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FOREWORD

This document is the final report for the "Electrochemical Energy Storage
Subsystems Study", performed by PRC/SSc under contract NAS3-21962 with NASA-
Lewis Research Center. The effective date of the contract is September 26,
1979. The basic contract study encompassed the study of subsystems consisting
of fuel cells/electrolysis cell and battery cell type subsystems at 25, 50, 100
and 250 kW in low earth orbit. A modification was made, dated September 30,
1980, which expanded the study scope to include the geosynchronous case at

25 kW power level, again using both types of energy storage devices.



NicCd
Program Addendums for Technology Variations vs LCC

(Major Parameters)

Depth of Discharge (Capacity Variable) Depth of Discharge (Capacity Fixed)

420 FOR G@ = 1 TO G9 420 FOR Gf = 1 TO G9

514 pg, D9 = .05 + .05 * G@ @ 514 D@, D9 = .05 + .05 * GJ @
GOTO 600 GOTO 600

690 D = 1 805 P = 1 @ GOTO 853

720 Ef = C1 * K1 * D¢ 4661 RESTORE 506 @ NEXT G@

805 P = 1 @ GOTO 853
4661 RESTORE 506 @ NEXT G@

Discharge Current (Capacity Variable)

420 FOR G = 1 to G9

Rated Cell Capacity 810 I¥ = 10 * G¢g

420 FOR G@ = 1 TO G9 820 Eg = Ig * Tl

670 C1 = =10 + 30 * G@ 830 Cl1 = CEIL(E@/K1/D9/5) *5
680 GOSUB 4925 840 GOSUB 4950

690 GOTO 800 4661 RESTORE 506 @ NEXT G@

4661 RESTORE 506 @ NEXT G Cell Life (Capacity Fixed)

Cell Life (Capacity Variable) 420 FOR G@ = 1 to G9

420 FOR G@ = 1 TO G9 430 L2 - .6 + 1.1 * G¢g
430 L2 = .6 + 1.1 * G@ 440 K=1

440 K = 1 514 C =12

514 C = L2 810 D@ = D9 @ GOTO 901
690 D =1 4661 RESTORE 506 @ NEXT G@

810 DY = D9 @ GOTO 901
4661 RESTORE 506 @ NEXT G@

Hardware Life Cycles (Capacity Fixed)

420 FOR GJ = 1 to G9

4 N8 = +
Hardware Life Cycles (Capacity Variable) i - G

4661 RESTORE 506 @ NEXT G@
420 FOR G@ = 1 TO G9

430 N8 = 2 + G@
690 D = 1
4661 RESTORE 506 @ NEXT G@



NiH

Program Addendums for Technology Variations vs LCC

(Major Parameters)

Depth of Discharge (Capacity Variable)
420 FOR G¢

514 D@, D9
GOTO 600

690 D = 1

720 EF = C1 * K1 * D@
805 P = 1 @ GOTO 853

4661 RESTORE 506 @ NEXT G@

1 to G9
.175 + .075 * Ggg @

Rated Cell Capacity
420 FOR G@ = 1 TO G9
670 C1 = -10 + 30 * G¢
680 GOSUB 4925

690 GOTO 800
4661 RESTORE 506 @ NEXT G@

Cell Life (Capacity Variable)
420 FOR Gg = 1 TO G9
430'n2 = 1.75' + 1.25 * G@

440 K =1
514 C = L2
690 D =1

810 D@ = D9 @ GOTO 901
4661 RESTORE 506 @ NEXT G@

Hardware Life Cycles (Capacity Variable)
420 FOR G@ = 1 TO GO

430 N8 = 2 + G@

690 D = 1

4661 RESTORE 506 @ NEXT G@

F-2

Depth of Discharge (Capacity Fixed)

420 FOR G@ = 1 TO G9
514 pg, D9 = .175 + .075 * G¢g @
GOTO 600

805 P = 1 @ GOTO 853
4661 RESTORE 506 @ NEXT G@#

Discharge Current (Capacity Variable)

420 FOR G@ = 1 TO G9

810 I = 10 * G¢¥
820 Ef = Ig * Tl
830 Cl = CEIL(E@/K1/D9/5) * 5

840 GOSUB 4950
4661 RESTORE 506 @ NEXT G@

Cell Life (Capacity Fixed

420 FOR G@ = 1 TO GO

430 L2 = 1.75 + 1.25 * G¢ -
440 X 1

514 C
810 D@ = D9 @ GOTO 901

L2

4661 RESTORE 506 @ NEXT G@

Hardware Life Cycles (Capacity Fixed)

420 FOR G@ = 1 TO G9
430 N8 = 2 + Gg
4661 RESTORE 506 @ NEXT G@



Fuel Cell
Program Addendums for Technology Variations vs LCC

(Major Parameters)

FCU Current Density FCU Life
195 FOR G@# = 1 TO G9 111 RESTORE 113
202 J1(1) = 50 + 50 * Gg 112 READ G@(1)....G@(9)
WalE 0 113 DATA 32000, 21500, 16000, 13000,
245 GOTO 270 . 10750, 8000, 6500, 5400, 4300
295 L(1) = U @ GOTO 310 195 FOR G@ = 1 TO G9
2325 NEXT G@ 196 L(1) = G@(G®)
282 N@ (1) = CEIL(T3 * N@/L(1))
FCU Voltage 285 GOTO 310
195 FOR G# = 1 TO G9 2325 NEXT G@
196 E1, E1(1) =1 + .1 * G¢
245 GOTO 270 FCU Hardware Life Cycles
275 GOTO 310 111 RESTORE 115
315 GOTO 330 112 FOR I = 1 TO G9
2325 NEXT G@ 113 READ Gg (1)
114 NEXT I
FCU Active Area YIS DATA 253, 4, 5,.6, .8; 10, 12, 15
195 FOR G = 1 TO G9 182 FOR G@ = 1 TO G9
212 C1 = 6.0 + 60 * G@ 184 N (1), N@(1) = G@(GH)
2325 NEXT G@ 275 GOTO 310

2325 NEXT G@

F-3



11 tusedte i, 2

2 OPTLUN BASE 1 1

3 Cull G,X(96) ,INTLEGLR €Y,6U0,61,02,GY9,L,U,1,J,U,Q(3),A4,84 ,SUORT T(14),5(14),K0, K1, K2,K5,K6,U1L

4 SHORT A,B,C,E,N,Y,Z,AU0,ALl,A2,A3,A5(4,14),80,81,82,83,B5(4,14),C0,€1,C2,C3,C4,D0,E0,10,10,11

5 SUORT LO,LLI,L2,L9,H0(4,14),n01(4,14),n2(4,14),M3(4,14),M4(C4,14),05(4,14),16(C4,14),17(4,14)

6 SUORT 1138(4,14),09(4,14) ,NO NL,H2Z,N3,H4,H5,86,N7,N8,00(4,14),01(4,14),02(4,14),03(4,14),P0,P1,P

7 SHORT P2,P3,P4,P5,P6,QU,4l,Q2,R0,50(6),51(7),82(5),53(7),84(7),85(3),T0,T1,T2,T3,T4,TS5,T6

8 SIHURT UU(4,14),UL(4,14),U02(4,14),U3(4,14),04(4,14),U05(4,14),06(4,14),U7(4,14),U8(4,14),U9(4,14)

9 SUHOKRT VO,VL,V2,V3,V4,0(7),W0,W1,X0(2),X1(2),X2(2), XJ(Z) YOo,Y1,¥2,Y3,20,21,22,23,29,F0(9), 11(7)

LU ASSIGH# | TO "UAlAl" ¢
11 READZ 1,1 ; 00(,)

12 READ# 1,2 3 0l(,)

13 ASSIGHN# 1 To *

14 ASSIGU¥ 2 Tu "DATA2"
15 READY 2,1 ; v2(,)

16 READE 2,2 3 03(,)

17 ASSIGH# 2 Tu *

18 ASS1GHE 3 T "DATA3"™

19 READ# ok 5 )
20 RCAD# 3,2 ; U2(,)
21 READE 3,3 3 U3IC(,)
22 READ# 3,4 3 U4(,)
23 READ# 3,5 § US(,)
24 READ# 3,06 ; U6(,)
25 READR 3,7 5 U7(,)
20 READ# 3,8 ; UB(,)
27 READE 3,9 3 UY(,) °®
28 READ# 3,10 ; Uu(,)
29 ASSLGNE 3 To =
30 ASSIGUE 4 Tu "DATA4L"
31 READ# 4,1 ;3 11(,)
32 READE 4,2 ; 12(,)
*ry 33 READ# 4,3 ; n3(,)
N 34 READ# 4,4 5 H4(,)
35 READ# 4,5 ; H5(,)
Ju RLAD#F 4,0 5 tl6(,)
37 READE 4,7 ; MT7(,)
J8 ReAD# 4,8 ;5 HE(,)
39 READY 4,9 ; 19(,)
4U READ# 4,1u 5 no(,)

41 ASSLIGUH? 4 To *

42 LEEP 1uu,500 ¢ CLEAR ¢ DISP USING "7/,10X,11A" ; "CUANGE TAPL"™ (¢ PAUSEL

43 GY=9 ¢ CLEAR (¢ DISP USING "4/,X,30A,2/" ; "DON’T BOTHER ME, L°M TULNKING!" ;
44 FOUR L=1 TU 5 ¢ DLSP USLING "10X,4A,D" ; "L = ",L | KW Indicator

47 1F L=1 THEN CREATE "01Cd=1",GY9,768 ELSE GUTU 49

48 ASSLGH# Y Tu "NiCd=-1" ¢ GUIO 64 ‘

49 LF L=2 THEN CREATE "HiCd~2",6Y9,708 ELSL GUTO 51

50 ASSIGH# 9 Tu "HiCd=-2" @ COTO L4

51 LF L=3 THLN CREATL "HiCd=~3",GY,708 ELSE GOIU 53

52 ASSLGH# Y Tu "HiCd=-3" ¢ GUTO 04

53 IF L=4 THEW CRLEATL "HiCd=~4",09,7063 LELSE GOTO 55

54 ASSIGu# 9 TO "HiCd=4" (¢ GOTU 64 {
55 LF L=5 THEN CREATL "HiCd=~5",0Y,7068

56 ASSIGH# Y TO "HiCd=-5" ¢ GUTO 04

04 IF L<=4 TUHEN Gl=1 ELSE Gl=2 ! Cl=1 FOR LLO,2 FUR CLO

05 G2=1 | G2=1 FUR idiCd,2 FoR HiU2,3 FUR H202

66 1F L=5 THEN PU=25000 @ lZ2=12 ¢ GOTU bY

07 IF L=4 THLN PU=250000 @ N2=24 ELSL PU=25000%CEIL((L/1.5)72) ¢ lLi2=l2
6Y Pl=ru/lu

75 IF L=5 THEN UU=35786 ELSL uU=444 ! Il

70 IF L=5 THLEN KO=,24 ELSL K0=.94Y | Kot

77 K5=1 ! Kot

b 7 ol | & ~ ‘ 3 = \



76 IF L=5 TULH Ll=5 LELSE L1=30 } Yt
79 =6 ! Humber of Sides

50 Hl=,833 | Nss

gl H5=,935 ! Usa
B2 lib=,932 ! HL
83 IF L=5 THENH N8=1 ELSE N8=4 | lr

84 Q(3)=N2/N ! Lenzth Factor

85 IF L=5 THLI $5(1)=0 ELsL b5(1l)=.1 | Spares Factor

36 T2,15=,025 ! te

87 t3=2683 1 Top

88 VU=128.8 | Vr

Y5 FOR I=1 TO L @ KEAD U(L),W(2),W(3),W(4),W(5),W(b6),W(7)¢ NEXT L ¢ RESTORE 506
96 PATA +55 38502, sbsichy e9y/e'5

OF DATA 0,035, 02,535,235, +45; 45

98 DAN s e 38svdin Dy edpely vk

0 DATA « 25,0 2yn 2peldSy sdys35; 30

OO DATA o5, ¢35, 0250840840544 5

150 TU=.0000027645%(6375+00)"(3/2)

200 HO=8766%KU*L1/TU

300 DEG ¢ T1=TO/L30*%(90=ACS(6375/(6375+410)))+T2

395 POo=PO/H6+P1/N]

4Uu CO=PO*TL1/VU

410 D,K,P=0

450 1F K=0 TUHLEH 500

460 HB=CELL(HU/L2/5840)

470 LO=HO/NB/5840

4830 GUTO 503

500 LU,L2=H0/48/5840

503 FOR I=1 TO 4

S04 READ T(IL)

S05 NEXT 1 :

500 DATA 253,273,293,313

507 b=13
E 51U E=283
512 q(1),q(2)=0
513 C=L0

515 GusUB 7000

537 FOK I=1 Tu 4

539 FUkR J=1 Tu 14

541 AS(L,Jd)=0U(L,J)

543 BS5(L,Jd)=01(L,J)

545 NLXT J

547 NEXT 1

550 GuSUL YLoL

552 bY=2LY

553 LF DY>.6 THEN DY=.6
6U0 EU=CO/u2

625 CY=0

65U Kl,Lk2=,891"(LU/L2)
655 CY9=CY+1

700 LF D=0 THEN GUSUB 4YUU LLSE Cl=CEIL(LO/K1/D9/5)*5
$0U LU=CEIL(LU/TLl*1000)/1000
801 Eu=L10%T1

350 bDu=LU/C1/K1

853 LF CY=11 THLN 875
855 C=DU

$bU GusSul 7000

gl LF C9>1 THEN 8068
402 FOR I=1 TO 4

Yo3 FUR J=1 TO 14

864 AS(L,J)=01(1,15-0)
865 BS(L,J)=00(L,15=0)



BOO HNEART J

Y67 HEXT L

Yb6 LLUSUB YOLY

869 LY=LY

871 IF CY=10 TUEN L2=(L24LY9)/2 @ GUTO 650
872 IF L2#LY TUEN L2=LY @ GOTO 650
875 LF P=0 THLN 901
850 LE=CEIL(HO/L2/5840)
B85 LY=HO/H8/5840
890 1F LU#LY THEN LO=LY @ GUTO 513

901 FUR I=1 TO 5

gu2 READ S(1)

Y04 NEXT 1

Y00 DATA 253,273,283,293,313

YuB FUR J=1 TO 4

Yl2 READ T(J)

9l4 NEXT J

915 DATA ,1,45,1,2

Yl6 A=T3

Yly L=LO/CL/KIL

920 C=LU

Y24 E=.75 .

957 GOSUB 70VO

Yuy GusUB 750u

989 GusUB 8OOV

Y90 VI=FLOOR(Z%K2*¥10000) /10000

1600 U3=CELL(VO/VI)

1650 Va=piixvl

1700 H&=N2%03

1800 FOR I=1 TO 14

1805 READ T(1)

1807 READ S(L)

1810 NEXT 1 .
1815 DATA 253,1.4013,258,1.46,263,1.4575,268,1.4538,272.25,1.4488,275,5,1.4438,277.5,1.44
1820 DATA 283,1.4288,268,1.4163,293,1,4038,298,1.3888,303,1.3738,308,1.3575,313,1.3425
1820 LF T3>=313 THEN V2=S5(14)=(S(13)=-S(14))~2/(S5(L12)~S(13))*(TI-T(L4))/(T(L4)-T(13)) @ GOTO 1870
1822 1F T3<=253 TUEN V2=S(1)+(S(1)=S(2))"2/(S(2)=S(3))*(T(1)-T3)/(T(2)=T(1l)) @ GUTL 1870
L6825 IF T3<283 THEN 1850

L1630 J=15

L835 J=d=1

L840 1F T3<T(J) TULN 1835

1645 V2=5(J)=(T3=T(J))/(T(J+1)=T(J))*(S(J)=S(J+1)) ¢ GUTO 1870

L850 J=u

LB55 J=J+1l

L8600 LF T3>T(J) TUHEN 1855

1665 V2=5 (J)+H(T(JI)~TI)/(T(I)=T(J=1))*(5(J=1)=5(J))

1870 V2=K2%V2

1900 QU=CLIL(LO*(V2=V1)*u4)

2000 Pl=VIi*IU

2100 PI=pP2%il4

2201 FOR L=l TO &4

2202 RLAD T(I)

2203 HEXT 1

2204 DATA .2083,.3125,.4688,.6003

2207 rog L=1 Tu 4

2208 FUR J=1 TU 14

2209 AS(L,J)=02(L,d)

221U BS(L,J)=03(1,4)

2211 NEXT J

2212 HLXT L

2231 B=P2/CLl/KI1

2234 C=T3
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223% L=,4107

2200 GOLUB 7000 ¢ GUSUL YVLOUV

227V Ru=2%Y

2275 LF RU<i,0u45 LI wU=1.0045

225U C4=]1=-D0+RO*DY

2300 T4=TU=TLl=-15

2410 vor L=l TO 5

2411 REAY H(1)

2412 nEXf 1 .

2413 DATA 253,273,2863,293,313

2420 Fuk J=1 TO &4

2421 RLAD T(J)

2422 UEXT J

2423 BATA JU5,e),62565

2425 Ll=CLIL(RU*LU/T4*1000) /1000

2429 A=T13

2430 B=L1/Gl/R1

2431 U=C4

2632 L=.15

2434 q(2)=1

24306 GUSUB 7000

2440 LuuUd 7500

2442 GusUuys Suuu

20446 V3=CEIL(Z/a2%10000) /10000

2445 To=RU*EO/T]

2500 Pa=11%Vy

2000 Wl=r2*TL/P4/lo

2700 POH=P4&*UL/US

2600 UU=CLRIL(.0205%P5)

2900 yl=CELL(PAXN4=(PI+QU)*T1/TG)

3000 Q2=CELL(HAX(u/2,q1))

JLU0 WI=CLLIL(Q2/(+0000U000LTLO*KS*(L374=25574)))

4UOY I ULLGUTS & VOLUILES

GuUUY LF Cl>=06 ALD Cl<=Y9 TilLH SU(1)=5.4 ( S1(l)=2,1
4010 LF Cl>=10U ALD Cl<=30 THEN SO(1)=7.0 ¢ S1(l)=2.3
4015 LF CLl>=31 AubD Cl<=00 INHEN SU(l)=12.7 ¢ S1(1)=3.3
4020 1F Cl>=061 Adb Cl<=135 TIEN S0(1)=18.2 ¢ 51(1)=3.9
4025 LF C1>=130 AD Cl<=300 THLK S50(Ll)=27.8 ¢ S1(1)=5.7
4028 LI Cl>=301 THEN SO(1)=42.5 @ S51(1)=8.3

AUV S2(1)=IHT(1La206%(=4,0764+12,98%CL)/SO(L)/50(L)+.5)/1U
4U35 52(2)=1aT(l3.4*82(1)+e5)/10

4U4U LU(0b)=457

4045 50(S)=LUT(50(6)*SLN(L18u/N)*10+.5)/10

4050 AULELL(H3/2/(S0U(5)=2%52(2)*LAU(L00/H))*2. 2% 402%51(1))
4051 ULl=1aT(H3/u*1out.5) /10U

4059 54(1)=.,050605+.U3941%C1

4000 S4(2)=1.U37*i3/Us54(1)+.03%10

4UHS S4(3)=.02%13

AOTU S4(4)=24.95

4079 SA(5)=L UL2%(URBA(2)+54(3)+54(4))Fe2%10+.0UYO*Q2/12
4ULU S4(0)=1UL(L4*54(5)4.5) /LUy

GIo0 S3(L)=Ikr(ouCl)*51(1)*52(1)+.5)

4105 S1(2)=LHY(l.402%SL(L)*CLIL(NI/U)*IU+.5)/10

ALLU SL(3)=LUT(Ll.4u2%5 1 (L)*FLOVR(U3/U)*LU+.5) /10 E
HLLS SU(2)=LUT(l.300*S0(L)*lo+.5)/10

4120 S3(2)=1UT(51(2)*8Su(2)*52(2)+.5)

G125 L3(3)=LUT(SI(3)*S0(2)*52(2)+.5)

4130 SL(A)=1dT(20.3*%u3/11+.5)/10

4135 S0(3)=12.7

G140 52(3)=06.4

4145 S3(A)=LUL(SI(A)*S50(3)*%52(3)+.9)

415U 51(2)=03.5

4153 S50(C4)=20.Y9




410V $2(4)=16.5

G105 S3(5)=281084

GL70 SL(0)=1HT(L12.5%(CLLIL(U/2)*50(2)+52(4))+.5)/10

4172 54(7)=CEIL(U2*%(54(2)+54(0))+.0L5%(Q(I)*U=d2)*5L(6)*50(5)+.5)
G175 52(9)=LUT(Lu.75%IAX(52(2),50(4))+.5)/10

G160 LI(0)=LUL(51(0)*B0(5)%52(5)+.5)

4190 S1(7)=51(0)*Q(3)

G200 53(7)=TdT(S5L(7)*U/4%50(5)72%COT(LaU/lU)+.5)

4500 § LIFE CYCLE CUSTS

45010 PO(L)=LuT((o04La%CLT243.123%C1+700) %047 =0 1047+.5)

4505 TO(Z2)=LUT(.34%U4a+r, QULA*XFO(L)*L54+727+,5)/1000

4510 FO(S)=LHT (254044, 13%U4*L4(L)+1049+.5) /1000

4515 FOCA)=LHT(L705%H25U%54(2)4+0607+.5) /1000

4520 FU(S)=LUT (L 172%02%(54(5)454(0))+1329+.5)/1000

4525 PU(U)=LdT (W 32%04+.045%54(7)+06944.5) /1000

4530 FU(7)=LHT(.039%54(7)+60+.5) /100U

4535 KO=CLLIL(L4.130%51(7))/54(7)

4540 LF KG<l THEN Ko=1 -

4545 LF L=5 THEN YO(8)=LHT((5«1+8.L4*I0)*54(7)+.5)/1000 (I GOTO 455U
4547 LU Li5 TULW FU(S)=LUT (Ll 99*i0%84(7)+.5)/10v0

4550 TU(Y)=LUT(0LLI%*54(7)+a5)/1ubL

4395 FUsLO(Z)FEO(I)HFU (L) +FU(5) +FU(G)+FU(7)+F0(8)+F0(Y)

4500 FL(L)=1UT(844%54(7)".2034,.5)/1000

A505 FLC2)=LHT(289% ((L455(1))*(FO(2)HFU(3)+FO(4)+FU(5)+FU(6)))~L.0064+.5) /1000
4570 FL(3)=LUT(217%K1(2)~.789+.5)/1luuu

4575 FL4)=Lud (S26%F1(2)7.3974.5)/1000

458U FL(S5)=LHLT(LOY* (FL(L)+FL(2)+FL(3)+FL1(4))"1,025+.5)/10u00

G500 FLEO)=LuT(9a*(LL(L)+P (L) 40 L(3)+FL(4)+11(5))".865+.5)/1000
4590 FL(7)=LAT (L3I (FL(L)FFL(2)+FL(3)+FL(4)+FL(5)+FL1(06))~.865+.5)/1000
4595 Flau(l)*ﬁl(l)+w(2)*Fl(z)+u(J)*Fl(J)+U(4)*F1(4)+U(5)*Fl(5)+u(ﬁ)*Fl(b)+u(7)*Fl(7)
4591 FIl=LUT(FI*[0UU+.5) /1000

4000 LF L=5 TUEN F2(Ll),F2(2),F2(4)=0 (¢ F2(3)=«1*L1 ¢ GUTO 4635
G605 H5(2)=H8-1+HB*55(1)

4010 55(3)=Ll* (L 002%U2*U+. QULHIIXCETL (H2*XU*55(1) )+, 0015% (Ho=1)*U24U)
G015 F2(L)=LHT(55(2)*(FU(2)+FU(3))*1u0u+.5)/1uu0

G402 F2(2)=1UT(62,5%55(3)+.5)/1000

4625 F2(J)=LHT(390%55(3)+.5)/1v00

4630 T2(4)=LuT (3000%55(3)+La99%L0*55(2)*54 (2)*U2%U+,5)/1000

4035 L2=F2(L)+F2(2)+F2(3)+F2(4) /

4O FI=F0+I 1 +rF2

4045 L1F L=5 TilLud 1i=23.8 CLSE M=30.25+.545%L1

4640 FA=LUT(L*P57.803+45) /100U

4050 F5(L1)=IRT(52004+.0825%Q2+1.5%U1+,5)/1000

4052 FO5(2)=LUT (200%427.848+.5)/1vuu

4055 F=l3Fria4+l5(L)+r5(2)

400U GUSUBL S0V

467V RLSTURE @ NEXT L

4075 CLLAR ¢ BLLEP 80,999 U DLSP USLHG "7/,12%,5A" ;3 “DOLE!"™ ¢ EHD
4900 ! L]l SUBRuUTLLIL

4910 Cl=Lu

13425 | LU SUBRUUTLINE i
4930 Lu=Cl*l%py

4935 GULUL 4Y5u

4940 Ly=Cu/fi2

4945 niTUuRU

4950 1 d2 sUstuoliut

4955 U2=CLLL(Cu/Lu)

4900 LF u2<=4 TilEi U2=4

4965 gUI)=tuLlL(ii2/s)

