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Abstract 
 Institute for Unmanned Space Experiment Free Flyer (USEF) has been studying Space 
Solar Power System (SSPS) since 2001. Research on promotion of utilization of solar photovoltaic 
power generation (using microwave wireless power transmission) has been done from FY2004 to 
FY2007. SSPS is thought as an ultimate application for that purpose in space. On the other hand, 
concept of very large scale photovoltaic power generation systems (VLS-PV) are advocated and 
studied by International Energy Agency (IEA) and so on. VLS-PV is a photovoltaic application on 
Earth, especially in the desert. Both SSPS and VLS-PV are large scale systems. In this paper 
typical concepts of SSPS and VLS-PV are introduced and their estimated cost of power 
generation are compared. 
 
(1) SSPS 
 A  multi-bus tethered SSPS concept is selected as a reference model to estimate the 
power generation cost . The space segment (satellite) is a combination of identical unit with power 
generation, beam control and power transmission. The ground segment is a rectenna of which 
output power is 1GW(1000MW). 
 The breakdown of SSPS construction cost is; space segment 45%, ground segment 18%, 
transportation 37%.  As a result, estimated generation cost of the reference SSPS is about 9 
yen/kWh. Every unit cost of materials is assumed to be that of 2030's which is rather challenging, 
that is, a target cost. Cost of solar cell and launching cost, to LEO, are primary factors of power 
generation cost. It is expected that PV cost is between 30 to 50 yen/W and launching cost is 
around 10,000yen/kg-payload. 
 
(2) VLS-PV 
 VLS-PV has been studied by IEA Task8 since 2003. They have done 6 case studies on 
VLS-PV in the desert of the world, namely, Sonoran, Negev, Gobi, Sahara, Thar and Great Sundy. 
100MW system of Gobi desert is shown in this paper as a "test plant". Ten 100MW systems  will 
make up a 1GW system. Power generation cost of 1GW system depends on initial PV cost($/W) 
and global irradiation(kWh/m2/year). In the case of Gobi desert, generation cost is about 6.5 
yen/kWh. According to the roadmap "Cool Earth"(METI, 2008), the target cost of PV generation is 
7 yen/kWh in around 2030. 
 If VLS-PV is expected to be a base-load station, it requires electric storage devices to 
supply power at all hours of the day and night. The extra cost for storage will be more than 2-3 
yen/kWh. In this case, generation cost of VLS-PV become comparable to that of SSPS. 

                                                  
1 Presented at the 11th SPS Symposium, 17-18 September, 2008 
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2.1 lmj¸�º67;E(SSPS) ¢�y©W 
(1) q«F<I 
©Wq«!���[1]��§�,�CI9;5N¿CI9A7Àg SSPS�
+�F<I �¦

�u¨6>H1.eÂ�������fP67;E¿J2;>À �¦!SQ (��
+� 
 MC02K�d�� =5.8 GHz 
 MJ2;>�w =3.5 km  Mº_b¹`� =90%SP(º_pt;NB��) 

 MJ2;>� �¡]_(DC) =1 GW¿]_OngÀ 
SSPS u¨6>H1���!Áh ;5NSSPSG?:=.aT¿� 45=LÀ����|*

�/�¬�.\V�g®¯�¿RLVÀ.���¾t� 500km U¾t­²$®¯�����­²
·®¯�¿OTVÀ��&�
�»�¤�­²%�®¯�+� 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
(2) ¢�y©W�V���¨nX 

USEF�!r{ 14st ª�����' SSPS ¢�y©W.o����+�[2]�lm£�
��¶���(JAXA)� ¨nX[3]�'c-���Z°3N7	¿}vR�! JAXA¨n���½
�À���,).#%
��)�U47=.�)�����3N7	.¨n���¿¥ÁÀ 

