya L DLEIET 21T 07203, ZDERET SSPS I3 BTy
IZIXTTRETH DY, B+ GW 2BV RDHL E TSV M VEBAIZIISI TROEDFERIZEYD, Z0D
BIFBUFERDFEMN DL D% SSPS MIRIIfTHONTI A -7,

UL, EEEOEEMAEDE, 2020 £ 9 AIZ ESA & Discovery and Preparation Z8F90D
OSIP(Open Space Innovation Platform)%##]f LT SBSP(Space-based solar power)
DOEMP AV T NIETETYAT A7 - AV T NEEDA YTV - Fr o R—V 2B L2(0(2) T
k),

F7-.2021 £ 3 A 31 BHIZHTIN/ZIESA Agenda 2025 Make Space for Europe D
T, 5 DDBEZWLRMBLEFEDFD 1 DTHBIBOOSTING COMMERCIALISATION FOR A
GREEN AND DIGITAL EUROPEJIZBWT, TANF -1 %2 Y R— N E3FEH—2ADY—
A space-based solar power generation OFEEEIZDWT, AEZ EDINENH DL E R
NTN3B,

ZDESIZESA Tl 2020 FEMNS SSPS IZB§ 2EMAN BRI NN, 2022 F 8 AH 4.
ESA @ Josef Aschbacher E#/E &I SBSP(space-based solar power)IdERM D 77—HR>
Za— MV T RIVX—EIEERKT D L TOEELR—AHLLSEL U2 ET, SOLARIS LIS
BRpEl SBSP #7027 I L% S EIFARL, 2022 £ 11 AIChEFEOEEREELCE
WTREICESRBEZEF T L HRRLE,

2022 £ 11 A 22 H~23 HIZfTHhh/z ESA BERKETIE. ESA $8% 2019 FDRIEDE
EIRRERLHEUT 17%HE, $0bb454& b FETAET 169 Ba—DBETLIIEMNREINT
W5, ZNHH 2 & 4400 Fa—1id, SOLARIS 7025 a0#4 45 ESA D—kZERH#Hi 70
27'5 . (GSTP:General Support Technology Programme) D/=DIZHERI N DL THS
M, BR#Y72 SOLARIS ADFEERIC DWW TUIREINTS ST, 12 BHIAICAVNTEMRIT D FE

9 FIMIET 2050 FEFTHOLIRF L DER %, EU BATHEHDH 2 BEL L TEHILL TV S,

10 2~3 Fiz 1 ERHEINS, BIEIE 2019 £ 11 BIZBEIN TS,

I Josef Aschbacher AR Twitter:2022 £ 8 H 16 HAR.
https://twitter.com/AschbacherJosef/status/1559553713466970119
https://spacenews.com/esa-to-request-funding-for-space-based-solar-power-study/ (2022 €10 B
5 HEE)
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Lo TWVWAB2,

SOLARIS vz bDEFRIZIX. 2022 £ 2 H~7 B 7o/ ESA MoififFUTHIEIN-
132 DD U= B FERS OIS (Z5E#& 1% Frazer-Nash Consultancy ##4&0° Roland
Berger ) DRFERERDH S, ML R—MIFINZEIFS SBSP DI XA —2&FHEL-EDT
HY, POFER, LR TS THNF—EREIIN LT 572DITnEL SBSP Kifi2REIEL/20DD
BEEZHHBEL TR ENL > TVS, LIR—MORFIZDOWTIIER TS,

SOLARIS I3 SBSP IZB#E § 5 FAfif 2B 2 R § 572D 3 EHDMHFLTHY . TDAZT 1
FERIE, 2025 FDORDEBRFZICEVTAIEHZ SBSP FFDHEAE 2 IRE T 52O DIRETH R
XINBFETHD, 2040 FEIZEHHAAT—IVDTSUNeEETLIe 2 HEIZO—RIy T2 #iX,
O—RY TORFDATY T U TH T A —IVOuE EEiTF#E HE LTV EH8, ZDEEIZOW
Tl 2023 NS 2025 FEIZMHIFTO SOLARIS DFERE2ZITT, 2025 FEIZHRETHFEL -
TWd, (B 3-4 28)

6, ESA M2022FE8H 16 HIZABI L= SOLARIS @ YouTube“ (Kl 3-5 £R)IZHEWTIE,
OBV MEAIIERD I =V 2 T AINF—R % RO 572D DEMNDEIXD—E TH DL FHAINT
Wa,

41% SOLARIS TIXEAMHI, BUAH. 7075 AR ERE & HENL T 5 /- DI R B/ B F RIS & i
IZEY) BV, B EIR AT RE M % BRFA X, SBSP DFl &, EffiA 7Y ay, f¥ERES AN VA
2% 3T 57O, BUNEERLH U TY AT AL ARVDIFZES S OEMFAFICEY #E Z e A8
EINTWD, 7z, \BTENLRE - (- Z2fE, it ERFEHBEEORRICEETLFEIC OV
TERFEITIFETH D, I6IZ, SBSP WRFH, HEAMiHY, ZDMOE CEBR TR WKL
BEIEA T, SBSP IZHREL XNE0E LRV, D A& (BE EToELE Y —EARE)IZE
ERREMEHAE -HRTIZLICEESRE Y TS, LINTWE°, SBSP DEHRIZHELRFM 2
(FHELE M. FHUAY N BERADTY N BRRABHAFEE., ISRU, ¥ 70EEHLE—LRY)
T RCAMDEBDOFEY SV r—Ya eI, fzsa 67269 720, 12 SBSP &#t/T LA
WIEWNREIN/ZE LTS, IMEFREMOBENSBONDIFIEEIL, BNDOFEELFICL->TEE
BEDERDE, ZEHERINTNDBS,

BAFIZ SOLARIS 0 EfRH)2 B %= RT,

<SOLARIS o HH>
1. 2050 X TORMDIY METIZERY 52— T AN F—L U T, SBSP DR &, HAfifIE
HAgetE, AN VAZ 2 RIBDH 5,

12 https://buildindigital.com/space-based-solar-farms-could-power-up-within-a-decade/ (2022 % 12
A 14 BREE)

I3 https://www.esa.int/Enabling Support/Preparing for the Future/Discovery and Preparation/ESA rei
gnites space-based solar power research (2022 &£ 12 B 14 HEE)

4 https://www.esa.int/Enabling Support/Space Engineering Technology/SOLARIS/SOLARIS2 (2022
£ 8 H 16 HHE)

15 https://twitter.com/AschbacherJosef/status/1561730075938246658 (2022 %12 A 14 HEE)

16 https://spacewatch.global/2022/08/solaris-a-step-toward-making-space-based-solar-power-a-
european-reality/ (2022 £ 12 B 14 HE&)
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2. SBSP D#iffie ¥ AT ADRFEE LUBEEMITBWT, BUN % ERGAICEIRS R T L1 v —&
UTHLEDI 5,

3. MO INF—ftigE . KEBUF. MNEZEBXROM T, SBSP 7Y — T3V X —DfFRSE
LN BRLNHRHEEEDD,

4. MELOEEH OB EHLT D,

5. CM(Council Meeting)25 TOHRE % HIEL. BXM D SBSP K70/ I AICET21RED
BB IO 70 s AN B L EET 5,

SOLARIS OARMEIEENZSLERIT T, 2022 & 7 IZiE, ESA I SBSP D72 D &Sttt iR
IZB89 % RFI(Request For Information) 2% H U7z, A RFI (X, ESA MMBE2EDK -/ -/~
REEPERM, SBSP IZBE§ HIFROBMBEAFRIEIN OV AT LRSI 5 LI E DR ER L
NHEMNERETIILEENE LT (RARFIDFEDHEIVIX 2022 F£ 9 A TH-o7), 0B, RFIF
HEFERHZ SOLARIS THEINTWBIEENIDOWTERINA, (B 3-6 )

SOLARIS Sub-Scale Pilot Commercial-Scale
Preparatory In-Orbit Space Solar Space Solar
Programme Demonstrator Power Plant Power Plant

2030 2035 2040

3-4 RN SBSP MABEO—RTY S
i) “SOLARIS Activity Plan 2023-2025", ESA
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P Pl ) 307/350

3-5 ESA SOLARIS @ YouTube #841/R—<J (Credit : ESA)
HAT) https://www.youtube.com/watch?v=8ScTbb-43A4 (2022 % 10 B 5 HEE)

Prep. Studies for Highly mass-efficiency @ esa
SPS Demonstrator photovoltaic systems
(Phases 0/A/B1)

Highly efficient RF generation

Prep. Studies for and beam forming

GW-Scale SPS
(Phase 0)

Ground / Aerial Power
Beaming Demonstration

Stakeholder Engagement

High power management
and Outreach e .

and distribution

Environmental, Health & Large structure deployment, in-space
Safety Studies manufacturing, robotic assembly

3-6 SOLARIS JOYJSATEESINTL\DEE)
HiFr)“ Space-Based Solar Power Technology Challenges and Development Needs”, ESA The SOLARIS Team

2) SOLARIS Industry Day DB

2022 %10 A 18 H, ESA 1 SOLARIS D/=®HIZ“SOLARIS Industry Day” % i L=, 45
v & D ESTEC (European Space Research and Technology Centre)iZ& )/ N—F v )L
T, ZFEiHE SOLARIS OHFEIZREIT 5 ESA D7 LYy 5—rar L BEA%% (Airbus, Thales
Alenia Space, OHB, Dassault Aviation, Equinor)iZ&d Y AFALNIVDEY 3 DB, F
I3 ESA bR D _FHHEMTHON -, HHIZ. FES IO ZINF—DWHENS 30 .
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150 ZLA ENSIMUAEY, ESA OF L ¥y 5—ar“Space-Based Solar Power Technology
Challenges and Development Needs” D Tid, AR SOLARIS O EARW) e HffraEE
] 3-7 IR EMBARBEINRIN,

<SOLARIS (281 B HiffiaeE >
ER B2 EIANDKBGAREY AT L
E31= DC-RF Z#
= EEEREHE - 2id
S AN AN 1 757
RIREREE YRR, #8 &S, 0Ry MIE BN, AV TV A
KEIFEEY D AOCS(Attitude and Orbit Control Systems),”GNC(Guidance,
Navigation and Control)
B —EVE
HoE FR T EEY DO DFEHEE AIT(Assembly, Integration and Test)
8 £ 7)) DR
VAT LFmEOER

728, SOLARIS OFEAMHEEI LMD FHSEFL DY FTV—IZDWTUL, LFDOLIITRINT VS,

<SOLARIS O#ifie iDFEHSFLDYFV—>
FHAXKGHAAEEY AT LOENER - BE-KIAME=>HODSFHABRTAVY MHY
SEEEREEY —F7/F v AVR—F U =>RBEHELEERNERICHN 5
BAEMAILY VT F=>REHENERCAMN
REVEEY OHE L CTOMI T, 8, €57 7 =>KEFHEEY (KBERT L1, TV
THEE, 7Y T -4 BiEE, FIHERE) DB TR

7 https://www.esa.int/Enabling Support/Space Engineering Technology/SOLARIS/Presentations fro
m_SOLARIS Industry Day (2022 % 12 A 14 HE%)
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Solar power conversion
End-of-Life Cell efficiency @ RT 36% 40%
Cells cost 1€/W 0.5 €W
Cells + 100 um cover glass areal densit 0.6 kg/m2 0.5 kg/m2

Cell production capacity by 2035 2 km2/year 5 km2/year

Power management & distribution
Transmission voltage 300V 1000+ V

DC-RF conversion
Conversion efficienc 75% 90%

Wireless power transmission

Phased-array efficienc 90% 95%
Total antenna size (modular 1 km 2 km
Total antenna size (monolithic 50 m 100 m

Robotic in-orbit assembly and manufacturing
Dimension of on-orbit manufactured/assembled .
structure 1 km 2 km ¢

3-7 ESA SOLARIS O iFIFBE

Hi7R) “ Space-Based Solar Power Technology Challenges and Development Needs”, ESA The SOLARIS Team,
18/10/2022

3) SOLARIS Activity Plan

2022 F 12 HIZIZ“SOLARIS Activity Plan 2023-2025" AR XN /=18, REHE Tl
SOLARIS DEEEERTS/-HIZ, 2023-2025 EDHAMIZERTNEFZHOMELRL TS,
AEEOHEFIL 2021 ENS 2022 FORIZ ESA NEMUAEMEHOKRRIZEDINTEY,
ESA DEMRLOFHZEDE L, SBSPIZET5AED ESA LU ERRNZIMENSDI VT M F]
AU, B2 ESA OFEFHE XY AT ALEF (D/STS: Directorate of Space Transportation
Systems) REMDFTEHEFDFEEHNLEFEELLENSKREINZEDLL>TWVWE, X 3-8 1T
SOLARIS Activity Plan 281} 2 EEIEH D 2R T,

AREFHETIZE ESA 3T IV F—DBFOEERAT— IRV E —LFEMmIIC DY B, =— X,
IANF—FBEOEREME TN TOREOHOIBALILEBIEL TS ILIRINTVD,

18 https://www.esa.int/Enabling Support/Space Engineering Technology/SOLARIS/SOLARIS activity
plan (2023 %1 H 19 HHEE)
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Q42022

SOLARIS
Q12023 Start

Environmental & Technology ESA Internal &
Socioeconomic Development Industrial Pre-Phase A
Activities Activities System Stud o

Initiated in pi

Stakeholder
Engagement
Activities

Phase 0

Concept
Selection
Review

Environmental & Technology ESA Internal & Stakeholder
Socioeconomic Development Industrial Phase 0/A/B1 Engagement
Activities System Studies Activities
nitiated alter In-Orbit Demor itor M 4
Concept Selection Review for |

Q4 2025

3-8 2023-2025 FDEICIERINTLIFZHAS
HAT) “SOLARIS Activity Plan 2023-2025”, ESA

(2) ESA®M OSIP F+vIUR—-2

2020 F 9 H~2021 #£ 1 HOM. ESA & Discovery and Preparation 90 OSIP(Open
Space Innovation Platform) Z@&U T, FEH T SBSP 2EH§5/-HDDVY a—a VBT 508

JENTAT AT DEEETo/20, BRIIY > TR RICUUTOATIVICETIH LT AT 17 %
HIfF 95, ZeARINA,

<ESA @ SBSP ZIRD/-ODTAT 47 EEIZY ) RINAZESATIY >
B, B, KETOFEHEZERE LU~ SBSP OFH LW ATFAIVET

19 https://ideas.esa.int/servlet/hype/IMT?documentTableld=45087127246233263&userAction=Bro
wse&templateName=&documentIld=514a8db636ea637f6e27069183966350 (2023 F 1 A 19 HEIE)
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TAT 4T DFEAMTH - R EHR M2 KIBIZ A XS AREMDOH 2 HHEOT TV AT
P D2 vl 5 T

SBSP # A7 —)7v 7L, TINVF =TV RIZRETS7-HODFH L%
FHEZORRENALUZHFRTAT 17 (FHEROFN A, BE- 1 X -BEEHF -
BRL DT EITHIKOMRERL)

FATNRFEEILD-ODFRL IV LT

RFEYIR=UNIBOT KRFE AU Fv—, REEE, FHEBESENS 85 DRENLIN. 5B
16 HEAFRMEE FHE X, 740 —T Y T ATV AATHEAE, 16 HONRIE. VAT LHE 7 4. 4]
HARAMBFE 5 ., SLRIMIZERE 4 B CH o7,

2022 FELIEIZ, LTITRT 13 (R 3-9 sR)NESEBHONEZ L UTGERIZH, RESHS
FFENEDSN TS, TORDEW R THERISRENICAFHINT VS,

<OSIP ¥y R_R—VTEHINAZTOV &> ()WL EEfERLE

.

0 © 9086 ©

@

© ©

® ©

SPS Station Keeping Using Solar Radiation Pressure for Propulsion
(Emerald Telecommunications)

The interaction of structural dynamics with the orbital mechanics of
Solar Power Satellites (Frazer Nash)

GEe Lunar Power Station (Astrostrom)

An End-of-Life Strategy for Solar Power Satellites (Frazer Nash)
Skybeam: Assembly of a Space Solar Power system with European
Technologies (Space Applications Services)

Receiv’Air - Bypassing of atmospheric attenuation for SPS with
airborne receiver (Thales Alenia Space)

Tiled Energy Focus with Solar Concentrators (Instituto de
Telecomunicacoes — University of Aveiro)

Development of Millimetre Waves Wireless Power Transfer (WPT)
System for Lunar Rover Explorations (Sirin Orbital Systems)
Disruptive PV power array technology to enable economic viability of
SPS (CSEM)

Photo-irradiation annealing of radiation-induced degradation of
multijunction solar cells for space-based power plants (Photonicity)
In-Space manufacturing of large structures by direct extrusion of UV-
curing polymer (Munich University of Applied Sciences)

CORES - COllaborative Recycling of End-of-life Sps (University of
Strathclyde)

20 https://www.esa.int/Enabling Support/Preparing for the Future/Discovery and Preparation/The Dis
covery Campaign on Solar Power from Space (2023 % 1 H 19 HE%)
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@®. Solar Array to High Voltage Power Bus: Power Conversion Techniques
(University of Elche)

FEO@®IZHE L TS A1 AD Sirin Orbital Systems #id. REAZEEZBHIRF OEREL
LB NEREES MRE2EDTNS, 2022 F 11 Atk EHAZERAEBRFICBWVTHE
BEEE 2 L % “Japan-Switzerland SBSP/WPT Workshop” 2 B & X /=21,

3-9 BERIRHAHIRELZ 13 D TOI T (Credit:ESA)
HiFr) https://parabolicarc.com/2022/01/10/esa-reignites-space-based-solar-power-research/ (2023 £ 1 A
19 HRE)

3.1.3 %E

(1) BEIS O Space Based Solar Power Innovation 2’05 A

1) HERETOTSLOBE

HETIE, ZIHET SBSP IZBETEHANKESER U, ZEEFEHT (UKSA:UK Space
Agency) BV R A TR F— - EEEMREE (BEIS:Department for Business, Energy &
Industrial Strategy) 72020 £ 9 A»6 1 £ 27 1J T SBSP(Space-Based Solar Power)
DEHRATREM L FFMOFERN £ EM LUz, BEANLHAENAZL LT 1) KE(SPS-ALPHA),
#[E (CASSIOPeiA), HE (MR-SPS)MD 3 DDAV MDFEE., 2) BRERZRFIZMEITIT SBSP

2l https://swissnex.org/news/a-japanese %E2%80%92swiss-workshop-to-shape-the-future-of-
clean-energy-from-space (2022 412 A 17 HHE)
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DERALLAEMEILDERMEDOFTE, 3) 2050 FFTIZERNZ/NN— —2#7LT SBSP #H
BRI E-DDTYI=TIVTTIUDEE, 4) WROIY—V TRV —HMOMETDFT
SSPS WM&/~ 9% E DAL, S THY, Frazer-Nash Consultancy #IZEFH LU CHEEZ T/,
FEFEFRTIE. SBSPIXEE®D 2050 FETOIREXNEA AHEH Net Zero D BIEER % FEEICT
52, BRI Y o TSR MR FIE 70 7 S AR EREL, EBRAS— - —LiRET 2 &
REIENHRIND I, ENRINTVS, BEIS 3. AREZEDNEE 2T, SBSP IZE#E TS
FiifiBaFE & BL 35 SBSP 1/ RX—Yay - 71254 (Space Based Solar Power Innovation
Programme) # 224 —hXHE T35,