4970 U=CLLIL(u2/9(3))

4975 RELURKH

20D ! DATA Liwuh SUBLVUTLWNLE

8-



5002 1F GU=] Tt X(1)=cY
50U4 LF GO=2 THEK RK(1)=G1
5000 1F Gu=3 L[HEY X(1)=C2
Y006 1IF Gu=4 TUEN A(1)=PV
5010 LF GuU>4 THEN X(1)=0
%5012 a(2)=UU
Sul4 X(3)=T1
5016 H(4)=10
S50Ly X(5)=LI
S02u A(b)=uy
5022 X(7)=ro
5024 a(8)=VuU
5020 X(Y)=LU
2Weu a(lu)=L2
5030w (L1)=K1
SU3L a(l2)=L2
5034 4(L3)=p3
SUSL a(la)=va
SU38 X(15)=u4
5040 X(lO)=uZ
a2 A(17)=u3
S044 X(l8)=U
5046 a(ly)=ul
Y040 K(20)=C1
5050 X(Z1)=hv
2052 K(22)=LU
25054 A(23)=10
5056 A(24)=vli
2058 K(25)=RU
SuUblL L (206)=C4
5062 £(27)=11
2004 A(286)=V3
50006 X(29)=n7
5068 A(30)=T3
2ULY K(i3l)=v2
HY507u K(32)=yu
5072 X(33)=yl -
5074 X(34)=q2
23076 &(35)=pP>5
U078 a(36)=Wu
2080 A (37)=ll
H5002 L(36)=K6
5034 K(3Y)=54(1)
5000 a(4U)=54(2)
2088 A(4l)=54(3)
Y5090 A(42)=bH4(4)
Y5092 K(43)=54(5)
S5UY4 A(b44)=54(v)
5090 X(45)=54(7)
SuUYl AK(406)=50(1)
SLU0 S(47)=51(1)
5102 A(486)=52(1)
S04 L(49)=51(2)
5000 a(5V)=50(2)
SL08 K(01)=52(2)
511U L(52)=51(3)
2112 X(53)=50(2)
95114 £(54)=52(2)
S110 X(55)=51(4)
SL18 X(50)=5u(3)
5120 X(57)=852(3)
5122 X(58)=S51(5)

64



yblia a(D9)=00l4)

H51040 &(bu)=ud(4) ] ]|
23126 X(ol)=51(06)

5130 K(u2)=S0(Y)

5132 4(063)=52(5)

9134 a(b4)=51(17)

51306 4(ua)=50U(0)

95133 a(bu)=50(d)

5140 K(07)=53(L)

9142 X(Lu)=b3¢2)

Slat n(LYy)=53(3)

5140 a(70)=53(4) S
5145 X(71)=53(5)

5150 A(72)=53(0v)

50952 X(73)=53(7)

9519%4 A(74)=F1

5156 K(75)=ru

5158 X(70)=ro(l)

510U X(77)=Fu(2)

5162 X(78)=Fu(3)

5004 K(79)=rFv(4)

51600 X(80)=Fu(b)

5los X(81)=Fu(0)

5170 N(B2)=Fu(7)

3172 A(83)=Fu(y) ~
Y5174 w(B6)=Fu(Y)

31706 K(85)=I2

9176 a(Bo)=F2(1)

318U A (487)=F2(2)

5182 X(838)=F2(3)

5064 X(8Y)=kK2(4)

5180 X(YV)=r3

5188 a(ul)=r4

5090 K(92)=F5(1)

5192 X(93)=F5(2)

95194 K(94)=F

51096 PRINT# 9,60 3 X()

51Yyd rRLTURN

7000 ! 2 DIUELASTION SUBROUTLUE
Joul B, B, B2,B3=v

7005 L¥ B>L THLh 2uvo

JVlu B4=0

JO20 L4=B4+]1

7030 LF B>=T(B4) TULN 7020

7040 L¥ B4=1 TiLu 7070

1050 BU=(L(B4)=B)/(T(B4)=T{(B4=1))
Jubu GUTO 7160

JUTU B2=(T(BA4)=B)/(T(B4FL)=T(L4))
Jusu GUTO 7160

JUY0 B4=5

7100 B4a=b41

7110 LF k<=0 (84) LHLEU 7100

7020 LF La=4 TUEJ 7150

7130 51=(83=T(ub4))/(T(4+1)-T(L4))
7140 RETURU

7150 B3=(u=-T(B4))/(r(Ba)=-r(L4~1))
710U RETURN

7500 ! Jrd DLILUSTIOLK SUBROUTIHE
7501 aAU,AL,A2,A3=U0

7502 LF A>2b63 Lk 7545

7505 A4=0

71510 Ad=A4+]
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1519 1e A>=L(A4d) Tullh 7510

7520 LF Ad4=1 Tded 7535

7525 AU=(S5(AG)=-A)/(5(A4)=-5(A4=1))
7530 RETURM

7535 A2=(5(A4)=A)/(5(A4+1)=5(A4))
7540 KLTURI

71545 A4=0

7550 Ad=A4-]

71555 L1F A<=S(A4) TILEN 7550

7500 LF A4=5 THEQ 7575

7565 Al=(A=5(A4))/ (a(AG+L)=5(AA))
7570 RETURM

7515 A3=(A=5(A6))/(S(AG)=-5(rb4~-1))
7560 RETURMA

00U ! 3rd DLHLUSLON SULROUTING
JUU2 VI A4 GUTO BUUA4,B0L4L,B058,80706,8094
BUU4 GULUS B4lo

0U20 GUTU 8l1v

VAU LubUB 842V

$US6 GULY ¥lly

BU5¢ GublL B4 lu

oU74 wULV 8110

BOT0 LULUB Jd440

dUY2 Ul BlLl1v

UUY4 GUSUB 045V

dllu su=Ly

SL1L IF A>205 Tkl 8232

Gll2 LF A4=)1 TilLid 3190

$ll4 vil A4=1 GUTO L118,8154,8172
Bll6 Guoui 841V

dl34 Guiv 6222

G154 GublUb B4y

J170 GLUTU B222

$L72 GOLUDL U430

Sl wuTu 8222

dlyu Gusun 8420

8204 E2=LY

200 GUSUL d43U

B2L0 43=LY U LUTL 8223

U222 L1l=2Y

6223 LY Avu=0 Tikk 8228

0224 Z=A0+AU%(L1=20)

$220 RETURU

8228 L2=cO4HA2%(LU=-L2)*((4u=L2)](42=23))
230 RETURY

8232 1 ANa=5 TUER 8272

234 04 A4=2 CUTU L230,8254

w2i0 Gusul db44u

U232 GUIU 304

J254 GusUL w430

iU GUTU dius

B272 GuLbUL 44U

B200 L2=4Y9

8280 GuLus B4V

IV L3=29 U GUTU d3UH

Biv4 L1=Ly

G305 LF ALl=U TiLU 8310

U300 L=lu=Al*(Z0=-41)

d308 QLILURG

GILU =L V=AI*(L2=50)N((Z22-20)/(23-22))
8312 RETULU

B4l 1F Q(2)=1 Tiku 4211

-4



Gall FOR I=1 To 4

412 Fulk J=1 T 14

8413 AS(L,d)=UL(1,J)
B414 BS(1,d)=U6(L,J)
8415 HEXT J

410 HUAT 1L

a4l GUSUB YooLU

J4lo rLruny

8420 LF w(2)=1 TUEN 8920
3421 FOUR L1=1 Tu 4

422 For J=1 T0 14

6h23 AS(1,J)=U2(1,J)
424 LS(L,J)=U7(1,J)
B425 JLXT J

J420 ULRT 1L

8427 GUSUB Yuuvo

84206 LLTURY

430 LF Q(2)=1 TuLid 8Y30
431 FoRk I=1 Tu 4

6432 FOR J=1 Tu l4

G433 AS(L,J)=U3(L,d)
S43a B5(1,J)=08(1,J)
B435 HEXT J

Y430 UEAT L

437 GUSUL Youov

G4Jo RLTURN

dahau 1F Q(2)=1 THLN ¥Y40
441 Fur 1=1 Tu 4

Sa42 FOR J=1 Tu L4

8443 AS(L,J)=u4(L,))
Jadha B5(L,J)=U09(1,Jd)
Gh4d UEAT J

J44t HLEXT 1

Bh4 ] GusUL Yuovo

Ba4s RLrunrad

450 1F Q(2)=1 TuLu 6950
vabl KUk =1l TV 4

a5 Fuil J=1 TU L4

8453 AS5(l,Jd)=Us(L,d)
8454 BY(L,d)=vu(l,J)
U455 Hual J

$456 NLRL L

6457 GusdhL Juwuy

8458 KLTuwd

odll FOR 1=1 10 4

4912 ron Jd=1 Tu 14

Y13 AS(L,d)=ul(1,d)
gyla B5S(L,J)=l1o(1,d)
8915 JEXT J
8916 NLEXT I
6917 GusUL Yovoo

LYY KLETURK

8920 ol L=1 Tu 4
Y2l ruk J=1 {u 14
8922 AS(L,Jd)=ii2(Ll,J)
8923 85(1,d)=17(L,J)
Y24 WEXT J

8925 JEXY 1

UY20 GUBUL 000
8927 Ruiund

JJ3u Fud I=1 TU 4
3931 Fok J=1 To 14
83932 A5(1,d4)%513(L,d)
8933 s (L, d)y=iu(l,d)
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gY34 HEXT J

8935 HLEXT 1

bYJ0 GUSUY Y000

4937 &LTuRM

494y Ko I=1 TV 4

894l rFor J=1 TO l4

8942 AS(L,d)=lla(Ll,J)

5943 BS(L,J)=i19(L,J)

BU44 HLAT J

JU45 KLRT L

BY40 LUSUB 9000

U477 RLidiu

5950 Fua L=l Tu 4

3951 Foud J=1 1O 14

8952 AS(1,d)=U5(1,J)

dY53 B5(1,J)=d0(L,d)

8954 KLAT J

Y55 hLLT 1

gubu GusUul Yuuu

Y57 rLrukil

YUUU ! TUTERPULATION SUBROUTLIE

YOU3 X0(L),al(l),82(l),43(L)=v

Yuus LF C>A5(L4,7) TilEd Y030

yulo G=U

yuld G=G+1

Yulu LF C>=A5(384,0) TUHLK YULS

YULSs wU(2)=(A5(B4,0)=C)/ (AS5(B4,0)=A5(b4,6-1))

JUJU Gulu YL5IS

Julo G=15

YU40 G=u=]

Ju4aS LF C<=A5(B4,0) TUEL Y040

JUSU XU(Ll)=(C=AS5(L4,G))/ (AS(B4,G+]1)=-AS5(DB4,C))

yuis LF B>L Tuky 9315

YJULY 1LY B4=1 THEH 9095

YuuS LI C>A5(B4rl,7) THLEN 91406

Yu7u u=u 5
Yu75 =i+l

YOLBU LI Co>=A5(B4=1,1i) TUEN Y075

JUGH al(2)=(A3(La=-1,1)=C)/ (AS(Ra=1,11)=A5(R4=1,1=1))

YuYu GULu Yllu

YOYS5 1F C>A5(L4+1,7) THLEN Y171

91uu i=u

9105 U=+l

Y110 IF C>=A5(B4+1,11) THEN 9105

YLLS R2(2)=(A5(B4+1,0)=C)/ (AD(BE+L,il)=A5(L4&+],1=-1))

Y120 J=u

Ylz2s Jd=J+1

Yliu IF C>=A5(B4+2,J) IHLU 9125

L35 K3(2)=(A5(ba+2,d)=C)/(AS(L4+2,J)=A5(BA4+2,0~1))

9l4u GUTO Y210

vlao ll=1YH

Yl5v li=i{=-1

9155 LF C<=A5(B4-1,1) TUHLEN 9150

Ylou AL(Ll)=(C=-A0(s4=L1,1))/(AS(L4=1,ti+l)=Aad(B4=L1,1l1))

9160 CGUTYV Y210

ST
yli75
9180 LF C<=AS5(B4+1l,U) TJLEN Yl
Yl K2Cl)=(C=A5(B4+1,00))/ (AS(BA+L,U+L)=AS(B4A+]1,11))
Yiyv JI=15
9195 Jd=Jd=-1|
9200 LF C<c=AS5(B4+2,J) ThLd 9195

£1-d




Y205 A3(1)=(U=AS(LA¥2,3))/ (AS(B4+2,d+1)=A5(B4+2,0))
921lu LF¥ XU(Ll)=0 TuLi 9225

9215 YU=BS(54,6)=R0(L)*(B5(B4,0)=-B5(L4,C+]1))

Y22u LUTL Y23V

9225 YU=LBLH(L4&,C)HX0(2)*(65(B4,6=1)=b5(b4,0))

9230 LI B4=1 TUHLH 92065

9235 1IF X1(L)=0 TUED Y250

Y2640 Y1=BO(La=1,1)=XL(L)*(BS(bb=1,i)=-B5(B4~=1,11+1))
9245 GOTO Y250

Y250 YI=B5(L4a~1,0)+X1(2)*(B5(B4=1,il=1)=B5(L4=1,1))
9250 ZY=Y0450*(Y1=-YU)

Y257 RLTURK

9205 1F X2(1)=u TiLi Y280

Y270 Y2=55(Ba4+1,1)=X2(L1)*(L5(LA+]L,1)=-BS(LA+L,H+1))
Y215 GUTL Y285

9260 Y2=B5(LA+1,U)+a2(2)%(BO(BA+L,U=1)=-B5(B4+]1,u))
Y285 LF X3(1)=u TUEW Y30U

Y290 YI=B5(B4+2,d)=X3(L)*(B5(B4+2,d)=b5(B4+2,J+1))
Y295 GUIU Y3I0H

YUY YI=B5(BA+2,J)FX3(2)X(BY(BA+2,J-1)=-8B5(L4+2,0))
Y305 I g(l)=1 YdEW 931v

Y300 LY=YUHB2*(T0=Y2)*((Y0U=Y2)/(Y2=-Y3))

Y307 RETURM

Y310 29=T(Lb)=(YO~CE)/(Y2XYO)* (T (B4+L)=T(BA))NX(T(LA+L)=T (84))/(T(B4+2)=T (B4+1))
Y3ll KLETURN

9315 LI ba=4 Tuhii Yy350

Y320 LF C>A5(B4+1,7) THEN 9401

9325 u=v

9330 di=il+l

9335 LU C>=a5(La+l,11) TULKH 9330

9340 ZL(2)=(A5(B4+1,U0)=C)/ (AS(BA+L,IL)=AS(B4+],1=1))
Y345 GUTU Y405

Y350 1F C>a5(b4-1,7) THEN Y4206

9355 il=0

Y300 L=+l

Y305 LF C>=A5(84=-1,n) THLN 9360

Y370 X2(2)=(A5(nba~1,1)=C)/ (AS(B4=1,1)=A5(DB4~1,1U=1))
V375 J=u

Y360 J=Jbl

9385 LF C>=A5(B4=2,J) TILU Y380

Y3IU L3(2)(AS(R4=2,0)=C)/(A5(B4=2,0)=A5(B4=2,0=-1))
Y3Ys GUIV Y465

Y4l =15

9405 li=1l-1

Y410 LF C<=AS(LA+1,n) THLH Y405

YALS KL(L)=(C=A5(B4+L,11))/ (AS(BA4+L,ii+1)=A5(B4+1,1L))
Y420 GUIV Y405

Yhlu =15

Y430 il=1-1

Y435 1F C<=AS(ia=-1,1) THLH 9430

Yaho K2(L)=(C=a5(B4=1,0))/ (AS(B4=1,0+1)=AS(Bh=1,11))
Y445 J=1Y :

V450 J=J-1

Y455 LF UC<=A5(L4=2,J) THLEH 9450

Yaou L3(1)=(C=-A5(84=2,0))/(AS(L4&=2,d+L)=A5(B4=2,d))
V405 LF A0(Ll)=u TUHLL Y40

Y470 YU=Lo(ud,u)=A0(1)*(B5(L4,G)=bo(nb4,0+1))

Y475 LLIV Y4485

Y4LU YU=BS(H4,6)+X0(2)5(B5(B4,G=1)=LB5(B4,G))

Y465 LF ba=4 [ilLt 9520

Y490 LF X1(1)=0 LliLi 9505

425 NI=BS(BAFL, )= (1)*(B5(84+1,10)~L5(ub+],i0rl))

pI-d



-

Yyhou tutv sl

US09 YLl=B5(natl, i) +al (2)*(sS5(Bba+l,H=1)=BS(L4+1,H))
UsLl 4y=Yu=-Jl%(Yu=Y1)

Y5h12 KLUl

Y20 LF X2(1)=0 TiULu 9535

U925 Y2=bBS5(Ba4-1 U)=R2(L)*(u5(Ba=1,L)-L5(B4~1,1141))
Yi3Ju Guivu Y540

D539 Y2=DBS5(B4=1,)1X2(2)* (b5 (B4&~1,l=1)=b5(B4=-1,11))
9540 LF AJ3(1)=0 TiOLW 9Yd1H

9543 XY3=UB5(LA=2,J)=R3(L)*(D5(B4=2,J)=-b5(L4=-2,J0+1))
9550 GUIU Ys061l

U555 YI=UO5(B4=-2,J)+X3(2)*(BS(B4=2,0=1)-L5(b4=2,J))
9561 4Y=YU=-B3*%(Y2=-YU)*((Y2~-Y0)/(Y3=Y2))

Y502 RLTLRY

Si-d



Lu
15

2 Ll

30

50
)

70 LLAD

LO"DATALX"

urt Lo
VO (4, 14),00(4,14)

sASL |

] CREATLE "DATAL%,2,700
4V ASS1CGHE 1 Tu "pATAL"
rorw 1=1 TO 4

Lol

J=1 Tu 14
po(l,d) ! LLIFE YLARS

N NLAT
90 HLKT
100 PRIKTE 1,1 5 0O(,)
110 1'oR L=l Tu 4
120 Yot J=1 T0 14
130 BREAD VO(L,J) ! Dbop
140 sl J
LS50 WL I
LoV PRLUTH# 1,2 3 Vb(,)
170 ASSLGUZ? 1 TOo *
LU DATA u,.b,l.zb.l.7,z.£,1.4.5.l,7.Ib,v.v.u,lu.b.ll.2.11.73
lyu DATA U,.’J,l.l.&.l.‘)b,l.l.‘).}.b,la.b.I.7,d.‘),‘).b,lU.lo.ll,ll.()
200 DATA U, el lyle8,2.08,4,5.6,0.8,7.75,849,9.1,9.05,10.3,10.9
200 DATA Uy a7,005,202,3,4,5,662,7,37475,8¢4,809,945,9:95
220 WATA .73,.03,.595,.55,.5075,.ASS..&US,.JO,.ZSS..!,.lSS,.ll,.Uss,U
230 DATA o734, 400,00,455,.505,.455,.41,.3075,.245,.195,.155,.1,.0325,0
240 DATA .oa..s715..5115,.455..&..1&5..zu$..zb,.z..105..1325..1..05.0
250 DATA J4b,.41,.3065,0433,.3,.205,.23,419,.165,.135,.105,.075,.035,0
200 Lib
lv 1 "DATA2%"
15 udTlui BASLE 1
" 20 D1 Vu(bh,l4),bb(4,14)
g 3 1 _CRENTYE YONTA2", 2,768
N 40 ASSIGHE 1| Tu "bATA2"
50 Fulk L=1 To 4
ov Fulk J=1 Tu 14
70 RLAD Dbo(l,J) ! TEIPLRATURE
U0 HELRY
YU libal
Fog PREQTE 151 ;3 DO(,)
1lv Fol I=1 TO 4
140 Full Jd=1 Tu 14

1 3u Ridp

LAau

LAY

150 LiLaY
PRIUTE 1,2 53 NO(,)

Lou

VG(L1,J) ! RLCUARGE
J
1

FRACTLOU

170 ASS1IGHKF 1 TU *

16U DATA 253,203,272.5,200,28445,258,292,295,298,300.5,303,306.5,310,313

190 vala 15J,165,:71,277.2#1.b.ibS,lDU.Zb,JJJ.75,&97.AS,JUU,JUJ.JUO,JUU.D,BIJ

2u0 DATA Z'JJ,&(:J,L](),JJ?.i),.'u'},lul..‘J,_“)U.S,Z’M,l')u,JUl,JU&.'),JU7..£5,JIU,J15

220 DATH 253,207,270.9,276,282.5,20806.5,290,293%5,290.25,300,303,300.3,309.5,313

230 DALA l.lh?S,l.l&,l.lb),l.lnzﬁ.l.ll.l.l775.l.1U.l.zu:h,l.zlz.l.lh.l.zbs.l.JUS.l.Jb.l.Az

260 DATA 1.ua.l.udzb,l.uui,l.uv,l.u?i,l.l.l.ll,!.12,l.ljb,l.lS,l.l?.l.lUb,l.ZJ. 0215

250 DALA 1.uJIb,1.u1/3,l.ua,l.uab,l.ub.l.uSS.l.Uo,l.ubIS,l.Ud,1.09,1.105,1.ll,l.lJlb,l.lb

270 LALA l.:)ul‘;,l.lll,l.lll,l.ul;’J,l.l)l':,l.ulIS,l.uz,l.uéb,l.u;7').1.lJJ.15,l.()J7S.l.u4‘),l.u’)£b.l.uub
209 Liip

.



Lu ) “DATA "

15 oL lull Baspe 1

20 Ol Du(a,la),Vo(4,14)

40 ! CRLALL "pDATAS",1lu, 7068

50 ASSLGK#E L TO "DATAS"

5Y Furl HU=1 T Y

Gu o I=1 Tu 4

70 yur J=1 To 14

Ju I Bo(L,J) ! bow

Tvu JERT J

110 JLXT I

120 PRLATE 1,0 ; DO(,)

130 HEXT i

L4u o k=1 T 5

L5u Fud L=L. TO 4
1
)

160 Folk =1 TOU
170 READ Vo(L,i
160 WlLXT 1

120 HLERT L

200 BRIEATE Yotk 5 VO (,)

210 WiLkaT K

220 ALOLGHE 1 Tu *

230 DATA Uy, eU55,¢1,3145,¢23,1,14106,01427,0,37,1.45,1.505,1.54,1,585,1.63
240 WATA Uy o054 0l lyed?yel2,0,0005002,50028,00355,048,0.45,0008,1.51

250 VATA UgeUdyelye2yaliqotiye97,3balala2y8427,1033,0e375,00b,1444

2L0 DATA U, 085,005, 018,15,.7,485,.90,1.08,1410,}422,1.205,1.255,1.315
270 DATA O 5055 U9, o855 635 8305, LalS, 122, Le28,80335, 1,38, 00425,1.455,1,59
200 DATA 0,.055,0l502,¢30,e85, 0,040, 008,0424,1026,0434,01,38,1,41
290 DATN Uy 05, o 155 025 082085695, La05; L6 15, 10250¢235,8,265,1+3,1%.35
JOU DATA Uy sUYe e LG5 02, 0858650 Tee8s09l50;51:,05, ek, alb, a3

JEU DATA U, UGyie K, e 135325595 10 b Lal 55102, by 25515285, 143, £¢35, .43
320 DATA Uy a0 ed5015,e250&500, 0 00 0dT, 028084245, 04275,10.32

330 DATA U, 4U050ly015,02p0b,00508,493015300151415,1419,1,20

4t DATA 0, a5, o'kysllB; « 2303550759705, s825¢ 95 95, 13 107, EalS

30U DATA 0ye03,007, 004,023,090, 001,0016,1462,1623,14245,1426,1.29
SO DALA Uy eU3,e08,a14,420,035,47,400,4397,1.04,1,095,1.125,1.145,1,
37U UATA U,y Vb, o085 005,0224,04,.05,:706,,84,.92,.99,1.04,1.07,1,135
J6U DATA 0,409,600, 015,462,¢35,4595,e7,.0,.80,.905,.94,.99,1.035

B30 BATN W08 00 yie 10 o 25 0 bigteli Gy a' 5905300654 5 585416555« 505:0565

GUY UREN Uy o085 oU7 501545022, 02U5;43Y8,4485,48850%, 652545350535, .54
G190 DALA U, qU34 07, 015,023,03,0305,¢415,.445,.4065,.48,.49,.5,4515
420 DATA Uy eU3,000,00,015,025,03,4335,0305,439,4405,.425,444,.47
430 DATA Vebly baliyLa37, 15355, 15345, 130,1.295,1426, 0018, 1eU7; 094 02ss37,0
480 DATY Ve ty 2e 35, Es3), 1e29, 8027, LeldSy tu2by)eZy) el 108, e8,5:5,0

459 DAL Lo 34 g 8oy L o27, 10235, 02, e U5, Lo t8,Lel 5,107,999, 885,075, 0+0,30
460 DATA L1a293 1,2, 0007, 1e05,000385,0eL05,1085,L.045,.975,¢9,s8,60,¢4,0

W10 DATA B le2y b o305 00 35,5 325, 1315, e 285027, 1s 245, 1e 195, L 1V 1, al8y 6,0
AB0 DATA 1 B, 1a325 1029, 255,10 245,122, 15205, 1518, 1,135,8.08,1,8,:5,0
409 DNTA 1532500275, 1o 2050« 28 3119, Lo LGS, 1edd, te by LeUd, « 965,09, 58500650
JVVEBATA Be 27y Mel T, 1ol 3y da 125,021, 1085, 0075,1 e055, 1 a0, 945, « 895 e 895 « 050
SEG LTS Toby1e3455 Ve 32003yl 02 e20, 002540 02050022, 0 L751009,1,4+55,0

920 DATS 1030, 003, 0027,0025,0,235,0621,0,08,0400,1.013,1.072,1,.04,.075,0

3300 DATN. T 35085 255225 Loy Lie 19, Lel6 Lo 15102350000, 605,95, 83, 6,0

940 DATA 1e255 0018584135, 0e1,0,0,0508,1:04,1:025,1,.945.88,475,¢45,0

IO0 DATAL S 3T 1e 335, P iy b ei205, Lo 205, Lol ke2y ls KL ok 2, 1a03, o875 v09 s 43,0
00 DAEN Fedldy bal¥, ¥eS, 30225002, Lol 85118, Lol B, Vs d, 1ati5, 0«95, 479, 050

570 DATY 1e2735 Ve 35, Us2Ub, Lo 823 o LA5, Lol25, Voks 1aU85EeU%, 99, 9577, «02,0
Jut) DXTA L1a225,1e15, 0 0,0,075,1,033, 1.03,,995,95, 885,e8l,¢75:57,03,U

590 DATX L 3055 Vs 24, 05 10505 1S, Lal2, 1509, 0. 07, 104, .96, 295 « 8y 0, 0 35, 0

6UU, WREA Ned T, Fe2 3, Lol i,k oil 2l Lol La 0740 U4y E0U5, 005, « Dy 0755 ¢ 50 2550

GLY OALA Le205, 10004141 1eU6,1e08, 1e05, s 885,095, oV elitye?S5s 055,350

620 LATA 1,165,1.09,1,055,1.02,.49Y9,.953,.935,.905,¢375,.029,.75,.02,.4,0
630 Lab

! DILGCUARGE VULTACL

LI-d
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Lu ! "DATA4R"

LS arriot sAsL |

20 DLt Do(4a,14),V0(4,14)

30 | UREATE "DATAG",10,708

40 ASHLGHE 1 TO "DATAA"

50 Lo =1 1u 5

LU FOR LI=1 Tu 4

70 Fuk J=1 TG 14 =

SU RLAD wo(l,J) ! CUARGL TURU=-PUT .