 
¥Á ¢�y©W�V���¨nX¿2030s¼.znÀ 

r{ 19st�§ ½� �r{ 14st 
�§ �Z°3N7 ���3N7 

aT 

(1)lm�67;E 
j¸º� 30 50 30 [/W 
DC-RFi~ k 180 300 180 [/W 
B@I�±� 5,000 35,000 5,000 [/kg 
A:;H �  (30) 10 [/Wh 
A7^x³ 2 (2) 2 Y[/ton 
A7M8DN´µ 0.005 (0.005) 0.005 Y[/ton 
;5N67;E 0.05 (0.05) 0.05 Y[/� 
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(2)\?013: 
RF-DC^q�a 100 100 100 Q/W 
<,36j�VG 80 76.33 76.33 MQ/km2

[\VG �  5.29 5.29 MQ/km2

(3)�  
m?�­LEO��® 0.1 0.173 0.1 MQ/ton 
�¤¦� {(OTV) 0.35 0.35 0.35 MQ/ton 
OTVp¢T 400 500 400 Q/kg 
j�s¦ 2 1 1 i 
(4)Ic=£� 
bd{013: 2.875 3 3 %/i 
\?013: 2 1 1 %/i 
(5)��C 
�}gX 40 40 40 i 
013:�L� 90 �  �  % 
Y�ª~���o�� �  95 95 % 
JO¥¥S 3.0 1.55 1.55 %/i 

 
(3) �}k�G�v 
P¡->1��B���m?�.15�§H
#�j�������ª.15�¬ ��%��

�y->1���U�ª.15(10Q/kWh®�W�D@�� 9Q/kWh�����­�°® 

 
�°� SSPS�j�.15	"��ªVG 

 �P¡->1 ��y->1  
bd{013: 11,165 5,683 MQ 
\?013: 2,286 2,286 MQ 
�  7,770 4,747 MQ 
j��.15 21,221 12,716 MQ 
Ic=£� 591 336 MQ¯i 
�ªVG 15.86 9.28 Q¯kWh 

 
 
2.2_�z`¨N�ª013:(VLS-PV)��}k�G 
(1) Z©*7;+>{§(IEA)�->1124) 
Z©*7;+>{§(IEA)� Task8 �������(S���_«�=¬RU�`¨N�ª_

�zS�w�x��&��%[4]�

��x��|����hu�f�(le���%� �n
�	"�.15<9;����K���!�(E����%�->1124)�A��±\]�

��­Sonoran, Negev, Gobi, Sahara, Thar, Great Sandy®�����'&���

��rt
�!��/8���F(�$��%� 
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(2) a�5/6 

V³���Q��fxW_[ 100MW*,.3�|k�"! 1GW� VLS-PV*,.3	��

"�"����eI�"!���>_
��!�  

 

V³ 1GW VLS-PV*,.3�{i�&48+ 

 

(3) ��j�C�A�
��_D����C�y 

)2���'8,,-/%���Mt� 100MW*,.3�������j�C	�#"��

!�100MW*,.3���j�C�Onv?$�³� SSPS±�}'8,²�a�
���� 

�³ Onv?����­(,0(1) 
°� VLS-PV E � SSPS±�}² E� � 

`�rt ¢�dw  2030g¯  
h�go 1g <X�\S 1g  
­P�~ 100MW  1GW =1000MW 

12.8% �� 35% dw 
]«­� 

240K/W  2USD/W�`�t 30K/W  dw 
YZ= 0 <X�\S 5.29GK/km2  
¦N 3%  1.55%  

7.99 oil/kton 
mile 

qu� <X��
; £(1,000km) 1,000:K/ton @�¤��l;�

 £� 0.3H/ton 
km/truck 

0.048 oil/t km 

<XJ�ª; £
(600km) 350:K/ton @�¤� ®��

¤�� 

47.17,� 0.084%  3%  
��bT 30g  40g  

�­(,0 12.1K/kWh 10.1cent/kWh� 
(Fp� 30°) 9.28K/kWh LP9_[ 

 