E[E Tl International Electric Company (IECL)#:® Ian CashEKAMgZEL TV % SBSP
VAT LTHBICASSIOPeiA | (K 3-10 2H) METARERAV TR L TRDONTEY,
2040 FEFTITERMTEER GW #kD SBSP 28§62 BET. LLTWS, EENENTVD
SBSP OFFEE %=X 3-11 ITRT,

3-10 HE®D SBSP Y X T LZRICASSIOPeiA] (Credit:Space Energy Initiative)
HAR ) https://www.internationalelectric.com/ (2023 4 1 8 19 HEIE)
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Costed Development Plan -

2022 - 26 5 years 5 years 4 years 4 years
PHASE | - TRLS established £125M £530M £2.410M £7.925M

Gm::‘:?:-d : p £135M £575M £2,675M £9,965M

demanstrator . Y confirmed £145M £620M £2,930M £12,610M

& balloon trials

NPV (p50) £120M £435M £1,740M £5,655M £7,539M

NPV (p50)
Including
optimism

Bias

£350M £1,180M £3,950M £10,800M £16,280M

Production

prototype in

2036 - 39 Phase 4
PHASE 4 - TRLS .
2GW SPS . In
operational orbit

3-11 ZEE 0D SBSP FFETE (Credit:BEIS)
Hi7r)”Space Based Solar Power(SBSP) Innovation Programme”, Stakeholder Engagement, BEIS

2) Space Based Solar Power Innovation Competition

EFED SBSP A/ RX—yay-Farss,n—& L UT, 2022 £ 7 AIZ. BEIS I&, &KX 600 AR
YR(H 9 B 8 FHM)MEYUDBKEI Y RF1¥a vy ThbI Space Based Solar Power
Innovation Competition | DA XV AXEEFKR L 22,

Fa2RF+1¥avid, SBSP IZBRELEAM, TANF =V AT A, Ivvary 7 —F 7 7F v & F%ET
5270V MIBIRE (300 ARVR(E 4 B9 FHH) ~ISITEAK 300 TRV NET) 21295
EDLHTWD, 70V 7 MR R CHRANEFEE (TRL) LAV 1~6 Oz XEToL L. 71
VI MNIUTD 4 DDHEIZH T TEREINT VS,

T4 ¥V AEHEZ% (nominally £1.25m budget)

BEEABEHE (nominally £1.25m budget)

SBSP THNF¥F—YAF LTy V=712 (nominally £500k budget)

SBSP FHIvYVav7—F7I7FvD74—IVT1A&Z7 1 (up to £3m budget)

AR5 avid BEIS Net Zero Innovation Portfolio (NZIP)®D Energy Research &
&0 Disruptive Technologies *EEFHT (UKSA) DHEFEHEIZIVIFHhN TS, BERAR
1220229 H 27 HETTHY., 7OV IhDFv 4715 2022 F 12 AMN6EE->TW5,

(2) Space Energy Initiative(SEI)

LE2D Frazer-Nash Consultancy DEHFERE2 21T, 2021 &£ 8 HIZ, 2040 F£FTILEHA
A REZ: SBSP Y AT ADEF A X4 5HMT. Space Energy Initiative (SEI) ¥ IEIEN S EE

22 https://www.gov.uk/government/publications/space-based-solar-power-innovation-competition
(2023 £ 1 A 25 HHE)
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DB, K%, BRI DIEARNLEEEIHBIN/Z, SEI DML TIE A TFITRTEEN
BIFontnag,
SBSP FFED 7z DEBRH72/N— N —w T DR
FRAMTEY, fmERRY, PEZERY. BURRZRIBE L BIE DO DZF L HEMZE & D
5E, BREBIEE 0TS LR BT 5720 DEEDIER
SBSP IZBH§ 2 &AL RE I BEFRODHEE
SBSP OERAREML ¥ AT A% FHI BT M EDIEA L BIRIEALATT
2030 EEXTIZTHRHID SBSP VAT LNDHET-FiF - EA

2L
ax

SEIDANIZ 2022 F 9 BEIE, 65 L EDOHEBIZIRA TS, Z<DAHF2HEIEET2(WG)
MBI TEY, EHRNICEEAR 2RETHLIITL->TVD,

@AlR US ALPINE

DEFENCE & SPACE

£ ®
CG' ﬁeldﬁsher i

Department for

Business, Energy
& Industrial Strategy

. - Department for
- g Lumi FRAZER-NASH ‘\-Km CITY International Trade
CONSULTANCY e
METASATU SURREY
The Space " rUderflnn natlona'g"d Loughborough
- L partners SURREY University
Gar Energy Initiative mmnsms ““““““““““
o - SCIENCE LABORATORY University
(SEI) ‘ Reachon ‘ ‘ SERAPHIM O FORD of Suffolk
Q@ D Vg E”Q'”es g\ TELEOYNEEY SVSTEMS o) SURREY
ThaIeSAIema SPACE @ Imperial College
=~ Space  |EISIER mic e d
Sltrathclyde London
Glasgow
, % iversi UNIVERSITY OF
WDurham & s F Southampton
Innovate
_catAPULT  cataPULT catAPUL Jj STHIVERSIIY OF

ompound Semicanductor Appico"

CAMBRIDGE

ergyinitiative.org.uk

3-12 SElI OZShNH%ES

HiFR)“ The Space Energy Initiative The UK approach to developing Space Based Solar Power”, David A.
Homfray, ISDC
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MEMBERS

CORE TEAM WORKING GROUPS

wa |

|

wWe |
Laad |}

]

WG |

Lead [

‘\\- ., .I'I _|'

3-13 SEI OfEEiES

HA)“ The UK Space Energy Initiative — Towards a Practical Space Based Power System for the Net Zero
Era”, Martin Soltaua et.al, IAC-22-C3.1.3,

(3) SACIC&L 3 SBSP HRREREFAETOI T MDA

2023 F£ 1 A, B2 FAHE L 2—(SAC:Satellite Applications Catapult)it, UKSA »>
SCE&ZERBL. RO SBSP VAT AOMERFKE IO 2 /M eBGLZL RR LS, 70Tz I b
DFEREEL 62 FHRVRTHY, UKSANSD 46 75 5000 RV RDBFEEE . SAC D 155 5000
RYRDESIZEVEHEINDG, AT TV I NTIE, 2023 F£ 3 BETIIUTOD 3 DOEEE2ETT
BIELizo>TW\5,

o FHNOSDEMBHEELEEETTEVAN —Yav 3% EHAEL, HEDMZEHIC
x4 % SBSP DENEEMNREYIaL—F] 5,

® HiE L CTOY—EAHNICKRELIEER BV A—T 2 — A [FKT 5720, BV 2—IViEE
DEFRN B —E A AL TIZBELRY —IVERRE L, BEEAIZ M) 72 0 b2 TR ERR T
B,

o EHLT AN —TUTTADODERELEAMEIE%MET U, SBSP BhETDOIREDELE
LEREEREL. BfOMEID— Ny TEERT 5,

(4) HYOI7SE7EEEDHIBEROBRICET iR

2023 £ 1 A2, EE D Grant Shapps BHREL VYV FHEERRXRIEE - BHREKITAE
Abdullah Al-Swaha EK»2#U. SBSP NOEFEKBEDAREMEE &L, FHICBITISEE LYY
VYT DA OV TERETo722, FUIT IR T DR T — 7 NITERR F OFER T NEOM

23 https://sa.catapult.org.uk/news/uk-space-based-solar-power-project-secures-government-
funding/ (2023 # 1 B 23HEE)
2 EEEYIITILTIR BE. BE. B ZefE, ANV E I KEE0 —ERBREBEL TS,
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(AR —NF o1 A ) Ry ay, RV, F— 2107 Vx Y 2RI AN#H) & 2E
® Space Solar Ltd?sr dE#Iz L), SHMER, KENFHABLKE (SBSP) DB%IZLH
DEEETH ZEDHEI NG, LLTV 52,

3.1.4 E

FEIL, 2045 FEFTIHROFHAREZY —N3HFHMEENITRY, 2049 FETICHFE2Y —
REZRELRY, 2060 EXFTIIH—ARY=a— IV EERTILVHIEIELEBIF TN, 20—
BYLUTLAEBRBADIKEZBS L, I—Rry=a— o aER L, FEERLBIZZ AN —Z4
RELREL, EADHELHEED, HRRFLEENTRLE VS EROEN - BB EZEL X
Z251-0.12, BHIZA: SSPS 0S5 EF LT\,

(1) CAST ArmrgHEFLLWO—RYYT

FE T FEHFEMFZER (CAST: Chinese Academy of Space Technology) 23 Huh& 7>
T SSPS MFEE#ED TS, 2000 FERIZHL-> T, CAST A EBFIZ"Necessity and
Feasibility Study Report of SPS”" fEL=LAR—bERH U, 2N E ZoDHIFFE N RERIZIE
FozeXIN T\, CAST ® Qian Xuesen Laboratory @ Xinbin HOU K& Ming Li KAV
EizsiFd SSPS Hifid) —&—k 7l SSPS M%7/ uYz b EELTHEM, I Fu—&) —
VaAv b SPS(MR-SPS)EN 1 7/ MDREEFEIT> TS, 2015 FiTi, 2050 FETOER
O—Rv 7 %2R0, AO—RIyFZENT 2050 FEIFEAYVATLAOER 2 HhL T2 B2
IFTW3,2022 £ 6 AIZid SPS OXERAMTHEEAREN EDFEMEIE 2 LD E LY 2
FERIEILL, 2028 FIZ LEO (B & 400km D#iE T 10kW fRDFHFEDEEE) T, BIFHIE 2030
FIZGEO T100kW kDEERRBEEICL D EFE 2T FHR U2, ThoDERRIZ, 2050 F£I2 GEO
T 2GW DT ANF—2 £ TEHV AT LEER]T 520D RIALEDHAD—EBE AL BT T
HNTWVS, IH6IT 2035 FITIE, YA 7OEEFE Y V721 100m ITKEYEL, I5I12 10MW DF
BETHIFELL>TWS, (K 3-14, & 3-1 &)

CAST »2189% SSPS Y AT Al O— NIy THITRIND IHITERDEEY a1V M RED
V=7 KGEMT VA 2L HEEH L)V FO—4) -8 (MR-SPS) &8> T\, — /., ik 457
ZETRHEKRFIL SSPS-OMEGA LML A RDELRLEVATLAEREL TS (K 3-15 2),

ZOMOEIXL LTI, 2022 F 11 BIBMEINW-ZFEFEHERFIIBW TR, BRULZIEN DX
EFHAT—VarveFHALT SBSP ILAELREERM2RARTIFTENHDILNERIN, X
DAMAITT TIZBE L TOBRY b7 —A40 SBSP OEY 2—)VDEE ETORN TTFAMIERX
NDEBRNENTz, ZOREBRY AT LML, TORMILUTHIE LT, KEEEMTLVAPZDMDY AT A

25 SBSP DRFE OIS L EFE L, I T 520D EMME U TR XN/, Space Energy Initiative DA NIZ&Y
BRINTW3,

26 https://www.gov.uk/government/news/business-secretary-in-talks-with-saudi-arabia-to-advance-
commercial-collaboration-in-uk-space-based-solar (2023 £ 1 A 20 HHE)

27 https://www.wri.org/news/statement-chinas-14th-five-year-plan-sets-foundation-climate-action-
important-details-are (2023 %1 H 20 HEI&)

28 "Retro-directive microwave power beam steering technology of space solar power station,” the
journal China Space Science and Technology (June 2. 2022)
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L. BE, £ RERE DR R THEE L B> TS,

Space high voltage

transter and wircless

powcer transmission
experiment

High power space-to-
Earth (GEO) wireless
power transmission

cxpernment

|

e |/4 of solar cell armay

* Microwave powcr
transmitting antcnna

e Low power laser power
lransmission

e No assembly in space

e 12 of solar ccll array

o] Urge microwave
powcer transmithing
antenna

e Medium power laser
|\\l\¥\1' transmission

e Assembly in space

* Power gencrated: 10 kW

e Voltage: 500 V

e Transmitting array size;
a few meters

e Power transmission
distacne: 400 km

* Power generated
100 kW-1 MW

¢ Voltage: | kV

e Transmitting array
size: tens of meters

¢ Power transmission
distacne; 36000 km

MW-level space solar
power satellite

e [Full scaled solar ccll array

* Microwave power
transmitting antenna of
larger than 100 m

e High power lascr power
transmission

e Complex assembly in space

e Power generated: 10 MW

* Voltage: 2-5kV

e Transmilling array siz¢
large than 100 meters

* Power transmission distacne
36000 km

3-14 CASTIC&LD SSPSO—RYv S

HAR) “Retro-directive microwave power beam steering technology for space solar power station”, HOU Xinbin,
WANG Xi (CAST), Chinese Space Science and Technology, (Oct.25 2022 Vol.42 No.5 91-102)

£ 3-1 SSPSHFEDITI—ATEDIVIAY

GW-level space solar
power satellite

e Complerx solar cell array

* Microwave power
transmitting antcnna ol
around 1 km

* High power laser power
ransmission

e Extremely complex
assembly in space

e Power generated: 2 GW

» Voltage: 10-20kV

e Transmitting array size
around 1 km

® Power transmission distacne:
36000 km

F1 EVMEREEREETERSEEE
Table 1 Evaluation of MPT svstems of each phases

Ttem Phasel Phase 2 Phase 3 Phase4
Transmitting distance 400 km 36000 km 36000km 36000 km
Operating frequency 5. 8GH: 5. BGH:z 5. EGHz 5. 8GH:=
Transmitting array dimension ZmX2m 10mX30m $150m 01000 m
Structurzal module dimension 0.5mX*0.5m SmX3m SmX3im S5mX¥3m
Transmitting array architecture 44 2X6 3030 2002 30
Transmitted power LW 250 kW 14, 5 MW 1.6GW

Beam steering accuracy

Rectifving array dimension =Z10mX10m

Power density at the center of

e ~30 ,uW_.-"'m?
rectifying array

Better than 0.1°

Better than 0. 03°
Z10mX10m

~40 ;.LW_"III.E

Better than 0. 0038
4. 53kmX8. 5km

~70 mW/m*

Better than 0. 000 5°
4. 5kmX6. 5km

~230 W/m’

HiAR) “Retro-directive microwave power beam steering technology for space solar power station”, HOU Xinbin,
WANG Xi (CAST), Chinese Space Science and Technology, (Oct.25 2022 Vol.42 No.5 91-102)

29 https://spacenews.com/china-to-use-space-station-to-test-space-based-solar-power/ (2022 4 12

A 20 HEE)
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SSPS-OMEGA

SOLAR POWER

d e Sten ¢
SSPS-OMEGA, Xidian University, 2014
3-15 FENIRET S SSPS YRTFLIVETH
HiAR) “Development Status of SPS in China”, Xinbin Hou (CAST), Space Solar Power Session , ISDC 2022

(2) EBEXFDMRFIERDES

ITHED CAST DARXZFHXLLTIE, 2018 F 12 ANSIT>oTWHEE (ELXFER) TOEH
HERTINF —REREREROBEBRNE T OIS EETELURARBFG, EEA¥ELHFATE
ELTWBEDTHY, —RHIEBRFEFEDRIUIZE -7, BEIXBOZRICAE T TEEMED
SNTWD, IVEREFRTVTHHY ., ZOM, EBRBIFRECINVEERT IV T+ —LNEHRIN
%, ATVEBRTVTIZIIV I DA T T AN AN KIKTTY N T A — LT N0 T R—)b, ZDMDFEEE
FNTWS, EMEREALLUT 1B (8 1500 V) OFEBRENMTHI TS,

SERRHAIIFER DI OITGEIEL TV DY, X525 EREBHEOHFROBREFTEITHON TS, HE
1% 2060 FEFTOA—AY=a— IVEZEEBITTEY . RRERIET AV F—EBF NS DR K
EBONTVWRLDILTHD,

(3) ARBEBFRHEAFD SBSP K3FXER

HEZEFRIH A% (Xidian University) Tl SSPS OMEGA (Orb-Shape Membrane
Energy Gathering Array)Da &7 OME 2175 LT, 2018 F06 SSPS(Space Solar
Power Station) 7EVAR —Yay - FEEERY AT LADEFRICEFLTND, KEDOFYVINAN
12 75m DAERIEZFREL. IEOFREIZIE, #_ENS 55mOEIITERZRL 6.7m DHFEFRIRDE R
M 4 DEBEINTVDS, BRIRDO KN HEICKBGHN Y 5L EHIPERL, KGEMTEREFES
V72, xAOBICEBMUGEET VT T NOH EIGEETIL VWSV AT LATH D,

2022 £ 6 BiZix, xR SBSP FEV AN —Yay - FEIFERMZR 2RI, Ak

30 https://spacenews.com/chinese-university-completes-space-based-solar-power-ground-test-
facility/ (2022 #1085 7 HEE)
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F#Ne 75 full-link and full-system Td4, [OMEGA-SSPS #i_EFRERIREE S AT A | L EIHE

NTW5, BV AT AL 75m DHEBETHY, KHFGTANF—2ED, BEMEKITEHRTLLED

IZEREF SN TS, AV AT AT BV Y ADHFNIEE T VT EE L KGEM T VAR E

INTEYD, KBTANE—2ED, EREKICER, IS 7OBICERLUZBT V796 55m

BENIBFHMORE T 5, B - HBEH, XA 7OFEADTIIF —FH, 1 7R - R RE1L.
<A TEYE — ARRYERHA - FIH, <A IO RA(E - BRSO NEIERTRER Y AT AL 5TV,
(M 3-16 )

H ) https://news.cgtn.com/news/2022-06-22/China-aims-to-construct-first-Space-Solar-Power-Station-
in-2028-1b49ktMx5W8/index.html (2022 &£ 10 A 11 HEE)

(4) PEFEMITFZDSSP ZEZNERIL

2020 % 9 iz, HEFEEMTF 4L (Chinese Society of Astronautics) ' SSP(Space Solar
Power)BESDHF L2 EKRB LI EBFHERLUZ, 2021 £ 3 BIZlE. SSP £E4£#% 7 (CSSP-
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CSA:Committee of Space Solar Power, Chinese Society of Astronautics )»dLRIZ
THEINZ, RAZEBRIL SSPS 2HICHIT MR mE Hiffrtin 1 2@k U, ZMR 71747 D
¥, SSPS D=0 DEEIRAMBERK. SSPS DEIHIFFEM. 71717 RO, SSPS
F—T270V—DRFE, F—<TVTIVRTNAADT V—27 2)—, BEELRZHNEREDHEDE
H#EZ2HNELTWS, 7T ZDFHRERE B UTHIEL, 68 ADEEZEL LTS,

2022 & 8 BRIt EEICTCZER (FEMABERFHEAGREMEMZERIFMIMR. 5 4
E2EFHAGHRENEMBAELIF— F 3 AFEFEHEAGRERHEZERRE) 2MELT
W5, BFARERDAVN 20 #4. 30 RYDKRE, HHFEHE. £ZFENS 160 RYDEFARIHFEL
TR TH B3,