90 HLXTE J

L0 LEAL L

FLe BREHTS "Il 5 Dei(L)

120 REXT W

LJu tull k=1 Tu 5

L40 FOR L=l T 4

150 rour =1 Tou 14

160 READ Vo(L,it) ! CHARGE VOLTAGL

L70 WEXT

L0 HLLT L A

190 PRINTHE L1,4+5 3 VO(,)

200 {ikAT K

210 ASULGHE 1 T *

228 DATA: 21,430,525 003,83 o889, Fsliek; 1e25 12735 835, 10405155

31 UATHA ol 000505073, 08, 950008, 1515, 2, 12750035l 0345, 5
241 DATA o1,4032,¢5,075,.835,4915497,1,U5,113,1.2,1,28,1.34,0.41,1.5
251 BATA sly o255 8,800, 17,387, 96, 1,06, 8530, 1522, 028, 1:395,1443,1:5
201 DATA odyel8,228,0365,¢85,:54,.08,.8,¢9;1402;000250e224).32,1,5
270 DATA wly o225 3530088, 0 0 2im2 e 320 L s 2T s Nk L e 35 1e G151 &5
261 DATA o1,.18,¢28,439,452,405,¢76,.875,1.09,1.185,1.26,1,32,1.4,1.5

292 UATA owd, 028,805 659270583, 1401,0.08,3,85,0+28,.205,1.,35,1,41,1:5
301 DATA +1,.165,4285,4385,4535,.08,485,.94,1.01,1.0Y9,1.18,1.29,1.4,1.,
311 DALA ol,42,4305,¢4,65,4015,479,497,1:01,1:19,1.27,1.306,1444,1.5
L1 DAEA 'Ly a2y 035042, 650,000, 85 s%, 1000551416, Ee27,1.35,104,1.5
JIL DATA sls o205, e 30,603,075 8)5885.95, el 1ak8,0.2651,3351:39;1%.9
341 DATA olyal¥,53,6393:535,¢08;47844+9,01.01,0.00,0,21,10.32,1.42,1.5
351 DAYN kg a2k 5w 3Ly o305 s 85602, 805, 975, Vel Va2, 1'ddi3, 138, 1544, 155
301 DATA olgeil, e 32, b0y a5%yedy+ 855, ¢85, 021135122, 1.31,1:4,1v5
J7L DATE 1,619,032, 42,658,705, 15,1 0455115550205 1828, 135,041,045

381 DATA 1y wl6ye23; 6032, by eb95 065075586508, Lkl le25, 0325105

39 DATA «l;0185,295,438, 64956035 071;,85095,8:0851.2,1e8,1e4,1+5

401 DATA olge195,.28,:30,349501,72,:8451.01,8414,1425,1533,1:42,1L:5

GLL DNTA s Xy ey s 25030558, « 1559008, Vo VAR 29, 1535 ladik ad551 35

421 DATA 143579,0e395,1440,1,415,1,42,1.425,01.43,1.445,1.,4065,1.49,1.505,1.5175,1.5275,1.535

431 DATA 1o38,1a429, 0644, 1:455, 14469, 1:8685145516535,1e955, Le509,0+5725,1:575,1¢575,1+5725

441 DATA Lo405,1.84,1,4575,0.4725,14485,1.5,1452,1.555,1.585,1.0605,1.06125,1.6125,1,605,1.59

431 DNTA Le8175, 1 eh4525,1268;1e¢525,14555, 1459, 10045517075, Le7375;1475;0675,14742541:725,1+705

461 DATA 163375,1:395,10:82,0.38,14885,16¢39,1.395,bad,01.405,1:462,1.435,1.,45,1.4625,1,4775

471 DATA 1.30625,143825,1003975,0e40,0.415,1542,1.4279,1.44,1.455,1.4625,1,49,1.5025,1:51,1,5075
481 DATA 1.375,1439,1.405,0.4175,1.4275,1.4325,1.44,1.455,1.51,01.53,1.5375,1.54,1.5375,1,525

491 DATA 1e3875,1.42,1.45,1.605,1,485,1.52,1.06,140625,1.064,1.0475,1.065,1.06475,1.04,1.02

501 DATA 1.3325,0e35,14365,10375,1.385,0639,14395,044,1.8075,1.415,01.425,1,.4375,1.4475,1.4525
511 DATA 143525, 10437, 06385500395, 1.8025, 84075, o415, 1oh3,145; 1465, ¢875,1.4825,1:485,1:4425
528 DATA 1a305, a9, 14405, 0125, 0eb175,1:425,108325,1,4825,0.440,16495,4+90125,1.5075,1.5175,1+505
531 DATA La375,1-.4L, 15425, 1eb35,1.455, Leti75,1e4YsLadd,Le509,1a585,1:59725,Ls0,1.5915,1.5825

541 DATY 1+325,16345,163025,1¢37,143850a385,143825,0:39,14395,8,6025,1.48,1.8175,1.,425,1,4275
351 DATA LedA25,14305,1¢34,143879,143975,0.4025, 141, 0.4015,0425,10.44,0.4525,1.4575,1.6,1.455
561 DATA 16355, 04385 L0395, 1s4073,1815,0082,)¢425,1664325,1.44,13406,1:48,1:4925,1.495,1.4875

37F DATA 15365, 1305, balihalobd, L2030 8825, 14505, 1 685, 1.5225,0:556,1:55,1:555,159525,1:54
SOk DTN L gk BUS N2 32035), 16 83050 L S8 35y X5 359 5 3biyd s 36219, Ly 36:2550) ROS 01 3655 0 365 4115 305
SYL VATA L1431, Ee33,10e¢3475, L 355, 1430, 1¢305, 3075, ed7;1,375; 37503775, 103851.3525,1.3825
GUL DATA SV 3201, Blig L« 3595, 1 36255 1y BT, 15 375,00, UK o3 025, 1B ARS8 0 F Dyl 08 S liediL o 14l

Y1 DATN L3351 3925, 03065, Fe 383y 138255 392515 3970008 L s Let2d 9 kel Dy Vs AT 55 kaidih; o575, %« 4525
021 Lilp

5
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61-4

h2
43
44
41
4o

Wl

/W AL i 152

2 OPTION BASE 1

3 CUd GyalYb) ,L1UTEGLE BY,CY9,00,0Y,L,0,1,J,0,9(3),A4,84 ,5HORT T(16),5(38) RO, KL, K2,K5,1K0

4 SHORT A, i,C, ki, ¥, 2yaU, AL A2,83,45(4,14),50,L1,02,53,85(4,14),C0,C1,C2,C3,C4,DU,L0,10,10,11

5 bﬂuur LU,Ll.Lz,Lv,nu(u,lA),“l(h,lh).AZ(a,l&).hJ(A,14).J4(4.14),u5(6.lA),nb(é.lA).u7(4,14)

6 SHURT nu(A,lé).us(a,lA),uu.dl,Lz,NJ,NA.Lb,db,N?,uu,uU(h,lh),ul(a,)h),uz(a,lb},uJ(A,lA),PU,Pl,P
7 SHORT P2,P3, 04,05, P0,q0,4l, 42, k0,R1,R09,50(0),51(7),52(5),53(7),54(7),55(3),10,T1L,T2,13,14,15,T0
J SHORT Uu(lc,ll«).ul(lo.llo),lu(i.,Il‘«),UJ(é,l/o),Ulo(lo,l&),uS(A,llo),Ub(la,llc),U7(4.lln),Ud(h,lls).U')(/o,l-;)
9 SHQRT vu,v1,v:,v;,va,u(i),uu,ul,:.u(z),:u(z),.\:(‘z),:u(z),w,\1,\':,\{5.;;0,2‘.1.;:1.:3,19,|~'uw),1‘1(7)
LU ASSLGHE L Tu "DATAL"

11 REab# 1,1 5 vu(,)

12 READE H,2 3 01€,) -

13 ASSLGHE 1 TO *

L4 ASSLGW#E 2 T "BATAG

15 kiab¥ 2,1 3 0V2(,)

o REape 2,2 & 030, )

L7 ASSLGHE 2 To %

18 AbsLcus 3 TO “DATAZ™

19 RLADE 3,0 ;3 Bl

20 QEADE 3,2 ;3 UV2(,)

21 READE 3,3 5 U3, )

22 READE 3,4 3 VA&(,)

29 READZ 345 3 US(,)

‘24 READL#® 3,6 3 Uvo(,)

25 WLADE 3,7 ;3 UI(,)

206 MEabg 3,8 3 08(,)

27 READ# 3,9 3 u¥(,)

26 REALi# 3,10 ;3 UU(,)

2Y ASSLGHE 3 To *

JU ASSIGHE 4 TO "DATAB"

A,L § wlg;)

! 4y2 5 il2(,)

AD L Gy d i i)

READE 4,6 5 il6(,)

wBEADE 45,9 3 135(,)

“RLAL® 4,0 ; 116(,)

READE 4,7 3 HI(,)

RiEADE 4,8 5 H(,)

RLADY 4,9 3 19(,)

RUALY 4,10 5 10(,)

ASSLGUFE 4 Tu *

BEEE 10U, 500 U CLEAR @ DISP USIKG "7/, 1uX, l1A" ; "CHANGE TAPL" (¢ PAUSE
CY=Y 0 CGLEAR U DLSP USIHG "4/,%,304,2/" ; "DOd’T BLUTHER (L, 171 THLNRLIGE"
FOE L=l TO 5 ¢ bLLSE USLUG "lux,4a,b" ;3 "L = ",L ! KW lndicator

LY L=l THER CREATL "aiu2-1",09,708 LLSLE GUTU 4Y

Ao ludg 9 Tu “Winz2=1" ¢ GuTu 64

LF L=2 THEN CREATE "%iu2-2",69,768 ELSL GuTU 51

50 aSHLIGHE 9 To "Win2-2" ¢ GuTL 06

9:1

52

I L=3 C[ULH CREATE "jH4H02-3",G9,705 LLSE GOTO 53

52 AuBLLHE Y T "wili2z=3" U GUTV 04
93 1F L=4 THLRN CRLATE “RLId2-4",09,708 LLHLE LOLu 55
54 ABBIGHE 9 Tu "Hili2=4" ¢ GUTO L4

G 5

55 LF L=5 TUuid CREATL "4iil2-5",G9,70%

50 ASSLGIHE 9 Tu "WiN2=5" ¢ GUTV 064

04 IF L<=4 THLH Gl=] LLSE Gl=2 { Gl=1 Fuk LEU,Z2 Full GLU

05 U2=2 | U2=] FOR Nicd,2 roik uinZ,3 rFuRkR H2uz

LO 1F L=5 TUEIl PU=2%000 ¢ H2=12 ¢ Gulu 6Y

07 1F L=4 LilLuw PU=25000U ¢ H2=24 LEL3L IU=25000%CLLIL((L/1.5)72) ¢ u2=12
0Y rL=ru/lu

75 LF L=5 TiLl du=35780 LLSL Hu=&444 1 il

70 LF L=5 THLEW Ku=.24 LLSL KU=.94Y9 ! Lot

17 w5=1 | ot



76 LV L=95 Tiik#l L1=5 ELSL Ll=30 1 Yt
79 W=06 | Huaber of Sides

BU Wl=,833 |
ul H5=,.935 ! lsa
82 do=,932 } )L
dJ3 1I L=5 THLH W8=1 LELSOE ud=4 | lix

U4 Q(3)=u2/0 ! Leugth Factor

35 LF L=5 TiEl 55¢1)=0 LLSL S5(l)=.1 ! Spares Factor

B0 T2,I5=,025 ! te

67 T3=283 ) Top

U8 Vu=12b.48 | Vi

95 FOR 1=1 [0 L @ READ WCL),M(2),W(3),U(A),U(5),U(0),M(7)d ULXT L @ RESTORLE 500
Y6 DATA 093039625 08,085095; ¢

97 DATN hsim30lis 2y e 30, ¢ %0 vy s 49

O DANT 35 600y v dsis s ks sk sle &

99 BALA 28525 255255 o2 %0355 v35

LU0 DATA 5,035,025 540850505

150 TU=,000UV270645%(06375H10)7(3/2)

200 U=6700%Ku*LL/ TV

JUO DEG U T1=T0/180% (Y0=-ACS(0375/(6375+il0) ) )+T2

395 PoO=ru/ac+rl/al

400D LVY=PLXLTL/VU

410 b, K,P=0

450 LF K=0 THLU 500

400 HY=CLLL(LU/L2/5340)

470 LU=U0/us/5640

460 GUTOV 503

500 LU, LL=LU/LE/5840

503 rosd 1I=1 Tu 4

SU4 READ T(L)

9 HEXT L

506 bATA 253527 3,293,310

507 b=13

51v LE=283

502 Q(1),q(2)=v

>13 C=LU

515 Gusups 7000

537 tuk 1I=1 Tu &4

239 Fod J=1 Ltu 14

341 AS(L,J)=00(1,J)

S43 LS(L,Jd)=0l(1,J)

545 IEXT J

547 LEXT 1

550 GusLUL Yuuu

552 DY=LY

953 LF T3<=293 Adb DY>., 85 THEN DY=.85

554 LE 13>293 &db bY>.75 TULK nYy=,75

LUL Lu=Ccu/i2

625 CY=y

030 Kl,kd=,8917(LO/L2)

0ih LY=LY+L

JU0 LE D=0 THL: GUSUB 490U LLSE Cl=CELL(LU/EL/DY/5)*S

oUU lo=CcLIL(Lu/il=luvu)/luou

o0l CU=1lo0%71

650 bu=L0/CL/IL A

54 AF CYsLl TIEN 573
33 LE,GUIL T ’

60U wuslb 7000

ool L CY>1 Tilkd s0 g
602 For 1=l v 4

03 Fok J=1 10 la

S0k AS(L,J)=01(L,15-)

Hss
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365 BS(L,Jd)=0U(L,15=J)

UOoL LAY

867 HEXT 1

HLOS GUSLL YLLO

JOY LY=LY

S71 1F CY=10 TN L2=(L2+LY)/2 ¢ GUTO 0650
U72 1F L2&LY IHEN L2=LY ¢ GOTu 050

475 1F P=0 TULIl 9Ul

OBV HU=CELIL(4U/L2/5840)

BUY LY=KUL/LU/50640

390 LF LU#LY THLU LU=LY ¢ GOTU 513

Yul FOR L=1 [V 5

Y02z rLap 5(1)

YU4 HLXYE I

YOO DAY 253,273,263,293,313

Y08 FOR J=l TO 4

yl2 READ T(J)

914 HERT J

915 UDATA olye5,l,2

Yylo A=13

Yyl B=Lu/Ccl/K1

J20 C=0U

Y24 LE=,75

Y57 GuLUL 7Vuv

Y4t Lusue 7500

Y49 Gusul d0LU

290 VI=ILOOK(Z*K2%1u00u) /10uu0

louu J3=CLLL(Vu/VL])

LodSU Va=(13%V]

L7000 N4=Ul*u3

lévu Four I=1 TO 14

lsud Lkad T(L)

1307 rRtap (1)

181u NLLT 1

Lold DALTA 253,1.463,258,1.4816,203,1.4791,208,1.4754,272.25,1.4703,275.5,1,4052,277.5,1.4614
L2 DATA Zu),l.hi,zu-i.l.la_s7J,2')1.l.l»Uc(:,1‘JiS,l.hu’)«,JUJ,l.J‘,M.!.JUtS,l.Jl77.JlJ,l.jul&
lo2l L¥ T3>=313 TUHLM VZ=5(U¢)—(IE(IJ)-1,(lh))“l/(b(ll)-b‘(lJ))*('I‘J-T(lé))/('l'(llc)-l‘(lj)) g GUTtu Ls7v
1622 1F T3<=253 THEH V2=S(1)+(5(1)=5(2))"2/(5(2)=5(3))*(T(1)=-T3)/(T(2)-1(1)) € GurTL 1870
1825 LF T3<263 Tukd lssu

ldsu J=15

1835 J=Jd-]

LG40 LI ©I<T(J) THEH 1635

L8645 Ve=5(J)=(TI3=T(JI))/(T(I+1)=T(J))*(5(J)=-5(J+1)) ¢ GUTO 13870
1650 J=u

1695 J=J+1

1bU LID LS>T(J) Tueu 1855

1305 V2=5(J)4(T(JI)=T3)/(D(J)=T(J=1))*(5(J=1)=5(J))
1870 V2=[2%V2

LYUU QU=CLIL(LIO*(V2=V1)*U4)

2000 P2Z=VvI1*[U

2100 Por=PL*li4

2195 r4,To=Tu-T1l-15

22ul Folt 1=l Tu 4

2202 2EAD I (L)

2203 NLNT

2204 DATH «US4,615,.320,1

2207 FUR L=] [0 4

2208 ol J=1 TO 14

2209 AS(L,J)=0dl(1,4)

2210 85(1,J)=03(1,J)

4211 ALRT J

2212 LLAT 1

IZ-d



2215 BY=U

2210 LK1=00

2217 5Y=h9+l

2216 wu=k1/p0

2219 Ll=CLLL(RU*Lu/TO%1000)/1ouo

2230 LF BY=11 TILH 2280

2231 u=11/CI/KL

2032 IF G>L THLd LLl=.999%C1%Kl O To=RU*CLO/I1 ¢ B=I1/CLl/K]
2233 LY B<.054 LUEI 1l=,053%Cl*K1 ¢ TO=RO*LU/L1l ¢ B=L1/Cl/KL
2234 C=1,475

2235 L=.2

2200 GLULUL 7V00 ¢ GUSUL Yuuu

2270 LF ZY>D0 [HLH COSUEB LOOV LLSLE GusUs 6500
2273 1 BY=1lu TuLd Rl=(R14RY)/2 ¢ GoTL 2217

2274 LF RLFRY THLE Rl=RY ¢ GUTU 2217

2260 Ch=1=-bDO+RU*DU

2300 IF L=5 THLH Ll=L1*TO6/T4

2410 FOR 1=1 TO 5

2411 RLAD 5(1)

2417 BEXT 1

2413 LDATA 253,273,283,293,313

2420 FUR Jd=1 TV 4

24621 RLA 1(J)

2622 HEXT J

2423 VATA UB,61,42,445

26429 A=T3

2430 L=L1/CL/KI

2431 C=C4

2432 k=415

2434 Q(2)=1

24306 GusUb 7u0u

2440 GUSUG 7500

2642 LOLUL bLUUU

2444 VI=CLLIL(L/L2%10000)/1uu00

2445 1F Li5 THLH To=RO*LU/LL

2440 1IF L=5 TULH T=T4 LLSL T=TO

2500 P4=11%Vv]

2000 W7=P2*TL1/P4/T

2700 PS=Pa*I4 /U5

2000 WU=CLIL(.0205%D5)

2900 QLl=CELL(PA*Lb=(P3+Q0) *11/T)

JUVLU Q2=CLIL(AL(QU/2,4l))

310U W1=CLLIL(y2/ (~UUVOUVUVATLO*ES%(T374=-25574)))
4000 Y VEIGHTS & VOLUQLS

40U IF Cle=50 THENH S1(1)=9.32 ¢ S2(1)=LY,26+INT(Y.U3LI*C1~1.2115+.5) /100
4Uuly L C1>50 Tukil S1(l)=11.96 ¢ S2(1)=24794LET (10 LLO*CLITL1.00L4+.5) /100 ¥
4UGU S2(2)=LHT(L125%52(L)+.5)/10u

4041 SV(0)=457

4045 SU(5)=TUT(LU*SU(L)*SLU(LbO/E)+.5) /10

4050 UG=CELL (il3/28) U Ul=LUT(d3/U*100+.5)/1vu
4uhH S4(L)=.ul2663CL

AO0U S4(2)=1.32%03/U*54(1)+.015%LU

4UOY S4(3)=.02%L3 € S54(h)=24.Y95

4075 54(5)=1.009% (US54 (2)#54(3)+54(4) )+ TX LU+, 0UY0* G2 /N2
KOGV BA(G)=LAT (47%54(5)+.5)/1uvo

4UBS H3(L)=LUL(PLA(SL(L)/2)72%52(1)*10u+.5)/100
4080 S1(2)=50(>)=2%52(2)*LAL(lEo/u)

GUGT7 SL(3)=FLuut(s51(2)/4.a04/51(1))

4uss S1(4)=CLLILIU/SL(3)) u sSL(d)=Fr(u3/u)*u

AUBY LT S1(9)HV Tuek SL(5)=CulL(51(3)/rr(u3/u)/u)
4090 S1(H)=51(4)=51(5)

4091 LE CEIL(U3/27)>U THLd 4099

d



4092 LT S1(6)<LLIL(U/FLOLR(BL(2)/5.33/51(L))) TuEL 64099
AUY3 LEF 51(3)>24 LHEW SUCL)=5%S1 (1) LLSE SU(h)=a.5%51(1)
AUY4 LF S1(3)=21 TuLl 50(l)=4*51(1)

4099 S1(3)=rFLoun(ds/fu)

4UY0 LI S1(3)>24 TULH SU(2)=5%51(1) ELSL SU(2)=4.5%51(1)
4u97 LY s1(3)=21 THLI S0(2)=4%51(1)

4UYS S1(2)=1BT(140.2%5,33%51(1)+.5)/100 ¢ CUTU 4105

4099 IF 51(3)>25 THEU SU(L)=0*51(1) LLSE S0(1)=5.5*51(1)
4100 LF S1(3)=22 [Cublid Su(1)=5%51(1)

4lul S1(3)=FLovd(ds/U)

Glu2 IF S1(3)>25 TULL SU(2)=0%81 (1) ELSE 50(2)=5.5%51(L)
4103 1F 51(3)=22 TULU S0(2)=5%51(1)

4104 51(2)=INT(L4V.2%4.,460%51(1)+.5)/100

4109 5l(0)=1.25%(51(5)*50(L)+51(L)*uU(2))

4110 S4(7)=CLLL(H2%(B54(5)F54(6))+.ULL*(Q(3)*U=-u2)*51(0)*50(5)+.5)
G120 S3(2)=LilT(51(2)*50(L)*52(2)+.5)

4125 53(3)=I0T(sl(2)*50(2)*52(2)+.5)

4130 SL(4)=LUL(20.3%u3/1L1+.9)/10

4135 50(3)=12.7 ¢ 52(3)=0.4

4145 S3(4)=LdT(61(4)*50(3)*52(3)+.5)

4150 51(9)=03.5 € 50(4)=206.Y ¢ 52(4)=106.5 ¢ 53(5)=28184
4175N52(5)=LUT (LU79%1AK(52(2),5u(4a))+.5)/10

416U 53(0)=LUT(51(L)*50(5)*52(9)+.5)

4190 S1(7)=51(v)*Q(3)

4200 S3(7)=Ldl(SL(7)*U/a*S0(5)T2%COT (LB8U/1)+.5)

4500 | LIFL CYCLE COUSTS

A5010 FUCL)=LUT(C20%CL+1000)*UAT =, L04T+.5)

4505 FO(2)=LUT(«34*04+,00L4*%FU(L)*iU4a+727+.5)/ 1000

4510 FU(S)=Lil(o25%d4+, 13%U4%54 (1)+1049+.5) /1000

45195 FU(A)=LUT (L 705%U2%U*54(2)+00T7+.5)/Lulu

4520 FU(S)=LUL(. 172%42%(54(5)+54(0))+1329+.5)/1000

4525 FUO(OG)=LUT (o 32%04+.045%54(7)+0Y4+.5) /1000

4530 CO(7)=1UT(.U39%54(2)+06u+.5) /L1000

4535 KO=CLLL(l4s130%u1(7))/54(7)

4540 IF EOG6<1 THLU Ko=l

6565 11 LeS THEN FU(S)=LUT((5.148,14%106)*54(7)+.5) /1000 ¢ GUTO 4550

£C-4

4547 LF L#5 THLI FO(8)=LNT(l.99%K0*%54(7)+.5) /1000
4550 FU(Y)=LUT(LOLL*54(7)+.5)/1000

6559 FUSFO(2)+E0(3)4F0(A)+FU(S)+FU(O)FFU(T) FFU(B)FFO(Y)

4500 FL(L)=10T(B44%54(7)".203+.5) /1000

4505 PL(2)=1uT(989% (L1459 (L) )*(LU(2)+FU(3)+F0(4)FFU(5)+F0(8)))T1.0064+.5) /1000
4570 FL(I)=LNT(217*101(2)".789+.5)/1uvv

4575 FL(4)=LUuT(S20%FL(2)T.397+.5)/1000

4550 FL(OH)=INTCLOY*(FL(L)FPL(2)+FL(3)+F1(4))T1023+.5)/1000

4509 TLCO)=LINT(D4*(FL(1)+FL(2)+FL(3)+11(4)+F1(5))".8065+.5) /1000

4590 FL(7)=LUE(L3L*(EL(L)4FL(2)+FL(3)+1 1 (4)+FL(5)+FL1(0))".0065+.5)/1v0u

4595 PLled (L) *FLCL) 4N (2)* 0L (2) 40 (I)*FL(3) 40 (4)*EL(4)+W(S)XFL(5)HU(6)*F1(06)+U(7)*FL(7)
4597 Pl=Lut(FLl*l1uo0+.5)/1000

400U 1P L=5 TULN F2(L1),F2(2),F2(4)=0 ¢ F2(3)=ul*L1l ¢ GUTO 40635

40D S5(2)=Lu-L1+I8*55(1)

A01U S9(3)=L1*(4002*L2%U+, VOLEUGHCLLIL (CI2%U*55(1))+a0UL5% (h=1)*l2%Y)

