
!"#$%&'()#$*+,-.#/)#$0))(1$

2+3"(#,$*)(.#)$$$

2(456,(738$97:;/'/$<=)$>(?+-(:/)-7-.+#$

@4A,-)+7B$/"#$C7+D#):#$E+/"$/"#$

E-),?F:$,()B#:/$)(?+-$/#,#:3-A#$



!+.#$<-)$G+B$2(3"+7#:$

H#$,+D#$+7$#43+;7B$;.#:I$

5 $E#$()#$-7$/"#$D#)B#$-<$3-7J).+7B$:-.#$-<$/"#$.-:/$)#D-,';-7()1$/"#-)+#:$$

5 $E#$J7?$3,'#:$(:$/-$E"#/"#)$/"#:#$/"#-)+#:$()#$3-.A,#/#$-)$7-/$

5 $E#$.(1$J7?$($E(1$/-$?#:3)+K#$,()B#$(7?$:.(,,$:3(,#:$E+/"$-7#$/"#-)1$

5 $E#$()#$(K-'/$/-$/)(3#$/"#$3-.A,#/#$"+:/-)1$-<$/"#$'7+D#):#$

5 $E#$()#$(K-'/$/-$:/'?1$#4/)(5:-,()$E-),?:$(7?$@()/"5,+8#$A,(7#/:$
5 $E#$()#$(K-'/$/-$-A#7$($/)',1$7#E$E+7?-E$/-$/"#$C7+D#):#$

G'/LM$$9/$/(8#:$+73)#(:+7B$#N-)/:$/-$.(8#$:'3"$<'7?(.#7/(,$(7?$$

$$$$$$$$$$$$$+.A-)/(7/$?+:3-D#)+#:$O$+/$7##?:$P/1A+3(,,1Q$G9R$.(3"+7#:$

S$



!+.#$<-)$G+B$2(3"+7#:$

H#$,+D#$+7$#43+;7B$;.#:I$

5 $E#$()#$-7$/"#$D#)B#$-<$3-7J).+7B$:-.#$-<$/"#$.-:/$)#D-,';-7()1$/"#-)+#:$$

5 $E#$J7?$3,'#:$(:$/-$E"#/"#)$/"#:#$/"#-)+#:$()#$3-.A,#/#$-)$7-/$

5 $E#$.(1$J7?$($E(1$/-$?#:3)+K#$,()B#$(7?$:.(,,$:3(,#:$E+/"$-7#$/"#-)1$

5 $E#$()#$(K-'/$/-$/)(3#$/"#$3-.A,#/#$"+:/-)1$-<$/"#$'7+D#):#$

5 $E#$()#$(K-'/$/-$:/'?1$#4/)(5:-,()$E-),?:$(7?$@()/"5,+8#$A,(7#/:$
5 $E#$()#$(K-'/$/-$-A#7$($/)',1$7#E$E+7?-E$/-$/"#$C7+D#):#$

G'/LM$$9/$/(8#:$+73)#(:+7B$#N-)/:$/-$.(8#$:'3"$<'7?(.#7/(,$(7?$$

$$$$$$$$$$$$$+.A-)/(7/$?+:3-D#)+#:$O$+/$7##?:$P/1A+3(,,1Q$G9R$.(3"+7#:$

$

$$$$!"#:#$.(3"+7#:$7##?$/-$K#$A-E#)#?$O$<-)$($,-7B$;.#T$"-A#<',,1S$

     !$>'77+7B$3-:/:$(:$E#,,$(:$3()K-7$<--/A)+7/$.':/$K#$(??)#::#?S$
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0$P)(?+-Q$(:/)-7-.+3(,$#4(.A,#L$

•  97/)-?'3;-7$

•  !"#$%&'()#$*+,-.#/)#$0))(1$

•  6)-V#3/$6,(7$(7?$%/(/':$

•  !"#$W"(,,#7B#:$

•  W-73,':+-7:$
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Z()8$.([#)$
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R)(D+/(;-7(,$E(D#:$

@4/)(5:-,()$A,(7#/:$
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*M$Y(7:81$P\]^^Q$
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`+):/$)(?+-$.(A$-<$B(,(41$ GM$a-D#,,$P\]bcQ$
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>(?+-$0:/)-7-.1$%#7:+;D+/1$

$
%#7:+;D+/1I$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$R(+7I$
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2-:/$>#3#+D#):$()#$(,)#(?1$(/$/"#$&'(7/'.$,+.+/$d$!
:1:
$(,)#(?1$.+7+.(,$

e##?$/-$J7?$-/"#)$E(1:$/-$+.A)-D#$:#7:+;D+/1I$

S min = 2kTsys
Aeff ! !"