3.1.5 Z0ftt

ZZETTHEY EIFAZEUATE., IBS T SSPS DIFEFFKICEWMHEA TS EELTZOY T, 1
VRBESENETOND, CZIHREDHXIIETHERNDOCESH DM, LLTIZITHSDEDEHE
A fHRICEBE TS, X612, BRWRIT V-7 LT 2021~2022 FIZxbH EN>72 TAA
(International Academy of Astronautics)® Permanent Committee on SSP IZ2W\T%

i—ﬁ/\“éo

(1) Ov7

2022 £ 1 Az, n¥7FHT (Roscosmos) i, ERD AN F —IRADERFZFHSTENT, F
HZEMIZERE TS SSPS D717+ 7 2REL/Z, TDKRIZ, Roscosmos D—ETHS Russian
Space Systems Holding (RKS) 7%, #1ERODi=EHTE SN DEIFERIR 21T 5D DKGFHFE
BT (SKES) 7Y =/ NI E# %5 T U2 Z L &k \/232,

RKS I3, solar space power plant (SCES)DBEF % 2012 £LVIToT\\%, BIEER, (LE35R,
HE L NS BEREELHISADE G, FHMADER - BEAEDLDITHFTINTVDS
EDTHB, SCES IF 2 DDETAVIMNOBERINT VS, 1 DHDREEFEY 22—, HE 70m?
DEANFEEHVATLT, KGTAVF -2 BB EISEETS. 2 2HOZEEY2—UI Ny T
V—%2f@2 - EDLITFBEAT VT FH)VATLAT, FEYVATLINODKGZ RN F—%2 L —
P—TZHU, EHIEBUTHEEE BN T2, 2ETY 2 VIHE EREAT—Va e LTH
BREL, EBINAZANF — 2B LOBEIUBE LU TRERZTIZEANTES, LD IV BTN
2o T\ 538,

FHYATLAMIMERA 82°, 90°, 98 DARGRIKAHE CEAINS A, il LOBEHXL 77 HIZIE
2L THITIE, ARV 7 N2 7 N ETH D,

31 http://www.csa.spacechina.com/n2489262/n2489292/c3593576/content.html (2023 &1 H 20 H

Big)

32 https://www.republicworld.com/science/space/roscosmos-pitches-solar-space-power-plant-idea-
for-electricity-supply-to-earth-articleshow.html (2023 £ 1 H 23 HFE)

33 http://www.parabolicarc.com/2022/02/02/russian-space-systems-developing-space-based-solar-
power-satellite/ (2023 41 5 23 HEE)
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SCES 13K HFERR. KIFEEF. BFHIREFRLEOSERERDTAINF—ERFELHRE T
LIZRETH DL IN, MNRELRY AT A TEHBICE) EEEMTRAE 2T > CERAINL IR
EIXINTWB, (600MW DFREIZ 1 HEKEETS)

(2) 1K

AV RTIE, @FEIZ Abdul Kalam T AKEE(E 11 £, F#1 2002 F£~2007 F)H¥ SSPS #iff3E
IZEULTHY  KEFEHS NSS(National Space Society) & DBEIfREGE/LL, 2010 FiZiX
Kalam-NSS Energy Initiative 2 R332 DIEEIRT> TS, 2015 FIZHEEL, 2D
DAY ROEIXIZDOWTDIFRIZ RN 72, ZD 2018 FELENS ISRO (Indian Space Research
Organisation)® Chairman ® Sivan KA% EDOTANF—&ROBBEICIIET 57201
SSPS DEEDMNEWZFXthD, TOFNEZITT, 2021 £ 11 AIZFAfEIh/z ISRO DTDI
(Directorate of Technology Development and Innovation) D, F&#H 2 EFDEBENL
it % BE A3 2 B EE A it sk it (Disruptive Future Tech)¥ 3w b DTDI-Technology-
Conclave-2021 | Tld, REFEMFEFR 7OV 7 bDEEIZBEFLTVBRIENERINSE, TD
IR R Sk D —D& LT Space-Based-Solar-Power M&EITHY, SEDBHEE MR
FKOMENARINELIAL LTINS,

(3) #EH

FREE 2050 EFTORZENREAI AHEE Net Zero 2EREVarv e UTES £V FIAEH
FLTWE, HEELE LI, BEARET AN F —COXKEBIIIRAXLETHS/-0, SBSP I2&
SZHEATANVE —DMHEENEEELERTS-0DTV—2 2)—I1270)1585, L LT SBSP BEFIZ M}
TEIXROTVS,

EE T3, KARI(Korea Aerospace Research Institute)#¥ 2017 £ 11 BB XU 2019 &£
2 B 2 @, BERNERHNCELZEE 218XV —2rYav 7 (International Workshop for Space
Based Solar Power) #B#L T\ %, SSPS #Ef D7z KARI 2 Hube UT 7 #H# 20 £2E
DRARBEANL D L3728 D|E NI Nz, TDHK, K-SSPS FEDIV 7 MREMNERINTEY,
IAC2019 T#Eh SBSP DBL&EEHER 2 HR U7z, 2021 FENSIL, FELEEANDOEAMHLHE
@ik EZE L. KARI £ KERI(Korea Electrotechnology Research Institute)® 2 f4BIA%
HE T, FHCOENMEREEEIETE/2ODFEERT IV T7+—LL LT 2 BO/NIUEE (HEKN
120kg) VAT LEREL TS, | ITEEFE. &5 | IIZEFETHLH #i L WPT EYVa—
NVeFHAEY2a—IUITYY T TV —R§5720I12, BEFKRET. BFAB Y VT #&Et, HEEM EFED
FELEERToTNEM, L UABGEM AN IIVDORZI XIIIRANH 5720, KT AV X —%2 X ERFH
EDOBEMICEEU-R REREITEETHILVDIVAT A>TV,

AT AT LADMEHERIE, RN 2020 ERITNNATY M AT LWEBRTHEIZ, HEFOERD
HARTGAVEUTIHEAINS LRI NT WS,

34 https://iafastro.directory/iac/paper/id/69960/abstract-pdf/IAC-22,C3,1,5,x69960.brief.pdf (202
2% 11 B 17 HEE)
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(4) IAA Permanent Committee on SSP

2021 &£ 12 H.IAA(International Academy of Astronautics)id, £iZ SSP (Space
Solar Power)IZEUHE EBRHIRTEBIOEAZEERL, B THIL 2 BINE LT, Fi-REEEE
SEHRETIILEPRELLS (EE Mankins K, BIFE HPZHEER), EEZEERIE D
[AA £BIZERREELRE TS, 2) ZOT7— IZETIEHNRY—rYay T2 EHiT 5, 3)
SSP DR EIZH T B EAMAIAAZE ( ‘cosmic study’ 2&E)IZSIIL GEIZSEEITIE) EE 21T,
4) HEEH, ZEEBRXOEHEZZRITTI-ODNEER BT FREHOEZELLTEIT WS, &
ORI IEEIL LT, 2022 £ 9 AIBEI N/ IAC 2022 IZBWTEEY—IYay S5 FfEL
7o

3.1.6 F¥&&

KE, BN, REZE N EHiige UT, BED SSPS OERIZANT - FCEGHADE 2D
WCHREZ T 72, EEDELREHHADRIDEL D% LLTITRT,

KETIE, BED SSPS MFERFD ERIFKZEEMFLAT (AFRL) & KIBEMFLAT (NRL) THY,
ZFNTFNEREMOHE FEHE2ED TS, NRL 1& 2019~2020 FEZhFTHIE, ISS A, X-
37BIZL 28 E L TREEERZTo> TS (X-37B1X 2022 F£ 11 BIZI#E), £/-. AFRL1X 2025
FIZlArachne | FEIEN D818 EEFERZFTELTEY. | BRIV LOFREBERUBREEZED
TW5, 28, KERXINLESNI AV 740 =7 TRIKRZE (Caltech) Y 1 BRIV EDOZFMEEFET
Space Solar Power Initiative (SSPI) L FEIENS 7OV 7 & BIELTHY | 18 L EFEH
SSPD(Space-based Solar Power Demonstrator) DBF%1T->TX/=4% 2023 F£ 1 AT
EIFDRINUVBEIZ A I T WS, SSPD 1345 3 DX ELEBEERFEMOHE FiARE EH
FrEL>TWDS, AFRL 8L U Caltech 12 Northrop Grumman #A3tECRHFEET>TW
%, 728, INOGDKEDENIXLAITUT, 2022 FiZld NASA D7 - Bk - ¥#E=E (OTPS)IZL 3
SSPS HFHEDMET M aE > T\,

KN Tl ESA DR D A —ARYy —a—r Ve T ANF—BREER T2 HHIZ, 2022 £
12 Az, SOLARIS LIHENAERM AT D SBSP #7127 5 A% IERIZFIA L, SOLARIS 1
SBSP (ZEEE § 2 Hifi AR RE & fRIRL 9 572D 3 ERDETH Y BRMEZR DB H DT, Hiffi
HIZ LM, Ay BAL TV ay, BAFAOEEME. FrEfMe UTOV A7 ZT5L LT3,
FART4FERIL 2025 EDORDEBELZHITH O TAKIZ SBSP BFOHHELIRE T LD
METHEIE XNEFEL > TWS, IMIZEITS SBSP AN BIZEL, BUHA 2050 E£F
TITREZRATAHEH Net Zero DEEZZERTHILDZETHD LU, 2040 FITFHAT—IV
DERTI7VNelBHET L2 BEIIO—RIy T2 H#HNTW S, DT AILF—JREDERIZDOWT
I%. SBSPIZEAARET A F—THVRENSR—AO—REHERZEVIFEEEL TS0, H
LRGN 2E DM IR & T2 EDTIdRWE U, SBSP 135 E-HEDRIZEM
DI INF—EBFADRRR BALICKZSEIRT I IENTEXDEDNTH DL ERLTN S, /-, ZD/-
DO LDFITIZLE 2> TlE, ESA BT INF—HBFDEERAT— 7RIV —LEBHRIZE D

35 https://iaaspace.org/about/permanent-committees/#1658152483135-da4f166b-7716 (2022 £ 12
A 14 HEE)
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ESA TldZF/~. SBSP HHKIZBWGERINDS 7L —27 2 —HEiDEAIIEFIZEETHY ., D
Z<DFHFEHOIRDHAAHEHTELILEHSEFRLTVD,

HEETIL, 2050 F£XTIZ CO2 BEHEED Net Zero 2EK T4 2BIELLTEY, Z7V—2T
Zfi, ZLTEEEOB VT ILF—RL UTO SBSP OREEMEIZOWTIERL, 2020 F£LVYUKS
AB XU BEIS &2 ARIEHLERATREMIZDOWTDART 1 2 BB U, AXT 1 DFER, SBSP 1%
FEAMHNCEBRAEETHY CO2 HEHED Net Zero 2 EHTEFHUEIRFED—D L) EEILMN
S0, EEBUFOBEIBLIIR-/-FAFKTH DL, FEWRI 2 TN TIRIA MG HSE D
HY) ., EENLEHLREFIRZZEZSTEDTHIILIIRINT WD, £2, TNODBEHER %2
I[7C.BEIS & 2020 £ 7 AlZd&EAK 600 ARV RHEYDBIEIY RT3 THhs[Space
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Eff#E L 2—(SAC:Satellite Applications Catapult) &, UKSA NoE L& EEL, Bk
® SBSP YAFADMERFE IOV I MeBRLTWS (EFDFEE ML, 70T MORREEIL
62 HRVR), X6IZHEEE SBSP NOHFEKREDHEEM 2 S0, FHICBIISEFEL Y IITILY
DF BRI DWTHHBERO TS, EETIE 2040 FEETIHERTRER GW #%D SBSP # 3%
THILEHET. LLTWD,

FEIZEITS SSPS #5Elk 2010 F£LD LAFTAS CAST ZH/NIfTHINTI TN, 2018 £
ENSEETEE U X XL E TR R ZICRHGE M EERBEE R THREDE I N TET
BIUEFHKEL TS, 2022 F 6 AIZiE AZETFRFERFOXF v /NAHDIOMEGA-SSPS ik
RBRIRGE Y AT A L IEIXN B M BB AVERLL TS, Ak R #7225 full-link and
full-system T, 75m DEREHEEDKHE R L B> TS, FEIZHEITS SSPS ADHHE
ATEENL, 2020 £ 9 AIZid, REBUFN 2060 EEFTOHI—ARYy=a— IVERD BEZE% BT 7=
TrHBEVEERY, EEAYREEADT a7l a— A CHEZ SSPS ORI — & —245
ZLEEMUT MERRZINEIE TS, 2028 FIZ LEO T 10kW FROMREDEIEE T\, BT
HuF 2030 FiZ GEO TERBFHEICKDZEILEITILVIO—RIYTEARLTEY, TNHDEEE
EERIZ. 2050 FIZ GEO £ T 2GW DT AINF—2 LTIV AT LEEH T 520D RN
DR AD—EBEM BTSN TS, O—RYy 7 Tld 2035 FIZE, v 7R ETVTF5K
100m IZHEAR L, X512 10MW DEEEITHIFELR>TWD,

£ 3-2ICHAZEUEEDOU—RNIYy TOHEERT,

3 Al A AEEZELRALTOS), FAERIIEDIBEDNY a—F o — DR ELIZHE T 72, CO2 DEIIY-FIH-
B OKRLE DEERR AL, BETRTIAINE —LAM- AALDON) 2a—F 2 —VEOHEENRZAIH 2HATH
%, 2050 FETIZEERZ CO2 i 7V — &KL TRIRAE (REIL) I B RIFIROREITRBILEHIELTY
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*& 3-2 BED SSPS [CAAT20—RYY TDLLE

M ESERE | BB EESE W8 LB NEEREE

~100kWik |[~1MWHE | 10OMWHR | GWHE
XKE Active Active 2025 - — -
FRH - - - 2030 2035 2040
KE ~2026 2027~31 2027~31 2027~31 | 2032~35 |2036~39
== 5| Active - (*1) 2028 2030 2035 2050

GEO

=P~ Active - (*2) FY2025 2030s 2030s 2040s

ele=t==

*LRBFERT—YavzfAL-EEIEH Y
*2HTV-X1S5H#8(C & 2 EiFEtEH Y

Hi7) “ Space Policy Review The Promise of Space-Based Solar Power” , American Foreign Policy Council
(Sept 2022)E D& ELE R & EITIER

3.2 EEEFRKNDOBRRESEROREL

3.2.1 ESA [CL S ERERRE DR

O(1)IETRULEEDIZ, 2022 F 2 H~8 HIZESA W5 2 DM U-BRERSFHE S ICET
BIRENFIE XNz, FIEHIE Frazer-Nash Consultancy #¥40f Roland Berger #£TdH 3,
AFEDHIE, BRMAER T DFRDO T AN F —FEITHIGL DD, 2050 FEETORESRNT A
BEtE Net Zero OBEZEEMR T 57201, IBENICFHR TR C LR T AN T —IENNE L 25D,
SBSP 23%DfiRY 725185 =D ELEiffie 70275 LDEHRE ESA L ZDAVNEIZRMEET 32
&, Thd,

TR TIE 202 NDLER—MDOABRE LU LVHR— DR TRINTVS SBSP DOEHRMEIZAXE
DEEZEFMBICENSDMRRICEOLI B FELEHLUTRT,

<2022 4 2~8 AlfFbhbh/=. ESAILLS 2 DDBHERFAET LT >
1. Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP)
Generation for Terrestrial Energy Needs, Frazer-Nash Consultancy / London

Economics, August 2022
2. Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP)

Generation for Terrestrial Energy Needs, Roland Berger / OHB Systems, July
2022

(1) Frazer-Nash Consultancy ./London Economics O&R{E&9H

1) WIZEHERk
AAZRT4TIL, 2050 EFTIZEZENRA AHEH Net Zero DEEZERK T 57012, SBSP %
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XM DT FINF—Iv T AD—DDZRINF—IRITIIZ BRI HRELRILE, BEIA N R HRF
INDEEE, BRI, RIF, SR RICEE T AR % 1T > T3, EE D International
Electric Company (IECL) »%#%5t U7z CASSIOPeiA D7 —F 577 F v & RARTADV T 7LV A
THAVEUTHEEL, SBSP OV AT MBI LICHAMRFAE L RS B2 5HE L. E<L$ 2040
FEFTIHEAVATLAEEATS20ODFEEMEB LTS, /-, Frazer-Nash (2> TR I N
AAMET Ve AV, EARE (OPEX) L3 # 1% & (CAPEX) D RESY 217\, (L FKER M
(LCOE)DEZEH LTS, K 3-3 IIRFAETIERIN-ZT 7=V ) —  OAB LB %R
R

7z 3-3 Frazer-Nash Consultancy SABE TIE SNz T2 =)L/ —bDAB EAERK B

e s s
TN1 Review of previous SBSP studies and identification of | 2022/2
limitations and gaps
BEERRZED XL B a—
TNZ2 Methodological approach to be used in Task 3 for the | 2021/12

assessment of strategic, economic, environmental, and
socletal benefits, costs and risks

TN3 TEEINDEAERSTADFEMLT T u—F

TN3 System Breakdown, Costs and Technical Feasibility 2022/8
2040 FEFZTIZERNTHRAD GW FED SBSP % HET 578D
BT SR v] BE M & BEE O A MO FRA

TN4 Assessment of strategic, economic, environmental, and | 2022/8

societal benefits, costs, and risks

FRA D SBSP DRI REMEIZRE§ 5828, IA R, U AT DFHT
TNS Concept for a European SBSP Development Programme | 2022/8
2040 FEFTIZEMNTEHERAID GW #HiED SBSP 2T 57200
O—Rv 7Dk

A https://www.fnc.co.uk/media/fidpvbgv/space-based-solar-power-final-report.pdf % EIZfERK

2) VIPLIRIRTLEE

3-17 IZERRED) 77V Y AV AT AL LTV CASSIOPeIA Y AT L% 5RT, E IECL
#£d Ian Cash KIZE->TREIN, HERKFMNE LOEETHRET SN TS SBSP OREHRY
TPV AY AT LIRS TNS,

B LB - IIEMHHETER XS CASSIOPeiA Tldk AUAVABERIL 72 —LHEEL
FHU 3 R 72— ARV VAT VT FEERAL TS, AU LT LA OO IZABEERE DI

—MNERBEIN, BEABAGEMICKG N E AF IS, RF &R, B AFERENTRTER LIS
FHARAFENTEY, N REZNTRETH L7720, VAT LAREDBEEL/NISTEIENaFEL 8->
TW3,
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VAT LDFNLEL 61,000 DLV —2EREER 2km DNV AV T LA THD, B 3-17120A
Y — DRI %R 9. CASSIOPeiA D7 —FF7F vid, FATIAGEMOEELHIRTZEDT
FROVDY, ST TV RN —RAERE T —F— R ER A ZBADBEAE KB ERD
FRHEZEELTWS, Y Z7OEE—AlZ AL T VA DEEEIREINSE 3 HOFXAR—LT
FHZEoTERINDG, TNEHDT VT Hd 2.45GHz TEIEL, LT FMNERE LSOy b —
LEHELUTHATS, i DL 7T FOHNNIBIT 5 70— LD — 758 E 1L 245W/m?
ThH5, i EDTVYRIZEBINDEE L 1.44GW 27225 (FEHTINET S KE I 8.8GW), A
AT LDEBBZOMIMLEENFRER 3-4 ITRT,