Guld F2(L)=Lul(855(2)*(FU(2)HFU(I))*luvut.s)/Louu

40200 F2(2)=Lul(02.5%55(3)+.5)/1000

4025 U'2(3)=LiT(JYu*55(3)+.5)/10uv

4630 F2(4)=LuL(3000%55(3)+L.99%L0%G5(2)*54(2)%ul*U+t.5) /1000

4035 F2=E2(l)+F2(2)+F2(3)+F2(4)

4040 L 3=FO+F 1+i2

4045 LF L=5 [hLi U=23ed LLSL Jd=30.25+,545%L1

4040 La=LLTGI*P5 .80 r.5) /100U

6050 U'S(L)=LUT(220U04.0825%2+15%1+.5) /1000

4052 U5(2)=LUT(200%U2™,8406+.D)/1vuU -
405 L=L 3404+ (L )15 (2)



400U GUoLL 5UUU

4oLl RESTURL ¢ LLLLD L

4065 CLLaR ¢ LLEP SU,99Y U ASSGLGHE Y TO * ¢ DISP USING "7/,15%,5A" ; "DOUEL" U Lub
4Juu ! Ll SUSRLUTILL

4910 Cl=5%v

4925 § LU SUBROUTING
4930 Lu=gl*lleny

4935 GuLUL 4950

4940 Lu=Cu/ul

4945 RaTUkG

4950 ! N2 SUBRLVULIWL
4955 112=CLLIL(CV/LY)

4960 LF H2<=4 THLU H2=4
4905 Q(3)=CLLL(li2/8)

4970 U=CELL(d2/4(3))

4975 KLTURM

Y000 ¢ DATA BTUKE SULBROUTIHE
5002 LF Cu=l THLU X(l1)=0Y
5004 IF GU=2 THLEU X(1)=Gl
S000 LF CU=3 TULH &(l)=C2
5008 LF GU=4 THEU X(1)=PU
5010 IF GU>4 THLU aA(l)=v
5012 X(2)=10

SOL4 Z(3)=T1l

5010 W(4)=1L

Suls L(5)=L1

5020 X(b)=ug

5022 R(7)=ro

S04 A(d)=VU

2020 4(Y)=LUO

5026 a(lu)=L2

5030 a(ll)=xl

5032 w(l2)=hk2

5034 A(l3)=r3

503 a(la)=Vvé

50306 K(15)=u4

HU40 a(lu)=U2

5042 X(L7)=UL3

5044 L(lu)=U

5040 w(lYv)=ul

Y5040 a(2u)=U1

5050 X(2l)=n0

5052 K(&2)=Lu

5054 Xk(23)=1v

5050 a(24)=vl

XUh8 A(25)=lkv

5000 h(20)=C4

Y5002 X(27)=11

>004 N(23)=V3

5066 X(29)=i7

Y000 a(30)=I3

JU6Y A(31)=V2

YU70 A(32)=QU

5072 £(33)=yl

SU74 X(J4)=ygl

S5U76 &(39)=P5

5076 w(30)=V0

206U K(37)=ul

2084 2t333=8% (1)

HYutu A(Au)=04(2) \
o alal)=54(3) )
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YOUL Aa(b2)=04(4)
SUud Kb 3)=54()H)
504 a(44q)=54(L)
UYL s (45)=54(7)
2UY%0 a(4u)=v
Y5100 K(47)=b1(1)
51u2 agat)=52(l)
5104 A(4Y)=51(2)
Sluuv a(50)=50(1)
YLVG a(51)=52(2)
5110 u(h2)=81(2)
5112 K(53)=8u(2)
SLL4 a(54)=52(2)
5116 X(55)=51(4)
95110 w(du)=50(3)
5120 w(57)=52(3)
5124 a(58)=u1(5)
5144 £(59)=5v(4)
21206 £(HU)=52(a)
5128 X(01)=51(0)
9130 X(62)=5U(5)
3132 S(063)=52(5)
Y134 s(04)=51(7)
5136 a(05)=50(0)
5136 w(bO)=5uU(S5)
2L4U K(O7)=63(L
5142 X(08)=83(2)
L4 A (LY)=53(3)
G140 A(70)=53(4)
SE48 A(71)=53(%)
5150 a(72)=53(0)
5152 K(73)=513(7)
5154 a(74)=k1
5150 a(/75)=Fu
5156 a(lu)=Lu(l)
5100 w(77)=Fu(2)
5162 X(7u)=Fu(3)
5164 £(79)=F0(4)
2100 a(ou)=Ku(3)
5108 A(ul)=lvU(o)
L7 A(82)=L0(7)
5072 X(83)=kuU(8)
SL74 S(84)=FU(Y)
3170 a(85)=r2
S178 n(ub)=12(1)
5180 X(u?7)=F2(2)
5152 X(oB)=F2(3)
5084 X(8Y)=i2(4)
9186 A(Yu)=kJ
5180 a(91)=r4
5190 R(Y2)=F5(1)
5192 A(Y3)=F5(2)
5194 L (94)=F
5096 PRLUTY 9,60 ;3 X()
196 neTunry :
ObUUU | RLCHARGL SEARCH SUBROUTLHE (I21)
vulu C=Kkl

6V20 U=C+, |
LUJSL GULUE YVUL
OGU4U LE Ly<hy THLY U224
OULU L=C=,ul
006V GuLUE Yuou
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HUTU LI LYy2p0 ki 6050

LUV L=U k.Ul

b0Y0 GUSUL YuULU

6luy LF 2Y<b0 TiLH 6080

6110 C=C=.00ul

612U GuLub Youo

0130 LF Z9y>D0 Tulid 6110

0135 LF C>=1 TiEN L22V

6140 C=C4+.00001

6lbU GUsUL YUUU

LloY LE LYy<puy THLH ol40

0220 RY9=C

023U RETURL

6500 | RLUHARGLE SLAKCH SUBROUTLINL (Ll1/CL/EL)
LHUS RUu=(.494DV) /LU

65U0 Gl RY=10%Du

0510 L=.054

0520 L=i+.l

0530 GULUL 70V ¢ GusUL Y9000
0540 1F Z9<bu TULN 0520

LYYU b=b=.01l

0500 GULHUB 7000 ¢ GUSUB YOOUL
6370 LF ZY>00 THLK 06550

656U B=s+.001

65Y0 LOLUL 7000 ¢ GUSUB Y0oLU
0OL0 LF ZY<y THEU o5uUv

0olu B=p=40001

0020 GULUB 700V ¢ LUSUL YOLL
00630 Lt ZY>bU0 fidLi 66lLU

6640 L=s+,00001

6050 GuLUL 7000 © GOsUB YUOUL
66060 LF Z9<DU [HEN 6040

bu/70 Il=p*Cl*L1

LHBU KLTURK

J000 ! 2 DLIHNLKSION SUBROUTILINE
Juol BoL,LL,B2,L3=0

JOUS LF B>L TULEH 7090

7010 B4=0

Ju20 L4a=hA4+]L

JUsY 1F B>=T(n4) LuLn 702v

Juav LY B4=1 TULN 7070

7050 BO=(T(La)=8) /(L (B4)-T(B4=1))
/000 GUTO 716U

070 B2=(T(L4)=u)/(L(LbL+L)=T(84))
TuisUu ULV 71060

JUYOV B4=5

7100 pa=54-1

7110 LF B6<=T(B4) THEN 710U

7120 LF B4=4 THEN 7150

7130 Ll=(B=r(B4))/(r(natl)=r(d4))
7140 RETURN

7150 B3=(h=0(B4))/(T(B4)-T(B4=1))
7160 RELTURM

7500 ¢ Jrd DLUENSION SUBROUTLWE
7501 AU,al,A2,A3=0

7502 1F A>283 TULI 7545

7505 Ab4=U

7510 Ad=A41 1L

7915 LF A>=5(A4) Tk 7510

7520 fF Abd=1 TUHEN 7535

7525 AU=(0(Aa6)=A)/(5(Ad)=8(AG=1))
7530 pETUR

92-4



v

71539 A2=(5LA4)=A)/(:
1540 RELURU
iS5G Ab=0
7550 Ab=A4=1
159% LF A<=5(A4) TULN 7550

7560 LF A4=5 THLU 7575

7505 Al=(A=5(A4))/(5(A4+1)=5(A4))
7579 RErLURM

7575 A3=(A=5(A4))/(5(A4)=5(L4=1))
7560 RETURN

gouUU ! drd DLULHSLON SUBROUTIWE
BUVL LF Q(2)=1 Tuki 8500

B0U2Z Ul A4 GUTU B0D0A4,LLAL,BUSH,E070,8U94
BUU4 GusUs dalu

020 GUTOU GllU

U4V GULUS 8420

HUSL GUIV Lllu

guss GosuL G430

gu74 LUV Ullv

U706 GULUS La4ay

vlY2 Gulu LILY

oUY4 LuLUdl B4dY

sllu ZU=uY

111 LI A>283 THEN 8232

oll12 LF A4=1 THLH 8lYu

Yl14 Vil Ad=1 GUTU LU, 8154,6172
slly GOSUB B4lu

134 GUTL U222

U154 GUsUL B420

170 GUTu 1222

bl72 CoSUB 8430

Ulos LULY G222

190 GusUL B420

Udu4 L2=LY

Y200 LUsUL B4 30

U220 £3=LY U GUTL 8223

Ue22 L1=LY

L22 IF Au=0 THEN ©228

B224 Z=LU+ALR(LLI=20)

vdlu RLTURU

Ulld 4=o04A2% (ZU=22)*((L20-22)/(22-43))
d230 RETURA

0232 LF Ab4=5 TNEU 8272

8234 VW A4=2 GUTO 823,8254

U230 Gunlh sbav

8252 GOITV 8JIU4

U254 LUSUL U45U

G270 GUTU B304

w212 GUsUB 8440

32006 <Z2=4Y

U2U8 GUBUL 64l

V3u2 ZL3=LY9 (¢ GUTULU 8305

BI04 L1=LY

g3ud L¥ Al=0 TUEL 83lv

JIUuL S=Lu=Al®(Lu=-41)

UJuy rELURH

031U L=aU=A3%(Li=au)R((L2=-20)/(L3=202))
J3lZ2 RLTURWM

d4lu Lo 1I=1 Tu 4

$411 Fur J=1 To 14

8412 aS(L,J)=Ul(Ll,Jd)

b4l BS(L,Jd)=UL(L,Jd)

441)=5(A4))

L4



B4 10
ual7
G420
G421
422
RYPE]

$a424

425
6420
vazi
64 30
3431
ah 3L
Gh3 3
Lh da
dh 3D
Ua v
vali
s4av
uhahl
Gahl
uhé 3
44
U445
U4bu
Jh44l
8450
o451
84052
G453
$454
34955
J450
G457
4oV
69502
gHly
dH20
4540
dadu
8554
ui50
Bl
8o l4
RV
uoul
4292
go593
8H34
solu
uwh 12
bLiu
G030

o440

874

G045

B602
Gub
o718
Gwhbou
Bo0dl

NEXT L
LUSUE Yoouu
RLTUKN

ot l=1 To 4
FOR J=1 Tu 14
AS(L,J)=U2(1,d)
BO(1l,d)=07(1,J)
dbat J

WEAT 1

GusUB Yuuu
RETUAU

rot I=1 TO &
Fuk J=1 Tu 14
AS(l,J)=U3(1,J)
BS(L,J)=U006(1,J)
HLEAT J

HEXT 1

Gusuys 9000
RETURN

rork t=1 1o 4
FOR J=1 Tu 14
AS(L,J)=U4(1,d)
BS(L,J)=UY9(L,J)
liLal J

HENT L

GuLUL Yuou
RELTURH

rok I=1 To 4
FUR J=L1 Tu 14
AS(L,d)=u5(1,J)
BS5(L,J)=00(L,J)
LAY J

REXT L

VR VI RVAVLY)
KLruRri

Uil A4 LUTO B502,8520,8538,8556,8574

Guisln 69ll

GUlTu 459U

GoL UL UYLu

LUTLV GOYU

GusuUL BYJu

GuTu 0oL

GULUL $940

GuUiv U5Yvu

GUsUL 695U

Lu=0Y

L A>283 Tuei so09%v

L A4=1 TilLd U048

Ui Ab=1 CUTU UH94,8012,00630
Gosul sull

LUTO GLYL

LULUL G920

Lulu d0d0

Cus Ul 8930

Gulu 4doLou

GOsUB sy2u

L2=49

GusbL Y30

43=4Y9 U GLUTL LoLol
S1=LY

1P Au=0 TiLd 6040



o2 L=L0+00E(AL=40)

BOud KLLunil

LOLL Z=404N2% (LU=L22)%((LU=42)[(d2=L)))
bhod LLTURU

BOYU LF A4=5 Lk €730

BOY2 VIl AA=2 GOLY G4, 8712

Jova4 GUSULL G940

o/lu Gulu d762

712 Gusul 8YsvL

6120 GUIV L1622

6730 GusUl dY4u

6l44 L2=LY

140 ulv 8930

$700 =4Y U GOTU 6763
L7062 L1=4Y

47063 1IF al=u0 THLH G708
U704 Zai0=AlXx(20=-01)

g7060
7068

RETURY
LoLU0=A3% (L2=-L0)*((L2=20)/(23=L2))

8770 RETURU
49l1l FOR I=1 Tu 4
6912 FOR J=1 Tu la
8913 AS(Lyd)=ill(Ll,d)
BYl4 Bo(1,Jd)=d6(1,d)
8915 HLXT J
Uyle HEXD L
BJ17 GusUB YuLv
0919 RETURM
8920 rui. L=1 Tu 4
3921 For J=1 10 14
3922 AS(L,d)=u2(L,J)
8923 BS(L,Jd)=117(L,J)
oUY24 dLat J
4925 HEXE 1

) JY20 GusuL Yuuvv

N 6927 RETURN

o $Y9Ju UR 1=1 TO 4
8931 Fok J=1 Tu 14
8932 AS5(1,4)=t13(L,d)
CY33 bS5(1,d)=18(1,d)
Y34 ULyt J
6930 HLAT L
Y306 GusUuL Youo
937 LLlul
Y40 vk L=1 Tu 4
8941 For J=1 Tu L4
$942 AS(1,d)=ud4(l,d)
Y43 BS(L,Jd)=u9(L,J)
d944 RELT J
3945 HEAXT I
$U4L LUSUL YULV
8947 RLTURK
BYSU 'k L=1 Tou 4
3951 ror J=1 ltu 14
8992 AS(I,d)=15(1,d)
89953 B5(1,d)=nu(l,Jd)
Y534 ULIT )
dY955 WLAT I
BYS6 Lubidl Y000
G957 RETURY
OO0 ! LHTLRIVLATION SUBROUTLUE
Yuud K0(1), 51 (1),22(l),ad(l)=u



Yyoud LF C>A5(k4,7) TuLu 9035

Gulu G=0

JULY L=l+l

Ju20 1K C>=A5(b4,G) LuLd 9015

YJULH AU(2)=(A5(B4,0)=-C)/ (AS(B4,C)=AS(B4,G-1))

YuJu GOTU Yubd

Yyu35 LF Y(l)=1 TUEi Y010

Yulh u=15

JU4LU G=G=1

9U4S LE L<=A3(b4,0) TULEUN Y040

GOS0 XO(L)=(C=A5(BA4,0G))/ (AS(B4,L+1)=A5(B4,0))

Yyuss LF b>L CuLt 9315

Y000 LF Ba=1 Tk 2095

YJuos LI C>AS(B4&=-1,7) TUHEW Y14

Yu70 =0

YUy d=il+l

YUGO LI Go=A5(ba~-1,1) TULW Y075

9035 KL(2)=(A5(Ba=1,il)=C) /(A (BA=1,H)~A5(B4~1,0-1))
Yyuyu LuTu Y2lu

YuYs LEF C>A5(L4+1,7) Tuen 9170

2100 =0

Ylud H=il+)

YLLI0 LF C>=AS5(Ba+1l,1) THEW Ylvus

JLID X2(2)=(A5(B4+1,1)=~C)/ (AS(Ba+]1,IL)=A5(B4+]1,il=-1))
YlL20 J=u

9125 J=J+1

YyrLi3n 11 Co>=A5(B4+2,d) THEN 9125

Y135 w3(2)=(A9(B4+2,0)~C)/(AS(B4F2,J)=AS5(B4&+2,0~-1))
9l4u GUTL YZIU

J145 IF Q(l)=1 THEW YU70

Y140 =15

9150 lU=ll-1

Y139 LF €<=a5(L4~1,1) THEd 9150

JL6U KI(L)=(C=A5(LA=1yh))/ (AS(BA=-1,i4+1)=A5(B4=~1,11))
Ylod Guiv Y2lu

9170 1 @(l)=1 ruLi vlov

Y171 =15

9175 ui=l-1

gluu LI L<=A5(LAa+1,1t) THEW Y175

Y189 R2(L)=(C=AS(L4+L,H))/(AD(s4+L,i+1)=A5(B4+]1,0))
YLy J=1>5

9195 J=Jd=1

9200 1F u<=A5(L4+2,J) THEW 9195

9205 KI(1)=(C=A5(L4+2,d))/(AS(Ba+2,d+1)=-A5(B4+2,J))
921U 1F au(l)=uU Lridnid Y225

Y215 YU=BS5(Ba,u)=au(l)*(BS5(B4,6)=-65(84,G6+1))

y24U LLETV Y230

9225 YO=UBS(L4,0)+a0(2)*(L5(B4,0=-1)=b5(b4,u))

9230 LI Ba=1 TiLd Y205

yl2l3s LF X1{l)=u TULk 9250

Y240 YLl=BO(oa=-1,0)=-R1(L)*(s5(bba=1,0)=b5(s4=-1,U+1))
Y245 GULL Y255

Y250 YLl=65(ua=1,0)tl(2)#*(BS(BA=1,1l=1)=B5(B4=1,il))
9255 LF y(1)=1 TUEH 92060

9250 £Y=7(0+50*(Y1=-YU)

Y257 RETURN

Y200 LY=L (La)=(Ca=Y0)/(Y1=YU)*(T (L4)=T(B4=1))

Y201 RLETURN

V205 1F K2(1)=0 TUEH Y230

Y220 Y2=B5(La+l, il)=R2(L)*(B5(34+L,U)=BO(LA+L1,1+1))
Y275 GLLUTU Y265

G250 YZ=B9(ua+l i) +a2(2)*(B5(LA+L,Uu=1)=L5(5441,L))

o&-d



92485 1P Aal3(l)=0 TuULd Y30U

9290 Y3=U5(L4t2,d)=n3(l)®x(uo5(B4+2,)=u5(B4+2,J¢]))

9295 GUTO Y305

930U Y3=L5(B4+2,0)+ad(2)*(Bo(B4+2,J=-1)=-B5(B4+2,J))

y3u5 IF q(l)=1 TULEJ Y310

Y300 A9=YUH+S25(Y0=Y2)*((YU=Y2)/(T2=Y3))

9307 RETUR:

9310 A')*‘l'(hla)-(\‘l)—(,lu)/({.{—‘.‘\l)*(f(d/ul)-T('.M))*(I(ulrl'l)-T(u/.))/(l(I;Iqht)—'r(l'.lcfl))

Y3lL RLITURWM

9315 LF BLd4=4 THLiIi 9350

Y320 LE C>A5(B4+1,7) THLI Y400

Y325 ul=v

9330 =i+l

4335 LF C>=AS5(34+1,1) TUEN 933U

Y340 al(2)=(A5(BA+L,0)=C)/(AS(BAHL,N)=AS(B4&+],li=1))

Y345 GUTU Y4065

Y350 LI C>AS5(B4=1,7) THEAd Y425

Y355 li=0

930U =41

Y3u5 LF U>=A5(L4-1,11) TUEH 93060

Y370 A2(2)=(AS(BA=1,0)=C)/(AS(BA=1,11)=AL(b4=1,M=1))

Y375 J=v

9300 Jd=J+1

Y365 LF C>=A5(B4=2,0) THEN Y380

Y390 X3(2)=(A5(BA=2,0)=C)/(AS(BbG=2,0)=A5(B4=2,T0=1))

9395 LOTLV Y4065

Y400 IF Q(l)=1 Tkl 9325

Jaul =15

405 ==

9410 IF C<=A5(ubd+1, 1) THLN Y405

Y415 al(L)=(C=A2(La+L, 1))/ (AS(BA+L, U+ )=AS(B4+1,1))

9420 GUTLU Y405

9425 L (l)=1 Tikid 9355

9420 il=15

Y430 li=il=1

9435 LF C<=A5(B4=1,11) THER Y430

94640 X2(L)=(U=A5(B4=1,U0))/ (AD(B4&=L1,U4+L)=AS(L4=1,11))

J445 J=15

Y450 J=J=1

Y45h LI C<=A5(L4=2,J) TUHLU Y450

Y400 K3(1)=(C=A5(B4=2,J))/(AS(b4=2,041)=-A5(b4=2,J))

5465 1F R0O(1)=0 TULN Y480

Y470 YU=BS5(14,6)=R0(L)*(LS(B4A,G)=BO(B4,GH]))

D475 GUTOU Y445

Y460 TU=L5(B4,L)+al(2)*(LS5(54,0=-1)=L5(0L4,0))

Y455 LY Ba4=64 L'linid Y520

Y490 LF X1(1)=0 THLi Y505

9495 YLl=B5(BA+),M)=ul(1)*(udS(ha+l,t)=B5(Ba+1,1+1))
— 95300 GUIV Y51V

9909 ULl=G5(B44L,I0AXL(2)*(Lu5(BAtl,U=L)~B5(u4+L,il))

Y510 LF (l)=1 tHueu 515

Youll LY=YU=-Ll%(YU=Y1)

9512 RETULK

9515 49=1T(LA)+(YU=C4)/(YU=-XL1)*(T(udrl)=1T(ud))

Y510 RLTURH

Y520 1F X2(l)=u TilLH 9535

9525 Y2=05(La=-1,U)=A2(1) s (NO(LA=L,M)=-n5(%6=1,11+1))

9530 GUTU Y540

U535 ¥2=U05(L4=-1 ,H)+a2(2)X(s5(BA=L,L=1)=-bD(B4=1,1))

Y540 LF a3(l)=0 Litd 9555

US45 Y3=u5(sa=2,d)=x3(L)*(55(bA=2,d)=-L5(BA=2,d+1))

Yirhu LUTO Y5060

1€-d



U595 YI=u5(B4=2,J)443(2)*(B5(Bb4=2,0=-1)=L5(B4=2,J))

Y500 LF Q(Cl)=1 TiHEH Y5065

Y501 Z29=Y0=B3%(Y2~YO)*((Y2-YV)/(Y3=Y2))

Y262 RETURU

9505 L9=T (4)+(Ca=Y0)/(YU=Y2)X(T(B4)=T(B4=1))* (L (B4)=-T(L4=-1))/ (L (B4=1)-T(b4~2))
9570 RETURH

cEd



£€-d

10

I "DATAS*"

15 oPriol EASE 1

2U i

Ju

50 Fou
LU Fur
70 KLAD
dU dLal

Vo (4,14),00(4,14)

I CKLATE "DATAS",2,7068
4u ASSLuU# 1L TO "DATAS"™

90 HLKT

Lov
L1v
| 4]
130
140
L50
100
17vu
150
190
200
21u
220
230
240
250
200

v
15
20
Ju
40
50
(NY)
70
uo
yu
Loy
1to
12u
i30
L4u
150
160
g
19v
20U
22v
230
240
250
270
250

I=1 Tu 4
J=1 Tu 14

D6(I,J) ! LIFE YLARS
J

I

PRAINER 1,0 3 DO(,)

Fok L=1 Tu 4

ok J=1 Tu 14

LLAD VG(L,J) ! bob

HHERT J

HUEZT L

PRINLE 1,2 53 VO(,)

ASSIGHd 1 Tu *

DATS 0y 03y aifiile 2 e 22«3y 3035 46 7560685 12+ 6551 308418 6515 4516405
DATA 0,63,.65,1.05,0.0,2,300,4:2,6,12,6,13.6,14,4,15.05,15.65
DATA Ugoly 9, 1eh5,20032:08,84:2,5.85,;8,01,8,102:9,14,14,6,15.2

DATA 0055 Ly da8s2eYsbielaDelisgtelydelelledg¥lad,12405,32.9,13:8
DATA Lok G840 925w 8050 815070, 0By 4Gy s See 23y o hTyal2, 00,0

VATA 499309355 « 88,5 6835 785 675;5007,450505502515,4l;405;0

DATA «93,:805 805,75 e730605;050,e875037,02,415,+09;4.05,0 =
DATA 78 R05, « B0yl wd b3y dly 28y s Uit b3, s U85 05,0

Lo

{ "DATAGH"
ulTLON BAasE 1

DI v
! CRE
ASHILG
row 1
FUR J
KLAD
HEXT
HEXT
PRI
FUR
FOR
RLAD
Wl RT
LT
PRIU
BRTA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
Eilb

6(4,14),006(4,14)

ATL "DAYTAOG",2,768
W L TO "DArLAG"
=l TO 4

=1 To 14

DoO(L,Jd) ! CIHARGE
J

1

g 1,1 3 6L,
I=1 Tu 4

J=1 Tu 14

Vo(L,J) ! LTI O bIS-CHARGL
J

1

T A2 2 V()
Gl 1T

Us 00y e 045, a7255 o815, +905,+995, 108, 1o 165, L1255, ke35,1.4751449,1.6
U, 00y 00%5, 073, 0815, s 88,0955, 1025, L 0855115, 122,103, L.4,1.6

O S0 GhDs 578080, 985l 1 055, Lo LU 1SS T B2 15 0, 355 o6

b BASS « 1T s G5 e U6, bl L lh A8 STGe Y, B ASNIL a0 1. 6

0, 56069 5050075673550 157557100 1115557655 s 19516095 « 195 50 7925
UyeSUye0,ye0795,073,4705,.8,.825,.845,.86,.8725,.88,.8875,.89

Dy eB0ya0y 675,785,083, 865, 89,91 ,:92,+93;%430945; Y5

Uy a5y a6y o075, 0785, e 89y 0935, 90, 0825, 1, 1,0075,1.01,1.005, 995



10

RPN PR

15 grliold BaSE 1
20 DI Do(4,l4),VO(4,14)