=
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G

1
! !" k

AG eff
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f $973)#(:#$B(+7$d$3-,,#3;7B$()#($P0
#N
Q$d$K+BB#)$/#,#:3-A#:S$

f $973)#(:#$K(7?E+?/"$PgQ$?#:A+/#$+73)#(:+7B$.(75.(?#$>`9S$

f $@7(K,#$,-7B#)$+7/#B)(;-7$;.#$PhQ$d$3-D#)$.-)#$:81$A#)$.+7'/#S$



0$>#D-,';-7$+7$>(?+-$0:/)-7-.1$

f $R-$?+B+/(,S$$0K+,+/1$/-$:(.A,#T$?+B+/i#$j$A)-3#::$E+?#$K(7?E+?/":$

f $C:#$-<$3-..-?+/1$3-.A';7B$A-E#)$P+73,M$R6C:Q$(7?$`6R0:$

f $H(1:$-<$-K/(+7+7B$k3"#(Al$3-,,#3;7B$()#($

f $>#A,(3+7B$"()?E()#$P+M#M$.#/(,Q$E+/"$#,#3/)-7+3$(7?$:-mE()#$

f $G'+,?$k)(?+-$3(.#)(:l$/-$+73)#(:#$kJ#,?5-<5D+#El$-7$:81$(7?$#D#7$$

$$$(,,-E$/-$,--8$+7$P:-.#;.#:Q$D(:/,1$?+N#)#7/$?+)#3;-7:I$



0A#)/')#$0))(1:$j$`-3(,$6,(7#$0))(1:$

d$A"(:#?$())(1$+7$<-3':$-<$?+:"$d$A"(:#?$())(1$-7$B)-'7?$

`-3(,$A,(7#$())(1$

P`60Q$

`+#,?5-<5n+#E$

6)+.()1$K#(.:$

0+)#1$D-,'.#$

e@HI$oCR@$`+#,?5-<5n+#E$(7?$.',;A,#$K#(.:$E+/"+7$`-nS$



e#E$/#3"7-,-B1I$"'B#$+73)#(:#$+7$A"(:#$:A(3#$

Sensitivity (Area/Bandwidth) 
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f $%(.A,+7B$,()B#$K(7?E+?/":$Ppq5bqrQ$

f $6)-D+?+7B$"'B#$`-n:$Ps^q$:&5?#BQ$
$$$"#73#$"'B#$:')D#1$:A##?$

f $a()B#$<)#&'#731$)(7B#T$#MBM$-A#7+7B$
$$$,-E5<)#&'#731$:81$PaU`0>$#/3MQ$

f $G)'/#5<-)3#$+73)#(:#:$+7$$
$$$$3-,,#3;7B$()#($P%*0T$aU`0>Q$

f $Z+B+/(,$:+B7(,$A)-3#::+7B$
f $o'B#$3-.A';7B$A-E#)L$

!$e#E$:3+#73#$(7?$7#E$?+:3-D#)+#:S$



The Square Kilometre Array 



!"#$!#,#:3-A#$

In a nutshell:  The SKA is! 

L($,()B#$)(?+-$/#,#:3-A#$<-)$/)(7:<-).(;-7(,$:3+#73#$$$$

5$'A$/-$\$.+,,+-7$.p$3-,,#3;7B$()#($?+:/)+K'/#?$-D#)$($?+:/(73#$-<$^qqqt$8.$$

5$-A#)(;7B$(:$(7$+7/#)<#)-.#/#)$(/$<)#&'#73+#:$<)-.$cq$2oi$/-$s\q$Roi$$$$

5$3-77#3/#?$/-$($:+B7(,$A)-3#::-)$(7?$"+B"$A#)<-).(73#$3-.A';7B$:1:/#.$

$$K1$(7$-A;3(,$JK)#$7#/E-)8$

$

$

$



!"#$!#,#:3-A#$

In a nutshell:  The SKA is! 