Fresnel Primary
Optics

Kohler Secondary

: Optics
Al l1I-V HCPV
H

- :
Cu Heatsink \ RF Antenna

3-17 CASSIOPeiA AT TRDRTIVEI R F

HiF) Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP) Generation for Terrestrial Energy
Needs / TN3 - System Breakdown, Costs and Technical Feasibility, Frazer-Nash Consultancy

R 3-4 1.44GW IRTLODEETL—9F T

Satellite Sub System Mass (kg)
PV 1,349,200
Reflector 158,600
Wireless Power Transmission 358,400
Thrusters 2,100
Communications and Control 9,500
Structure 186,400
Total 2,064,200

Hir) Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP) Generation for Terrestrial Energy
Needs / TN3 - System Breakdown, Costs and Technical Feasibility, Frazer-Nash Consultancy
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3) EREREIN

SBSP DY ATABRILITKIMRRAE L FAFXEZ E LML, B<LE 2040 EXTIEAY A
TLAEBATEODOREEHE LTS, HMTEFREIZOWTI, TISO 16290:2013 Space
systems — Definition of the Technology Readiness Levels (TRLs) and their criteria
of assessment |DE&ZEL T DFHEELBEHL T\ ND, RS EIZOWTIL 5 BIETIMiiZ1T-
T3,

ABRFERIRSVAR—ICIE VAT LAEREREEZN 3-18 ITRTEIICT V=XV L, FEIT
DWTIY T4 IIVEATEFRARER, TRL, ARO#ZEL2RL TS, & 3-5~% 3-7 IZZDAR
2R,

Solar
energy
input

SBSP System Boundary

P In Orbit — P Ground Station ————
) 7 ;
( Solar Power Satellite P Power Station \ Output
- powel electricity
_ . onto grid
eneay | f | @ ® @ | |ccodld | OO © A
N . id
L Collect Convert Transmit FLLLLL 4 Receive | | Convert Distribute connect
l Structure ] Pilot | Structure |
Beam
Core Power
system I Thermal Management I [ Control System |
[ Control System I [ Ground Operations: Power control interface |
[ Station Keeping Actuation ] CE:'“:B Comms. link
in
I Communications I Satellite Operations: Mission confrol interface
Communications
oy

systems
Voo o G Satore
\ J /

e - o -

3-18 SBSP YRTLDTL—05F I
HAr) Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP) Generation for Terrestrial Energy
Needs / TN3 - System Breakdown, Costs and Technical Feasibility, Frazer-Nash Consultancy
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R 3-5 SBSP YRTLDNEERICAT DV T4 HIVEMEHZES LURREER(1/3)

DEHELRLOESEIABE

YT RTLER 7 VT 14 AN AXER TRL |BRDEZE
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L ERORIMEEHEDEER
AlofEL, BEOmE
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HBICETE-DICBERTIL . . .
Station Keeping ANEWMTDEEDEXT LY ARRGIBEE BT 272
. N & O B RAN O YRR 3 =
Actuation ELLWARZRL LD TR MR OER DB IME
HETS HODEENDE,
BEOFEMICEICH, BEEA
Communications [ERA > 7 7 %RET 27-0IC |[RIEFE TOES/LF —DiRE 6 =
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R 3-6 SBSP YRTLNEERICATD VT4 HIVEMEHZES LURREER(2/3)

7L RAFLER 7 U T 1 AT FAEER TRL R#OHZE
Ground Station
L7 TFeEilhitaTNET
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LT RN TORERFTEER
L~ L DFEER
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TEE. 77,
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U =T
Uy FAva—7 1 —2ERE
Grid Connection |&ZA wFrd, FIhL 8| FEFICE
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R 3-7 SBSP YRTLDNEERICAT DV T4 HIVEMEHZES LURARER(3/3)

H7 2T LER 7 U T 1 HILE REER TRL RAREOERE
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=T A4 FoBEsE. oOfy
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HF) https://www.fnc.co.uk/media/fidpvbgv/space-based-solar-power-final-report.pdf % ZiZ{EAK

4) EEEAERE

ERDORFTORER, SR EE AR UM HERL NIV 2 [ B350, RERZZERAE
ERBELTIEERVATLABRNDBEETDIIEN Do/, ROEELFEIILLTORY THD,

® Wireless power transmission (WPT) :#fl ECIXIREZ TIZ km L VDREEEEET LD
EEN, BREEMOEN EHMOELENBETH S, BEET IV N 7+—LHAPS)E
LLIHE ENSDEIENBRETHS,

® In-orbit assembly and maintenance:3i7E, #ii@ LY —EAEB L VELE (IOSM)IZHEWT
HELRFEEIMTONTOEN, INOIEEICHIDOTHBIIERE L THEDTHY, Y—E A%
TOEBLAFDAIXIT, IEXFLEHDEE IS TDILMNTXS, SBSP D#fiiE LT

ORy M, BEVATLANSGEH BT HEVATLAXHBEL U THERTL. HEVATA
DFREERITIRDAIREMEN D D,
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® Structural design of satellite :SBSP (&, JRE#E EIZH DL DEEY LY EHHEWIZK
%X<78%, ZD7=h MBISIEERF OBEMHNEBIN TR, Y AT LDEE % H/NRIZH X
DD, FERV AT LAOBEEEERER MR 272D+ 2RI A R TIRENH S,

® Decommissioning strategy JER#E L TOREFE, BEIIT§HMME. MEfHIRRTE
VYTV —REERL, HMEIVR—AV I NOMWMAER 2 HAILT I HEERETTILENDH
%,

® Spacelift strategy : FHENEEIKIZIZ, NIV AT 7 —EiEADEIE L, B AL S
ELEFRD 2 ODBEENDH D, PUBEHDHEEHRFHIHEL 525720, SBSP ORFEELT
EITEEEE DB CRELRGINPBETHD,

5) B TVRTLERDMRLMBDRIEY

AEFFEZEL R —MCIL, Frazer-Nash IZE > TR I N2 2 AMET IV E AWV, ERAERH (OPEX)
LHEAE A (CAPEX) D REEY 217\, HH LA ER i (LCOE : Levelised Cost of
Electricity)"MfE2EHL T3,

#£ 3-8 Tl ZOAAMETINEFHTEZOIZHWVERY TV AT LAEZDONRHEDEE R
LTWS, FHEBDVATAIODOWTIHEEDEERINT VD, 1220, fEIEIZOWTIEY TV AT
LBERILIZHEE ) HDH W kg B2V DEAfiE2->TEY  ZDORMUIDWTIIAS N TR,

&R 3-8 SBSP FH TIURTLEZDUREERDSE(E

hEE HEE (i3
= ERRME | F9ME | TRfE L BR{E EHfE T ERAE _EBRfE FHfE TBRIE

£

Y7Ly RmR 0.96 0.94 0.027kg/m2 | 0.0266kg/m2 | 0.0204kg/m2 | 311.08€/kg 289.5€/kg
DCZ e

HCPV3hz= 0.36 0.27 0.25kg/m2 | 0.21kg/m2 0.17kg/m2 292.04€/m2 | 126.97€/m2 | 114.28¢/m2

NYREF—E IR 0.97 0.95
DC to RF (WPT) 0.87 0.85 0.78 0.15kg/m?2 0.12kg/m2 3301.30€/kg 1269.73€/kg
ARBEBE 1 0.988

E— LUNERhER 0.84 0.84
B &

RF to DC 0.88 0.82

DC to AC 0.985 0.95

AC to Grid 1 0.999

HF) https://www.fnc.co.uk/media/fidpvbgv/space-based-solar-power-final-report.pdf % ZiZ{EAK

6) YRFLIRAFDREY

RSz Frazer-Nash IZ&k > TR INAZIANETIVE AW, EAEH (OPEX) L AIHiE A
(CAPEX) D RIEE Y 217\, EHRBFRM(LCOE) DiEEEH LTS, KET ML, SBSP VA
TLEEF IV T NOBEREDOERWZBEBRELRLUT, FBELNIA-RINTIRELFANDLIL
MTXBLINZUEEDTH B, 272U CASSIOPeiA V77 VYV ATHA U, VTR HA 0]
HIB B Y | BT BIF D AIHAR P H D RIEE H D720 KDY AT LI IND M EE

¥ FBEITIND BRI AU T SR, ERIERBRCHB R, B - RFERBLREDI =V T AR, Rk
BEREALE AL, ERMHPIIRIREETE > TEH TS,
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JAMIUINRY) OFRHEEENGFEET D, COFEEME KXY 572017, ERANTAN) v IR
MEFAMMERINTHY, HHIA DR O EER LTS,

ZORER. K 3-19 ITRT LI 1.44GW DEH% VY RIZEFET S SBSP Y AT LADIRETT
1, BRAE (2022 ) D TOX S SBSP ¥ 25740 CAPEX 1348 f§1—1(p10) ~98 &1 —
T (p90) THhHHLHAETXS38, £/, 30 FDOMAFELKITHITS OPEX 4, 25 E2—1(pl0)»6
35 E1—1(p90) LIRETX S, ZOFER, 2022 EDME T, XM D SBSP #5827 AN
ANE 73 21— (pl0)~133 21— (p90)&7%45, LCOE RIEEY ON—FRI-L—F920%)T
1. 106 2—1/MWh(pl10) ~206 21— /MWh(p90) D& L 725,

/- HEORFMENSE 10 2B D SBSP D CAPEX 12 76 B —IZHI 2 2 ZEMHEETH Y,
OPEX ¥ 13 B —OERIEZIEMNTXSL LTS, LCOE BEEY ON—FR-L—b 20%)
TlE 156 2—0/MWh L RiAFh, TRTOEELRERBTLAINF —HKEBRLBFFTIDAHEMEN
HDHFLIRD, X612, SBSP DOFEMHI) A7 BB I U, HERIIR—A0—-RORB TV
F—LEBEDN—RI - L—bhERETEIIENTE, N—RIL-L—b2 10%DHE, &FID SBSP
VA7 LD LCOE 1% 109 2—0 /MWh &30 R HFEEFOFFIEZLFELRFEL VL5,
N—RI-L— R 5%DHETIE LCOE (X 69 21—/ MWh THY, IRNTHORELIVF—IREE
DEIAMNREEFHERODIEMPHEEINS, £ 3-9 IZEZXVF—JED LCOE kMg %% A
LCOE(VALCOE:Value-adjusted LCOE)*° D% =7,

14,000

10,000

Cost (€M)

......

B Capex 4,820 6,462

3-19 1.44GW ) SBSP Y AT LDWSHI AT LDEBRIANEERIR L

HiFR) Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP) Generation for Terrestrial Energy
Needs Final Report, July 2022, Frazer-Nash Consultancy

38 HEHE p(N—t A1), p0 &iF 90%DIER TEMAIREL RIAFNOBIEE FEKT D,

NPV L—heid REFHHOREIED 1 DT, RARRLEL XINSFIEY, 7OV 7 MNIBITEERIA MY A& E &
U, BB ERNERGTEN—NL - L— e ETD,

0 BAARTIANE —DREBEAFIMHESENHHOLRERFETMICI ANS-0IZ IEA BEEULER, HHTH
V¥ =y I 2N T, REROOE N EffifE, OFEMMifE. KUOFRMMEIMEZ FHE. MEEAVEREIR] & HEXTHNZI AN
B EIRE RML. FIBOFIMIE S Y HEIROMIEL BN /-E% LCOE IZhE 45 2L T, flifEi k2 I A MDD E 217
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% 3-9 ITRIVF—EBID LCOE & VALCOE (Ei{if:2022 HF{fi#&. 1—0O/MWh)

Macrogroup Subgroup Generation technology LCOE VALCOE
oil oil 365.7 339.0
Oil with CC5 363.2 336.5
Fossil fuels Coal 7 Coal 1547 128.1
Coal with CC5 152.2 1256
- Gas CCGT 133.2 105.5
Gas
Gas CCGT with CCS 143.2 115.5
Mew Nuclear 107.9 107.9
Muclear I
Lifetime Extension 431 43.1
Biomass [Fl 1325 104.7
Solar PV 239 101.9
Solar 1
Solar PV + Storage 93.2 87.8
Wind onshore 88.3 102.5
Renewable
Wind I Wind affshare 88.3 102.5
Wind + storage 97.6 88.3
Hydro (reservoir) m 74.7 61.1
Geathermal I 67.1 67.1
SBSP NOAK 10" aof a kind, 90" percentile 155.5 155.5

Sources: [I]: International Energy Agency (2020), Evropean Union 2020 Energy Policy Review;

[F]: Fraunhofer ISE (2021), Levelized Cost of Electricity of Renewable Energy Technologies;

[T]: Trinomics (2020}, Final Report Cost of Energy (LEOE), EC DG Energy

[B]: BEIS. {2020). Electricity Generation Costs 2020

Motes: *CCS" = ‘carbson capture and storage’, "SBSF = Space Based Solar Power’. The value adjustments to SBSP are considered to be
broadly similar to Muclear, and therefore the total value adjustment assumed for SBSP is 0.

Hifr) Cost-Benefit Analysis of Space-based solar power (SBSP) for terrestrial energy needs, TN 4 , June
2022, London Economics

7) BEIOJSLEIRS

ATl SBSP Y AT AMINELE T o KRAXE L5200 4 BEOTO 7S LB AL, KEIT
B TORNRA T DR EBU TV ATLADREEHFE L, KAWL EEROER O N A2
RIFEHETEO-RIv T E2HOTNS, BEINABRED 72— X T TDEEN THS,

Phasel :#i_ o WPT 8
Phase2:40MW #kDEZEH (FRE5E)
Phase3:500MW #kDZEEH GEH#E)
Phase4 : A&# 70 v+ 7 GER#LE)

IANMIDWTIE, BRIIEETEZTOMNATET IS ErMBERETDE. S0 BEI—ans 160
BA—ODBEFEIAMIERAENDS,
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8) BRERDh

N—=27 =AY F VA () 7 E TR FEE AR U/ EER 71D dH 5 Net Zero &ERTHY
FUA)DHE, 2022 EMNS 2070 EDFT 54 FED SBSP MNEL ), BIF ERIZAERIA
Y 4,180 —ET DM, M—2IUEREIX 6,010 B —nsiRdL RiAEFhd, FHfE UTEE
INTWBIEHIL SBSP 28 AT5ZL TRBINSH_ETXIVX —FKED I A NDIERIIEAMmE,
WHxNhd CO2 DLW AN MFEMAARFENODFEEIIR, THOBEKBERTHD, 25X
M2V DOFIRDOBLEAMEIX 1,830 Ba—neHEIND (R 3-10 BHR),

2E, BRAFERSHCIE. ESAMBEEZIXEU MEBEE (H2WNIEDEFG) THS 30 AEITER
% T, Net Zero D7 —AART 4 —%{To T3, IS FIZRE TN —2EHETLHE
FHIXND 5 HE(TFVA, RV ARV T R—FV R AFVR) &Rz, ERIDY ) AFEMmET
LTW3,

& 3-10 SBSP NERE#IHT(2070 FFTIC 54 EEADZH)

Table 4 NPV of SBSP benefits: Summary

Value driver ‘ MNPV (€ billions)

(1) SBSP total cost (417.9)
CAPEX (SBSP) (382.5)
R&D [SBSP) (10.4)
D&M (SBSP) (24.9)
(2) Avoided cost of terrestrial electricity generation 302.4
(3) Externalities total 298.1
CO2 emissions saved 233.2
RE&D spillovers 64.5
Opportunity cost of land 03
SBSP total benefits (total of (2)+(3)) 600.5

Total Net Benefits (2+3-1) 182.6

Source: London Economics analysis

Hi7r) Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP) Generation for Terrestrial Energy
Needs Final Report, July 2022, Frazer-Nash Consultancy

9) EDfth/ FEERE

KRIRAFRDFER, SBSP IZEUMN DT AN F —FEDHEREFIND 2050 FHTD Net Zero =N
DI INICK IR E &S TAREMENH S LMD >72, /2. SBSP IFRBME LT NELT
55DTHEN, BEABRIANT —CTHVENOHERAENTRTHILEVIRREE TS0, A
. AR HAEDREDERDREZINF —LLVBLEDTHY, 2040 FXTITE, A, AIE,
HALHEBUTAANREHDH DY AT LEBETHILERRTHD,

F7- SBSP #ZEH T 5 ILIZLVERMMNZITBAV Y b LT UTITRTIEENZET 6N,

<SBSP DEHULHAY Y >
® THIFIEDSHILDIEHE
®  WUNDTANF I L L RRIBADTE TR T 3L ¥ — Ol EI 2202 ATREE
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o MRHZBERTINF—DEIGNEIFRDOIAINT -V AT AIZEWT, SBSP % Rt #
IEBHILITLBLZEMDME L

o MOBEATIVF—LVEVLHAAZIRIZLS, LHIFAOEMNMEDRM L
o FEOHRENLENL

® R&D AUINA—/N—LEifiE LDl

o R DAIH

°

CO2 HHHEES LU DMMDTE I E DBEH EDHIE

F7- #T EITRESIL SBSP OREFADAAIV LAY —RIZE > TEELHFIFIL 05720, SBSP D
T ETREIINIS T 572DITI3HT LITRES DIEEAIRETH D, FFRDOTFVAIZE L 575, SBSP &
EHT57-DI0F, EFEENSETFREOIT LIFFENRE TS0, (RIANCER AT
Ty MOBEER R T LTS 2 N T2 2 ZL &M RETH B, BN DT EH & B F T REA
KEIOy b 1 EAHE /K 77 Bl SBSP #T EIFICHIETE, 1 £T SBSP1 £%E/TH
H EIFRZLNHEETH D,

(2) Roland Berger,/OHB Systems D&R{EZED L R—k

1) BiEEAERK

AAZT 1TlL, 7t NASA @ John C. Mankins KA%&&t U7z SPS-ALPHA O7—%577F v %
VI7VVATHA VU THEEL, 2040 EETO GW HE(ZVYRES : 2GW) D SBSP DHififif
RERA DR %17\, OHB OFtEL T —2 Y —MNIEDWTEAFERI T EToT\5,

2040 FITiE MEHO LS Y —E AT LT, Bk, UG, BEDT LIT) 2Rt 5B EH
BT BTV AT ADHBITH T W DN FEHFEMRDOILBIRFHRL 4> THY, Zhizky) SBSP
NEFTEXLAEEMENH DL VIFHRICE DX, HiE LITEH TS SBSP Y AT AIIKERFEHER
LHRARIABOBMEZRET LTS, R 3-11 ITKFETIERIN=T 7 =)V — bDRELAE R
ZRT,

7 3-11 Roland Berger SAE CERX SNz T =)L/ —DAB EAERKBFER

Technical )

AR e Rk IRFEA
Note

TN1 SBSP Study Review 2022/2

TN2 SBSP Methodology 2022/2

TN3 System Breakdown, Costs and Technical Feasibility 2022/7

TN4 Technical Note 4 2022/8

TN5 Concept for a European SBSP Development Programme | 2022/8

HiFR) Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP) Generation for Terrestrial Energy
Needs, OHB % £IZ/E5%;
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2) UIPLIRIRT LEIE