4u

CREATE “"DATATY,10,7068

50 AsSLekid L rtu "pATAZY
55 FOR W=1 TO 5
bU FUR L=1 {0 4

luv
I1u
12u
13u

70 touk J=1 Tu L4

U RiLAD DO(L,J) ! buD
WEST Jd
WLsT 1
PRINTE L H 3 BO(,)
HEXT I
Lol 1 =i sTel S

L4o
150
16V
170
1du
LY0
200
21u
220
230
240
250
200
27u
2060
290
Juu
31
J2vu
330
3h0
J50
jou
31u
Jau
SV
400
41u
420
430
440
450
40u
470
Y]
490
500
51u
520
230
540
550
56U
570
560
59u
[CRONV]
blu
020
03u

ve-d

Fok L=1 Tu 4
For it=1 To 14

KLEAD VO(L,:i1) ! LDLISCHARGE VOLTAGL

WEXT 1

HLXT L

PRINES L, E+ES 5 VO,
HEXT K

ALSLGLHE L TO *

DATA 05025, 0654105,:18,.325,+93,1,1:505,1.025,%,075,1,19,1+255,1.27

DATN V56025, 5055, ¢ Ly o175, 3055 88,095« $985, Lo 0251, 025 Vs X255 1 19,1205

DATA ©,4U25, 4055, ed,¢l?,43,¢80,50925,97,+995,.995,1.1,1.16,1.175

BATA Uy sB2,e0035; 09555165, 3295, 88, U5, 9%, « B85, 925, 1 075,1,835,1:15

WATA 85 825, o000, 0805, 18555 3255915, 098551 ¢0850406, Vs 06511751 2235,1.25

DATA U, 0025, .055, 40, .017,43,4805,.935,.975,1.005,1,005,1.11,1.17,1.185

BATA U;s025, « 055, s 09555105, 295, « 855 s91 4 e 955, « 98,98, 1085, 1s 145, 1.1%6

DATA 0,02 05,5095, « 105, 629,835 89,935, .90,,90, 106,115, 1.135

DATA U002, 6095, adyie F195 031, « B88,.0955, 4, Leti251.025,1.13;1:195,1.21

BATA V0255505550955 v 1055295 ol a0 55945, 5975, o 975, 0,075, 0 135 1515

DATA UgeU25605,0095; c10,¢285,.82,s885, ¢925,095,¢95,1.05,8.105,1,12

DATA Uy a0256U0,¢09;0155;28,.8,8065,.909,+93,+93,1s025, L 08,1.095

DATA U, +02, 055, 095,105,029, 835,895, « 94,0965, 965, L.005;,1125,1,14

DATA U, sU25, 405,009,155, 0275,07Y4,85,s89,,915;,.915,8.01,1.0065, 1,08

DATA Uy eU20, eU0bye0Yy015,4627,¢77,e83,.87,.895,.895,.,985,1.04,1.055

PDATA 0,402,405,,U85,15,4205,¢755,481,485,.875,+875,.965,1.015,1.03

DATA U3 002, 0045, «08;4135,e235;, 08, e735,07065;e795079,¢87,692,+93

DATA Uy w0250 08 ST S, < 125,05 2250 564510y o 29 0s £ Dptal oD e DL Sy withliy: v 8.8

IVTA) Uy O02 e U il o 1255 S 2SOy o DL STy o3y e U5 e B 0 UG

BATA B, o UL Snulll, s U5 ¢ 126 0 2085 « 048, .005; «6Y5, s 715547155 ¢ 79, ;88

BATA 1e75,140U5; 104545,1e505;, 14485510875, 05851e¢3751e305,14+265,1.015,0+9%,4+84,0
BATA a0 LS5 @Yy Leh255 Lo 395 1a 37500305 1029516265, 1215, 1415, «Y44.87,4+78,0
DATA Le56,1043,14375,14345,14325,14315,0.245,1422,1,175,1.11,.91,.84,.755,0
DATR 1505, 038, 183, 1,295,0.273, 0427, 0205,01.,08,1.135,1.025,.88,.,815,.73,0
DATA Le71,145505, 1505, kad05,164495,14435,143641e33,1.275,01¢205; 9754509, 8,0
BATN $ueST95 0 @15, Ea305, 1635, 0033, e 325102904225, 800580010559, 83;+74,0
DATN 10525 e 3850433551 ¢ 305,55 2855 Fa 275, 1:200;1: 185 1. 135,0 407, ¢85 « 850 F15,48
DATA 14405, 134,129, 01.255,0.235,0423,000065,1.04,50.095,1.035,.84,.775,.69,0
DATA 1.09,1.565,1.485,1.445,1.425,1.415,1.34,1.30,1,255,1.185,.955,.886,.7¢,0
DATA L a5 581 a2 e bG350 31y M olh 3 L DRSS ol ) 5 5 s 09 L B o ethily w2250

DATA 149513755 1a 315510285, a 265 5862555 1w 185, 1510 FyP 151005, « 855 « 7854695,0
BATA La8&3l o325 Le2lsl o 2355 Ve 2bS 1215t < BAS TGV b5, L 0L 5,5 8250795555067 4:0
DATH, L0675 16525, Le 8655 X e825; 1e805514+395; 103251629, 16235, 1065, 935, 80,7050
DATN, VeS355 L sk, ba S8 55 1 dil 5l 295 128, 1e 28N o AMS54 X o Bl a7 B0y s Dyia 23D

DATA behli, 1, 35, 0:29550:205,04285,0.235,0.065,1.14,1,099,1.03,.83,.76,.675,0
BDAEA 1082050 a8y 10235 00215, 095,100,000 25, 01504055, 0995,48,¢7359;.65,0

DA e O3 oh 855 U2 551 J3U S 36 ke 358, Ve 2l be 25, Vo105 Mo 125, o B9, c82, e 7250
DAL L ah 955 8 865 e IN s b 27,1325, s 20 s b Tolic 85, LaiDY5, 05038, < 82,675, 00650
BATA 1@ hy Le 30, 162555 14225, 103205, 95 5005 V25515151055,
DA RS 385 L a0 el S L o 1750 eI 5 115 kGBS Ma it o MY S, 055 o 7650109 5iyiel0:L 5 0

Ll

eY9, 79,472, :035,0




Lu ! "DATAGR"
L5 uPrLiul BASL 1
20 DLy DO(4,14),V0(4,14)
30 1 CHEALE “DXTAUY, 10, 708
40 ASSLUGHFE L T "DATAS"™
5U Ko di=1l Tu 5
60 FUR 1=1 Tu 4
70 ror J=1 Tu 14
U NEAD DO(L,J) ! CUHARGE TURU=PUT
Y0 REXT J
100 UEXT 1
110 PRINT? L,0u 5 B6(,)
120 WLXT 1
L3v urk R=1 Tou 5
140 FOR L=1 Tu 4
150 1ok =1 Tu 14
16U READ VO(L,il) ! CUHARGE VOLTAGLL
170 WEXT U
LoV HEXT L
199 PRIMTE 1,E+5 3 VO(s)
200 lBEAT K
ZLlu AsLLGUd 1 tu =
221 DATA «lye2yedyeS,0fiyalse8s50955,):07,1.2,1028,1,3%;1.43,1.5
234 DATA v lsie 2570 B85e 5y o000 Ty 018509955 107 5 16 2, B 28,51 .33, 153, 1.5
241 DATA ol3625035065,6050250854955,0407,10:2,1. 28,1.33,1.,43,1,5
3L BATA &by o2 s lys 55 305 T 98, s 9355 LUl Leidy 1028 133, o8, 1.5
201 BATA olyedyedyeD,e0,07,48,4955,1.07, l.-,l.zJ 1.33,1.43,1,5
271 DALA .l..;,.J,.j..o,.l..a..uhs,l.u7,l.z.l.zu,l.JJ,l.aJ,l.S
231 DATA .l..l..J,.S..b,./..u,.USS.1.07,l.Z.l.zu.l.JJ,l.AJ,l.S
L
1
1

29 uaT 50 E, 359 056 Ts 58,5 9555 1V 0T U2, Ve 28,0, 381063155

JOLDATE oy ey o F5ie D, o0y ity + Byw Y955 1507, Lo 2, T 28, 159, 143,15

JLL DATA . 2o 3t dsn Dy elips Ty a8y s 9558, o007, 1e 25 Ls 28,433, 1243, 1,5

SULOBNEN ol eiliyei 33 ie 5y o0l s o 85a 955, Ve, N 2y Ee 28,0 33 1o 431105

AL BATN bt Y BB Ticte B ,.J)S.l.ul,l..,l 28,5538, L 6$,l.>

S4L DATA ol sin s o805y 0ligle 75 0850955, 102, 15 2 s 285 1533, 143,045

351 wATA .l,.z,.J,.b,.b,.7..0..95),1.07,1.2,l.zu,l.JJ,l.hJ.l.)

360 URTA oll,o.25 35s 5y eOhe Ty 585998, 07 s 3o:ls 2850 .99, 183,105

JL DREA o, 02, e8y0 8, 000 1508, 9505807, Va2 U 28,1033, bakd, 155

JUL DATA olyelyeByedyebynlyelye¥955,1:07,102,1.28,1:33,1.43,1.5

31 DATA .l,.z,.J..b,.o..7,.u,.Jbb,l.u7,l.l,l.lu.l.JJ,l.hJ.l.b

4UL DATA slye2yeBgedye0nulyelly o895 o075 e2,1.28,10033,1e43,145

AETCOATN  od50 25 035is D, s ety s e 355, Vel y tis £y L e 285 e 35,1260, 55

421 DATA 1.47/5.1.4»3,1.49::,1.3015,1.515.1.;115.1.5175.1.515,1.5575.1.54,1.54.1.54.1.5#.1.54

431 DATA 1.4875,1.495,1.5025,1.51175, Lo 525, 1 5325514 54,5 10955 1595, 1 5575, 1:.5575, 1:5575,1:5575, 1+5517
441 DATA 1.495,1.5025,1. bl.l.)‘7).l.)JJ.l.S&-J,l.SS,l.bblS,1.57,1.575,l.5775.1.5775,l.577>,l.57b
451 DATA 1.505,14915,10:5225,1.54,1.5475,1.559, 1e5025,1e575,1.585,25925,1.6025,1.0U5,).0025,%,59
401 DATA I.AJIU,1.&45.1.4515.1.h025,1.47b,l.&bz),l.&u)b.l.h95,1.4975.1.5,l.b,l.b,l.b,l.b

471 DATA l.hAIb,1.655.1.4025,l.&/lb.l.éob,1.4)26,1.5,1.51,1.315.1.5175,1.5175.1.5175,1.5175.1.5175
481 DATA I.Abb,1.4025,1.¢7,l.éulﬁ.l.huu.l.buzb,l.Sl,l.SzlS,1.53,l.SJS,l.ﬁJlb.l.SJ?S.1.5175.1.5J5
491 DATA 1.405,1.475,1,4825,1.5,1,9075,1.505,1.9225,1.539,1.549,1.5975,1.5625,1.505,1.5625,1.5575
Sul LATA 1.41/5.l.az&,l.bjzb.1.6475,1.435.1.4625,1.4013.1.675.1.4779,l.éu,l.hu,l.hd,I.Ab,l.au

5011 DATA l.az]b,l.&Jb,l.A&:b.l.éblﬁ,l.hos,l.b7zb,l.hu,l.49,1.435,1.497b,1.4973,1.ﬁ975,1.497b,l.hu]
921 DATA l.ﬂjh.l.hhzb.l.aﬁ,l.ﬁb)ﬁ,l.h7b.1.4825,1.49,1.5015,1.51,l.bli,1.5175,1.5175,1.5175,1.515
9531 DATA l.hbS,1.&55,l.huzb,l.hu,I.hu?&,l.h?h,l.)UZb.l.blS,l.bzb,l.blib,l.SAZb.1.543.1.5425,1.5J15
541 DATA 1.;475,1.405.1.4125,1.4175.1.433.l.4n:5,1.447>.1.455,1.4575,1.46,1.40,1.40,1.40,1.40

551 DATA l.aulb,l.hlb,l.a;zb,l.hllb,l.445.l.hb:b.l.h0,1.47.I.h75,l.h115,1.4775.I.A775,l.h775,l.457
501 DATA l.als,l.hzzﬁ,l.AJ,I.AAZB,l.hDS,I.AOZS,147,1.4515,1.49,l.&95.1.4975.1.4975,1.4975,1.495
571 DATA 1.«:3,1.415,1.&4:3.1.4u,1.noi>,1.&25,1.4;:5.1.hu3.1.>u5,1.31/5.1.>125,1. 25515225, 15175
561 waAlA 1.5575.1.103.1.J7z5.1.)u75,1.3w5,l.huz},l.au75,1.4|5,1.4175,1.42,1.41,1.61,1.42,1.41

SYL DATN 1a30675, l.JI).l.JhLJ. 3975, 1 .-U;.l.hl:b,l.&:.l.éJ,l.AJS.I.&ilﬁ.1.6173,1.4375,l.4J75,l.hJ7
601 DATA 1.3735,1Y.3825, 39 g 1afiUT5, L0 415, Lo 8225, 1043, 156425, 55514551 5754 Leh575,1.4575,1.455
511 DATA l.Ju),l.J)),l.uuk),l 42,104275, Leli35, Lo hb25,00455, Lodib65, Lehl 15, L.4825,1.485,1.4825, L .4775
621 LD

sed



1 ", W m ",

: £ L0 { '
LT O I i P L S I AN (ORI RY I 68 S S e IR A

A BHORT Gl Ui a1y 0 () L) By RO N LLCE) Ry R L2) 1T, By LG 2)

) RORE b2 i it (), N7 10, U 12307, 5850 (2),0202); W2 SR 3 12802 KLY ) sl kT 500

G SHUNT LEIY, L, Ll L2 L3, b0 ii0 I B TS 2, 0208 ) g0 3,363 st0d RAT3), 7 (2)
7 Saunt Pl d, 0 (2), o), Fa(L)sl(2),0d(2),47,07(2),kL{1),R2(1)

SRR o LY 520335 304) ;5414 ) 850,506 (2), 37 06) , 10, BUCZY, L1 1 LETY, T2, T2(1) 18, 24,61 5)
G OGHLIE VL,V2,V3(2),NE(2) V53 V5 (L), Vo,Vo(3),V? :
10 SHUICT WO(2, 30, WL, W2, 403, 4,05, 0H(2) 500 , 0.3, 3) , T8k, vy
LU SaoRT A(3),i(18),:00(d) 9 (La),u(ld),bu(d)

2 Bt B Es) s Fu(l2) , BLL?), L 2¢4),8(120)
1Y o 1=l Lo 1o
20 KA 1i(L)
21 DATA U, 20,4, 30e3,83.050,806 LU 029607, 145.3,172,22,215,28
22 DATA 29535, 3ULa30,300045,307.5,430.506,873.01,510.,07,559.72,002.73
213 MY I
24 ro 1=l Tu la
295 LA O(1l)
20 DATA <9859, 9699, .9032,.9588,9341,.9129,.90064, ,6953, 4782
27 DATA BO3Y, G494, 8300, .6241,.6120,.60l2,.7909,.75006,.7712
20 WLALI 1L
29 rort 1=1 Tu 1§
Ju RLEAD U(L)
3L . DATA o084, bbby o528, 4588,.94,1.212,1,290,1.430,1.564
32 DATA Le008,0e710,1.7638,1.845,1.94,2.012,2.14,2.2244,2,352
33 QXY L
34 rog I=1 Tu o
35 ®LAp tu(l)
36 DATA V,67.,12,139.46,216.35,297.73,383,07,474.26,50Y9,.54
Jo HEAT 1
39 FUR 1=l TO 8
40 REAL UU(l)

?’ 41 DATA U, U1537,.04372,,0803Y,.1270,.1832,.24906,.3203
g‘: 43 HLAT L

A4 RLAD AO(L),a0(2),A0(3),A0(4),A0(5)

49 DATA L704.0,11358,45220,126457,303903 L

4Y BLLP 10U,500 @ CLLAR U DISE USLIHG "7/,108,11A" 3 “CHANGE TAPL'" ¢ PAUSE

S0 GY=9 ¢ CLLAR ¢ DLSP USLUG "a/,%X,30A,2/" ;3 "pod°T BOTHER aL, I TULHKINGL"™
51 vk L=1 Tu 5

52 NISE USTHNG "I0K, 4A,0M" 3 "L osM ik U N Indicutor

59 D(1)=.932 ¢ D(2)=.0633 U DI(1)=.9 U DE=.9)5

56 LU=128.6 ¢ CLl(l)=1.4 ¢ L2(1)=3.5 ¥ LE(2)=120

57 LI L=5 (UL HU=35780 LLSE HU=444

58 ilb=,6 ¢ ho(l)=s1 @ UO(2)=.2 \
SONGC2Y 020 =25

60 LD L=5 THED KO(L)=.424 ¢ LU(2)=.7854 LLSE KU(1)=.94Y9 U KO(2)=.03006

bl KIS, K4, K0, K7=4s1 g KY=I

62 LI L=Y% TiEd LO=5 LLSL LU=3U

03 LF L=5 THEH (L), l(2),d(3),00(3)=1 ELSE d(1),0(2),H(3),iu(3)=4

04 LI L=4 Liod P(1)=250000 LLSLE P(1)=25000%CLLIL((L/1.5)72)

65 1F L=5 Tuky pr(l)=250u0u

6o ¥(2)=P(1)/10 ¢ ra2(l)=rql)/2y

07 PL(L),r2(L)=1.1248 ¢ Pu(Ll)=28.12 (¢ PO(2)=14.00 U PO(3)=1.3357

08 KL(L),R2(1)=,0U00V751Y

09 SL(L),u2(1)=30.48 @ S1(2),52(2)=7.L2 ¢ 51(3),52(3)=.931

70 TO(1),L0(2)=,025 (¢ TL(L),T2(L),T5(L1)=355 ¢ Iu=50

U RESTORLE G4

sl FuR 1=1 10 L

82 BEAD ES(L)R€C2) 5 EDE3),1K9(4) ; K5(5) , KS(16) s K5(7)
&3 HuAL )

B VATA 8,089, 0dy 3589y 00563



85 DATA 095085502, w5, s454 43,45

GG DABA s sl odiyolis ey ey b

37 DAYA 45,4350 25 0d Ty «F0y ed Dy 03O

BB DATA 8,¢855025 035035905+

9y IF L=1 THLd CREATLE "H202-1",0Y,1024 LLSL Y2
Yl ASSLGHE Y Tu "u202-1" ¢ GUTO luvy

92 IF L=2 LU CREATE "™l202-2",6Y9, 1024 LLSE Y4
g3 Aubslotd 9 Ta "n2u2-2" ¢ GoTO luu

94 LF L=3 TibLu CREATE "0w202-3",6Y9,1U024 LLSL 26
Y5 ASSLIGHE Y TV "H202-3" ¢ GuTO LUV

9o IF L=4 TiLN CREATE "H202-4",GY9,1024 LLSEYY
27 ASSLIGH# 9 Tu "u202-4" ¢ GOTU 100

Ys LF L=5 Ll CREATE "H202-5",GY9,1024 LLSE 10U
9y ASSLIGRE Y To “H2u2-5"

1O EF L<=a THEM Ui=1 LLSL Gl=2 | Gl=1 FOR LLEO,2
101 G2=3 § G2=]1 FOR &ic€cd,2 Fork dinz,3 rod u2uz
110 TU=.0000027645%(6375410)7(3/2)

120 NO=87606%K0U(1)/TU*LU

130 DLEG ¢ T1=10/150% (YU=ACS(06375/(63754110)))+T0(1)

140 I2=tu=-TLl=10(2)

150 TI=ku(2)*11

lou TAa4=Tu=Ku(2)*(TV=-T2)

L70 PU=LHT(E(L) /0 (L) (2)/0(2)+r2(L)/DT7(1)+.))

1sv Lu=PU/LU

190 LL)=LULCr3xao/ucl)+.d)

200 Ol=ELl(l)/2

201 wusUub Guuw

205 BU=L(1l)

2006 GULUL LUZS

207 JL(L)=i

21u Cl=51(1)*51(2)

215 Li=31(L)*Ct/ivon

220 HLI(l)Y=CLIL(LU/IL)

230 W3(l)=1

240 HS=ul(L)/uis(l)

250 Ll=10/01(1)

260 JLI(l)=L1/Ccl*lovu

270 iu=a1(1)

271 LusUL bLULSL

272 Ll=U

200 HO(Ll)=CLLL(L3*NO/L1)

290 UY=LUL (T 3*u0/uu(l)+.5)

JUU IF L(l)#UY TUEN L(L)=UY ¢ GUTL 205 /
3l L7=11*ul (1)

J20 su=L(1)

321 cusuL oluv

J22 Ll=0%2

330 Pl=E]1*L1

360 Hi(2)=CLIL(EU/LEL)

350 E7=LEL*81(2)

360 P7=LAT(LE7*L7+.5)

370 Us(2)=CLlL(N1(2)/00)

JBU HL(3)=udl(2)/KR3(2)

39U HI(3)=Uus(L)*i3(2)

400 Wl=ill (L)*i1(e)

410 U3=wl3(Jd)*N5

420 u=J1(1)

421 Guuls Ol5u

422 R1(L)=U*2

430 l(l)=K1(1)*Cl

4hu u=d1(42)

441 GOSUB O1OV

ror GLo

LEA



442 KL(2)=U%2

450 QL (2)=il1(2)*Cl

400 VUL, L)=1(1)*LL*TI

470 HO(L,2)=k1(1)*J1(2)*Ch*T2/1000
430 VNU(l,3)=uu(l,l)+Vu(l,2)

490 WS(2)=NU(1, 3)*il

500 MO (L, 1)=u5(2)/u0

510 C2=52(L)*52(2)

SIL WU(2,1)=r2(L)*J2(L)*C2*T1/1U00
520 L(2)=LUT(La*40/u(l)+.5)

53U id=1,2707=.000106022%T2(1)

531 Ol=2%1i2-L2(1)/2

532 LULGUL LLOLL

535 Bu=L(2)

530 LuLsUL Guld

537 J2(2)=u

Y410 12=d2(2)*02/1000

5950 NMO(2,2)=R2(L)*L2%T2

S0U WUO(2,3)=uu(2,1)+00(2,2)

570 f2=CLLL(US(2)/W0(2,3))

500 W2(2)=rLovi(Lb(2)/L2(1))

590 H2(1)=CLlL(u2/n2(2))

LUO H2=n2(L)*2(2)

0LV Wu(2,3)=u5(2)/a2

L2V WU(2,2)=U0(2,3)=-4HU(2,1)

030 J2(2)=u0(2,2)/u2(l)/c2/r2*1000
640 HHU=J2(2)

041 CUSUL GLUO

062 L2=(2%12=0)%2

050U UI=FLOUR(Es(2)/L2)

00U LF w2(2)#0Y THLY N2(2)=UY9 ¢ GUTU 590
670 ilu=J2(2)

071 CUsUL LUS0

072 L2=U

boU LU(L)=CLIL(T4*uU/L2)

09U Uy=LUT(T4%*u0/HU(2)+.5)

JUU LF L(2)4#UY ITHLH L(2)=UY ¢ LLTO 535
J2v 12=J2(2)*c2/1uuv

130 R2=E2NED

740 U4 (2)=CLLIL(U2(2)/0V)

700 H2(3)=u2(2)/ua(2)

770 Lia(l)=u2(l)/is

700 Ua(3)=u4(l)*nua(2)

790 Wa=1d(3) %

U Li=L2%U2(2)

Ul0 18=L2%12(1)

32U PU=Ilul(Lu*Llu4.5)

GJIU wU=L7HETL/PB/T2

G40 Lo(l)=Lu/be

090 Po(l)=ldr(Lo(l)*lu+.Y)

Loy [U=J2(l)

U0l LUSUL olbu

Sb2 K2(1l)=ux*2

87U Q2(l)=r2(l)=c2

LUU U=J2(2)

Gul GULSUS OLSV

o2 K2(2)=U*2

YU ya(2)=12(2)*C2

9UU G2(L)=LaT(Ql (L) *l+e2(l)%ui2+.5)
Y10 Q7(2)=Lul(QL2)*UL+y2(2)*U2+.5)
Y20 Q7=CLLL(UAX(Q7(L)/2,%7(2)))
Y30 VI=LiT((01 (L) +5.0d) % (HL(2)+5.,00) %51 (I)*Llvv+.5)/10v

8&-4




6&-d

g40 Vg:ldT((ﬁz(I)+).Ua)*(u!(7)15.0“)*J1(J)*IUUI.b)/lUU
Y50 S3(4)=LULC(SL(I)*CLIL(UL(3))HF9e5T7)%10u+.5)/1vU
YOU SI(3)=LuL((SL(I)*Lo0R(RI(3))HY.57)*%1uu+.5)/LuD
Y7 L3(2)=ul(2)FLUV.10

YoU S3(L)=51(Ll)40.35

YU VI(2)=53(L)*53(2)*53(4)

LUGU V3I(L)=83(L)%53(2)*53(3)

LULO SACA)=LRE((S2(3)*CLLL(II2(3))+Y.57)%Lvu+.5) /100
1U20 54(3)=LilE((S52(3)* LUOR (2(3))+9.57)%10u+.5) /100
1UJU S4(2)=b2(2)+1l0.10

LO4Y S4(L)=b2(1)+0.35

1USU VA4 (2)=54 (1) *54(2)%54(4)

LD V4A(L)=S4(L)*54(2)*54(3)

LO7V S7(2)=457

1Yy d=5

LIvo 55(2),57(3)=s7(2)*51u(ls0/u)

1110 S5(3)=LUT ((IAL(S3(4),54(4))+15.24)*1Uu+.5) /100
1120 895(0)=55(2)=2%59(3)*TAU(LULV/I)

L1300 U72(l)=FLOol(S55(4)/ (MAX(53(2),54(2))+3.4925))
1140 H7(2)=CLIL((d34da)/u/uzcl))

LU U5 (L)=CLIL(i2(L)*12/35)