L($,()B#$)(?+-$/#,#:3-A#$<-)$/)(7:<-).(;-7(,$:3+#73#$$$$

5$'A$/-$\$.+,,+-7$.p$3-,,#3;7B$()#($?+:/)+K'/#?$-D#)$($?+:/(73#$-<$^qqqt$8.$$

5$-A#)(;7B$(:$(7$+7/#)<#)-.#/#)$(/$<)#&'#73+#:$<)-.$cq$2oi$/-$s\q$Roi$$$$

5$3-77#3/#?$/-$($:+B7(,$A)-3#::-)$(7?$"+B"$A#)<-).(73#$3-.A';7B$:1:/#.$

$$K1$(7$-A;3(,$JK)#$7#/E-)8$

LA)-D+?+7B$$

$$5$\qq$4$@N#,:K#)BT$(7?$\q$4$0)#3+K-T$(7?$

$$5$(/$,#(:/$\qTqqq$4$:')D#1$:A##?$-<$3'))#7/$/#,#:3-A#:$

$

$

$

HST  



!"#$!#,#:3-A#$

In a nutshell:  The SKA is! 

L($,()B#$)(?+-$/#,#:3-A#$<-)$/)(7:<-).(;-7(,$:3+#73#$$$$

5$'A$/-$\$.+,,+-7$.p$3-,,#3;7B$()#($?+:/)+K'/#?$-D#)$($?+:/(73#$-<$^qqqt$8.$$

5$-A#)(;7B$(:$(7$+7/#)<#)-.#/#)$(/$<)#&'#73+#:$<)-.$cq$2oi$/-$s\q$Roi$$$$

5$3-77#3/#?$/-$($:+B7(,$A)-3#::-)$(7?$"+B"$A#)<-).(73#$3-.A';7B$:1:/#.$

$$K1$(7$-A;3(,$JK)#$7#/E-)8$

LA)-D+?+7B$$
$$5$\qq$4$@N#,:K#)BT$(7?$\q$4$0)#3+K-T$(7?$

$$5$(/$,#(:/$\qTqqq$4$:')D#1$:A##?$-<$3'))#7/$/#,#:3-A#:$

$

Luc$+7:;/'/#:$+7$pq$3-'7/)+#:$()#$A();3+A(;7B$

$$$5$-7$@%`>9$a+:/$(:$-7,1$B,-K(,$A)-V#3/$P:#,#3/#?$<-)$3-7:/)'3;-7Q$

$$$5$E+/"$@5@a!$:#,#3/#?$<-)$"+B"#:/$A)+-)+/1$-7$@C$0%!>Ue@!$)-(?.(A$

$$$5$C%$Z#3(?(,$>#D+#E$0%!>Upq\qI$k,-7B5/#).$<'/')#$-<$)(?+-$(:/)-7-.1l$

$$$5$W(7(?+(7$a-7B5>(7B#$6,(7I$%*0$7#4/$A)+-)+/1$K#"+7?$!2!$P\qrSQ$

$$$5$0<)+3(7$C7+-7$o#(?:$-<$%/(/#$(387-E,#?B#$+.A-)/(73#$$

$$$5$0':/)(,+($(7?$%-'/"$0<)+3($+7D#:/$(K-'/$vpqq2$#(3"$

$

$
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!"#$!#,#:3-A#$

• W-7:/)'3;-7$E+,,$A)-3##?$+7$/E-$A"(:#:I$$$%*0
\
$!$%*0

p
$

5$%*0
\
$E+,,$K#$($:'K:#/$Pw\qrQ$-<$%*0

p
$

5$2(V-)$:3+#73#$-K:#)D(;-7:$(,)#(?1$A-::+K,#$E+/"$%*0
\
$+7$pqpqI$

$

5  5$e#'/)(,$"1?)-B#7$+7$/"#$'7+D#):#$<)-.$@A-3"$-<$>#5+-7+:(;-7$/-$7-E$

5  5$`'7?(.#7/(,$<-)3#:I$A',:():T$B)(D+/1$(7?$B)(D+/(;-7(,$E(D#:$

$

5$6"(:#?$3-7:/)'3;-7$(,,-E:$.(4+.'.$':#$-<$(?D(73#:$+7$/#3"7-,-B1I$

$

$$$$$6"(:#$9I$$%*0
\
$3(7$K#$K'+,/$7-E$E+/"$A)-D#7$(7?$:#3')#$/#3"7-,-B1$PK(:#,+7#Q$

$$$$$6"(:#$99I$%*0
p
$3(7$.(8#$':#$-<$7#ET$<'/')#$.(/')#?$/#3"7-,-B1$P096Q$



`)-.$6"(:#$9$/-$6"(:#$99$

!"#$$$

!"$$$$

!%#$$$

!%$$$$

!#$$$

$

#$$$

%$$$$

%#$$$

"$$$$

"#$$$

!"#$$$ !"$$$$ !%#$$$ !%$$$$ !#$$$ $ #$$$ %$$$$ %#$$$ "$$$$ "#$$$

Operations 
Centre

Site Entrance

Antenna Clusters:
Dishes & AA-low 

Central Cores:
 175 dishes, 35 AA-low Stns

Roads

Dishes

AA-low Stations
Additional Core

(not used for SKA1)