SPS ALPHA I, €Ya =LAV MIIDEEIINTEY TR TOERDIHE % RIS
FTHILINTXD20, FMRIFBLOVEHREL TS, AILEYa—b- 7 AV 1000 ERATAREIC
EEL, BB L THAZI TRV FUABMEEINT VWS, CNIATFEDEELEES LV CEETS
AHAVATFV—2avD7 7O—F LA TH D, REEEICL>TN—RTZ7DIANIKIEIZH
BIND BIAALIZ>TNS,

BTV RENMN 2GW DY AT LIZDOWT, Mankins KMNREE >/~ FEHEEDF— /N5 A—
ZDEER 3-12 1TRT,

The major segments of the concept as
shown are:

|a) at the base, the energy conversion aray (comprising
/ solar PV arrays and wireless power transmission amrays -
separated by structural system and local power
management and distribution (PMAD) modules)

" i';:;" hoae b sl (b} at the top, a conical structure ‘hesting’ an array of

® }".'. h"v:h'-»?-v'_n independenily-pointed ‘small' helicstat reflectors: and
L1 CoNNeCting toom
Stuchses [c) asetof structural booms connecting (a) and (b). In
0] Excarrples Altihuce ant -
Contol Modubes addition, also ilustrated are
[d) A variety of other modules; an example is highlighted:
[y the aftitude control modules (in the case shown,
[0} Q involving reflectors and propeliantless light pressure for
attitude confrol),

3-20 SPSAlpha 7—FTUF+v

Hi7) Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP) Generation for Terrestrial Energy
Needs / TN3 - System Breakdown, Costs and Technical Feasibility of a SPS, OHB
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£ 3-12 SPS-Alpha Mkl DFZE/NSX—Y DIl

SEGMENT pfil.fé%s VALUE
PV 34GW
WPT Frequency 245 GHz
WPT Distance ~35,800 km
WPT Power
oW | Transmited (RF) FACN
WPT Xmttr Diam. 1,685m |
Receiver Diameter | 6,000 m (@ Equator) I
Revr Output (DC) 2GW '
Primary Structwre | ~33kmx~45km |
Fg;g‘:’;” No. of Modules 1900000 |
Characteristics SPS Mess ~7,600 MT
Ave Mass / Module ~4 kg / module
SPS HW Cost ~$5,890 M
Deployment Cost ~$5,930 M
Cost of Money ~$19,000 M
Cost/Financials O&M Cost ~$12,000 M
__Econ. Lifetime 40 years
Total Electricty | 702,559,375 MWh |
Cost of Energy ~6¢ /| kWh

Hi7r) Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP) Generation for Terrestrial Energy
Needs / TN3 - System Breakdown, Costs and Technical Feasibility of a SPS, OHB

3) EREREIN

a. f1EFYRT L

SBSP 2FEHTH-ONDEBELRERDIDIL, YVATLORMICEAETSIT EIFaANTH S,
SBSP # GEO IZENZIT, ZE2BEEARAREO Y N AT AIZLS LEO ADIT EIFHHREFLETHY),
LEO »6 GEO ~OD#iikld, MALESHEE N 2R OBMEATRERAR—Z4T M urvh EED
ELOMNEFHTINENDD, I6IZ, TNOITHE ETRBI 2T O0ENDH D,

LEO £Toh#iEIcBI LTI, SpaceX #tA%Falcon 9 By hamicEA L TESK, BT EIT
A AIKIBI AR T U208, BEARD Y MYVERE S TR SORBIANTUNEIRFTES,

% 3-13IZKVR—NCEEINTVS SBSP Y AT AN BTy hodiT EIFEES. T EIF a2
&% RT, Falcon 9 X0 Falcon Heavy BAMIIT EIFEEIVRL, FEDEFEL Z->T V5,

INSDEFEEZERL, 2040 F£0D SBSP DT EIFEEZ LI T DL HIZIREL TS,

<fET5 2040 £ LEO £TODIT EIFHE>

o EHOFHMEPAEN, FA 100t DT EITEEA 2R OBMERAET EIFY AT LADRFEE
ToTHY. MEEDOL S HERN I RELEMEALT LTV AT LA0NERES LTV,

® SBSP MEHTIUX, T EITHHIISITIER L, BER—ATHFIREL LD,
Z DA, LEO FTOHT EIFMHi#&I% 50-100 Rb/kg DEHFHE 2B ATHEMEDH 5, FIREDE
#wAH3, Citigroup Global 23%#E L7zl —K SPACE: The Dawn of a New Age)T¥%
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RINTWB, Citigroup DLV R—bTlk, 7T _EIFME#EE LT bear(300 RKIV/kg). basis
(100 FIV/kg)B LV bull(30 RIV/kg) HWEEINTVS,

—#T.LEO 75 GEO & CHIE % BB XU 3-0I01E, AR—AKYT / GbE  nEL 7
B KR TSR % T 5 BAHE Y 2T ADBRNBETH S, TNSDFRDE
HAZDWT IR NEBIET 272010, AR—2Z 71 GEO ~DEED N EER 2B EH D5,
BPETAR— AR T DUHER & T3 57D DIREHEA 27— 2% LEO IR EL 123,

OHB DL R—bTld, LEO A0 Starship OFT ElIFaAR%& 50-100 KL/kg &L, SBSP 27 £
UhE 1 NyFTRA 10 B UREWEIRE S0 b EIF2LRET 5L, Starship #ffio7 GEO ~
DT EIF2ANE 500-1000 RV /kg £ BRABIENTES, EXNTVS,

& 3-13 OHB DU R—FTCREREIN TSI EIF#EREN
FTEIFEER () EEBAA

T Tk E% ;TEFax b TR
LEO GTO
67E 7 R
Falcon 9 22.8 8.3 /E 20134
2,940%/kg (LEO)
90 N2
Falcon Heavy 63.8 26.7 87 = 20184
1,410$/kg (LEO)
1083 Fiv
SpaceX’s Starship 100 21-40 100[=] = = 20234
100$ /1kg (LEO)
2023F10~12
Ariane 6 21.6 12 Ariane 57 5 3455 F
B¥E
New Glenn 45 13.6 2023
Terran R 20 20244
Skylon 17 7.3
Neutron 8 2024

XAFT LT DOFREEFVR—POBETIIR, MEHFE
HiFRr) “System breakdown, costs and technical feasibility of a SPS” , SBSP-OHB-TN-003, July 2022 #£iZ/ER
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Drivers of Our 2040 Launch Cost Forecast ($/kg)

Current launch cost (5/xa) @) T

Increasing reuse of first stage @ ---cc i e m
Reusable second stage @ «--cecovreceiiiiiiiiiiiiiiiiiiiean _ ..............
Reusable faring/payload @ «++rrveeersnires C2as TR
Drop in materials cost ® - m .....................................................................................................
Drop in operatingcost @ ------ m .........................................................................................................
Launch costs in 2040 ($/k3) @ m ..............................................................................................................

Base, Bull, and Bear Scenarios for 2040 Launch Costs

Bull Large dropin ; Base © Reuses Bear
Case : input, operating ; Case ; capped Case
: cost and fuel : : at10
: efficiency : :
$300
(533 ] : ﬂ :

3-21 Citigroup Global M 2040 DT EIFIX~FEI
Hi7r) SPACE: The Dawn of a New Age, Citi GPS: Global Perspectives & Solutions, May 2022

b. BRENGEIATLA

BEHEORIZ, BEO WPT EERMMTHNWTOSH, SBSP THEINTWESLILE LA
W(GW AT —)b) LAREREREIZ N U TDEIHIFT OV TR, BERITTHN RO KR DERRIZ
1975 #£iZ NASA Goldstone Ttz 34kW, 1.5km DEFEEERTH D, K 3-22 [TEEIT

T/ WPT {mikSEERE XAV SBSP Y AT ATREIN TV SR EE N LIREERMZ TR,
F7-. & 3-14 12 OHB OV AR—MCEEI N/ WPT IZBDL EERERDE L RT,
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U.S.NAVAL
RESEARCH.

n Wista

}

Receiver Power Output vs. Transmission Distance

X 3-22 BED WPT s AR SBSP YR TATHEESNTVWIZEEH (X

HiFR) Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP) Generation for Terrestrial Energy

Needs / TN3 - System Breakdown, Costs and Technical Feasibility of a SPS, OHB

% 3-14 OHB DUR—hTHEREINTV\DEEI AT LADREMNEE

. e N
RRBNEER 1= itic [ Pessimistic] BEE | Bk =
DC to RF (2040) 0.9 0.75
< F o> 08|EmrEE
DELIMIZ1SSPAB 7= )
SSPA 0.85 0.6|+7 v b bk & 85%
F O R AR
IIARR A/ o s
D2 = =%
7o P 0.95 0.95
KEBBE 0.984 0.98 ISMA > F
€ — LREMNE 0.96 08
W. Brown?91.4% (7TW,
RF to DC 0.9 0.8 o
245GH2) e E
70 v FEEhE 0.98 0.95
End to End WP 0.71 0.42 0.54

HFT) “System breakdown

, costs and technical feasibility of a SPS” , SBSP-OHB-TN-003, July 2022 #&IZ{Eak
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c. FEEB

KGEMOBEIL, BEHTEOMICEENICA ELTWS, R FRDOMIEREEMN, 207 Lt/
SRNVFOY 7Y arve)e A0 EENReKGERDEFEZT-oTW5,

FERGHEEAITHILIILY, JVEDAFHNEUBAICEREL, KEREEDDHILNT
%%, NN v 7va VERRIUIIVENEER 250 FCERUAER. K 45%D%E %2
RUT\3, 722 UBIREEE AT H7-DI2IE, KBV 2 @B IR O RENH S/
O, EHOETHEMEEMEERA T ILNEELLD, X612 SBSP Tldk EOL(End of Life) RD3%)
REBBERNTGA—RERD FIZIE 40 F£0D EOL 1R 5% BEEZER T S/2DI21F, IV EIZ
200-300um DIIN—HIAE%ZITDHENH 5,

INSDFERMNS, SBSP DFEERE LTI, EXERGEMZEHTIE, 2040 FEEIZIZZHER
A0%ETCH EXEBIEMHIFTES,
# 3-1512 OHB OV AR— M CEHE XN KGEMIZED S ZIEREZRDNERERT,
& 3-15 OHB DL R—FTHREIN TV SRR RZELRGEMDOMERMIEE
ThE Hh 8 e
gE GEEe®) | [ T [Eva-a 2 :
Optimitic | Pessimistic Sk BOL EOL (Wfkg) BHix BHiE Readiness
HIEE:(SBSPE) 0.4 0.27 LeAWET
O:1€/W. P:4&/W
S (R 0.261 0169 | 0108 | 71563 |EEESAIEY TRL 9
(Ex=L) v INOTEEM
=S (388) 0231 015 iz O.lS%;"l-‘."?'}‘-b
(Ex%al) 0.8%/W
=B (CIGS) 0231 | 0.0715 816
IEE
(InGaP/GaAs/Ge) 0.395 0295 | 0251 | 47015 | #1200~3008/W TRL 9
(Efx4L)
iﬁc;ap GaAs/Ge) 0.444 0.421 56-1008/W
lInGar/GaAs/Ge) U . .
) (3fEE®R)
(Exml) EEE
= E“i . 0318 | 0201 | 7136 TRL 9
(Exmal)
Faresh 0.24-0.3

HiFRr) “System breakdown, costs and technical feasibility of a SPS” , SBSP-OHB-TN-003, July 2022 #£IZ/ER

d. UIJLo%

SPS-ALPHA T3 ABIDOEE RN EFEE FH>TRBHDOAFT e EHUENZITI, AFEHTIE
HlZIXJAXA D IKAROS DYV —F5—EAINVDEENKIN UL ST, 1BFE 10 EFCAILERNR
5N TW5, £7FMYTH HPS Systems GmbH & DLR @ Institute of Composite
Structures and Adaptive Systems M RFATHERENS 2T ALY —F—L ANV EDHFEEIT-

THEY, BRI TIC

DIZEERBE IR TIILEARTH D,

# 3-16 (2 OHB DUVAR—MCEREINEHIL UTRINAVAAZY MOZHE, H

FOBFERT,
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& 3-16 OHB DL R—FTREINTUVDENIBDZNR & I8

shER
(7oA A 777 {lil=S
E5EEB 2 ’ HEE Readiness
Optimistic | Pessimistic BERVN Bz
B A 2R | ) 0.95 0.1g-5g/ 10k€, /1> Z| TRLS8
SERE A 3 .
8 7 m? 7 I (2024)

HiAR) “System breakdown, costs and technical feasibility of a SPS” , SBSP-OHB-TN-003, July 2022 % &:I2/ERK

e. BHGERGEET7VTF)

BRETEMEELR 7 — ARV A7 VT FORFIL. SBSPO IVt N ERTEIM LRI EES
THREELRBEFRIAN—TH5, SPS-ALPHA 1%, L NaTALIT4T -T2 — ARV LATVTF %
FRLTWS, 75t DEEIZHRERF B ROBEREERZFIZOVTIUATOLSICEFLHBZ LN
TX5,

® 2.45GHz %7213 5.8GHz ® RF Yz AL —& MR (Wi-Fi. 5G) 23§ TILEET 5 720FH
FERE
TANF ) o R TR TSR LR E, BETTHE.

o MEM HIREN T TITEELRREAE, BETEE
HEESR IR S VTS HY, BRI ENE D, BE CENRRIRE LT VT
DFFENDE,

PAEDESIZESNEETICEAL TR, ZEALDEENHIRINTEY . EENTRETH LM &
RRITE U= BN DBIRESROFRENSRIZDEL D,

f. #uE E#sL

SBSP Dl # DEY 2 — )V iEERIL, #iE EOBRERDRY N — AV TE LAY TS
VAMNMTIHONS, SPS-Alpha Tld, # 5,000 KDTHRY NV —LANRETHBIEMNEEINT VS,
IS, VAT ADEBZDEY 2= & DM R =3 726 90 FREDEMNBHRELINTWDS,

oAy b7 —AIZBL T Canadarm &, FHTRWVWEENH L EDEHY . BINTE ERA
(European Robotic Arm)#FEFFELTWEH, BPEEENEER->THY, 5B X555
ENRBBELINTOENEHTHD, CNODVATLEM EV AT LAEEDIIITEEXIEENNIDNT
ERELBFFEL > TND,

9. I\WIOR—EER

SBSP ONwIR—2 e B EELFEME UTIIABEY a—igE L v — ARBEREMIZIT 5 N5,
KT a—)UREEIZBAL TlE, BEE S km IZRSESTIE Y 2 — UGBV O BER L ZENZ OV Tk
HETEFEEFTCORBRNLVED, SBIEBLUAER OIS ADNREL L5, T REEL L/’C
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TRL2 tHHETHY, SERORAFEIZ 10 E2ETILNVTHEEFRITND,

E—LARFAKMICE LTI FHECTORMAEMBEYIZELFA(SRTM ADAM | NuStar,
IKAROS. Znamya 2, FAST mas)TH2EDD, SBSP D —Alk, HFTA—-MNUIKRSIEKXRZR
Ny I R— UG & B IR B D7D DB SRR A > 8 — T 2 — A& RMTORENDHY | Bt
BROBEDDEENIOVTEISLRDMFEFRFAEZE T S, SPS-Alpha DLV ATLATIE, @R
E— L&A T &R IRL, BETREIEESN R TOLEEH S, BifiFEL L TIE TRLS #HETHY,
SEOFRIIE F2ETIHLNINTHLHEFHEIEINS,

h. F&E7T JDEER

SBSP FBAREEEY TH S0, T 7T VEEDERHEEZ T ZLITTIROD, TV 2—)VLiE
BETEDHBD., T TVEEDHEER/NITELIINERAEITIIENTRTH D, £/, T 7VIZE
DEEUZEY 2—IUIAVTF VAR KRBT 2N FRETH B,

—H T ZDEIBERIZE>TEL T IVIE REWIZIIMMOFEHE Y AT AIIERBE S5 25 AR
MMNHB720, SBSP AT LINGIEINDGT TV &M 572D DNREEDMNENDH D, —H
LUT., HEBEMBOEAENRITONS,

i. ZEEB

VO THIIRBRERMBUIBN T VI =T A THY, FRBRIFLAA—RTHD, TTICKREE
EINTEY, EEICZMICAFTRETH D, SMTHSHEAERIIFHILOD, BHFEOHMENEEL
2, BB BIOERTIES 2L RDO NS,

4) AT LEZROEAMERE ERFELARE

SBSP DY AT L& RH T L0103, SRORFIELHRANPDLETH D,

FTFHIIBIDAREY 2 )UEEY DOFRFRLEZRDRILFEELL->TVS, B, FHZERT
NEMES T B AROEERIL ISS THY, 2EDEEIZK 8,000m* BETHSHAY, SBSP DIF4A.
EEDERIX 15km? L EIZRD I EH D, /o, FH TEMMP DO KRR AT ADERIZELU T,
WRDERT —AN—FIAT —FT7F v e RATHL, VAT LADEENKIBITIEINL, HMDOERER
DAV B —T 2= ADMEHEI2 B - FAFAY NI — V& fFRTH I L0508 KM S EITE,
EVYRTIFa TR K 200 HECEHGZEVAVVATER - HHTEILLREM, 20
IRRBMER Y T I F 2T —E— iR Y N — 213 BEFEL TR, I5IZFHETOIRY
MCERIY AT AIBETIEMEFETOLEEH D, Pul L THEEW ZMALT, MR 5/D
2 EBBOURY MNEREMATOIMENDH DM, TOBUIF KR LREDIT05 70, #EY)L N THEEL
T —RIIREE SN & 2 BRIV SER DB EL 25,

F/o, BRE [ NRIRTA VIV AERE (WPT) I3, BRI COELENELZLRINTOE
W, BRLREEGREN X ERTL0I0E SEMOEE(MEBIELAZREET VTR
MOFRFRENBETH 5,

3-23 ITRARETATRINI, SBSP 2 EHRTH/DDYATLAERLIEFEL RDRAFKITE TS
HE 2R,
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System element Description Time to development
(indicative)

Array of reflector units mechanically connected with

Reflector system associated sub-alements such as pointing mechanisms 2-5YEARS
and wireless communication systems

Cannecting boom Structural con n_ecti-::n between the reflactor system and 5-10 YEARS
eMEergy Conversion system

£ . Comverts sunlight to radio frequency — includes

nE:gY EOMVETSISN o b elements such as antennas and zssociated thermal 10-20 YEARS

system managemant systems

Attitude control Controls the attitude and position of SBSP thanks to 5-10 YEARS

system onboard hardware and software
Hardweare architecture for very large wirsless

E:;Eﬁznii;t::rk networks with core processing units and wireless terminals 5-10 YEARS

g for 2,000,000+ clients
Metwork control Softwara architecture for very large wireless networks
software for 2,000,000+ clients =

Communication to
the ground

Ori-orbit assembly

Telemetry, tracking and control (TT&C) systems onboard
the space platform

Robotic arms to enable robotic operations and

READY AND

AVAILABLE

- associated sub-alements such as batteries, charging 10-20 YEARS
and maintenanca - -
stations and storage units
Space debris In-orbit space situational awareness (S5A) systems
R with collision-avoidance capabilities to prevent impacts 5-10 YEARS

mitigation system

with human-made or natural debris

3-23 SBSP #EIR T2/ DIURTLEREBRICET SHIR

Hiffr) Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP) Generation for Terrestrial Energy
Needs / TN3 - System Breakdown, Costs and Technical Feasibility of a SPS, OHB

5) JXEH

John Mankins RIZEVEEINTWVS SPS Alpha #) 77V Y AETFNELT, OHB DEEE
TF—=RY—=NIEDWTEBREROTETo TS, £z, RERT VT —EBROMRIINTHaY
YN T VAT LADBEEIZ DV TH2T>T\5, & 3-17TI2) 77V AETIVDEEBNEESE
ZRT

SPS ALPHA &, €V 2—)W1bav 7 MIKVEEIN TS AUEYa—)b- 27 AV 1000
R TREIZEEL, 88 ETHALTEILVIEDTH D, ZIMATEDEEELEET A TH
EETREAHNAVATL—yav D7 TOa—FLEFETH D, REAEEIZE>TN—RIZTDIARMIK
MEICHIR I D RIAALL>TNS,

I AN DRER, EBFRMOKIBLESZRHREUT, B—0D SBSP Y ATADEREMIL 81 &

86



a1, FOEIRESIRNEENRD TV A TR, FURRGTOERIZ 334 B1—uEJLLRED
LNTWS(FR 3-18 BHR),

ZDESIEBNRIA BB LR IADEITFRNA T2y MRS ZEMNS, VA VLV ABIEE
ERBAFKEBEDMENREISHE T DL NS VBRI ANMEE 21757-0121% TRL O
B DWW TEHHARAE L RB T OMENHLLINT VS,

£ 3-17 JRNETIVTCERULEZUIPLIRAVRATLEEOEES

Power Generation SPS Bol Optimistic Pessimistic Comment
PV Mass [t] Pessimistic. WPT efficiency 42%
1303 4346 Optimistic: WPT efficiency 71%
SPS Reflector Mass [t] Pessimistic: WPT efficiency 42%
54 212 Optimistic: WPT efficioncy 71%
Transmitter Mass [t] Optimistic: Caltec Mass 0,5 kg/m*2;
71% WPT efficiency
Pessimistic: 1,5 kg/m*2; 42% WPT
857 6301 efficiency
Structure Mass [f] Based on Pessimistic and Optimistic
3883 5557 PV area
Total SPS Mass [t] 6097 16507

HiF) Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP) Generation for Terrestrial Energy
Needs / TN3 - System Breakdown, Costs and Technical Feasibility of a SPS, OHB

xR 3-18 ARMETFIICELDIRNELER

Optimistic Pessimistic
(71 % WPT (42 % WPT
efficiency) efficiency) Comment
Space  Hardware Cost Optimistic: 6100t Hardware @775 €kg
[Billion €] Pessimistic: 16500t Hardware @1000 €/kg
4,73 16.51 50% of the mass are structure elements.