CLLSL 55(5)=bled U 55(0)=20.9 ¢ 53(7)=16.5

L2 VH(L)=55(H)*55(0)*55(7)
1100 UU=CLLL((UIFia)/tu/dl(1))
Llol ULl=FLOOL (UI/U/HI(1))
Llvd U2=LLOOR(HA/L/LT(L))
1163

G5(1),57(1)=UL*(53(L)F5.08)HU2*(54(4)+5.08)+(UU=-UL=-U2)* (IAX(S3(1),54(1))+5.08)+33.02
117v

S1(4)=57(3)/2*%CuT (180/ii)
LLGO VO=(55(2)%57(4)=-L9(a)*(57(4)=-55(3)))*85(1)/2

L19U S6(L)=1.5%(57(4)=-53(3))

LL0Y S6(L)=.06*57(1)

L2lu Vos=PLIx(usu(l)/2)72%50(L)

1220 Vi=s57(L)*u/ax57(3)"2%CoT (L80/1)

230 Wl=Lul(ll.Y%vi+.5) /10000y

1240 U2=1UT(L1.9%V24,.5) /10000

250 US=LUT(L22.0%0L(3)*dl+,5)/10v

1260 Wa=1NT(122.0%02(3)*2+,5) /100

1270 WS(Ll)=24,Y9>

1280 Uh=(Lleu25%(W3*UHIAXUG S (L) %5 (1) ) +e 258 (L1 *UI+L2%1i4)+.00906%Q7) /i
1290 Vo(l,2)=7.9305%u0(1,1)

L300 Vo(l,3)=da.9305*00(1,1)

1310 Vo(l)=04790%Ub(1,1)/2.0l0%T0/P06(L)

1320 Vu(2)=847904%06(L,2)/16%T0/Pb(2)

1330 Yo(3)=luvu*ub(l, 3)

1340 UY=(VO(L)+VE(2))/(9%VL=Vb(3))

L34l LF uY<l THLEL SOCL)=SO0(L)*UY™(Ll/3) U 50(2)=S0(2)*UyY~™(L/3) ¢ VO=VOo*UY ¢ CGUTO 135v
1342 LEF UY>Ll TlLit Po(1)=PO(l)*UY ¢ PO(2)=FO(2)*UY ¢ VO(L1)=vo(Ll)/UY U VO(2)=V0o(2)/UY
L350 AU=VO(Ll) ¢ Al=P0(L)

1351 GuLslUs 6200

1352 §0(2,1)=A

13ubL Au=vo(2) ¢ Al=vo(d)

1301 vouUult L2000

1Jo2 Uo(2,2)=A

L370 a0=VL(J3) ¢ Al=r6(J)
1371 CcuLUs L2VU

1372 Wu(2,3)=a/2

1380 WO(S,1)=uo(l,1)1u0(2,1)

L3vu du(d,2)=M0(L,2)Hlu(2,2)

L4uu Jdo(d,3)=uo(l,3)+0o(2,3)

1410 Yo=1uT (L35%(UO(2,1)+U0(2,2)FH0(2,3)Hi0(1,3))ted) /10U
=LdT (U2 kL te D)

1430 Wo=CLIL(.0203%6 (1))

lazu U




L4400 JdY(1)=CLELL(7/+0000DVV0ATLIO/KI/(T5(L)T4=2554))

LA45 LEF L=5 Tibly d5(2)=CulL (Ul (l)*LL/35) LLSw U5(2)=ub
1440 W9(2)=d5(2)*u5(1)

L1450 L(3),Li=Tu%uu/id(3)

2000 ! LIFL CYCLL Cost

2000 FU(L)=LUT(24237%(CL/232.20) 8% 1"=,152%]1000+.5) /1000
2020 FO(2)=lUT(Ye237%(C2/232.26)"U0*%H27=,152%10U0+.5)/1000
2030 FUCS)=LUT (o 29%d L4, E3XULAUT+L. L2l *FU(L)+525.5)/L0uu

2040 FU(4)=1UT (o 25% 024, LI*U2%U24 1. L*UL*LF0(2)+525.5) /1000
2050 PU(S)=LUT (o 700% (UIRUIHUARA)H200%U5 (L) T 8484607.5) /1000
20060

FOQO)=LUT (LULZ5%L 2% (PO(L)/28.102)7.0%(L3/430630)7.9+.5)/1000
2070 LO(2)=LlUl(el22%u741329.5)/1000

2080 LFO(U)=LUT (o320 (UL Hi2)+o I5%U0+.045*%U74094,5) /1000

2090 FU(2)=Lil(U3Y%U7460.5) /1000

2095 KU=CLLL(L4.L30%57(0))/u2

2U%6 1F Kb<l TUELR Kg=l

2100 FOUL)=10T (1. 99su7%L6+.5) /1000

2000 FOCLL)=lii(.0lL®i7+.5) /000

2020 FO(LZ2)=LIRT((5.1+8.14%LK8)*07+.5)/1000

2130 LU=EU(I)HLU(4)+HFU(D) FEU(L)+EU(7)FFO(B4EU(Y)

2131 LF L=5 TuLid FU=Ffurl'u(l2) LLSL FU=ru+ru(lu)+ro(ll)

2040 P (L)=LUT(844%15(L)*N7".2u3+.59)/1vvu

2150 L L(2)=1aT (UBYSES(2)*(L4L7)*(LU(3)+LFUCA)+FU(H)+FO(L)+FU(7)+FU(8))7L.0064+,5) /1000
2100 FL(I)=Ldl (ZE7%15(3)*FL(2)7.789+.59)/1000

2070 PL(G)=LUT (S26%IKH(4)*FL(2)T.397+4.5) /1000
2175 Pl=FL(L)+L(2)+4FL(3)+FL(4)
2180 FL(5)=LuT(log*xio(95)*F171.U25+.5)/100V
2165 Fl=rL1+F1(5)

2190 FL(u)=LUT(94*K5(6)*K1"
2195 Fl=FLl+FLl(0L)

2200 FL(7)=LuT(L3L*K5(7)*r1”™ ,
2210 Fl=r1+1(7)

2215 IF L=b5 THEND Y2(L),F2(2),F2(4)=0 (¢ F2(3)=.1%LU ¢ GUTU 220V

2220 P2(L)=ru(3)*(UO(L)=1)+F0(4)%*(UU(2)=1)+F0(6)*(HO(I3)=1)*U6(2)

2221 F2(1)=r2(Ll)+L3*FO(3)*U0(L)HRAXEO(4) 20 (2)+RO0*FO(0)*NU(3)*16(1)

2222 F2(1)=1iI(F2(1)*100u+.5)/1000

2230 U7=4002% (L3 HHA)+ .03+ VOL*UIFK 3+, VUL RUAXK 4+, 002%K0

2231 !

U7=U7 . 0OL5AA3% (HU(L)=L) FeVULD*A*(HU(2)=1)+ V25 (HU(3)~1)
2232 I2(2)=Lit(o2.5%ul+.5)/1vvu

2260 F2(3)=LGEL(390%U74.5)/1u0un

2250 F2(4)=U3*i3%H0 (L) #*R3+UE*UA%LO(2) *¥K44+WO6*UU (I3) *Ro*U06 (1)

22510 F2(4)=1.99*(F2(4)td3*U3*(NOCL)=L)+Va*U4*% (LHU(2)=1)+UO*(HNO(3)~1)*lb(2))
2252 F2(4)=LET(L2(4)+3000%7+.5)/1v00

2200 F2=F2(L)+F2(2)+12(3)+F2(4)

2270 F7=VU+FL+L2

2280 LF L=5 TULU U=23,8 LLSE =30.25+.545%L0

2281 FO=LUT(I*PSs(1) . 0034.5)/10u0

2290 FY(L)=INT(52004.00625%q741.5%UY(1)+.5) /1000
2300 FY(2)=1UT (20U%15(2) 044 +.5)/1000

2310 1=I'74Fo+F3(L)+EY(L)

2320 CUGUB 300U

2330 RESTORL ¢ LEAT L

2340 CLLEAR ¢ BLLEP
2350 Ll

JUUU ! DATA STORE SULRQUTLEL
Juul LF Gu=l Tuku X(1)=GY
JUU2 LF GUu=2 THLEW £(1)=G1
3003 1IF GU=3 TdbLd 2(l)=G2
JUL4 L GU=4 TuLI X(1)=r (1)
3005 I GU>4 TuLl X(1)=v
3010 L(2)=uu

JUulb A(3)=11

«805Fk.5) /1000

LB805+.5)/1v0v

or-d

50,999 ¢ AGSLIGHE Y TV * @ DISP USING “7/,15%,5A" ; "buhE"



JU26 R(4)=12
JUu2y X(5)=LU
JO3u X(o0)=uUu(l)
3045 X(7)=tlu(2)
304U S(B)=iUu(3)
JU4S5 L(9)=r0
JUS0 X(lvu)=Lo
Juss L(ll)=L(1)
Juvu A(L2)=L(2)
JU6S X(l3)=L(J)
JU70 K(La)=1r7
3075 X(15)=LE7
3080 X(l10)=L1
Jusd a(17)=L2
JUu AZ(l8)=L3
3095 A(lY)=u
JLoo X(20)=H5
JL05 X(21)=ul
JL1v X(22)=ul(l)
3115 &(23)=i1(2)
3120 K(24)=U3
3125 X(25)=ill(3)
3130 K(20)=r1l
3135 K(27)=k!
3140 A(28)=C1
3145 X(29)=d1(1
3150 X(30)=d1(2)
J155 X(31l)=u2
J160 X(32)=il2(l)
Jlud X(33)=l2(2)
JL70 X(34)=U4
3175 4(35)=u2(3)
JL80 K(30)=r2

| 3185 X(37)=E2

f‘ Jlyu X(J8)=C2
J1Y5 aA(39)=d2(1)
3200 N(40)=J2(2)
3205 X(4l)=P1(1)
2lu X(42)=T1(1)

3215 L(4a3)=ra(l)
3220 K(44)=T2(1)
3225 x(45)=Q7(1)
3230 x(4b)=y7(2)
3235 L(al)=q17

3240 A(48)=DbU

J245 L(AV)=ilo

3250 &(H0)=Tu

3255 X(51)=ro(l)
3200 K(52)=V6 (1)
3205 K(53)=NbL(1,1)
3270 X(54)=uv(2,1)
3275 X(55)=Pu(2)
3200 R(506)=V0L(2)
3285 X(57)=N0(1,2)
3290 R(58)=00(2,2)
3295 X(5Y)=P6(3) »
3360 Z(LU)=V6(3])
J3ud A(0l)=u6(1,3)
3310 n(u2)=Uou(2, )
3315 K(O63)=PH (L)
3320 2(04)=Lu(1)
3345 L(ud)=ub



3330 X(uo)=uu(l)
3335 A(GT)=H9(2)
3340 X(ue)=tl
33495 K (LY)=u2
3350 X(70)=U3
3355 X(71)=U4
3300 N(72)=U5()
3365 X(73)=u5
3370 U(74)=0
3375 K(75)=\
3360 X(706)=51(1)
3385 XK(77)=52(2)
J3vu 5
3395 &
3400 Z(LU)=53(1)
3405 L(dl)=53(2)
J410 X(82)=53(4)
3415 X(83)=54(1)
3420 X(B4)=54(2)
3425 X(B5)=54(4)
3430 J(Lb)=uL5(1)
a5 &(87)=55(2)
3440 LW(bU)=u5(3)
3445 K(0Y)=50(1)
3450 A(YV)=506(2)
3455 A(V1)=57(1)
34060 X(Y2)=517(2)
3405 X(¥d)=57(3)
3470 X(94)=V1
3475 a(Y5)=V2
3460 X(Vo)=V3i(Z
3405 K(97)=va4(2
3490 L(uL)=Vv5(l
3495 K(YY)=V5
3500 X(loo)=Vvo
JS5uS K(lul)=v7
3510 X(lu2)=il
3515 X(lul)=ru
3520 X(loua)=rou(l)

3525 X(1Us)=ro(2)

3530 X(luo)=ru(d)

3535 X(luZ2)=1'0(4)

3540 n(lus)=ru(5)

3545 X(109)=F0(06)

3550 K(llu)=Fu(7)

3555 X(lll)=1rou(d)

3560 n(l12)=ru(y)

3565 R(L13)=Ku

3570 IF L=5 THUEH K(Ll4)=ru(l2) ELSE L(ll4)=ru(l0)
3575 IF L=Y5 Pubkd a(blb)=0 LiLsh a(ll5)=Fu(ll)

3560 K(110)=F2
35485 X(1l17)=1r2(1)
3590 a(llo)=F2(2)
3593 A(11Y)=r2(3)
3600 A(l2u)=r2(4)
Jous L(Ll21)=F7
JOlu k(l22)=l's
Juld J(123)=r9(l)
3620 X(L24)=rY(2)
3025 K(125)=F
3630 I'RIRTE 9,00
JO35 KLUl

)
)
)

rd

HERN®)]



0OVO ! CLLL LIFE DATA

OVU2 UL(L),ul(d)=1

GOU4 Foll I=1 To 18

GUOGO B(L)=(u(L)=0l)/uCL)*Louvo/ul(l)/utL(e)
LU0d ULEL L

00lu RETULH

0025 ! CGLELL CURZENT DLHSITY

LLe7 1=

0029 I=1+1

bUSL LEF B(L)>s0 AlUb Lily TilLH ov2Y
0033 U=(BU=B(L))/(B(I=-1)=B(L))*(L(L=-1)=li(L))+n (1)
0uU3S IF I=18 THLEN (=569

bU4L ‘LTURH

O6U5uU ! CELL LILIFE

uuby I=u

6U0U L=1+1

L0LS LF ftu>ii (L) THEN 6ouby

OGUTU KO=(H(L)=0)/ (i (L)=1i(L=-1))

6U75 U=R0%(B(1=1)=B(L))+ib(1)

LUBU RETURN

oluv ! CLLL VuLTAGE

vl Vu=au*(u(Ll=1)=-u(l))+tu(1l)

011U Uu=x0%*(U(L=1)~U(L))+U(1)

OLLS V=LU=UL*  UOUUL*L(L)*UL(2)*LU
6120 RbTuxtl

O0l50 ! CLLL UEAT LOAD

H155 1=u

6160 I=L+1

0165 LF u>ito(l) Tiakn olov

6170 Us(UO=n0(I=1))/GIo(L)=no(1=1))*(Uo(1)=00(L=1))4U0(L=1)
0175 RETURN

L200 ! 1H2/02 STURAGE TANLS

0210 A(1)=.59304=,00U2L233%A1

0211 A(2)=1.298+.012321%A1

0212 A(I)=Ll. L4444+, U57575%)1

0213 A(4)=2.1252+.21235%A1

0214 A(S)=ho2553+.3450u8%A1

0215 1Y ,‘.\l>)l))‘)‘ll_! ien 6240

6220 l=v

0221 L=1+1

0222 LF AU>AO(L) THEN 06221

0230 A=(AU=AO(L=1))/(A0(Ll)=A0(L=1))*(A(L1)=A(L=1))+A(I~1)
6235 wLruri

G240 AU(L)=.062757F.0000L3104%A0

0241 AU(2)=37.13v+.00LU72%A0)

0262 A=(AL=1)/999%(A0(2)-A0(L))+AU(L)
0245 RLTURI

£d



10 touzhuTes tent, 2

Z ubltliuil Bashe 1

§ LuTLLLIL GY, |

5 DL N(Y,90)

O CLLAR @ DLSEP "DATA FILE";¢ LuPUT 03

\ Yy T DG

i a(y)

9 ALSLGUT Y T *

10 GY=ia(l,l) ¢ Pu=x(4,1)

1S v %¢2, 1) COTL 20,25

20 A%="LLU" ¢ CUTUL 30

25 Av="0LLU" ¢ GUTL 3V

30 Ui a(3,1) GOt 35,40,45

39 au="(uicd)" ¢ GOTU 50

40 By="(U1i2)" ¢ Cuio 50U

&Y Ly="(1202)" @ GUTY 50

50 Ol ALY# L,"eHarT"™ cusup 1ou

55 Vil KLY # 2,"TABLL"™ cousun 2uu

70 Y LABLL

75 DLsl "SELLCT vbesleld ouTePur™

B0 GUrv L

luy ! "CUART"™ susnrourtdt o
Lud DIl £sE16)

[ Y T G e "

() 55000

120 ¥OR I=1 Tu LY

125 Gusui 5500

150 tlual L

139 RLTURN

200 ! "LABLE"™ SUBROUTLHE

2U5 GwULUYL LouY

2L Four 1=l Tu LP(GY/3)

215 CuLlUs 6500

220 dLat 1

229 LF LHT(FL(CY/3)%*3+.5)=0 THEWH RETURN

230 LF LUdT(FP(CY/3)%3+.5)=1 LiLU GUsSUL 70uUU

239 IF Lal(re(uY/3)*3+.5)=2 THEW GUSUL 7500

240 PLTURM

5000 § "CLHART™ TITLES SUBROUTINE

J0U5 PRANT ¢ PRINT ¢ PRINT ¢ PRINT ¢ PRLINT ¢ PRAAT
Y9010 PRLUT USLING "3A, 74,90, 74,0A" ; A$,VALS(PO/LuLU)&"IM ESS",BS @ PRINT
5UL5 PRLIGT "JLSSI0H PARANULTERS"™ ¢ PRIAT J PRINT

502U LPLIdT "1 Total dumber of battery Cycles" ¢ PRINT
5U25 PRIUT "2 Haxlbuuwa bischarge Time (lir)" ¢ PRLINT
5030 PLIATL "3 dinluun Cnarge Flwe (Ur)"™ ¢ PRINT

5035 PRINT "4 Yotal ESS Life (Yr)" o £RLNUT

Y5040 PRINT "5 dumber ol ftarduare Life Cycles" ¢ PRINT
5041 PRLIUY P93y ¢ PRLLL

5042 PRIVT "L3S LLRPORDANCE REQUIREUMLATS"™ ¢ PRINT € PILieT
SU43 PeLdr "1 Total Power Reguired (M)"™ ¢ PRIGY

Y5044 PRINT "2 Yotal Veltage Requlired (V)" U PRINT
5045 PRIGT "3 dequired battery Life (Yr)" @ PRLUT
5040 PRINT [§3;Fy ¢ PRIUT

5049 URIGT "Ld8 PEUTURUANCE PARAULTERS"™ ¢ PLIGT ¢ PRINT
5050 PRLIUT "1 flazximuwa Battery Life (Yr)"™ ¢ pRLOT

5055 PRINT "2 Capacity Degradation 'actor" ¢ PRLIET
5000 PRINT "3 Voltage vegradation Factor™ ¢ pilur
5009 PRLINT "4 LUL dintwun Power ()" ¢ PRLUT

5070 PRIGT "5 LOL itluiwaw Voluage (V)" ¢ Py

SU73 PR LT s o PRLIAY
2075 PRLLT SATTLRY CELL QUAUTITIESY™ ¢ PRINT
YO0 PREGT "1 Total Huuber ol Cells" o Phlal

v-d

¢ PRINT ¢ PRILT

J reint



5085 PRIAT "2 Total Cells in karallel"™ ¢ PRIGT

5U20 PRINT "3 Total Cells in Sceries" U PRIUT

5095 PLLHT "4 duuber ol lodules/Battery™ ¢ PRINT

5100 PRLGT "5 luwber of Cells/itlodule (avg)" ¢ pPrLNC

S103 PRIHT Fy;FS ¢ PRINT

5105 PRINT "LATTERY CLLL DLSCHARGE PARAUETLRS"
SL10 PRLHL "1 gated Cell Capacity (i)' ¢ PREIUT

5115 PRInT "2 Lol ilax. bepth of blscharge" o¢ PRINT

5120 PRINT "3 Luk ilax. Discharge (ail)" ¢ PREINT

5125 PRLAT "4 dax. bischarge Gurrent (A)" ¢ PRINT

5130 PRINT "5 LOL lllu. Voltage (V)" ¢ PLuT

5033 PRLUT F$3Fy ¢ PRLUT

5135 PRINT "BATTLRY CLLL CHARGE PARMIETERSY™ ¢ PRINT ¢ PRIWT
5040 FRLNT "1 Recharge Fraction™ U PRLUT

5145 PRLAT "2 Charge Tnvoughput'" ¢ PRIGT

5150 PRLUT "3 Charge Curreat (A)"™ ¢ PRLNT

5195 PRIGL "4 Charge Voltage (V)" ¢ PRINT

5160 PRINT "5 Vatt=iour Lificlency™ ¢ PRINT

5103 PRLAT P$;F$ ¢ I'RINT

5105 PRLWT "LGS TULRIAL PARAMILTERS™ @ PRINT ¢ PRINT

¢ PRINT ¢ PRINT

>17v PRLAT "1 Average vperating Teamerature (Deg=K)" ¢ PRINT
5175 PRLET "2 Battery Cell Enthalpy Voltage (V)" ¢ PRINT
5160 PRLUT "3 vaxluwuwm Jischarge lleat Load (W)™ ¢ PRIUT

5185 PRLHT "4 daxiuun Chage lieat Load (W)" ¢ IR10T
5190 PRIAT "5 Haxiamum Cycle leat Load (W)" @ PRINT
5193 PRINT F$;F$§ ¢ PRINT

5199 PRLICE "LSS LUTLRFACE PARAUMETURS" ¢ PRLUT ¢ PRIUT
5200 PRLJAT ™1 tlax Solar Array Power (M)" ¢ PRLUT

5205 PRINT "2 nax Solar Array Melght (Kg)" ¢ PRINT
5215 PRLIWYT "4 llax Theraal Coutrol Weight (Kg)" ¢ PRLINT
S2.33 PRINT F§;ES @ PRTIAT
9225 PRLAY “HELGUTS (Kg)™ @ PRLUL ¢ PRINT
5230 Palul "1 sattery Cell (fnel terwinals)"™ ¢ PRINT
Ty 5235 PRLUT "2 Battery Uodule (Avg)" ¢ PrLUL
N 524U PRIGI "3 BRPC"™ ¢ PRIUT
[ N " 1
5245 PRIUT v Charger (p3)" ¢ PRLUT
5250 PRLJAT "5 Channel (less Laterfaces)" ¢ PRINT
5255 PRINE "0 Chaunel lutertaces" ¢ PRLLT
5200 PRLUT "7 LSS (lacl Llnterfaces)" ¢ PRINT

5203 PRINT L'$gls ¢ PRILKT

5205 PRIUT "pIuLJdSLoBS (Cn)™ ¢ PRINT ¢ PRINT

9200 LF BS="(1LCd)" TiLd PRLET "1 Battery Cell (incl terminals) (LxMxzil)" ¢ PRILT
95270 1F B$="(HL.d2)" TIEN PRINT "1 dattery Cell (iucl terwminals) (DiaxL)" ¢ PRIKT
5275 ERLNT "2 Lapge Battery iodule (LxUxl)" o PRINT
5270 PLLJAT "3 Swall Battery Hodule (LaUxzll)"™ ¢ PRINT
52717 PRLIUT "4 BRIEG (LxWxH)Y @ PRLIY

95276 PRLHL "S5 Charger (p3d) (Lxuxi)" ¢ PRLUT

5279 PRLUL "0 Cuanael (Lzuxll)" ¢ PRLET

5250 BPHLIKRE "7 ESS (LxDxs3" @ PLINT

5260 FRLINE F§;F3 U PRINT

5290 PALIHT “VOLUUES (end)"™ U PRINT ¢ PRINT

5291 PRLUL "1 Battery Cell (incl terninals)" ¢ PRLUT

$292 PRLL "I Large Battery Hodule" U PRINT
)

5293 Paldl "3 Swmall Battery ilodule" ¢ PRIGT
5294 PRIRT "4 BRPC" ¢ PRLIAT

52495 ERALLYT "5 Cnavger (pd)" u PRLAL

)

9290 PRLuL "o Chaunnel (less Intevlaces)"™ ¢ PRLUT
5297 PRINY "7 ESS (facl luterlaces)™ ¢ PRIGT
52938 PRINT Fy3F$ (¢ PRILINT

9309 PRIAT “LLIFL CHCLE COUTS (1Y6UFH)" @ PRLINT
5310 FRLAE ™ boTal” u PRINT

5315 PRIAT " PLOLUCLLOH" ¢ PRLLE



5338 PRANDY "a Dattery CGell™ d PRINT

5320 PRINT "l Cell tatching"™ @ PRLNT

9325 PRLGT "2 lodule Asseuwbly" U PRLUT

5449 FPRLUL "3 Channel asseably" ¢ PRIBT

5335 PRLINT "4 Subsystew Asscubly”™ ¢ PRINT

5340 PRLAT "5 aAcceptance & Surface Transport" ¢ PRINT
5340 Lrildl "0 Prelaunch Integration & Checkout"™ ¢ PRLNT
5350 PRLJIT "7 Space Transport" @ PRLIT

5352 PRLET "8 Gpace Deployment & Checkout" ¢ PRIUT
5360 PRIAL " UPLRATIVAS & UJALNTELAWCL" ¢ PRIAT

5305 Fialdl "1 Spares Production” @ PRIUT

5370 PRINT "2 Crew Iraianing" ¢ PRINT

5375 PRLAT "3 Laboxr" @ PRIUT

5360 PRIUT "4 Space lransport'" ¢ LFldl ¢ PRLGT

5363 PALAT “LsS LIFL CYCLE COSTY ¢ PLINT ¢ PRINT

5385 FRLUT " LUTLRFACL COSTS"™ ¢ PRLUT

5367 PRIUL "1 Solar Array" ¢ PRILAY

5369 PRLUL "2 Therwmal Coatrol" ¢ PRIWT

5390 PLLAL "3 Power Conditioning" @ PRINT ¢ PRINT
5392 rililf "IOTAL LLFE CYCLE Cuosl " ¢ PRIAT (¢ PRINT ¢ PRINT. ¢ PRIUT @ PRINT ¢ PRINT ¢ PRLIJT
5395 RLTURd

9t-d



A

&k
3 La
5 nl
O CL
7 AS
O Nk

Y AL

"uuLp
TLouw o
TFEGER
i X(9,
AR g
SLGHE
Ay Y

SLUME

Ill“."‘lAl“,z

ASE

CY,1,d
*
128)
p1uP "PATA FLuie ";u LuPUT DS
Yy Tu by
HERN P
Yy To o *

10 CY=X(L,L) U PU=A(4,1)

150

H x(2,

1) GUTU 20,25

20 Ay="LLO" ¢ GUTV 45
25 Ay="GEU"

45 BS="(1202)"

50 Uil LLY#
55 Ol KLY

L, "CHART™ Gusul 1ou
2,"TALLE" CGosun 200

1s¢ “SLLECT LLSIRED wuTRUT"

70 LKEY LASLL
#'5 i

wl GUTu o
10V

oS i

1lu Fy="

p 8 e A

120 'uk

825 &
L3u |

1§ "OHARTY SUBROUTLUE

Ly ry(lo)

sULUB 5000

1=1 Tu GY

,O5U8 5500

LT L

135 )RLIURY

2uu !