Central SKA1 Site

Approx. Line of
Spiral Arm

!"#$$$

!"$$$$

!%#$$$

!%$$$$

!#$$$

$

#$$$

%$$$$

%#$$$

"$$$$

"#$$$

!"#$$$ !"$$$$ !%#$$$ !%$$$$ !#$$$ $ #$$$ %$$$$ %#$$$ "$$$$ "#$$$

Operations 
Centre

Site Entrance

Antenna Clusters 

Central Cores (~50 km2):
900 dishes, 165 AA-mid, 

165 AA-low

Roads (200 km)

Dishes

Aperture Arrays 
(Low)

Aperture Arrays 
(High)

Central SKA2 Site

Phase 1 Arm

Phase 1 Arm

Phase 1 Arm



%*0$*#1$%3+#73#$

`+D#$*#1$%3+#73#$6)-V#3/:$+73,MI$

•  Z()8$.([#)T$3-:.-,-B1$(7?$Z()8$#7#)B1$

•  Z()8$(B#:I$`+):/$:/():$(7?$K,(38$"-,#:$

•  W-:.+3$.(B7#;:.$

•  W)(?,#$-<$,+<#$

•  %/)-7B5J#,?$/#:/:$-<$B)(D+/1$':+7B$A',:():$j$K,(38$"-,#:$

$

$$$t$@4A,-)(;-7$-<$C787-E7$

See Kramer et al. (2004) 
Cordes et al. (2004) in  

#?:M$WM$W()+,,+$j$%M$>(E,+7B:T$

$!"#$%&'()*+$,"-+T$x_Q$
$

$



%3+#73#$Z)+D#):$



Project Plan & Status 
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%+7B,#$A+4#,$