Those are not rare materials. This justifies
the low price per kg compared to today S/C

HMW prices.
Ground Segment Cost
i 03 04
[Billion €] Cost estimate from Section 6
Launch Segment Cost Optimistic: 6100t @ 500€/kg
[Billion €] Pessimistic: 16500t @ 1000€/kg
3,05 16,51 ) , ) .
As reference scenario the in-orbit refuelling
of the launcher upper stage has been
assumed to transfer from LEO to GEO
SPS Cost estimate
8,07 3341
[Billion €]

Hiffr) Study on Cost-Benefit Analysis of Space-Based Solar Power (SBSP) Generation for Terrestrial Energy
Needs / TN3 - System Breakdown, Costs and Technical Feasibility of a SPS, OHB
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6) SBSP D& AlgENM

SBSP M aAMREIZE DL L&A M LCOE (Value-adjusted LCOE: VALCOE) 4., &
DY ATLT 69 2—10/MWh &35 Z8HEEINT WS, HAD 10 ED SBSP ERTIL, 2 A
MFROZIERE BALZEATE, 49 2—10/MWh L #EE XN TW5, IEA DB Y F ) 4 (STEPS)
12k Bl MOEATRERATD VALCOE 14, 2040 £iZ 40~58EUR/MWh, 2050 4z 37~
58EUR/MWh D&EEIZ 252 3N T W5, LT, KAZT 1 Tld, SBSP [3R— 20— NFEERE
HERBEURNS, IANEFHOHIBEETMETINT —IIRDAREEE B LTV LV X B L iEHR
I,

7) SBSP D&

BN Tl S BT EORIZT V-V EBHOFEENKBIEMT L FRINT WS, IFXFELVS
VAZE DL, EU DEMEBHEEIL 2050 FIiZ 50~100% M 2 EeMNH 5, SBSP 13K
HFELFEMRELRN—AO—NEEIIEZD WM E R > TV 5720, SHBRE+EDOMICEN DT
INVF—EFDRRR B ARELSBEM TN TEXS, BNEE (75 VA, R4V, 127, HEE,
A=V M) BEDEHIVIALHARRET RV X —DBERENIZEDWT, XX FAFEICE
HELUTEY, TANVF—EFIDB AL MR B DD /-DIZE, /I D SBSP Y AT L% RIS
LT BARRETEILNTEINR TOERE BB IENRIAEFNS,

8) O—kvvw>

SBSP Ol - #RF IR ER AT EEM 2 R T/2DI213, £ E<DFEEE FIRUR T TR S0k
RETHD, INOCDRBEEIRI T H7/-DIZ, KRAZTATIE LTD 4 DDATY T TEDDIL &R
LTW5,

Step 1:8RKIE DM@ E£(2022-2025 )

Step 2:BELEAE HAAIES2HD) Y —ADHER(2022-2030 £)

Step 3:SBSP OERMZ MRS D72 DEFEMDILE EIF(2024-2035 £)

Step 4:BER/N—MF—LDEREIZLDEF VN TESTERRER T T T ADIH EIF (2035
FLRE)

3.2.2 BRI RIF— (&AM (WPT)

(1)t EICHITIEERIRINF—E(WPT)&EilTEBRE<EF

i EIZH1T DA T R F —REEAT (WPT : Wireless Power Transfer) £fiftid, X EMIE 32
BRINTA VYV ALREILE, GOREENMAGTIEMTHY  EETIIZLDAANREIN,
S CIRIEVE RS BFADIGHMEDSNTETNS,

WPT I3 ARE R 08EE UTHE B JERST BUZ A 615, B A B D IERET L (Non-Beam
WPT) I3 ALIRE, ERE AR, A A% BEEMIC T AN — 2B TICEN 2 EET
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B5HARTHY AX—h T4 XBEET 7V, EREBHEANDREFTERIEAT VD, ZXIE
B3NN, EEE IR EIBESIRDF DI o TS, — 5, S (Beam WPT)
B (FIIA 7)) RV —F —RETCT AN — 2 BRI AE 2 6> TEETIARTH D,
10m BAEBEEN/-TNA AZEENEEEITI LN T, BREEBDEIFEE AR RELEFIEN
%, CIETHREEZ FLL LB LA TS EDD, JEREEL WPT IZHNB L EAEHILF
7270,

SSPS IZEE L T\ DIFET B (ZER 2R WPT THY , BIRAMVFEEL XN TS0, BiE
BEEIEMNATRE CH B I N ORDEAFAEH RN UTOETEANDIARIEE N E /255 B (22
ZREED)WPT OFTE, RICREBOEBREDENEEERAY MRV NCTITIARENNT—
E—IV T WS R NENERLIZEL) ATHE, FHAV 7T, ZEt., ZREREE. 58
ERAT. EFR Y, BEMSE, EENSICT I -2 TX S REMNH Y, £/ LRSI FE
EARE DREBHMNSES 2£5 LT, 7 — 7 VRPNV 7S RBIZTH L EFEET
Hd,

ARFETIE SSPS IZBE L2 FAfie UC. TR WPT Hifff, R RIEEEE S REDEN 2 RETX
BNT—E—IV TR e UT, #AAE DM ZERAFRINDEBIE 21T > /- #ER & RN 5,

1) ER(EICYII0OK) AN WPT

BIRAR WPT &, ARIGELICETHIRTDESFOERENATEHAANDILTHY, BKT
HBHIA TR FHNLDIN—RNTH S, YA VORDOAERRIIREALREDEFLIVEITOS S
FIAVENKREBIZEEINTODIENS, ZlIIV AT LR THILNTE S, EFERIIRE
MICEZF 2Rk T OMEEF>THEY, LARERICEEEIRTL LN TE L0, EFEH I H
TOMANT IR DR, EBNBETTANF —RZENT AL KE, BRI D T FIVF —HLE
UTUEWMBRIERNZRD EAS00, BHERIZE DEBRANDHELREDIRR T RERENH D,

Bk, ERbZ BIEUTHEMEDSNTVDEDDL X EEE/ME 10mW o8 100W
FEE L BN EEN RSB RE LRI ENFRELL>TWD, FESTIEY 1 70iE DIz
©. JYVAERBOEDIVIEK, FT7IVKEFHETS WPT OFIEEML TV,

2) L—#—A=xX WPT

L—H—H R WPT I3 —F—TEL, ABEHILERULS IS TREL, LEADNE
EAMERFALTHRT AN — 2 ERERIT ST 5L OB G TR TH B, L—F—
HlEE S AT B T — AT, REANNI DR EET BB T AV F—
& ETE B0, BB /MEC — ATE KB ARENTETHELVIBEEE TS, £/
FRSEBAR B 5B 70%, ZE R B DI HIZEASED ST T Y | EEIRM LMY
RO E A RE UTERAWIHINTVS,

(2) 2020 FEHUFIDEERAR WPTUNT—E—Z29 ) DRFEEIR
2020 F£o IEEE Journal of Microwaves DOBFiwmXE L THEEH IN/~ “Microwave and
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Millimeter Wave Power Beaming” ! (current version 7 January 2021)IZ7RINT NS
2010~2020 EIZfTbN = EREBRFARAWPT(NU—E -3 7)) DHth EEFEHIEFR 3-1912RT,
727ZURIE 3.2.2(3) CRTEDEEERTIHIDOVTIIER LTS,

— 5 REERTHDL 77 HEALTL #@FE 50 EY EIZHZ> THEREMTONTEI TS,
3-24 [T ERBRDFRXXIIRINTOWSEEICFARNMTONZL 7T F DRFEBRID AN ENBEEL
RF-to-DC Eias DR L DEEEE 7Oy ML ED &R, — AN BREEOV 7T HIE R
THRAINZEDINEENZNREFEDL, XM A —RADAHNBHEENEGNEE, LVEVHRE
BoTWBIENT NS, REXHER R TIX XEEVIIEIE, W, Brown 2% TW DAHE
T 2.45GHz TEIfET S 91.4%DINEDVL I T FLiZ>TWEH, D&, 2020 £ 9 BIZIZEIRT
EARFELREB T LEROFREBBBIROMETFT — 0%, 5.8GHz D1 702 L5 HIRE 1{mik
WCAWSIV 7 IZEWT, it REDEN TR L 25 92.8% & FEH L TW5H42(1W ASIEE),

£ 3-19 2010~2020 FIZFTHONIZERER AR WPT Dt =5

AiEE. EEHD.
BE# F 4 TESE =EEatEsE %
{=iEERE
—EFETE ERmEAEn. ERER
20155 | L EN 2.45GHz, 10kW, 500m | _ ’
mREXRTF FEEAICLUMHIOLEDA T % =47
. _ __ |GaNFET » 7HEEO 7 1 —XFT LA &R
_ EESESPS _ 5.8GHz, 1.8kW, 55m o .
B= 2015= i Ef e _ EIESE 0 FI%=E © 60.3%. DC-RFoESw=
committee F{EE : 336W ~
35.1%
20195 EEESPS #HE—Fnl» | EEn7z—XFTL P oW
. wMEEED
committee Fem Fo— |1 &=FERE, 30m
o ) ITyFriEnft7 L3 7AEREQL I TFT
Inha University FrrN—AT - . e
o |2oteE | T T |200W, X® (10GHZ) |LA v — FERYTHROTEEICEY 1T
EE - RZH) FATHAICIEE e o - .
BET AL TOERETE
20205 |RF Coreft =EHOBEZE |X-band, 1,5kW GaNMMIC R—Zp7z—ZFT LA
Sichuan Universit ) . .
2014= . . / E 2.45GHz, 4.5m L7 T FEAHD CTIW, BE59EE 1 14.2%
(IR F)
2020= " Em 5.8GHz, 10m ¥EuhE - 18.5%
China Shi R . . .
_ g _ HRRLBEHOTA S OEBEGANF A A — FL 2
FE 20195 |Development and E# 10GHz, 100m L _ _
) TFEEWE19.5%
Design Center
BXZERS (spatiotemporal) 7> T 7. GaN& A #+—
2020 " T-ER 35GHz, 1kW, 300m FlL T
BEERA A oZERBENZ coRETE 1 0.89%
ZEESPS Committee @ ISS, JAXA, ZFEEE HIZ7OR~—2

Hi7Rr) “Microwave and Millimeter Wave Power Beaming” , IEEE Journal of Microwaves, Jan 2021 % EIZ/ERk

A

CHRISTOPHER T. RODENBECK (Senior Member, IEEE), PAUL I. JAFFE(Senior Member,

IEEE),BERND H. STRASSNER II, PAUL E. HAUSGEN, JAMES O. McSPADDEN (Senior Member,
IEEE),HOOMAN KAZEMI (Senior Member, IEEE), NAOKI SHINOHARA (Senior Member, IEEE),BRIAN
B. TIERNEY (Member, IEEE), CHRISTOPHER B. DePUMA, AND AMANDA P. SELF

42 https://www.kanazawa-it.ac.jp/kitnews/2020/0923 itoh.html (2023 #£ 1 A 16 HHE)
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A4k (,El-.r u
5.8 GHz B @
| * 812GH o
E{] # 1435 L'-“-Izlz .
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E DD r t 4 M
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Power Density (mW/m E}

3-24 @RIATONV T ZEEROICI SRIRRNRE ASE N BEDRR (B REEH)

W) “Microwave and Millimeter Wave Power Beaming”, IEEE Journal of Microwaves, Jan 2021

(3) 2020 FELUEDOERAR WPT(NT—E—-Z2T) DFFEEIME

KE. BRM, FE TOMTOTEENFHIRE LT, CIBERNICERIN TV S ZE MR R R E K
(FlIZv1o0) FX WPT DFER2BIEUAMERAEEZIIERIIAI-EXIIETHAER
1272 LLFIT, EIZEHERER B+ m BEM L) DEEE#EENRZETE WPT(NT—L—3 Y
7 )V IR FERRFEN DR AE A 2 R Y,

1) KE

a. KBEFFFA(NRL)D SCOPE-M YOIk

SCOPE-M(Safe and COntinuous Power bEaming — Microwave) 7Y 2 M IkW D
EN%E 1km EETEIVAIOREERE OV NTH S, EFFREFEHMTHE LR EE (Office
of the Under Secretary of Defense for Research and Engineering) D:#EH T V¥ —4
gem _EE 4 (OECIF: Operational Energy Capability Improvement Fund) & &gt %
%1}, NRL® Christopher Rodenbeck fE LD FED T THD SN TS, SSPSIFEDF—/3—
V> Tdh% NRL D Paul Jaffe REBEL TS,

2022 FIZA)—=F Y R T TOvH ARA V MOXREFEEMFTHHIE VT, BE 5.4m O X NUR
EEHENS 1046m DAXYRATHEHT 1.6kW OBEHEHETETEV AN —VavadER UL
(K 3-25 28R), F/-, IV Fa—LyVIMNIZ AR 74 —RD MIT N AZY I KX EIZHS HUSIR
(Haystack Ultrawideband Satellite Imaging Radar) & i\ C, 70vH ARA >V NTDL 5
F% HUSIR FIZEREIEELT 1141m OFE#EL 25 E 70.6m OFEIDGAIILV 77 %, ZDF
2 LED TA AT VA EFZRBL, T2 1.2KW DEHEFEEL.LED 71 M SI3874 (K 3-26
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ZH), 7OvH ARAVINTIIEED 60%% EEIS%NEEZER L. MIT TIXRUE—I 1T —37
Oy ARA Y RED NI 2EDD, FENRT—LRVNEL, JD DT RIVF—DHA X N5
BThor,

10GHz ® X Bz A UZEHE UTUIZMTHRALZEMTH DL, RNFIZLDESELN
5% K THBIENEITSNT WS, Paul Jaffe KIZISREIDOEIFERIZLY, #i L, FH, ZUTF
HNSHIRANDENZEIIS WO T, BFREE RN ED - ZeERENDOENEE LR THE
MM NZ EBNRXTNWS,

SCOPE-M vz 2 bDEFHEMiE THS Brian Tierney tELizkde, KEFHRE L, KE
2RO TVARREITR S T REME DD D E B DIRRHEAE N DK 2 R T X 2 X 512725 728 FHM
S5DTA YV ABHE —LEEDER I LEZFE TV LN,

K 3-25 JOVTFLARAIV CEBINEVAIMREEERRDEET7 VT H(EL)ELITFH(HELEET)
(Credit : NRL)

HAr) https://www.nrl.navy.mil/Media/News/Article/3004608/nrl-conducts-successful-terrestrial-
microwave-power-beaming-demonstration/ (2022 4 12 A 26 HEE)
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K 3-26 MIT M HUSIR ﬁ#ﬁ%éﬁﬁmt%ﬁf@*nr 74’7&8212%1;&:5 LED '5J(T$5ﬁ(0redlt NRL)

HiFR) https://dsiac.org/articles/nrl-conducts-successful-terrestrial-microwave-power-beaming-
demonstration-2/(2022 % 12 A 26 HHE)

b. REFEEFMREER(DARPA)D POWER 7073 A

KEFEEMIEEER (DARPA:Defense Advanced Research Projects Agency) D
i /E (TTO: Tactical Technology Office)ix 2022 & 10 H&Y POWER (Persistent
Optical Wireless Energy Relay) 70254 %&£ LT\, POWER 71075 AL, MERES
E—A’%(ﬁ}ﬂ UT. B CHEICEDH B HHEDIERF T AN X — BRI HILITLV3 ] EFLT

THR—=2 - ZINVKF—DRT IV 74— LeRRTHILEBNEL TV, THT LDV A=V v —
T&h5 Paul Calhoun KEIZESE, ERIL FHOFEARTXIVF —EICEmLUTEY ., ThhZo
KiftEFz BT RIS HLER>TVD,

POWER 7075 AT, EIZHRTZAINF—) L —HiTOBEF LT\, EHTORZAINF—) L —
VAT LG FIEL, M LDV - EEE REMEERM UM ITE L2 HIEL TS, K
TAINF—RERELENS, BFDERI VI TCE—LREER AL BBEIIGU TT AT —% 5%
RENINE T DR LNT =V — 2R TEIIENEELRD,

AR EIZEAUTIE, 2022 £ 12 H. POWER 71275 A40—&& LT, DARPA TTO V)
RUE AFZERE 257 MBS RF BHY—L2) L —DEEE2 85T 57280 RFI(Request For
Information) & F&fT U724, REDEREL VTV ATIE RF EHC—AIIHBAE—LDEEFR
FVERILAEZREETHLU, FiE RF ENEEDOERICLY N AMZERES 274 (SUAS:
small unmanned aerial systems)3fE& T2 AINF—IFHREBNEELHS L, 1O —RD