0% GuLub

210 F

215 GOsULL

TEABLLY SUBROUTLIHE
[CRVAVAY)
vk I=1 Tu L1P(CY/3)

220 dbLkal 1

29 LE
239 IP

y 235 LE

A 240 RETURN

=~ 5000 1
5005 PRLAT
HOLY PRINL
5015 PR1AOT
Hhu20 PRLL
5025 PRINE
5030 PRIUT
5035 PRLuY
5040 PRLat
SU4L PRILIQT
5042 Pallul
5043 PRLUAT
5044 PRLLT
5045 PRIl
5046 PRLUT
S047 PeLul
Y048 LPRLUL
5049 PRILT
5050 PRI
5053 rrRLuY
5054 PRINT

. 5055 PILUT
HYUOU PRINT
5005 PRILLT
5070 pratur
5u7l rrRLIat
5072 PRIt

0500

LUT (KL (GY/3) X34.5)=0 THEN RETURN

LT (FE(uY/3)*34.5)=1 THEW GOSUK 7000
LAY (FE(UY/3)*3+.5)=2 TUEL GOsUB 7500

"CUART"™ TLTLLS SUBROUTLIHE

@ PRINT ¢ PRINT ¢ PRLNT ¢ PRLNT ¢ PRLUT
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This appendix contains data printouts and curves which are discussed in
Section 4.0 of the main body of the Electrochemical Energy Storage Subsystems

Final Report. The exhibits contained herein are as follows:

NiCd Battery Parameter Appendix G Exhibit #'s

Depth of Discharge (Capacity Variable) [a - E]

Cell Life (Capacity Variable) [A - E]

Depth of Discharge (Capacity Fixed) [A - E]

[A - E]
[a - E]

Cell Life (Capacity Fixed)
Rated Cell Capacity

Hardware Life Cycles (Capacity Variable) [A - D]

Discharge Current (Capacity Variable) [A - E]

o N 00 b woN
0 N9 O b W N+

Hardware Life Cycles (Capacity Variable) [A - D]

NiH_ Battery Parameter

2. Cell Life (Capacity Variable) 10 [A - E]
3. Depth of Discharge (Capacity Fixed) 11 [A - E]
4. Cell Life (Capacity Fixed) 12 [A - E]
5. Rated Cell Capacity 13 « [A = H]
6. Hardware Life Cycles (Capacity Variable) 14 [A - D]
7. Discharge Current (Capacity Variable) 15 [A - E]
8. Hardware Life Cycles (Capacity Fixed) l6 [A - D]

Fuel Cell Parameter

1. FCU Current Density 17 [N - Bl
2. FCU Voltage 18 [A - E]
3. FCU Active Area 19 [A - E]
4. FCU Life 20 [A - D]
5. FCU Hardware Life Cycles 21 [A - D]

G-1

I 1. Depth of Discharge (Capacity Variable) 9 [A - E]



LEO 25LU LLY (Hicd)

LOL PERFORHAHCL PARANLTERS

Harduare Life CGycles 3 3 4 4 5 7 Y 12 s
laximuw battery Life (Yr) l0.025 Ye225 8.2065 7.053 5.754 4,407 3J.318 2.368 1.b02
Rated Cell Capacity (All) 135 99 70 55 45 40 35 30 30
Haximun Depth ol bischarge S V1Y) 150 . 200 « 250 . 300 350 L4000 L450 . 500
Uperating Tewperature (deg-K) 2483 283 283 283 283 283 283 2483 283
hax. Discharge Cunrrent (A) [9.480 20.382 20.401 19,709 19.393 20.289 20.193 19.365 21.553
Hinimum Volrage (V) L.yl 1.144 L.147 1.112 1.0938 1.094 1.075 L.0060 1,052
Recharge Fraction 1.187 Lak22 l.uBl L0357 1.035 1.014 l.005 L.ou5 l.oub
Charge Current (A) 15.875 15.708 15.136 14.304 13.783 14,125 13.927 £y 357 14.865
Charge Voltage (V) L.600 1.636 1.620 1.660 1.669 1.665 1.685 L.709 1.745
Watt=lour Ltficicucy L020 023 L0555 .034 .0630 L6438 L0359 L0107 600

PHYSTCAL CHARACTERISTICS

lFotal dumber of Cells 1320 1356 1350 1392 1416 14106 1440 Lao4 1476
Humber ol Parallel batteries 12 12 12 12 12 12 b2 12 12
dnopber ol ilodules per Battery 4 ] Y 6 0 o o 0 (0
Battery GCell Weight (Kg) 5,377 3,801 2.816 2,224 1.830 1.633 1.436 1.239 1.239
Battery Gell Volume (Cm™3) 1960 1384 1015 800 054 578 507 434 434
55 Weipght (Kg) yluo 0034 4592 Jyll 3208 2909 27212 2442 24806
LSS Volune (H173) 37.874 W37.874 37.874 22,491 22.491 22.491 22,491 1%.681 15.081
LIFE CYCLLE COSTS (1YBOUMS)
DDT&L Cost L4.906 12.898 11.505 10,721 10,258 9.962 9.723 Y.408 9.509
Production Cost J1.734 25,020 20.394 17.941 16.247 15.305 14.520 13.695 13827
S Uperations & tlaintenance Cost 107.704 97.013 Y20 S5 90.095 116,450 160.708 203,033 205.002 400,200
E5S LIFVE CYCLE GCUST 156,344 134.931 153.656 124.807 142,961 185.975 227,276 288,225 423.5642
Solar Array Cost 239.630 24064499 237 3L7 236.201 233.400 237.682 240,523 238,335 205,848
lhermal Control Cost 7.694 7.633 7.1517 7,254 7.125 6.988 7.058 7.148 7+5%55
Fower Condittoning Cost 1.645 1.045 1.645 1.645 1.645 L.645 L.645 1.045 l.645
IotaL LLIFL CYCLL COST 403,313 390,703 399,775 369.967 385.197 432.290 476,502 535.353 698.590

Exbibit 1a. Depth of Discharge (Capacity Variable)
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LEO 50KW ESS (NLCd)

LOL PERFORMNANCE PARANMLETERS

llardware Lile Cyc¢les ) : 3 4 4 5 7 9 12 18
tlaximum Battery Life (Yr) . 10.025 9.225 8.205 7.053 5.754 4,467 3.318 2.368 1.602
tated Cell Capacity (Al) 270 185 135 110 90 80 70 60 55
Haximum Depth of Discharpe . LVO «150 . 200 250 « 300 350 <400 .450 <500
Uperating Temperature (deg-K) 243 283 283 283 283 283 283 283 243
llax. Discharge Current (A) 38.971 3JY.68Y 39.345 39.418 38. 786 40.578 40,384 38.732 39.515
Minimum Voltage (V) L.181 1.144 1.147 1.112 1.098 1.094 1.076 1.060 L0552
Recharge Fraction 1.187 1.122 1.081 1.057 1.035 1.014 1.005 1.005 1.005
Charge Current (A) 31.751 30.587 29.191 28.605 27.564 28.24Y 27.853 26.714 27.255
Charpe Voltage (V) 1.606 1.636 1.620 1.660 1.66Y 1.665 1.685 1.709 1.745
Watt-llour Efficlency .0620 023 0655 .634 «6306 648 .635 617 s 000
PHYSICAL CHARACTERISTICS
Total Number of Cells 1320 1356 1356 1392 1416 1416 1440 1464 14706
Huwber of Parallel Batteries 12 12 12 12 12 12 12 12 12
Nuwmber ol iodules per Battery 12 10 8 8 8 8 8 8 8
Battery Cell Weight (Kg) 10.698 7.348 5.377 4.392 J.604 3.210 2.816 2.422 2,224
Battery Cell Volume (Cm™3) 39406 2694 19606 1604 1313 1164 lols 872 400
LSS Velght (Kg) 15443 11384 84638 7230 6141 5545 5028 4486 4230
LS55 Volume (M73) 79.465 67.147 37.874 37.874 37.874 37.874 37.874 28.107 28.107
LLFE CYCLE COSTS (lYyBUMS)
DDT&E Cost 21.373 16.804 14.104 12.956 11.973 11.429 10.969 10.490 10.251
Production Cost 57.676 42,4706 32.844 28.807 25.308 23.392 21.754 20.043 19.224
t Uperations & Maintenance Cost 180.030 139.696 150.326 140.720 [68.069 230.289 288.324 372.376 550.296
LSS LIFE CYCLE COST 259.085 199.0306 197,274 182.483 205,350 265.110 321.047 402.909 579.7171
Solar Array Cost 413,098 420.942 40U2.144 412,149 407.321 414.660 419.023 415.830 432.559
Thermal Control Cost 10.188 9.938 8.975 9.303 9.049 8.773 8.914 9.095 9.519
Power Conditfoning Cost 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645
TOTAL LI1FE CYCLE COST 689.0106 631.561 610.038 605.580 623.365 690.194 751.229 829.479 1023.494

Exbibit 1b. Depth of Discharge (Capacity Variable)
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LLO LOOKY LSS (Hicd)

EOL PERFORIANCE PARAMETERS

lardvare Life Cycles 3 3 4 4 5 7 o 12 13
laximun Battery Lite (Yr) 10.025 Y9225 8,265 7:053 5.754 4,o407 3.318 2,308 L.602
Rated Cell Capacity (AIl) 535 Jo5 205 220 L80 155 L35 120 110
Haximunm Depth of Discharge 100 « 150 « 200 « 250 <300 350 <400 +450 « 500
OUperating Temperature (deg-K) 283 2483 243 283 283 263 283 283 283
Hax. Discharge Current (A) Fle221 76.307 77.231 78.836 77.5171 78.618 77.884 717.403 79.027
Hinimum Voltage (V) 1.1381 1.144 Ly X4 7 G 8 1.098 1.094 1.076 .06V 1.052
Recharge Fraction 1.187 Pl 22 L.081 1.057 1.035 1.014 1.005 1.005 L.005
Charge Current (A) 62,915 60.348 57,297 57.210 55.120 54.731 53.718 53.427 54.500
Charge Voltage (V) 1.606 1.0630 1.620 1.660 1.66Y 1.6065 1.685 1,709 1.745
Watt=Hour Efficlency .020 023 <055 ‘. 634 «036 048 «035 617 .600
PHYS LCAL CHARACTLRISTICS .
Total Humber of Cells 1320 1356 1356 1392 1416 1416 1440 L4064 1476
Huaber ot Parallel bBatteries 12 12 12 12 12 12 J200 12 12
tiunaber of ilodules per Battery 16 106 12 12 2 12 g 8 8
Battery Cell Weipht (Kg) 21.141 14,442 10.501 8.727 7.151 6.165 5.377 4,786 4,392
Battery Cell Volume (Cwn™3) 7831 5321 3866 3217 2630 22066 LY66 1746 1o04
LSS Ueight (Kg) Jluvy 22228 16335 14156 11973 10463 9303 8544 U3l
1SS Volume (4173) 156.160 156.160 79.465 79.465 79.465 79.4065 37.874 37.874 37.874
LIFE CYCLL COSTS (198011§)
DDI&L Cost 3J6.732 26.254 20.215 18.029 15,988 14.620 13.6006 12.9206 12,453
Production Cost L12.584 79.613 59.021 51.479 44,147 J9.140 35.305 32,869 JL.104
2 Uperations & ilafntenance Cost 301.202 245,897 2oL 3T 233.350 274,741 369.214 J6y.576 475.121 696,405
ESS sEIFy CYULE COST 450,518 351.704 330.993 302.804 334.876 422.980 417.547 520.9106 740,022
Solar Array Cost 124,090 726.454 091.126 719.071 710.640 705.276 711,097 725+ 517 754.0633
Thermal Control Cost 15.084 14.548 12.606 13.405 12.897 2122 12.3064 12.98Y 13.835
Power Conditiouning Cost l.045 1.645 L.0645 1.645 1.645 1.645 1.645 1.645 1.645
TOTAL LIFE CYCLE COST L191.337 1u94.411 1036.370 1036.985 1060.064 1142.023 1142.653 1261.067 1510.135

Exbhibit 1c. Depth of Discharge (Capacity Variable)
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LLO 250KkW ESS (HiCd)

EOL PERFORIANCL PARANLTERS
lHardware Life Cycles 3 3 4 4 5 Vs 9 12 13
daximum Battery Life (Yr) 1,025 S 225 8.265 7.053 5.754 4,467 3.318 2,368 1.602
Rated Cell Capacity (All) 670 455 335 275 225 195 170 150 L35
daximum Depth of bischarpe . 100 150 . 200 . 250 . 300 . 350 400 450 .50V
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 283 2383
Hax. Discharge Current (A) 96.7006 97.614 Y7.632 Y8.544 96.9065 Y8.907 98.074 Y6.828 Y6.989
Hininum Voltage (V) 1.181 l.144 L.147 1.112 1.098 1.094 L.076 [.060 1.052
Recharge Fraction 1.187 I.122 1.081 1.057 1.035 1.014 1.005 1.005 L.0u5
Charge Current (A) 78.791 7154227 12.432 T1.512 08.909 68.855 67.043 66.783 66.894
Charge Voltage (V) 1.606 1.636 1.620 L.660 1.606Y 1.665 1,685 1.709 1.745
Vatt=llour Etticliency 020 .023 L6055 034 L0306 ) .0635 017 L6000

PHYS LCAL CHARACTLERISTICS

Total Humber of Cells 2640 ATh2 2712 2784 2832 2832 2880 2928 2952
Wuuber of Parallel Batterles 24 24 24 24 24 v 24 24 24 24
Nuwber of liodules per Battery 16 16 L4 12 12 12 12 12 3
Battery Cell Welpght (Kkg) 26,402 17.988 13.259 lu.895 8.924 1.742 6.757 5.968 33171
Battery Cell Volume (Cm~3) 97171 0632 4903 4009 3280 ° 2852 2488 2187 1260
ESS Velght (Kg) 77682 552017 41221 35179 29720 26106 23499 21433 19518
LSS Volume (M73) 312,320 312.320 2744720 158,930 1548.930 158.930 158.930 158.930 715.7438
LIFEL CYCLE COSTS (198U185)
| DDT&L Cost 56.9Y99 38.660 28.880 24.832 21.414 19.242 17.6867 16,4606 15.381
| Production Cost 277.768 192,076 L42.236 121.083 102.508 90.417 81.727 74.873 68.028
Operations & Maintenance Cost 092.527 547.500 004,455 512.382 597.379 799.80606 985.588 12066,.314 1490,525
2 ESS LIFE CYCLE COST 1027.294 778.230 125,571 © 638,297 721.301 909,525 1085.002 1357.0653 1574.534
Solar Array Cost 1513.469  1512.891 1455.559 1500.834 1483.182 1479.556 1492.953 1514.150 1552.034
| Thermal Control Cost 29.955 28.507 23,924 22e k3 24.4306 22,617 23.244 24,0671 20,399
| Pover Conditioning Cost 2.901 2.901 2.9061 2.9061 2.9601 2.961 2.9601 2.961 296k
| TOTAL LIFLE CYCLE COST 2573.0679 2322.595 2258.015 2187.805 2231.880 2414.0659 2604.160 28YY.435 3155.928

Exbibit 1d. Depth of Discharge (Capacity Variable)
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GLEO 25KW ESS (HLCd)

LOL PERFORIAUCE PARANETERS

lHardvare Life Cycles 1 1 1 1 1 1 1 1 1
Haximum Battery Life (Yr) 10,025 Y.225 8.205 7.053 5.754 4,407 3.3148 2.368 1.602
Rated Cell Capaclty (All) 235" 160 120 95 85 70 60 55 50
Haxlmum Depth of bDischarpe 100 . 150 .200 . 250 . 300 . 350 «400 L450 . 500
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
Hax. Discharye Current (A) 19.877 20.298 20.296 20.081 21.554 20.700 20. 264 20.875 21.049
Hinimum Voltage (V) 1,321 14295 1.283 1.271 1261 1.249 o236 1224 Ve 21}
Kecharge Fraction 1.265 1.212 l.161 1.120 1.095 1.080 1.065 1.051 1.039
Charge Current (A) L« 3007 1.279 be226 1.176 1.227 1.162 1.422 1.141 S5 o
Charpge Voltage (V) 1.382 1.385 1.380 1.388 1.389 1.391 1.393 1.395 1.399
Uatt=llour Elfficlency « 1135 o172 o797 813 4829 <832 .833 835 <8313
PUHYS TCAL CUARACTERISTILICS
lotal Humber of Cells L1706 1200 1212 1224 1230 1248 1260 1272 1284
Humber of Parallel Batterles 12 12 12 12 12 12 12 12 12
Humber of ilodules per Battery 10 10 U 8 8 8 6 6 o
Battery Cell Welght (Kg) 9.318 6.363 4.780 3.801 J.407 2.816 2.422 2:.224 2,027
Battery Cell Volume (Cm™3) 3423 2329 1746 1384 1235 1015 872 800 125
LSS Meight (Kg) L2427 8598 060633 5411 4952 4207 JoYY J4ony 3230
LSS Volume (473) 67.147 67.147 37.874 37.874 37.874 37.874 22.491 22.491 22,491
LIFE CYCLE COSTS (1980HS)
DDT&L Cost 17.735 14.372 12.572 11,460 11.053 1U. 380 9.933 9.720 9.515
Production Cost lgl.743 130.128 101.540 83.829 77.183 00.423 59.100 555173 52.351
E Uperations & daintenance Cost 500 . 500 .500 . 500 . 500 «500 «500 . 500 500
Q ———————————————————————————————————————————————————————————————
LSS LLIFE CYCLE COsT 199.978 145,000 114,618 99 799 88,736 77.309 69.533 65.999 02,300
Solar Array Cost 11.297 11.800 11.508 P ls227 11,718 11.3106 11.101 Pl 354 Li.430
Thermal Control Cost 5.486 5.568 5.604 5.637 5.705 5.722 5.750 5.8U0 5.850
Power Comditioning Cost Leb45S L.645 1.645 L.645 1.645 1.645 1.645 1.645 1.645
TOTAL LLFE CYCLE COST 216.900 164.013 133.375 114,304 L07.804 95.992 B8.029 84.803 81.291

Exhibit 1e. Depth of Discharge (Capacity Variable)
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LLO 25K\ LSS (Hicd)

LOL PLERFURIMANCE PARAHETERS
Hardware Life Cycles
Haximun Battery Life (Yr)
tated Cell Capacity (Al)
ilaximun bepth of Discharyge
Uperating Tewperature (deg-K)
Hax. Discharge Current (A)
tinimum Voltage (V)
Recharge Fraction

Charge Cuvrent (A)

Chacge Voltage (V)
Uatt-lour Lfficiency

PHYS LOAL
Total
Huuber ot

CHARACTUERISTICS

Wumber of Cells
Parallel Batterles
WHumber of (todules per Battery
Battery Cell Weight (Kg)
Battery Cell Volume (Cu™3)
tleight (kyg)

Vo lume (i173)

LSS

LSS

LIFE CYCLE COSTS
DbTaE Cost
Productlion Cost
Operations & f(faintenance Cost

(1980iL%)

cr-o

ESS LLIFL CYCLE COST
Solar Array Cost
Thermal Control Cost
Power Conditioning Cost
TOTAL

LLFE CYCLE COST

17
L.700
30
494
203
19.298
1.05Y
1. 005
13.310
1.705
L0119

LaG4

12

1)

1.239
434

2440

15.681

Y.408
13.091
376.797
399,950
237.226
ra b
1.645

045,940

10 8 6 5
2. 800 3.900 5.000 6.100
35 40 45 50
<426 PRy AL . 330 287
283 283 283 283
19,298 19.298 19.298 19.298
1.068 1.093 1.100 l.114
1.005 l.v21l 1.036 1.048
13322 13.529 13.728 13.8487
1.693 1.662 1.00601 1.651
028 L0404 .63Y 044
1452 1416 14106 1392
12 12 12 12
[ (6} 6 (1}
1.436 1.633 1.830 2.0217
507 578 654 725
2121 2962 3264 3509
22,6481 22.491 22.491 22.491
9.749 9,958 10,256 10.479
14.582 15,287 16.238 16.989
226,458 184,237 140,716 118,756
250.78Y 209,482 167,210 146.224
234,521 229.259 231.851 229.043
7.071 6.93Y 7.063 7.059
1.645 1.645 1.645 1.645
494,020 447,325 407.7069 384,571

Exbibit 2a. Cell Life (Capacity Variable)

4
7.200
[$XV]
L2404
283
19.298
l.121
1.070
14,178
1.650
.635

1380

L2

0

2.422
872

4069

22,491

11,015
18.751
97.990
127.756
231,197
7.224
1.045

3J68.422

4
8. 300
70
«197
283
19,298
1.150
1.0806
14,393
1.616
+ 695

1356
12

8
2.810
1015
4583
37.874

11.500
20,369
121.735
153.604
227F.528
7.0171
1.645

389.848

3
Y.400
100
L4l
2383
19,298
1.152
i.140
15.107
1.62%
«b2}

1344
12

8
3.998
1455
6258
37.674

13.114
25.742
94.181
137,037
236.282
7.553
l.645

382.517

3
1. 500
215
L0033
283
19.298
1.215
1.2560
Lo.644
1.560
012

1284
12
10
8.530
3138
FLERS
07.147

19.080
45,493
145,147
209,720
240,272
7.0080
1.645

459.529
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SUKRW ESS (Hicd)

OL PLREFORMANCLE PARAUETERS
Hardvare Lile Cycles
Haxinum Battery Life (Yr)
Rated Cell Capacity (All)
Hax Luwuw Depth of Discharge
Operating Teuwperature (deg-K)
ilax. Dbischarge Current (A)
Hinlmum Voltage (V)
Recharpge Fraction

Charge Current (A)

Charge Voltage (V)
Vatt-llour Lfficlency

PUHYS TCAL CHARACTERISTICS
Total Humber of Cells
Hunber of Parallel Batterles
Humber of Hodules per Battery
Battery Cell Weight (Kg)
Battery Cell Volume (Cm™3)
LSS Veight (Ky)
LSS

LLFE CYCLE COSTS (l198uily)
DDT&E Cost r
Production Cost
Uperations & flaintenance Cost

LSS LIFE CYCLE COST

bolar Array Cost

Thermal Control Cost

Power Condttioning Cost

TOLAL

LIFLE CYCLE COST

Volume (il™3) ; =

17
1.700
59
494
203
36.594
1.054
1.005
20,619
Ve 235
L0U5

1476

12

4

2,224
300

4210

28.107

lu. 247
19,189
519.340
S548.7176
422,520
9.3217
1.645

Y62.,2068

10
2.800
(O]
420
283
38.594
I.004
1.005
26,019
1.702
«023

1464
12
3
2.019
Y44
4789
37.874

10.771
21.018
316.072
3J47.861
413.17Y
9.033
1.045

771.718

4 [} 5 4 4
J. 900 5.000 0.100 7.200 4. J00
15 85 95 LS 1’35
«373 . 330 <287 244 «197
243 283 283 283 283
38.594 38.594 38.594 36.594 38.594
1.090 1.096 1.110 1.11Y 1.148
1.013 1.029 1.042 1.005 1.082
20,833 27.260 27.612 28,222 28.683
1.667 1.665 1.654 1.652 1.6138
<040 640 044 «030 «656
1428 1416 1392 1392 1350
12 12 12 12 12
8 8 8 8 8
3.013 J.407 3.80! 4.589 5371
1093 1235 1384 1675 1966
5270 5834 6331 71515 84061
37.874 37.874 37.874 37.874 37.874
11.194 11.698 12,136 13.223 14,102
220233 24,328 25.907 29.740 32.827
259.885 199.863 169.988 142,940 150.311
293,612 235.88Y 208,031 185.903 197.240
40U.923 402.900 JYuv.41Y 406.194 396.175
8.620 8.853 3.8064 9.230 8.907
1.645 1.0645 1.045 1.645 1.645
704,800 649.293 617.959 602.978 003.9067

Exbibit 2b. Cell Life (Capacity Variable)

>
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1.130
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622

1344
12
v
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11844
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L3 322
44,030
142,231
203.583
411,213
Y.800
1.645

626.301

3
1V. 500
425
L0063
283
J8.594
Y2215
1.255
33.24Y
l.580
wOl3

12854
12
¥
1b.80O06
6212
23792
79.405

JO.313
86.109
227.047
343,409
4138.924
104557
1.645

774,595
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LLu

EOL PERFORMANCE

LIFE CYCLE CUSTS

LOUKU ESS (riicd)

PARANETERS
Hardwvare Life Cycles
Haximun Battery Life (Yr)
Rated Cell Capaclity (All)
Haximum Depth ot Discharyge
Uperating Temperature (dey-K)
Max, Discharge Current (A)
Minfwum Voltage (V)
Recharge lFractfion

Charge Current (A)

Charge Voltage (V)
Vatt=lour Elticliency

PUHYS LCAL CHARACTERISTICS

fotal dumber of Cells

Hunber of Parallel Batteries
Hunber ol ilodules per battery
Battery Cell VWelght (Kg)
battery Cell Volume (Cm™3)
ESS Weight (Kg)

LSS Volume (11I73)

(1980:18%)
DDTsL Cost
Production
Uperations

Cost

& ilalntenance Cost
ESS LIFE CYCLE CUST
Solar Array Cost
Thermal Coutrol Cost
Power Conditioning Cost
TOTAL