<##?$

W#7/)(,$>#B+-7$

G(:#,+7#$/#3"7-,-B+#:$()#$.(/')#$(7?$

?#.-7:/)(/#?$+7$/"#$%*0$6)#3'):-):$

(7?$6(/"J7?#):$



3-Core Central 
Region 

%*0
p
$+73,'?+7B$096$/#3"7-,-B+#:$

!"#$0?D(73#?$97:/)'.#7/$6)-B)(..#$+:$?#:+B7#?$/-$K'+,?$.(/')+/1$(7?$)#;)#$)+:8$

096$#,#.#7/:$/#:/#?$(7?$?#D#,-A#?$+7$%*0$6(/"J7?#):$



%*0$%1:/#.$Z#:+B7$Ppqqc5pq\pQ$

aU`0>$P@')-A#Q$ 0!0$PC%0Q$

W-7/)+K';7B$A)-B)(.:$$

$$$@W$`6u$%*0$Z#:+B7$%/'?1$P%*0Z%Q$

$$$@W$`6c$6)#A()(/-)1$6"(:#$P6)#A%*0Q$

$$$C%$!#3"7-,-B1$Z#D#,-A.#7/$6)-B)(.$$

$$$k6(/"J7?#)l$/#,#:3-A#:$,+8#$aU`0>T$0!0$

$$$k6)#3'):-)l$/#,#:3-A#:$-7$/"#$3(7?+?(/#$:+/#:$P0%*06T$2##)*0!Q$

$



%*0$%1:/#.$Z#:+B7$Ppqqc5pq\pQ$

W-7/)+K';7B$A)-B)(.:$$

$$$@W$`6u$%*0$Z#:+B7$%/'?1$P%*0Z%Q$

$$$@W$`6c$6)#A()(/-)1$6"(:#$P6)#A%*0Q$

$$$C%$!#3"7-,-B1$Z#D#,-A.#7/$6)-B)(.$$

$$$k6(/"J7?#)l$/#,#:3-A#:$,+8#$aU`0>T$0!0$

$$$k6)#3'):-)l$/#,#:3-A#:$-7$/"#$3(7?+?(/#$:+/#:$P0%*06T$2##)*0!Q$

$

0%*06$P0':/)(,+(Q$ *0!5cy2##)*0!$P%0Q$



!+.#,+7#$

$$
6)#A()(/-)1$6"(:#$"$6)#3-7:/)'3;-7$6"(:#$"$%*0

\
$W-7:/)'3;-7$$

Project 
Milestones

SKA1 
Baseline 
Design

Site decision
Costed 
system 
design

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Baseline 
Design for 

SKA2

Phase 1 Construction, Verification, Commissioning, 
Acceptance, Integration & First SciencePhase 1 Pre-Construction Phase SKA Preparatory Phase

Start of SKA1 
Construction

Concept
SKA1 System Testing

SRRCoDR

SKA1 Systems integration
PDR CDR

Detailed 
Design

REV REV
Science 
SKA2

DRM 
Development

REV

REV REV

Science / Engineering tradeoffs

Continuous Performance Evaluation

SKA1 
construction 

approval

Preliminary 
Design

Definition*ConceptSKA1

SKA2

Sys Eng
& Change management

dCoDR

Preliminary Design

PDR

Demonstration 
& testingAIP definition, development and fabricationAIP

AIP Decision

REV

Science 
SKA1

DRM 
Development

(Ph 1 part)

REV

Refinement of 
Early Science 

Shared 
Risk 

Science

REV

Science / Engineering 
Tradeoffs

Early Science Proposals

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

SKA1 User 
Tech. 

Requirements

Initial SKA2 
User Tech. 

Requirements

Early Preliminary 
Design System Definition (includes non-science requirements)

System

Rev B
2010-12-20

* Includes definition of non-science requirements.

Extraction of detailed SKA2 requirements

REV

W'))#7/$/(:8$+7$pq\\$(7?$pq\p$+:$/-$3-7D#)/$/"+:$%*05)#,#D(7/$?#:+B7$(7?$$

?#D#,-A.#7/$+7/-$6Z>5)#(?1$%*05:A#3+J3$?#:+B7:$(7?$3-:/:$

Total resources proposed (4 years): 90.9 M" $
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@4/#)7(,$+7?#A#7?#7/$)#D+#E$



`')/"#)$!+.#,+7#$

$$ %*0
\
$W-7:/)'3;-7"$%*0

p$
3-7:/)'3;-7$



!-A$,#D#,$:3"#?',#$<-)$/"#$%*0$$

!#3"7+3(,$

pqq_5\p$$$$$$$$$$$$$$$$$/#,#:3-A#$:1:/#.$?#:+B7$(7?$3-:/$$

pq\^5\b$$$$$$$$$$$ $?#/(+,#?$?#:+B7$+7$/"#$A)#53-7:/)'3;-7$A"(:#$

pq\u5\]$$$$$$$$$$$$$$$$$6"(:#$\$3-7:/)'3;-7$

pq\u $ $0?D(73#?$97:/)'.#7/(;-7$6)-B)(.$?#3+:+-7$

pq\_5p^$$$$$$$$$$$$$$$$$6"(:#$p$3-7:/)'3;-7$$

pqpq" $ $<',,$:3+#73#$-A#)(;-7:$E+/"$6"(:#$\$

pqpx" $ $<',,$:3+#73#$-A#)(;-7:$E+/"$6"(:#$p$

$

6)-B)(..(;3$

pq\\ $$ $(AA)-D#$<'7?+7B$<-)$A)#53-7:/)'3;-7$A"(:#$

$ $$$$$$$$$$$$$$$$$#:/(K,+:"$%*0$-)B(7+:(;-7$(:$($,#B(,$#7;/1$

$ $ $:#,#3/$,-3(;-7$<-)$%*0$6)-V#3/$Uz3#$

pq\p $ $:+/#$:#,#3;-7$

pq\x $ $(AA)-D#$3-7:/)'3;-7$<'7?+7B$<-)$6"(:#$\$P^bq$2vT$pqqcQ$

pq\_ $ $(AA)-D#$3-7:/)'3;-7$<'7?+7B$<-)$6"(:#$p$P\Mp$GvT$pqqcQ$

$

$

$

$



H"#)#$/-$B-{$

$

ASKAP MeerKAT 

Man-made radio emission (Radio Frequency Inteference, RFI): 