ENEEzED, fifciEs, e ERZIERL ERIIREDEAV AT LA BBELL TV EH %
RETEXSELDITR5, L LTW3B, X512 SUASIZRF EHDY L—#EE 2 K- U, 2y hNT— &
BEROE Y, TNAA EEICT AT — 2 AT 2L AREL 25, L LTV,

ZD7= DARPA X, BB OBEM £/ —FNSER Im FTOROZFFOEED SUAS ~AOD

F E8HC— A% HERICTOEAMOBEIZELEREF>TWEA, LV/NEIDEEH CIRIERICE 2

43 B3 “by leveraging wireless power beaming to create a dynamic, adaptive, speed of light wireless
energy web.”

44 Tactical Wireless Power Beaming Technologies for Energy Web Dominance Request for
Information (Notice ID:DARPA-SN-23-22)

93



HIAT 20D | DDFFREL LT, BB —L U NEEHEDOKRETEAA TS, 1 BE-IZZED
RATHRIIN T 53—V e — A RO BELRERFEM THEOEET N —F v ZET/\—F vDH
XL E ZBIRNBIR T 2R 2R L, X512 RF 2 BRAREKTAVE —IIE B 5 oM £
BIEL TV, XSIRIRATREIRNA RF EEHV L —&2 3 R— M3 EMOBFRICERVEA TV S,
AR RFLIZ, EDOIZRER 100m 26 1km DOFEEET RF B % BT 572D DEAMCEHH LY
Va—Ya B35 ERERDDIEDTHY, ENAINGET N—FvIZ&dIe—L YV NE—ALT 4 —
VY RF 8HVV—, EZEHEOHFAVER,. BABVY—ALIvvayEH RF MHEKTAV
F—ZHom EEOBMMNEENS, LL TS,
6. A RFI DfEDYIVIL 2022 £ 12 B 16 B> TW\ =,

POWER
(Photon-Photon)

b = :
State of the Possible

(Photon-DC-Photon)
S 3 . - =N ,

State of the Art \
(Ground to Ground)

4 3-27 POWER 0075 LMDEFMAZA (Credit : DARPA)
HAr) https://www.darpa.mil/news-events/2022-10-05b(2023 &£ 1 B 16 HEE)

c. Raytheon #tIC&2IVFEADFHLLY GaN Diode L U7 FDEIIEER

2021 #izZ, Raytheon Technologies #t® Intelligence and Space System Business
Unit(Y—4&"—I& Hooman Kazemi )&, FHrLWHEMTH S GaN /v ay hF—& 14 —K(GaN
nano-Schottky diodes (NSDs))%E7 VLU, EHEAIVEEG LV 77 EIEE % T USEE
EERETo721%, IVHENREUABEBALUTIE, 77— 71—V RIERE N mEDERID7ZDITIE,
SZEIMO/NULEBEBNBEEMNF—THY), IVIEED 77— 71— IV REREN I I7OFEFLH
BUTREEREZ KBIERT2ILNTEXSIL, LLTWE, W NYROD/IMEEB LU KRESTDR
MFHT 21T, GaN /Y ay b —L 2757 F 23 EL. 95GHzZ IZEWTANESNE 3.6kW/m?
THm&45 RF-DC %12 61.5% %L T\,

45 Hooman Kazemil, “61.5% Efficiency and 3.6 kW/m2 Power Handling Rectenna Circuit
Demonstration for Radiative Millimeter Wave Wireless Power Transmission”, IEEE TRANSACTIONS
ON MICROWAVE THEORY AND TECHNIQUES
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Integrated Diode

Input low Tee structure
pass filter *
B

== —

3-28 LOTFDEYNPYTEE(E),/GaN/SiC JT/\EIZ/ERE NIz GaN /Y3y b+F—LoTF
MMIC(2.1 mm x 0.75 mm, E& 50pm) () (Credit : Raytheon Technologies)
HiFR ) https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=9540212(2023 % 1 A 16 HEE)

2) BRM

FTIE 2014 FEiza>y—v 7 A WIPE (Wlreless Power Transmission for Sustainable
Electronics) (http://www.cost-ic1301.org/) W& INT\E M, N—R2ZF 41 7'¢ RF-ID
DIFFEIZ L BB WPT IZBAUTCTHE M > 7-#X TR o h-7=,

a. ESA. Airbus LU Emrod 1t & DHEIMAEIC KL D BFENIEEER

2022 £ 9 AIZ, =2—Y—5Y R Emrod #ti& ESA, Airbus 4. TechnoCarbon #:({4) & D
HERFZEIZE Y, SBSP(Space-Based Solar Power) Fli&D AT T 2B REDEIEIZAKIN U=
LFF U, Airbus #:0 Munich Area Site (Airbus Innovation Facilities) T174#/= Emrod
HOBATEVAN —Yar Tl BER 1.92m DEAHDT7z— ARV VARET VT LRV AD
ZETVTFERVT, B 5.8GHz T 36m DIEEZEGTENERELE (K 3-29 2R),
Emrod #DOARE AL ESA AR EL T HMRE S Z%E (WPT) BHShERDZEBICER Y S AT REMEN D
2EDTHY . RERRIIEMAID SBSP A RIERERIR T AV X — X DEFEERRE LT, 3.1.2(DITR
U7z SOLARIS 7075 L% 25EDE>T 05, BEAREERIZRUTIE., Emrod #ix Airbus
Defence and Space # &) EESREEZIF TS,
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3-29 Airbus Innovation Facilities [C P\ TITON I EBIFEIMEEEE
HAT) https://www.bbc.com/news/science-environment-62982113/ (2022 £ 12 B 14 HHE)

3) HE

FRETIX SSPS DZeRF %2 EE LT\ 5% CAST O National Key Lab. of Science and
Technology on Space Microwave »% SSPS EFFHD Y170 WPT SO FERFE 2 1T-
TWd, £z, KFTIE FUL SSPS M3ia FBUTWSEERZE, W[ KFE, ARETRERFESE
MY O EEEMLEREZT>TND, X512, L——WPT HiftOMEEFEE CAST, LRI
REFETITONTVS,

2021 & 8 AiZix, CAST offadE &, China’s Aerospace Info Research Institute 23&
VHEIZBWTC, BEERIRERIE S 7Y N 74— L UM A EE 300m D1 70z
EEBRETo/k, FRIL, BEBEERIY N -0V I MNAR— =V ¥V | D—BE LU TITD
N7=EDTHY, 30kg DRI —REHEH LT, EEHINZ AIS 7—4%15, SOS 7—4%(5.LTE
BEDAN—R 1 IOFEDREREL ERERIED T AN T 72,

CAST Tl&, Zzoofth, EREZERNICEWTGEETYVTF 1.2mX1.2m, L7571 2mX2m, {5
EFEEE 30m IZHWT, EFHS 900W, B —AFIEHEE 0.44° L E. MW-DC Z#ish% 49% L
ZERLTWDS, /2, EERFTIX 2020 FIZEMIS VT 5.8GHz, 448W v 271D 60m D
FEBEDRIEEERZ EML TV D,

4) —1—I—-3UR
2019 FHIIBE ML XIN/2=—a—TU—FRD Emrod #id. FESE 2 fiDESH L4 Powerco DESE
RIMEZIT, V1 VLA D RIEHO T IV — ik 2 IR AT M OREBR 2B LTV 5,
iz =oa—Y—SV RBFERP=2—V—5 YV RDA ) R—YaVyFEMK Callaghan
Innovation DBIKEIZLY ., XA 70K ENRINIESNIE#TEIAZII TV IV E BT a b1
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TOREFEETOTWZAN 2020 ELVE 2 DT &1 T 25FE L. Powerco DE&RMEEZZI T,
AR RIERE T AL X — (R SR AT O M ORBRICEF Uiz,

2021 £ 5 BiZid. RFIDBEHNTOREEREBRICERIN Uiz, ME - WREE - BR -SRI DAFRETHD
SGS MBI LB =ZFHEL L TIb e, HEDBEIZ 32 M RE R MREE L/ (K
3-30 ££R), 272U, ISM N REFIHLU TS ZLIIRINTHOBEDD, HIT0MEREDIERIZ
DOTREHFERINTOZ,

ZDRIZBATDT4—IVRFAMEEEL, 2022 &£ 4 NS 6 BIZMNI T, Za—Y—5 2V RD4
FFFTNT—E—LATONAT VAT AL 2 ERETo72 (K 3-30 HSH). 200m DFEREE
BILEETV E— LB, E—LARAT TV I EM ENEEL NV, BE2VAT LTV TFHHERED
I LABRICH AT HEMOEE IR — 2V MORERE T o7z, ARBRIZ =2 —Y—FV NDOELH
TV F—RFEtLZ—Ara Ake & Powerco OB ADTF, f7hhiz,

/- 2022 £ 9 AIZlE. ESA., Airbus #t. TechnoCarbon #t({4) £ D/8—hF—w 7 & ik
L. #ikd Airbus #:0 Munich Area Site (Airbus Innovation Facilities) ERNT €Y AR —
YarveEERLUZ(E 3-31 38),

X5122022 F 12 BIZIX.ESA DL IR A U Fark—ray s A THS ESA BIC I8
INiz, FttiZ ESA BIC Bavaria®®iz&fiL, K1Y -2 AV D AZO HQIZA 71 A&iE% H¥
fE&175. LT3,

TRANSMITTING

“-"RECIEVING

3-30 BRABROFONATTUFH (), T4 — IR HBROEE (45) (CreditEmrod)

HiFR ) https://emrod.energy/emrod-successfully-demonstrates-indoor-prototype-to-
powerco//https://emrod.energy/emrod-taranaki-power-beaming-taranaki-field-deployment-update-
video/ (2023 £1 A 20 HE%)

46 FHAI)R—Va ORI -4 —THd AZO WEELTHY ., Ed. £iff, EMX, i OFHE &0 2 FHo71s
ILERHELTOD,
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| w )

3-31 Airbus’ Munich Area Site TDZRIFEER> X T s (Credit:Emrod)

HiF) https://emrod.energy/press-release-emrod-successfully-demonstrates-power-beaming-technology-
to-unlock-space-based-solar-power/ (2023 £ 1 8 20 HRE)

5) &E

BEE O m A2 (Inha University)id, 2018-2019 FEIZ X NV ROESF=EIZI VERENT
5. NV LEFELUYA Z7OEEREIDORITHR (microwave-powered airship drone) SEE&#&D
FAFLELE2ToTVD,

%/-. KERI(Korea Electrotechnology Research Institute) BSEFRZEH &3 (NST)D
BIG Issue Group 7>z 7t LT 2019 05 2025 ELFTORIMELFBL TS, FHT
DOHFERE, KENEEVATLAEERTHIL e Rl BT, i B TOEREM 0
BHEEERIZEGHA TS, 2021 FiZlE, DC-DC avN—&LfHAEDE =Y ay b e—F (14—
R% DC HHAIAR—NMIBRETSHILT.DC EAEHL NIV & LIR/IERATRER T LBV 75 F %
FIF L. BN EBREIT 572, 1284X8 DL T HIE IS KDV I TF 71 2 FAWT, EZEHHED
FREE N RS, I ENSDRENAEL RS-0, % 50m IZREL. BAERET-oT\S
(® 3-32 2R),

Z A, Korean Wireless Power Forum »%##iXh, EEFROKZICIY 170 WPT £
BREANDEREAIMTHON TN,
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3-32 KERI [ZHIFBILARATRER T L1 BIL 7 F DEANEER

HAr)J.M. Woo, et al., "Extendable Array Rectenna for a Microwave Wireless Power Transfer System,” in IEEE
Access, Vol. 9, 2021, pp. 98348-98360

(4) L——ARXWPT\NT—E—-Z27)DEHFEEIF

L—H—5R WPT DERIZ, 170 WPT JVEBNTEATE TS, IEETIE NRL
DARPA MW REEBERIEDFREMEIIEE LTEY ., BFUEANED SN TS, NASA TE AEHERICE
3L —H =T RINF— (X TOMFERRBENMTHN TS,

NRL Tix SSPS WHHZEDHLAYITHS Paul Jaffe KA, 2019 &£ 5 BIZAV—FVRMIZH B
U.S. Naval Surface Warfare Center IZEW\WTREEHMZEMN\T - —3IV 7 DHFDTEV AR —
TavEIT, 325m DFEEET 400W (ZHE) DLV —F —{rk & KXW 7=, £7/2 DARPA Tid,
2021 % 10 Aiz. IBreakthrough Technologies for Energy Web Dominance |70z 2k
® 7= ® SBIR (Small Business Innovation Research ) /STTR (Small Business
Technology Transfer) Opportunity (SBO)%2FH U, EFHHIV S NDRELE Z T 7=,
Energy Web Ay h7—2&id # EOLV—HF—HFENSGZEHFD ) —NIEH2HHEL, /—RIEED
BHEZBUTCEHMOERIIGUTHEAL, B3 I1EK- 2B %MD Energy Web /—NRiZH
MTRLNSEDTHD, ATV IMNE3.2.2(3) )b TERUZEY, 2022 F 10 HLY POWER
(Persistent Optical Wireless Energy Relay) 7027548 U THEGEERIN TV,

F7-. NASA IZBWTET7 NI AGHEICEE LU CTHE CORAFBEIRIIBITHE N DEENEE
HELL-THY, ZOREKE U CHEREICBII AL —F—Z 3N F —EE DA e IZ DWW TOHEL
HAMALNDEIAHLL> TS, AFEERADE NN RE2L NV DL —F —FEHE— MRk
BT DT F4 MEFEY AT A DOWTOREREREH A R (808nm) TOLV—HNT— (R % 1T
W, GaAs ¥ InGaAs LPC(laser power converters) DMEEFHEREBRE 2 1To TV 5, X6IZE
EXIVFANEILLY | EEZLVRRA BRTAT 47 2 BEHAET> T3,

Zoft, BE{2E UTIEKED PowerLight Technologies 0L —H—%&fF >/ VL A4
ERMOBEFKE T TN, BEDRI & TH5 LaserMotive #4% 2009 £ NASA Centennial
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Challenges ® Power Beaming Challenge T 1 i #18L T\ %%, 2019 FiZiZ £ NRL
Dl EEFFRERIZS MU TS, X512 2021 £ 10 AiZlk Ericsson @ 5G &E#i/F [ Streetmacro
6701 (BRAHEHEES 300WIZX L, BHDL—P—EEBE VAT LEME T, MHA—MVEEN/-IE
BENSEEYY MDEN 2 EETHEIMEERIIEKNILTHY, 2~3 FRICRRILTE S RIAALRS

TW3,

ISIZEEHEETORFELLTIL 2022 & 8 AiZ Lockheed Martin #EAKIBEIZ 60kW 8k
DL —H¥—&gY 254 HELIOS (high energy laser with integrated optical-dazzler and
surveillance) AL T34, L—H—Ea]IZBIL Tk Northrop Grumman #& BF % # DT
BV, 2021 £ 12 BlZF 7T UBIZEWT 100-150kW OF TR NV F—L—H EEY AT LDRERE
fToTW3,

KEDSNTIE, 2022 F£ 1 B, ZEETHV—KRFLAX—NYvTRETHS Space Power £
EZ% 71>z 2 MSPRINT(SPace Research and Innovation Network for Technology) |
D—ERL LT, LEO /NEFEEADL — Y —IZ LB WIRE N ZE MO B THEHRRL TN,
Space Power 1% 2023 £ TIZHE EEEHZ L, 2025 FETIZELRIIEELTIEND
FIHEZYTTW 5, BEIDBAB LUEN, BREEBHND 3 DORWTT7+—IVRT AN EREL, KR
BECEY — LA IR OME L BEE 2R T BEMICENS 2 T T 2 HEIRE L — LB H |
REALTWS,

2023 &£ 1 AiZi&, FEOFEIL T A (NPU: Northwestern Polytechnical University)
AL ZEREN R R0 —> (ODD: Optics-driven Drone) #BEF UL U Sz, TEIZZHET 2—
NWEZEHLTEY, ZOEMNIZII BT INF —DL—F N2 ENIEBRLUT, BAMIIROED
LIENARETHDIELARINTWS (X 3-33 5R),

3-33 FEFEILTEKRFHFIF Lz ODD (Optics-driven Drone)& RITERER DI F

HAr) https://shx.chinadaily.com.cn/a/202212/30/WS63ae4443a3102ada8b22907e.html,
https://asiatimes.com/2023/01/china-claims-to-have-mastered-laser-powered-drones (2023 £ 1 H 26
HEE)

(5) ZRMmEE WPT DRR1EEIA

WPT Hiffild, JEBEE WPT SARDOEREAEATUTEAZZD, BHE WPT IZOWTEEET
Ex 170N WPT 2 H0NIhk2 REREDRAIGEY REREA, Fl, A ASTIVRED
Ry Fr—EEFONERIEOBSEEATEITOD, FTIXERN SLEH TOMRENERITOW

47 https://news.lockheedmartin.com/2022-08-18-Lockheed-Martin-Delivers-Integrated-Multi-
Mission-Laser-Weapon-System-to-the-Navy (2023 £ 1 8 26 HEE)
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TG L EIEE U2 O FER R - EREEMERIIT DN TN D, A7 1 AW, REE. i
Mg, L5, ERRERR 2 BFIAY —2TO 0T BB AN — R T4 VREADIGEE BIEL L, D&
EUTEANTORANREINT VS,

Energous Corporation, GuRu Wireless, Inc., Ossia Inc, Powercast Corporation &
W 7Ry F v —RENEREER WPT EifDER{bz EEL, XE 2 EO R EETORKED
RAE D, NUE TSR (AR Uo7 7 7IVEREE) X [oT Mt ofE#EROR R
o T \é'{j{{ﬂki)éo

1) ERAR WPT DEA{CER#EHEH

BN -aiERE - /NESHYATAIDWTR ERANEENE LU —EHRE/NTHATEY,
900MHz, 915MHz, 2.4GHz DY A7 AMNEREINT WS, £72, 24GHz ®IVFEDEDEE R
LIz CTHRFEMTDN TS,

*ED Energos #TlxWattUp® |Near Field REFRMOEEILETO, IW BXU 5.5W H
510> WattUp PowerBridge bS5V AIvEDERGEZIT>T\S, §CIKE, BN, FREL AR A
FH A=AV T 22—V IV RBIUEESE TR ZEL, RTS8 T W5,
h~REHAEE R OWTIHMAR T TH S, 2022 £ 8 AITIFHFLVEEH WattUp
PowerBridge b7 A3v & (15W) A FCC Part 18 MERA[ %52 T\ %, £I1Z 900MHz H % #H
LT3,

IV 74 N=7 TRARZ (Caltech) WSD ALY A 7L U TERIL IN/KE D GuRu i, IV (2
4GHz #)IZ &% EEE R EHAT (GuRu RF Lensing £ifi) 2k 571 ¥ L 2 OTA(Over The Air)
BNEEAITIVATLHAREET>TWS, RIEIFHAEEETH S, 2021 & 5 AIZ Motorola fh&
DREEFHRL TS,