�³�������SSPS��Onv?	��!���m����U¬��!�VLS-PV	 1GW
*,.3���k§
��
±sRt²��­(,0��¨�,-80r�]«­�Cz���

�qc¥�B^�!�
��![4]�)2��±g©qc¥ 1700kWh/m2/year²� 100MW±`�
t�]«­�Cz 2USD/W²� ,-80
�\S�1GW�*,.3�k§
�\S��­(,
0� 5.4cent/kWh=6.48K/kWh��¡�"��!±�´²� 
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õě r¯¾b�/(Ûč=AG(2) 
đÝ VLS-PV i ï SSPSĖÝÅė i� ï 

�Ö¸½ 30�  ćÛć�  2030�Đ  
čuøÆ 1GW  1GW  

240l/W  �ý½Ėć�¸ė   
�ĊčË 

120l/W  ¹z½ 30l/W  �¿ 
Ûč=AG 6.48l/kWh 5.4cent/kWh� 9.28l/kWh nuX�� 

 

ĚĘOWATWHčÏ ��%ï� 

ÖÔ�&ĂăĖ©Z�ė=AG
ĕ����,ëÎĎĖÛč=AGė�& VLS-PV& SSPS6
mĔ���2/	#£532������äĈ#È)��Z�&��Ĉ&-�47·Ĉ�-��

��Ûč
¢��-½���"��,�24¸Ĉ����čueí6ó	#&òčüi%�ü
¢
Ē "2�Ö��&dsču6°ÉCQ"!pÙ��%òč
ó53��2
�CQ�ü#&å

�%qé6{�2�Ö��â�%òč@AFQ
ï
03��2
��¿Ü#& 15,000 l/kWh
Ė�� 20�ė
ÝÅ �3��2[5]� 
a#ę�§% VLS-PV ��24 ¸Ĉ#5���ÍĀ�# 1GW %ču6eí�2(24GWh/day)

� 6ï
2 �¶ÒĖ6ĝ18 ¸*�ė%Ñ�¸Ĉ6ö	�,# 13.2GWh %ču6ò
2¢÷

�1��%�,#&LW<%Ûčðu& 3GW �%@AFQ
¢÷ "2��% �òč%�

,%üi«ā#/1�Ûč=AG#&é 2l/kWh%=AG
vç�32� 
�%h#&�j²č%±�.üi%RUFIUAĀ&�*3��"��Ó#Ć÷"%&��ċ

%ÛčKBWU&×¥Ü">8U:WM"!�&"��Č"!%�g.�è#/1[��"nu

��2� 
��� "2 òčüi%øÆ-Zûa�/1��"-%
¢÷ "1�Ûč=A

G%�o- 2l/kWh�&Î*"�"2|ð¤
ĕ�� 
³Õ[5]#/3'�ĖßÐ#ĉ��"�ė�Z�ĊkÛč%TWHPEN�& 2030 �Đ# 7 l

/kWh %Ûč=AG6Ý¬���2��3# SSPS ~Ä�OWATWHčÏ ��%�t6_\
�/	 �2 2l/kWh`Z%òč=AG
vç�32��%ìÀ�SSPS ~æ`Z%Ûč=
AG "2|ð¤-ï
032� 

 
ěĘ* , 
1) PSDF?W� SSPS%Ûč=AG6®ç��ìÀ�é 9l/kWh6¡�� 
2) ~øÆ% VLS-PV%Ûč=AG&�òč=AG*��,2 SSPS ~æ"��&�3`Z 
"2|ð¤
�2� 

����1)
¦1å��,%¾b ��� 
 V�ĊčË=AGĜ 30ĝ50l/W 
 V©Z�=AGĜ� 10,000l/kg-payload� á� 
6ÝÅ#­
2¢÷
�2� 
"��ċ%9JS;WeíµÌ&�xX%¨Ç#ē2%�&"��^%čÏ %�$��%]

�»ą"ê+}5�
Ê,032)���2� &ÿ6*�"�� 
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