H"#)#$/-$B-{$

$

H#$7##?$/-$K#$(/$:+/#$<()$(E(1$<)-.$A-A',(;-7$3#7/)#:$O$(E(1$<)-.$B)+?{$

%-')3#I$W%9>U$



6"1:+3(,$)#&'+)#.#7/:$

@4/)#.#,1$)(?+-$&'+#/$#7D+)-7.#7/$

0/$,#(:/$^qqq$8.$+7$#4/#7/$

a-E$+-7-:A"#)+3$/')K',#73#$

a-E$/)-A-:A"#)+3$/')K',#73#$

$

!E-$3(7?+?(/#:$:"-)/5,+:/#?$+7$pqquI$H#:/#)7$0':/)(,+($(7?$%-'/"#)7$0<)+3($

$

$

$

%+/#$:#,#3;-7$A)-3#::$

%+/#$:#,#3;-7$

%+/#$3"()(3/#)+:(;-7$

pq\q$ pq\\$ pq\p$

:#,#3;-7$

3)+/#)+($$$
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• $!"#$.-:/$+.A-)/(7/$3"(,,#7B#:$()#$+7:/#(?$<)-.I$
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G(:#,+7#$97/#)<#)-.#/)1$
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@W5`6u$$@}6>#%$

%+B7(,$/)(7:A-)/$7#/E-)8:$

%*0$?(/($)(/#:$$$$$

$$$$$$$_q$RK+/y:yK#(.y?+:"$P~pqq8.Q$$$$$$

$$$$$$$$xq$RK+/y:y:/(;-7$$Ppq$?+:"#:Q$Pspqq8.Q$
w\qq$!K+/:y:#3S$
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H#$7##?$(7$@4(`,-A$W-.A'/#)$-75:+/#S$

•  97$,+7#$E+/"$@%`>9$6>0W@$B-(,:$

•  G'/T$E#$7##?$/-$.(8#$o6W$.-)#$#7#)B1$#z3+#7/$/-$(3"+#D#$B-(,S$

•  97$R#).(71T$3-,,(K-)(;-7$E+/"$`|$Y'#,+3"$/-$?#D#,-A$:-,';-7:$<-)$%*0$
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5 $>'77+7B$3-:/:$A)-K(K,1$$?-.+7(/#?$K1$#7#)B1$3-:/:$

5 $%+/#$+:$<()$(E(1$<)-.$3+D+,+:(;-7$3#7/)#:$(7?$A-E#)$B)+?$

$$

5$Z+N#)#7/$A-E#)$)#&'+)#.#7/:$O$#7#)B1$.+4S$

$$$$5$W-)#P:QI$$w^q$/-$bq$2H$

$$$$5$o6W$3#7/)#$7#()$3-)#I$3(M$bq$2H$

$$$$5$Z+:/(7/$:/(;-7:I$#(3"$w\qq$8H$<-)$3(M$_q$:/(;-7:$

$$$$5$Z+N#)#73#:$+7$A#(8$(7?$(D#)(B#$?#.(7?$P@,#3/)-7+3T$

$$$$$$$3--,+7BT$/#,#:3-A#$.-D#.#7/:Q$

5$W-7;7'-':$-A#)(;-7$pxycI$%/-)(B#$)#&'+)#?{S$

5$0D-+?$D()+(;-7:$+7$A-E#)$:'AA,1I$A-E#)$:/(K+,+/1$

5 $@7D+)-7.#7/I$!#.A#)(/')#$3"(7B#:T$E+7?T$)(+7$



6-E#)$:'AA,1I$%-,()$@7#)B1{$

f $%'AA,1$E+/"$:-,()$#7#)B1$-KD+-':$(7?$K#:/$P(7?$-7,1{Q$:-,';-7${$

Quelle: Schott 

f $@43#,,#7/$,+B"/$"-':#$A)-V#3/$<-)$)#7#E(K,#$#7#)B+#:$P(,)#(?1$<-)$$k%*0$6(/"J7?#):lQ$
f $%':/(+7(K,#$#7#)B1$:-,';-7$<-)$/"#$E"-,#$,+<#$;.#$Pwbq$1#()Q$

f $UAA-)/'7+;#:$/-$-A#7$7#E$.()8#/:M$



R)##7$(:/)-7-.1T$R)##7$%*0$

 
•  SKA will drive innovative solutions in generation, distribution,  
      efficiency and demand reduction in a harsh environment. 
•  The largest challenge is the storage for 24/7 operation 