KED Ossia #id 2.4GHz > 5.8GHz # DB % H A L= Cota® | DHAMiBEFK B L U1t
VAR ET o TN, BFERGEIITHROD, L DEEMD Cota KNIt A% %), HE, &
B, BRARGE, 7TV NRIER SRR R REIRIHoTWS U= AT+ —I VTR BHALT. EH
BN 1~2m ZDOEFHEE 1W ORBENTEXS, 2022 F 3 AIZid, BEHEIfEL FCC 76
EREBEEEDFIPR % 3% 1T 5 e R CKETHATEXSRA &2 2 T34, T VM E &S 45 »
E EBLONKE S0 METITBWTHERMOFIRAFEAT LN T EAM 2 MRICHARAD 2
WHEEL 72> T\,

*E D Powercast #tid 915MHz #i% % #IfH L/z[Powercast®]. [Powerharvester® %o

IR FE & K E N TIT>THEY, HFRFIZ 100 #L EOBERELNN— M —BEEFL TS,

X5ICBEFKR ETH BN, KEDARVFvy— 1% ThH5 Reach Labs #id 5.8GHz THE W DE
HEHFMIZDZ>TRE RA VR by - RVFRA Y NCERTAEMOAEET> T\ 5, Bt
2022 # 12 AlZix, 3000 ARIV(EET 3900 FRV) DEEFEEToTV\S,

Zooft, 2021 &£ 1 BiZid, E® Xiaomi Corporation MV % AW/-LEEEY 1YL AR E

48 https://blog.ossia.com/news/fcc-issues-first-approval-of-wireless-power-transfer-with-no-
distance-limits-to-ossias-cota-technology (20234 1 B 27 HE/E)

49 https://reachpower.com/reach-to-deliver-the-first-industrial-scale-wireless-power-solution/ (20
23%F 1 A 27 HEUS)
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FiftiTMi Air Charge Technology | DR ZTHIILEFHKEL TS,

—%4.EANTIX 2022 £ 5 B, Y1 7OFREDREIENE —~ ATy T LT, MBA XV IEKE
FEITHRAIZED—EEWIETIES I MNAHIN, 920MHz %, 2.4GHz #. 5.7GHz #HIZB\W\T
WPT FREBEE L THTON, ERENEABANEREFEE I N, ThUZd) BEROEH:
AT TR ELREDBEN TEMmER VA VYV ABIREY AT Lk V- BARAEN TR
BoTW\5,

KE AR T A —RRKEFEDRYFXr—ThHdTAR—) IR HEIE, 2020 EIIIN T THEE
CEFFEREEML. 15m ZDOZEFKITHE mW BB TXHREFKRLTNE0, X512 2022 F 5
AlTid, ERRESORMEZIIT, Hiti: WPT #85T AirPlug® 1 (R 3-34 £8R) DIRFEHADHR
ErEFERUZ, X612 2022 F 9 BITIE Mh THE OFR EEA CENYIL 25 [ EIRE N {mE A
BAERREUTOERAZRBL. R TEAAIC, Bm BN BEENS IR E T A28 AL
7=, A, 2019 FEAIZED Space Power Technologies #tE R A EEH 10m BEDL—2A
r—AEREL, ;17O A RIZES WPT HiEADS AR BIEL TS,

FNFVZ IIIFERFELIHFT, 920 MHz HOER ZIEH U X EHE ZERNORE A
IR ESEEY AT ATEnesphere | #BF LU (K 3-35 £8). 2022 4 3 AXVY U ViR %
FR S HLEEIT, BRA LR - — CORBRIIEA 2 DTS, Enesphere |3 920MHz 1W %
HAREHE EEENORFINAZBENE2 T ANT—JRELTEET 22 EHEKATHERINT
W5,

HESE

s FUTFAR  BAR—NUNTUoTF NYF - ZoTFHIN\K7 oTFFESBRT
« FREE : 920MHz#H 2ch(918MHz, 919.2MHz)

« ®EARK : CW(Continuous Wave)

s HAEHIWHT

+ E{ERFE : 4F03%{E50msecl LFIR

« F—4%{E : MQTT(publisher)

+ RBHBFERZ

____________ BEER
. DC 12[V]: | P 920MHz#
AirPlug® "4 . 2n | LIZ] L g
W el g BBy | D))
— hEy - ((«
I E Wifi E Data(2.4GHz)

D -BEF—4

EHEER EXK - BHRERR F

3-34 TA9—)2 0% DIAIrPlug® I
HiF) https://prtimes.jp/main/html/rd/p/000000009.000071264.html (2023 £ 1 H 26 HEHE)

%0 https://prtimes.jp/main/html/rd/p/000000003.000071264.html (2023 &£ 1 A 27 HEE)
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O ==

3-35 NFTYZWIORBEREULEYIIOKRENGEXT A Enesphere
HFT) https://news.panasonic.com/jp/press/jin220324-3 (2023 £ 1 A 26 HEE)

2) L—H—A WPT DOEAMLEHAEH

L—HF—=FHRD WPT &L TIE 1 AZTI)VD Wi-Charge #BHRMEL —H—I2LBT71 VYL AkE
EHT (AirCord™) DB EFHFZT>TW\D, BRLIZOWTIERETHSH NTT FaAESHEEL
T3,

F/->kE D PHION Technologies & ERRIZAHRAMREE W71 YL ABERMOBFEEZ1T-
THEY, 2022 £ 1 BIC=ZZEHAMBRRESENHEERToTNE, E 1 HHROET L, ENOVIRR
IZ5W DEHEMIATEFETOFRMITIL 10m 282 2 HEEIZBVT 20W TPC 2 KBTS
WTE, EEHERFIRETIILIZEY, 45~200 ME2AN—FTEHIEMEEINTVS,

3.2.3 FEEIM

(1) KEZEMEATOIRIR

FHAKBEMIISWTL B0E, BE, SNEETRENEERINS, MR UTIE, #EIZs
FERAXRBEMMIIB DT EROYY) IV EEERLVE | BENRIEN AW HLEERN LA
HNTWD, /2, ISIIEHRE FOIRTFHBEL U TEZEEABEMNLEAINTNS, [5<
BERAKGEMELUTHOONTWEDIE, GaAs 2D III-V HEHXEREZEF 52 AV 3~5 BLHE
DEBEBLVTHE, 8B, BHZETICB 2 ERESEABEROE RSN RERIL
86.6% L 725> TS, IEFETIE, ARIAMEAEAIF T X 5 EERBGEME LT, CIS 2% CdTe X5
BMORFEIEDSNT NS,

KBEMLIVOEHEHRIZBEL TIL, KE DB LT EE T VX — i 55 A (NREL : National
Renewable Energy Laboratory) hSHFZEL ~NIIVDKBGEDN LR DS T v — M & BERFE LT
W5, 3-36 1TRY 2023 F£ 1 A 12 HWETHRICK L A RVORENRIL, 4 #EIVT

51 https://www.presscube.jp/press-release/detail/53b170f2-5149-4e39-9a48-8a0407970942 (2023

F£1H27 HEUS)
2022 FHRIIIEHDOEFIEL AT LEREL, BHEFFDENANNTNAAREBELTIOEILEREERTOFELY

T\ =,
52 “State-of-the-Art of Small Spacecraft Technology”, NASA, Oct 2021
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47.6% %R L TS, /2T T AAA MKRGEMSD LS 28 VN DIV DEEZNZR D, i F
BBEIZA ELTWE IR NS, —FH. FHADKEGEME UTHAINTOEREBHZEDITON
THHEPREE (BOL) HEEICBIT 2 EHIR T/ Oy b 28D &R 3-37IIRT, LDV 25%~
30%DEHINREF LTS IENDND,

FHADKGEMDIIRIZBEIL TlL, BOL HREDALSTEIEREIZEIT 5F mAE (EOL) EhE
LIEFITEHETH D, KBEMOEER KT IS —RINARER L UTIX BEHRNDEBE. 71N—H
FIAREERI DR T A, 5. A - EXHIEELRENZEITOoNDE M, SSPS 12> TEH EOL KK
BFEMENRIII AT AREOCIAMIEWTEFREIIIV T VIR EREIZ>TNS, /2, BIVEK
DN EIZEY 2=V UTOMENEETHY KETEY 2 —N3EE LT 5720DEAMBEFR
BANITHONT WS, HATIX 2022 F£ 6 B2, Yy—TNERY A XDEE - 7V ¥V TV KGE
MEY 22—V (KB THARELRIEMEZNR 32.65% % ZK UL FKR U=, BESAT
DiLEY) 3 BARKBEMEY 2—N T, EFRLICAT TR 20K 29cmx# 34cm (HHE
965cm?) T, EE26# 56g(0.58kg/m?) FTEE(LL TS,

FKEFMOH T, KEGEMDOENRILLBATEETHEDIE, BETCRKEN2HEARTISMEEET
HB, ZTD/b, BEBHEEH (W/keg) DA L EELFEMAREE L L>TW5, BEDH R &K
SV NIVDOKRGEMNSNIVOFEENEENL 1I50W/kg FBETHY ., T L% BIEE UM
MWEDOSNTVS (K 3-38 2).,

ZDfl, SSPS TlIIAEDKGEMEFATIILIZRE20, BIAMEERZ L EMMDTEE
IR 05 EERMR AR Tl BI AN DEEB R M 2 S L, -V B L&Y AE
BMOEIAMEZED TOEH, BITOFHEAKREGEMDIANTHS ITW 472D 7,000 FzH
200 HET T2 BIEIZLTWS5%,

53 YEARA Y I E BRI =T 1 VT REDEF O A, EEREIZIVIERINATE OB THERINSEIET N1 A
T BEN DT, ARIAREVSI RNV ’AH B, 2009 FIZNOT UAESRR RO T A HA M FIA U ABE A G EA
ZOEIRIBEZSIZL>THFEIN-,

54 https://corporate.jp.sharp/news/220606-a.html (20234 1 H 27 HEE)

55 https://www.aist.go.jp/aist j/magazine/20220914.html (20234 1 H 27 HEE)
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Best Research-Cell Efficiencies iINREL

Transforming ENERGY

Multijunction Cells (2-terminal, monolithic)  Thin-Film Technologies aﬁm Soitee FhG-SE
= latice matched © CIGS (concentrator) (M, (4-J, 297 " (438850
= MM=metamomhic ® Cios sg;‘;‘r’;!‘gb | (6-4,143%) &
1M = inverted, metamarphic: O cile (L, 354%) Solardunc &
) g LM, 942
:Thm_wmm(mcemor) O Amorpnous SiH (tabilzed) Specirofab | FhG-ISE swe&‘.emumn( S
- X Fregqur;ianlon (mnc;gs:nuam Emerging PV (MM, 299%) | (MM, 454x) (MM, 406%) o 7
Yy worjunclion (concentrator) O Dye-sensitized cells Boeing-Spectrolab  Boeing-Spectrolah | soiee”, NREL
8 'FFWMUMC':M (ﬂnﬂmvfeﬂ‘miﬂgam] O Perovskite cells (MM,179%) (MM, 240x) . [ a0 319 @327
ourunction or more (concenrator) A Perouskite/Si tandem (monofthic ¥ v ) eing-
m O Fouuncinormos (onconesE) @ crne ey o W e Seeoriab 6 ¥ NREL
Single-Junction GaAs A Organic tandem cells - “oeing- MM ==
A Singe cryta @ inorganic cells (CZTSSe) SPECURD g e o
I~ A concentrator <> Quantum dot cells {various types) NREL A Shars 1M
T Thinam aryta O Perovskite/CIGS tandem (menolithic) - rp (M) FRG-ISE
7B
Crystalline Si Cella e S L O TREL (7 1L A - — ANREL
[~ @ Single crystal (concentrator) Varian Energy = IES-UPM (1026x) FhGASE (117 NREL_ _ _ fdae= B ("g% EPFLICSEM
W Single crystal (non-concentrator) (216x) e e mmmm e ——————————— = b A A
O Muiticrystalline Va(na:’< Radboud Unjy, FNC-ISE (23201 Alta AMd_gunPower (large arez) o
L ® Siicon haterostructures (HIT) (20%) A"a‘f‘ra"
¥ NREL
V' Thin-fim crystal Slanior] B mmm SE = o E mmm S Qb = == mmm = = = 2 7 T AR
(MOz) . Kopn A - =
oM mmmmmmmmmmm T Fh
(T Watson A= === N stanforg UNSW/  NREL Sanyo
Research Center) Unsw = Georgia  Eurosolare (14 = — o=
» P\RCO\ A Georgia G$°'!;I‘3 Tech 0 e
Westing- Spire: Varian UNSW Tech o 0 NREL NREL  NREL NREL
A = NREL NREL U Stuttgart
¢ 0 NREL gt
No. Carolina U
. Siio U g oy SORTEE Florida U. Stutigart UriSolar  Mitsubishi
Solar Boeing e (asincsines) N\
- ARCO —
Bn?j{.gKmk Kou OGBK -
|
Matsushita Kouck g ey Boeing
0 o
- U.of Maing MonoS0lar Solamer <= MIT
NREL /Konarka ~ Konarka, A . Toronto V- Toronta
U.of Maine Groningen U.Linz > o3y
\
- ~
U. Linz . Siemens U.Dresden - /NREL
RCA (Zn0/PbS-QD)
| O—T 1 1 T T O O T T T T T T S T T Y
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

& 3-36 ABEMTILOTIEMERDEE
HAT) https://www.nrel.gov/pv/cell-efficiency.html (2023 £ 1 A 27 HE&)

Solar Cell BOL Efficiency
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(9}

K 3-37 FHCHARRERABERTZILD BOL %1%
HAF) https://www.nasa.gov/smallsat-institute/sst-soa/power#3.2.1 (2023 £ 1 A 27 HEE)
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50 BEAEE

HEE 1M YORERD (BOL) B

5 10 15 20
FLEBH (kW]

3-38 AFFEM/CRILDMERELLER
HAT) https://jpn.nec.com/techrep/journal/g21/n01/210133.html (2023 £ 1 H 26 HEIE)

(2) SSPS AXBZEMICkHSNDEAM

SSPS DFEEVATAIAVWONSKGEME LTI, 1) MBS ENE NI (EOL SR
£), 2) ERENMOBETHHIL (REBNEEHMNENIL), 3) BTy MOIIE L UFEHZE
HTORBANPEZTHHIL, 4) BEVPRDHYREBEENARTHSHIL, 5) RIAMTHDHIL,
FENRDONS, ZD5H, 1) ~3NELTIFHRAELLIE SSPS AREDRETHY, i ETDRE
EFAfE L TOZ—RHMENIENS, SSPS M E TORFENBELL>TLDRELR> TS, BUF
IR BREDF M2 BRND,

1) MBEHRERE I EIZEL T, SSPS ADABEME LT, EOL ORI=RBEIEA 95% LAk
EEWITERBEMEARD SN TN D, £ EMBEHREICIA T, FEEXEHT 7 VICLIHIE
DEELERTINEND D, BE CIGS IZD2WTUIE O EHEMED R INTOEH, F
EIN—ZLVTTRESE R E<TIILETMEHETH S,

2) BMNENOBETHLHILIZBALTL FHIFEHEATHEIKROONSMEETHY . KGEtE
IVINEATIE TH->TE BESIRDBNEDMRAINTE /2, UL EEIR, LV KHAbE
EIRT 52012, BRIV SRS BAEEH 2D DMREEM LSRG TS, -
Si X CIS ZARBGEMIE [II-V ERLSEEKEGEME LAREHENETIZS D00, EEIRZEE
E(LEEHTEXS/-0, SSPS TIIEELREME LTS,

3) By MM OB LCFEHFEFMTORBMNEZ THD ZLICELTIL, 2) Rk, EEKEGE
MHAFFINT VS, BIEDZORKELEENTRETERE YV DEANKEL, ) EATOELE
CFEHTOERAMNBBIITADEIII8-T 05,

4) BFENTSIHY REEENTRETHDZLIZEALTL II-V FEESELEWTIE, Ge ® In D
EIREHID DS, EARLAEE T, BEIREDHEINICT S AEEEZ5605M, In ik CIS
THERHVWONS20, In ODEJRFFIZ DOV TUISEETHITRET LT BENH S, CdTe I
DWTE FERRICEIRFHFIDH S,
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5) RIAMUIZBEIL T, #i E RAEFAKRGEMDIERLFAREFF DT CRELEMEGH NSRRI
FHTED, —IRMIZHIANTHB -V ELEHATTIIENRLMEEE T HIAMEIELD
EMEZONTVD, (R FHEATHEAIN TS EMROKRGERZ, i EFAOKRILFE
EIEATOIL T E TIT 2L WS KO EE 2 515,

PAEDE 57RO, BR, SSPS IR IS KGEMELTIE CIS RBLV(EARLHEE
T OM-VRSEATORGEMIEERIN TS,

F7- KR AKGEME UTHREEH 2B 0TS RO T AN MRGEMIITERE, KEEEMNT
REMDIEIANT, BOMBHIRE 2RO ZEDNFIN TS REMELTETEY, BAZE
BRIZERAICEDT THRERAENRE EA TS, BN TIIBKEZETZEORELRED 2025 F LU
FEDEEZHIEL TS, SSPS HOKRBGEMELUTKRELATREMEEZELTEY, SEOMFEDE
B I NS,

3.2.4 X&H

3.2.1 THTRUK ESA 1245 2 DOBRERAEDFE LU 3.2.2 THIAETRUASMAEIC
EOE, SSPS DERITKELREREANL TORAMRELBEL, HROBMKEEF 2 A HERY EE
HIZEEHE U/, £/-,. ESA DERAFESRAENSKIMER2E B U TIAMERS LU 217 o /2
RO F PR DOBRAE S FL D, SROFEFEIZAT RE LS AMFIIOWTERU, BH -
aiiERER 3-20~K 3-21 IR,
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7= 3-20 SSPS DEIRICHEBREFRIRINE T DRI EFESFDEEIE(1/2)

% BRES _ _ -
: : FEiTRE B OERKE BiEfE.20405FE O FHE RN Ok E ELFE RAROEmEE
K38 338
= 0.94~0.96(FNC) I
SEIER . _ - , o N REHE]
o Y7LI & = IKAROSZE D/ — 5 —+ A L OE% - BEH [095~1 (RB) - 3 T
St wEAYFZI Ly b FhihTud T S e TRL 8 (RB) nTWaDT, SREBERZATLD
Z2iESUA A _ T4 Vo, K A~0.027kg/m-( J L
ZE=1 _ J g\ ; S ENRE
0.1g~5g/m2(RB)
- S :0.23 (CIGS) ~0.44 (3EAEHXH
) AEAEILTAT.6% 0.27~0.36 (£3xF) (FNC) ERFLALOBMERL VA, >
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= SRS T o N A ¢ 200F/W(ERT)
- A : 70008/W
REEEI 2~5km*/yr (ESA)
- 470 (3&) ~816(CIGS) W/keg R ey —
7 ST e i€ - ' L17/~0. Jm- ¥
==k - BEABER/CFA: 150W/ke R . .
= LRSI AMEARE s |00 0Ske/mT (100um D3
_ . . A—HFZTE) (ESA)
0.58kg/m’ (& v —7, 2022)
EhHAE =z )
=EEL 300~1000+ V (ESA)
JEEH =
. 0.78~0.87(FNC)
~Z & bO»:08 f f.'\. .
i, 0.75~0.9(RB)(ESA)
=% |SSPA : 0.6 N
_ _ -~ SSPA:0.85
DC-RFZ it 7Z74AZ 0> 0.8 _ o
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