Slide by Eike Weber (FhG ISE) 
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$

$

eGM$0':/)(,+($+:$A':"+7B$)#7#E(K,#T$(:$+/$+:$7'3,#()$<)##$(7?$<-::+,$<'#,:$()#$7-$-A;-7$
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Workshop on  
“Renewable Energy Concepts for mega-Science Projects 

demonstrated at the SKA and its Pathfinders” 

April 7, 2011 

Wissenschaftsforum Berlin Mitte 

 

Background: 

In order to explore the boundaries of our current knowledge, many new scientific 
experiments and facilities naturally require a large technical infrastructure. As a result, 
these mega-Science projects also often have a large power consumption that is not only 
costly but may also be sustainable on environmental grounds. In order to enable mega-
Science projects also in the future and to reduce both their long-term financial and 
environmental costs, renewable energy solutions should be employed. This workshop will 
explore the challenges, possibilities and opportunities using the example of the Square 
Kilometre Array (SKA), a global science projects that will result in the largest telescope 
on Earth: a radio telescope with a collecting area of about 1 square kilometre. Built as an 
innovative, next generation telescope that will replace conventional steel with a massive 
increase in software and computing, the power requirements of the SKA are challenging. 
Given that it will be built in a remote area and requiring largely constant 24/7 demand, 
power supply will be a major factor in the design and operation of the telescope. We 
invite partners from industry and science to discuss the challenges but also the 
opportunities given by this mega-Science project. We will outline the path to a complete 
renewable energy solution, using SKA pathfinder instruments as demonstrators for this 
concept of “green science” which will ultimately also benefits non-scientific applications 
that demand stand-alone power solutions, including remote communities and industries.  

April 7, 2011 

Part 1: Parliamentarian Morning: International Science Project: a 
Lighthouse project for Innovation made in Germany (8.00 – 9.00 h) 

Keynote Speech: 100% Renewable Energy (15 min.) E. Weber, Fraunhofer 
ISE 

Keynote Speech: The SKA (15 min.)  B.J.Boyle, CSIRO 

“The German activities towards the SKA” (15 min.) M. Kramer, MPI for 
Radio Astronomy 

Signature of MoU between CSIRO / FhG / MPG   

  

Part 2: Current Technical Challenges and solutions (9.30 – 10.45 h) 
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explore the challenges, possibilities and opportunities using the example of the Square 
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on Earth: a radio telescope with a collecting area of about 1 square kilometre. Built as an 
innovative, next generation telescope that will replace conventional steel with a massive 
increase in software and computing, the power requirements of the SKA are challenging. 
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!#:;7B$:1:/#.:$-7$/"#$B)-'7?$

•  9/$"(:$7-/$K##7$<',,1$(B)##?$/"(/$/"#$%*0$+:$/-$K#$A-E#)#?$K1$)#7#E(K,#$#7#)B1$PW-:/:SQ$

$$$$$$%-,()$A-E#)$(7?$(,/#)7(;D#:$()#$3'))#7/,1$:/'?+#?$K1$�6-E#)$97D#:;B(;-7$!(:8$`-)3#k$

•  o-E#D#)T$(?-A;7B$($:3"#.#$E"+3"$E+,,$.(8#$/"#$%*0$/"#$,()B#:/$kB)##7l$$

$$$$$$:3+#7;J3$.#B(A)-V#3/$E+/"$,#::-7:$<-)$#D#)1$-7#$

•  !#:/$:/(;-7:$K#+7B$?#D#,-A#?$(7?$A,(7#?I$

$

\M$W%9>U$3-7/)(3/#?$`oR$9%@y269<>$<-)$+7+;(,$A,(77+7B$-<$:-,()$#7#)B1$:-,';-7$<-)$0%*06$

pM$0A#)/')#$n#)+J3(;-7$6)-B)(..#$P00n6Q$/#:/:$"()?E()#$+7$($)(?+-$&'+#/$()#($+7$6-)/'B(,$

$$$$$%+/#$E+,,$(,:-$:#)D#$(:$($/#:/$:+/#$':+7B$:-,()$$

$$$$#7#)B+#:$+7$3-.K+7(;-7$E+/"$/"#$A-E#)$B)+?$$

$$$$<-)$/"#$00n6M$$

$

!
Nearby the Moura Solar Photovoltaic plant.  
generating over 60MW with 350.000sqm  
solar  cells over 1000 solar trackers,   



W"(,,#7B#:$(7?$E(1:$/-$.(8#$+/$A-::+K,#$

•  Z-7Ä/$:"--/$1-'):#,<$+7$/"#$<--/I$

$$$$$$$5$!"#$%*0$E+,,$K#$',/)(5:#7:+;D#$O$E#$.':/$(D-+?$A)-?'3+7B$$

$$$$$$$$$>(?+-$`)#&'#731$97/#)#<#)#73#$-7$-')$-E7T$eGI$

$$$$$$$$$$$$$$$2-K+,#$-7$/"#$A"-7#$d$^)?$K)+B"/#:/$)(?+-$:-')3#$

$$$$$$$$5$G(,(73#$K#/E##7$A-E#)$/)(7:A-)/T$A-E#)$#,#3/)-7+3T$,-::#:$

•  !)1$/-$)#?'3#$A-E#)$)#&'+)#.#7/:$<)-.$/"#$:/()/$

PB)##7$o6WT$,-E5A-E#)$?#D+3#:T$#z3+#7/$()3"+/#3/')#Q$

•  C:#$3-.K+7(;-7$-<$/#3"7-,-B+#:T$$

$$$$$$$$$#MBM$(??$B#-5/"#).(,$3--,+7B$

•  Z#D#,-A$#N#3;D#T$#z3+#7/$(7?$+7#4A#7:+D#$$

$$$$$$:/-)(B#$:-,';-7$

•  97D-,D#$+7?':/)1S$O$e#E$2()8#/:I$\Mu$G+,,+-7$

$$$$$$A#-A,#$E+/"-'/$(33#::$/-$A-E#)$B)+?SS$

•  C:#$/"#$A'K,+3$([)(3;-7$-<$(:/)-7-.1S$



6'K,+3$+:$D#)1$8##7$/-$K#$+7D-,D#?I$07$@4(.A,#MMM$$

www.einsteinathome.org 



W-73,':+-7:$

•  !"#$%*0$E+,,$K#$($B(.#53"(7B+7B$-K:#)D(/-)1$A)-?'3+7B$:/'77+7B$:3+#73#$

•  9/$3(7$:#)D#$(:$($,+B"/"-':#$A)-V#3/$/-$?#.-7:/)(/#$pxyc$-A#)(;-7$E+/"$

$$$$$$$\qqr$)#7#E(K,#$#7#)B1$+7?#A#7?#7/$-<$B)+?5:-,';-7:$

•  9/$3(7$K#$($A)+.#$#4(.A,#$<-)$:':/(+7(K,#$2#B(5%3+#73#$E+/"$qr5W()K-7$`--/A)+7/$

•  H+/"$(:/)-7-.1$P(7?$%*0F:$*#1$%3+#73#T$#MBM$@+7:/#+7T$G,(38$o-,#:$MMQ$(AA#(,+7B$

$$$$$$$#7-).-':,1$/-$/"#$A'K,+3T$/"#$%*0$3(7$K)#(8$B)-'7?$<-)$-/"#)$A)-V#3/:$

•  >#&'+)#?$#7#)B1$.+4$P.+7+5B)+?$:-,';-7:$E+/"$:/-)(B#Q$+:$,+8#,1$/-$A)-?'3#$:-,';-7:$

$$$$$$$<-)$.(71$(AA,+3(;-7:$

•  Key to the success of a 100% RE-SKA will be the development of innovative  
     systems solutions: PV, CPV, CST solar power, wind if available, plus storage$
•  9/$+:$7-/$3,#()$E"#/"#)$E#$3(7$(N-)?$+/T$K'/$kR)##7$0:/)-7-.1l$+:$,+8#,1$/-$K#$

$$$$$$:A#3/(3',(),1$A-A',()$

•  97$(71$3(:#T$E#$.(1$7-/$K#$(K,#$/-$(N-)?$$/-$A-,,'/#$/"#$@()/"$<-)$/"#$#4A,-)(;-7$-<$$

$$$$$$/"#$W-:.-:$

$9/$+:$7-/$#(:1$O$K'/$E#$:"-',?$3#)/(+7,1$/)1$+/S$



@4A,-)+7B$/"#$C7+D#):#$E+/"$/"#$

E-),?F:$,()B#:/$)(?+-$/#,#:3-A#$
EEEM:8(/#,#:3-A#M-)B$