LLFL CYCLE CuST

17
l1.700
1o
LA94
283
77.188
1.054
1.005
953.234
1.735
L0005

1476
12

8
4.392
1604
BU05
37.874

12.446
J1.102
656.508

13.454
L.645

L452.044

Lo
2,600
130
L420
283
77.188
1.064
1.005
53.238
l.702
«623

1464
12

b
5.180
1895
9152
37.874

13.470
34.867
407.508
455.845
720.808
12.865
l.045

L191.223

8
J.900
145
.373
283
77.188
1.088
1.009
53.460
1.6069
040

1428
12

12
5.771
2108
9927
79.4065

l4.148
37.393
414,788

1178.212

6
5.000
105
. 330
283
77<188
1.095
1.025
54.303
1.6067
L0411

L1416
12
12
6.5060
2409
L1060V
79.465

15.161
&ks122
321.801
378.144
701,375
12,425
1.645

1093.58Y

5
6.100
190
. 287
283
77.188
1.110
1.042
95225
1.654
644

1392
12
12
7.545
2713
123355
79.465

16.354
45.442
278.978
340.774
696.893
12.528
L.645

1051.840

Exhibit 2¢. Cell Life (Capacity Variable)

4
7.200
225
D244
2863
77.188
L+ 217
1.062
50,301
1.654
L6306

1392
12
12
8.924
3280
14429
79.465

16.305
52.428
235.092
300.425
707.655
13.217
1.645

1028.942

4
g.300
270
« 197
283
77.188
1.148
1.082
57.3067
1.614
.650

1356
12
12
10.693
3940
16619
79.405

20.500
60.005
254,134
334.639
091.250
12.613
1.645

1040, 147

3
9.400
385
.14l
283
77.188
1.151
L. 134
60.085
1.630
«.623

1344
12
12
15.230
5625
23044
79.4065

279235
82.674
220,075
329.984
716,456
14.4068
1.645

1062.553

3
Lu.500
850
U063
283
77.188
Ia2l5
14255
66.498
1.580
.O13

1284
12
13
334555
12423
47341
116.390

594752
178.198
629,822
0607.772
730.891

15.913

1.645

1416.221
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LLO 250KW LSS (H1Cd)

LOL PERFORHNANCLE PARAMILTERS

Harduare Life Cycles 17 : Lo b [ 5 4 4 3 3
daximum Battery Life (Yr) l.700 2.300 3.900 5.000 6.100 7.200 g.300 Y. 400 Lu.500
Kated Cell Capacity (All) 140 160 180 205 235 280 J4u 480 1065
Haximuw Depth of Discharye <494 h20 « 373 .330 287 <244 « 197 4l L0063
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
Hax., Discharge Current (A) 960.4865 90.485 96.485 96.485 96,485 96.485 960.485 96.485 96,485
ilinfmum Voltage (V) 1.055 L.Uub3J l.uBY 1.095 1.110 1.117 1.149 1.151 1.215
Recharge Fraction L.0v5 1.005 1.008 1.024 1.041 1.062 1.083 kol 33 bVar255
Charge Current (A) 60,5406 606.540 06,778 67.825 63.945 JU0.342 71.760 75.07Y 63.142
Charge Voltage (V) 1.728 L.703 1.670 1.667 1.655 1.654 1.618 1.630 1.580
Watt=lHour Elficlency L00Y L0021 L0406 <041 044 .630 050 .623 .613
PHYSICAL CUHARACTERISTICS
Total Huwber ol Cells 2952 2923 2856 2832 2808 27384 2712 2088 2568
llumber of Parallel Batterles 24 24 24 24 24 . 24 24 24 24
Number ol ilodules per Battery 12 12 L2 12 12 12 12 L4 20
Battery Cell Weight (Kg) 5.574 6.303 7.151 8.136 9.318 11.092 13.456 18.974 42,029
battery Cell Volume (Cwu™3) 2044 2329 2030 2995 3423 4088 4960 7004 15561
LSS Welght (Kyg) 20379 220640 24454 27287 JU628 35712 41620 57397 113990
LS55 Volume (i173) 158.930 158.930 158.930 158.930 158.930 158,930 158.930 183.50600 331.260
LIFL CYCLE COSTS (1980i1$)
DDT&L Cost 15,851 17.180 18.2717 19.953 22.000 25.197 29.200 40.421 97929
Production Cost 71.393 78.4869 34.956 94.370 1U5.0630 122.967 143.748 200,382 450.143
Q Uperatlions & llaintenance Cost 1762.570 1078.427 890.540 695.170 607.599 517.100 567.927 5JU.594 L147.983
B ememeel | e s mlmae s | seasesimee e | Bl  isAmemiee s smssessememes | eeeswasiemes o e ey
55 ESS LLFE CYCLE CUST 1849.814 1174.496 99 34 UTY 80Y.493 735.235 065,204 740.875 771,397 1696.055
Solar Array Cost L533.545 1505.843 14506.761 1463.283 14063.523 1476.545 1443.283 1494.967 1525.636
Thermal Control Cost 254514 24,445 22.128 2323 23.611 25.217 23.7706 28.345 31.993
Pover Conditioning Cost 2.901 2.90l 2.901 2.961 2.961 2.901 2.901 2.901 2.901
[OTAL LIFLE CYCLE COST 3411.839 2707.745 2475.0629 2298.960 2225.330 2169.987 2210.3895 2297.6170 3256.0647

Exbibit 2d. Cell Life (Capacity Variable)
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GLEu 25KW ESS (hicd)

LOL PLRFORIIANCE PARAILTERS

Hardvare Life Cycles 1 1 1 1 1 1 1 L 1
Maximum Battery Life (Yr) 1.700 2.800 3.900 5.000 6.100 7.200 8.300 9.400 10.500
Rated Cell Capacity (All) 50 55 65 70 80 95 120 165 365
ilax ftmum Depth ol Discharge <494 <420 « 3713 . 330 . 287 244 « 197 L4l L0063
Uperating Temperature (deg-iK) 263 283 283 283 283 283 283 283 283
liax. Discharge Curcent (A) 19.297 19.297 19.297 19.297 194297 194297 19,297 19.297 19,297
inLtmun Voltage (V) 1.218 1232 1.240 l.254 1.2064 15273 1.285 1.301 1.348
Recnarpge Fraction 1.049 1.061 1.080 1.087 1.102 1.133 l.16Y A 228 1. 300
Charpge Current (A) 1.053 1.064 1.083 1.091 1.1006 Ixd37 1.173 1.228 L.310
Charge Voltage (V) 1.398 1.394 le391 1.390 1.389 l.387 1.38606 1.3384 1.381
Vatt=llour Llllciency <630 L3833 L8830 <830 <820 810 s 193 10648 748
PIYS TCAL CHARACTERISTICS
Total Wumber of Cells 1272 1260 1248 1236 1224 1224 1212 1200 1152
Humber ol larallel batteries 12 2 12 12 12 12 12 12 12
tiumber ol hodules per Battery 0 0 ) 8 8 8 3 10 1v
Battery Cell Veight (Kg) 2.027 2.224 2.61Y 2.816 3.210 J.801 hao780 b.560 14.442
Battery Cell Volume (Ca™3) 125 (VY] Y4 4 1015 1164 1384 1746 2409 5324
LSS Wefght (Kg) 3193 3429 3930 41061 4637 54006 6620 83842 18163
LS55 Volume (vi”™3) 22.491 22,491 37.874 37.874 37.874 37.874 37.874 67.147 67.147
LIFE CYCLL COUSIS (198011$)
DDT&EL Cost 9.470 Y.085 10.141 10.338 10.764 11.465 12,569 14.601 23.958
Production Cost S51.810 55.204 62.600 095.749 72.622 83.759 101,449 133.068Y 270.889
S Operations & Halntenance Cost <500 . 500 . 500 . 500 500 « 500 . 500 . 500 500
P e e
ESS LIFE CYCLE CUST 61.786 65.38Y 73,241 76.587 83,880 95,724 114,518 148.790 295,347
Solar Array Cost 1V.6060 10.644 10,697 10.669 10.693 10.926 11,106 Ll.416 L1.014
Thermal Control Cost 5771 5.736 5.693 5.608 5,639 5,615 5.581 5.5306 5.402
Power Conditloning Cost 1.645 1.045 1.645 1.645 1.645 1.645 1.645 1.045 1.645
TOTAL LIFE CYCLE COST 19.802 83.414 91.276 94.569 101.863 113.910 132.850 167.387 314,008

Exhibit 2e. Cell Life (Capacity Variable)
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LEO 25KWN ESS (1nicd)

LUOL PERFORHANCL PARAULTLRS

Harduare Life Cycles 3 3 4 4 5 7 9 12 18
flaximum battery Life (Yr) 1. U235 Y.225 U.2065 7.053 5.754 hobb] 3318 2.300 1.602
Rated Cell Capaclty (All) S50 50 50 50 20 50 50 50 50
Naximum Depth of bischarge . 1Luo «150 . 200 250 . 300 « 350 <400 <450 . 500
Operatiuyg Temperature (depg=K) 2863 2383 283 283 283 283 283 283 283
lHax, Discharge Curvent (A) 7.014 WA A l4.473 17,813 21.051 23.157 25,729 28.940 33.080
dinfnum Voltage (V) 1.162 L.l44 1.147 1,112 1.09Y 1.098 l.082 1.0606 L.v57
Kecharge Fraction 1.192 1126 1.081 1.058 1.038 1.020 l.ol3 1.005 1.005
Chavge Currvent (A) i S 45 84136 10.745 12.937 15.002 10.319 17,896 19.904 22.810
Charge Voltage (V) 1.005 1.6306 l.o1Y 1.6060 1.667 1.659 l.675 1.690 Le714
datt-llour Llliclency 618 .022 «055 <034 035 L0455 038 020 LO0l4
PHYS LCAL CHARACTERISTICS
Total uumber of Cells F397 2480 1808 1508 1298 1150 1osu IRy 854
umber ol Parallel Batteries 33 22 16 e 11 1o Y9 8 7
Huwnber of Hodules per Battery 4 Y o 4 o (V] o 8 B
Battery Cell Ueipht (Kg) 2.027 2.027 2,027 2027 2.027 2.027 2,027 2.027 2.027
Battery Cell Voluwe (Cm~3) 125 125 7125 7125 725 125 725 745 7225
LSS Heipht (Kg) 9500 L7225 4532 41106 350606 2992 3084 2498 22217
LSS Volune (il73) 74.020 v 45,900 JU.004 29.008 22.491 20.580 20.580 15.302 L4.304
LIFL CYCLL CUSTS (19801$) f
DDT&LE Cost 17.093 13.866 11.770 L0.905 10.240 Y.811 9.504 9,142 8.7170
Production Cost 37.458 27.6064 20,0645 Lg.688 16.7065 15.138 14.965 13.345 L2365
E Uperations & flaintenance Cost 221.050 150,078 148,623 122.975 109.944 142.690 169.662 244,383 327.342
S ESS LLFE CYCLE COUST 275.007 191.0608 181,038 152.5068 136.949 167.645 194,191 200,870 348.477
Solar Array Cost 236.792 236,384 227.024 232,308 232.869 229.843 232.336 234.612 238.133
Thermal Countrol Cost 7.677 1522 7.054 7.214 7.129 6.960 6.993 7.0066 7151
Power Counditioning Cost 3.879 2.750 2.100 1.761 1.528 1.409 1.289 1.160 1.042

TOTAL LILIFE CYCLE CUST 523955 438,264 417,216 393.911 378.475 405.857 434.809 509.714 594,823

Exbhibit 3a. Depth of Discharge (Capacity Fixed)
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LiO 50KV LSS (HiGd)

LOL PERFORUHANCE PARAMLTERS

Hardware Life Cycles 3 3 4 4 5 7 9 12 13 )
Haximum Battery Lite (Yr) 10.025 9,225 8.205 7.053 5.754 4.4067 Jo3le 2.368 1.602
Rated Cell Capacity (All) 50 50 50 50 50 50 50 S50 50
Haxinum bepth of Vischarge <100 - 150 200 250 «Jou 350 <400 450 . 500
Uperating Temperature (deg=-K) 243 283 283 283 283 283 283 283 283
MHax. Discharge Curreut (A) 1.1206 10.5206 14.473 17,813 21.051 24,3175 27.243 JU.875 35.0620
flinimum Voltage (V) 1.181 1.144 1.147 bali2 1.099 1.096 1.079 1.062 1.052
lecharge Fraction I.189 1.126 l.081 1.058 1.038 1.01Y9 1.007 1.005 l.0V5
Charpge Current () 5.818 8.136 L1u.745 12.937 15.002 17.058 18.827 215295 24.572
Charvge Voltage (V) l.605 1.6306 1.619 l.660 1.6067 1.6062 1.680 1.703 1.742
Watt=llour Lfficiency 019 022 «0655 034 .635 047 .038 L0621 L0601
PitYS LCAL CHARACTLERISTLICS
Total dumber of Cells 7150 4972 36016 3016 25906 2242 2040 1630 1599
Hunber ol Parallel Batteries () 44 32 206 22 19 L7 L5 13
NHumber ot Hodules per Battery U 4] 4 8 8 ) 3 4] ]
Battery GCell Weight (Kyg) 2,027 2,027 2.027 2:.027 2,027 2.027 2.027 25027 2.0217
Battery Cell Volume (Cwmw™3) 125 725 125 725 725 7125 725 725 725
L5s Weipght (Kg) 19500 13449 9062 8231 7134 6342 5593 5014 4511
LS55 Volume (1173) 137.720 91.611 61.208 59.21606 45,900 44,412 42,160 3J0.604 29.608
LLFLE CYCLLE COSTS (L98UIS)
DLOT&L Cost 25.6460 19.764 15./977 14,383 13.200 12,222 11.021 11.016 10.363
Productlion Cost 71.1406 50.059 36.601 32.780 28.970 26.050 23.758 21.794 19.911
.Q Uperations & ilaintenance Cost 431.221 295.608 290,673 238,980 256.839 314.940 367.010 437.898 579. 3806
B ¢ 8 RN L L R T L T ] s L i el g et e e et | e e S o e A A 1 B g e e R L e e s T e e
= ESS LIFE CYCLE COST 528.047 300,031 343.311 286.149 299.021 353.212 402. 3089 470,708 00Y.6060
Solar Array Cost 415,493 412.430 390,099 405418 406,292 399.447 404,135 413.549 423.803
Thermal Control Cost 0. 166 9.844 8.908 9.226 9.057 8.050 8.728 Y.031 Y. 388
Pover Counditioning Cost 6.893 4,951 3.779 3.10Y 2.750 2.42Y 2.210 1.988 1.7061
TOTAL LIFE CYCLE COST 9600.599 793.250 7152.097 703.962 117120 763.738 817.462 895.270 lua4s.612

: Exhibit 3b. Deptb of Discharge (Capacity Fixed)
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LLU LOOKW ESS (Hicd)

EOL PLRFORHANCL PARAHETERS

Hardware Life Cycles J 3 4 4 3 7 %) 12 1y
Maximum Battery Life (Yr) Llo.025 Y9.22595 6.205 7.053 9.754 4,467 3,318 2.304 b 602
Rated Cell Capacity (AIll) YU 50 50 50 50 50 50 50 50
flax imum Depth of bischarge ] 150 200 250 . 300 <350 400 s450 . 500
Uperating lemperature (deg-K) 283 283 283 283 263 283 283 283 283
flax. Discharge Current (A) 7.181 10.647 14.473 L7.813 213562 25.035 248.009 31.940 35.620
Hinfwun Voltage (V) .16l 1.144 s 24T Lokl 2 1.098 1.094 L.v77 1.0060 1.4052
Recharge Fraction l.1388 1.124 1.081 1058 - 1.035 l.0L5 1.005 l.0U5 . 005
Charge Current (A) 5,850 8§.215 10745 12.937 15.310 17.453 19.359 22.029° 24.572
Charge Voltage (V) 1.600 1.6306 1.619 L.60V 1.0069 1.06064 1.682 L.708 1.742
Uatt-llour Lfflclency .020 « 022 055 034 030 .048 037 018 .001
PUYS LCAL CHARACTLRISTICS
Total Humber of Cells 14190 93831 71232 6032 . 5074 43606 3960 3538 3198
Hunber of Parallel Batteries 129 67 04 52 43 37 33 29 206
Humber of llodules per Battery Y ) b 4] 4 8 4 3 4
Battery Cell Veight (Kg) 2.027 2.027 2.027 2.027 2.027 2.027 2.027 2,027 2.027
dattery Cell Volume (Cn™3) 125 125 425 125 725 725 125 125 25
ESS Meight (Kp) 36950 24722 18123 L6317 14255 L1980 10803 10011 Y022
LS55 Volune (1173) 260. 130 1684320 122.420 lv7.110 91.811 76,509 74.020 61.208 59.216
LIFL CYULL COSTS (lvsous)
DDT&L Cost 42,312 3J1.029 24,309 213283 18.817 16.938 15.867 14.784 13.883
I'roduction Cost 132,389 91.533 08.500 6bUVU.542 52.829 45,554 41.050 J8.494 35.217
S Operations & Maintenance Cost 850.894 579,235 574,307 471,100 493,410 599.935 696.054 825,906 1120.599
-G e
L55 LLFL CYCLE COST 1025.595  700./97  667.176  552.925  565.062  662.427  753.571  879.244 1169.699
Solar Arvray Cost ! 724,370 718,745 691.085 707.327 707.901 695.411 704,948 722.948 7139.420
Thermal Control Cost 15.103 L4, 447 1256183 13.250 12.860 12.021 12,2406 Vw937 13.577
Powver Conditioning Cost 12,326 S.820 6.803 5.704 4.855 4,274 3.879 3.4717 3.169
TOTAL LIFE CYCLE CLUST 1777.400 443,815 1377.677 1279.206 1290.678 1374.133 1474.644 1618.606 1925.8065

Exbibit 3c. Depth of Discharge (Capacity Fixed)
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LEO 250KW LSS (nicd)

LOL PERFORHAHCE PARAMETERS

Nardwvare Lile Cycles 3 3 4 4 5 7 9 12 &
Hlazximum Batrery Lile (Yr) fu.025 9.225 4.265 7.053 3:754 4.467 3218 2.3048 1.602
Rated Cell Capaclty (Ail) 50 50 50 50 50 50 50 50 50
Maximunm Depth of Discharye 100 . 150 200 250 <300 « 350 400 450 500
Uperating Teamperature (deg-=K) 283 283 283 283 283 283 283 283 283
lax. Discharge Current (A) 1214 4 F IR | 14,504 17.813 21.441 259171 28,508 32,162 35.626
Hiinimua Voltage (V) 1.1yl L. 144 l.147 L.112 1.098 1.094 1.076 1.060 1.052
Recharge Fraction 1.187 e i23 1.081 1.054 1.030 L.015 L.v05 1.005 .00
Charge Currtent (A) 5.878 8.203 1o.805 12937 5247 BT 537 19.718 p 3/ o W | 2405712
Charge Voltage (V) 1.600 1.630 1.620 L.606U 1.60Y 1.664 1.084 1.70Y 1.742
Watt=llour Elficlency L0220 w23 L0595 034 635 048 .636 618 601
PUYS LGAL CHARACTERLSTICS

Total dumber of Cells 353t0 24400 17967 15080 12744 L0850 9720 8784 7995
lumber of Parallel Batterles 321 216 159 130 1vs 92 81 12 65
Humber of .lodules per Battery U g U Y 8 3 8 8 U 1o
Battery Cell Wedight (Kg) 25027 2.027 2.027 2,027 2.027 2.027 2.027 2027 2027
Battery Cell Volume (Cwm™3) 7125 7125 125 125 725 725 725 725 725
£ESS Welght (Kg) 89120 bu7la 45305 3703 33468 28854 26943 228473 23439
ESS Voluwme (1T3) 627.380 413,150 306.040 260.130 214.230 183.620 166.320 137,720 165. 370

LLEFE CYULE CusTs (1ysous)

DOT&L Cost 03.595 45.424 34.739 29.984 26.081 22,928 21.060 19.429 16,263
Producttion Cost 315,320 218.090 163,434 l41.624 1200421 104,141 Y6.150 B4.3006 42,895
E.: Operations & (laintenance Cost 2106,989 1429,094 1414.374 1165.618 1223.727 1469,915 1679.923 2010,772 -3210.828
®  =mmemme mmmmmem mmmmemn mmmmeee memmemm memmese mmmmmem mmmemen e
ESS LIFL CYCLE COST 2485,904 10692.608 1612,547 1337.226 1370.229 1596.984 1797.133 2114.507 3311.980
Solar Avray Cost I50v.781 1498.958 1441,803 1476.305 1477.811 1450,886 1472.744 1509.589 1543.2306
Thermal Control Cost 29.901 28,240 23.705 23« 322 24,375 22.217 22.900 24,584 20,140
Power Conditionlnyg Cost 20,702 19.083 14,717 [2.407 1U.602 9.254 4.307 7.517 0.893
TOTAL LIFL CYCLE COST 4053.,288 3238.80Y9 3092.772 2851.200 2863.017 3079, 341 3301.090 3656.1497 4888.255

Exbibit 3d. Depth of Discharge (Capacity Fixed)
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GhLU 25K LSS (Nicd)

LOL PLRFURDANCE PARANETLRS
llardwvare Life Cycles
lMaximum Battery Life (Yr)
Rated Cell Capacity (All)
Haximunm Depth of Discharpge
Uperating Tenperature (dep~K)
Hax. Discharge Curreant (A)
Hinimun Voltage (V)
Recharge Fraction
Charpge Current (A)

Charpe Voltage (V)
Vatt=llour Lfflciency

PUHYSTCAL CHARACTLRISTLICS
fotal Humber of Cells
Hunber of Parallel Batteries
Nunber ol iflodules per Battery
Battery Cell Weight (Kg)
Battery Cell Volume (Cuw™3)
LSS Weipght (Ky)
ESS Volunme (il73)

LIFE CYCLL CUSTS (1Y8uit$)
DLT&L Cost
Production Cost
Uperations & UHalntenance Cost

0£-D

EGS LIFE CYCLE CuST
bolar Avray Cost
Thermal Control Cost
Power Conditioning Cost

TOTAL LIFL CYCLE COST

1
lu.v25
50
L 100
283
4,211
1.321
l.265
AT
1,382
¢ 758

5390

e )

¥
25027
725

13530

107.110

205 5 177
204,550
500
225.567
11.526
5.4717
5.9482

268,552

1 1 1 1 1
9.225 8.2065 7y U3 3 55754 4,467
50 50 50 50 50
. 150 . 200 «250 . Jou « 350
283 283 283 283 283

6.259 8.270 10.5206 12,188 14,473
1.296 1.284 1e2772 1.262 1.250
1.214 L5165 Y l27 1.100 1.082

«395 +OUl 617 097 814

1.384 1.386 1.388 1.389 1.391
0 B | « 795 «813 8206 L4831
3700 2828 2244 1957 1664
37 28 22 19 16
) 6 8 6 3
2.027 2,027 2.027 2.027 2,027

225 725 125 72'5 725
9941 6983 6117 5352 4159
76.509 47.384 45.9006 35.538 30.604
16.186 13,785 12,288 114817 10.607
[50.507 107.979 Y4.337 83.085 606.128

. 500 . 500 . 500 500 . 500
167.25) 122.2064 107.125 95.072 77 .239
11,345 11.074 LU. 883 10.759 J10.713

5.550 3+ 540 5.620 5.648 5.684

4,274 3.375 2.750 2.429 2.100
188,422 142,296 126,378 113.908 95.732

Exbibit 3e. Depth of Discharge (Capacity Fixed)
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Exhibit 3e. Depth of Discharge (Capacity Fixed) Continued




LLO 25KN LGS (Hicd)

EOL PERFORHAHCE PARAMLTERS

Nardware Life Cycles L7 v 8 6 5 4 4 3 3
Haximum Battery Life (Yr) [.700 2.6800 3.900 5.000 6.100 7.200 B.300 9.400 LO. 500
Rated Cell Capacity (All) 50 50 50 50 50 50 50 50 S50
iflaximum Depth ol Discharpe <494 426 «373 « 330 287 244 wk il 14l L0063
Operating Temperature (dey=-K) 283 283 283 283 283 283 283 283 283
Hax. bDischarge Current (A)N 33.080 28.940 25.729 23.157 19.298 16.541 [3.622 10.068 4,541
flinimum Voltage (V) 1.058 1.0066 1.090 1.095 1.114 1.119 1.150 1.151 l.215
Recharpge Fraction 1.005 L.005 1.013 1.026 1.048 1.067 1.087 i O L2595
Charge Current (A) 22,816 19.964 17.889 16.314 13.887 12,115 1u,171 7.833 3.913
Charge Voltage (V) 1,713 1.699 1.667 1.666 1.651 1.652 1.616 1.630 1.580
Vatt=llour Efficlency L0105 025 L0406 641 LO44 «035 <055 .023 L6173
PUYS LCAL CHARACTERISTICS
fotal livmber of Cells 854 968 1071 1180 1392 1624 1904 2576 5457
Hunber of Parallel Batterices 7 8 9 10 12 14 17 Z3 51
Nuwber of ilodules per Battery 4 8 6 6 (0 8 6 8 8
Battery Cell Meight (Kg) 2.027 2.027 2.027 2,027 2.027 2.0217 2.027 2,027 2.027
Battery Cell Volume (Cm™3) 725 725 725 725 725 725 725 7125 125
ESS Weight (Lg) 2227 2499 3061 2994 3509 4087 5036 6675 14769
LS55 Voluwme (1173) 14,804 15302 20.580 20.580 22.491 29.608 33.237 45.9006 107.110
LIFE CYCLL COSTS (lv80u8)
DUT&E Cost 8.770 9.142 9.534 9.812 10,479 11.208 12.092 14.097 22,429
Production Cost . 12,365 13.348 . 14,883 15.143 16.989Y 19.049 22.029 27.8386 55.077
2 Operations & llafintenance Cost 308.970 203,067 149,584 121.609 118.756 131.994 128.827 156,465 337,385
er DTSR S T T R e R e o R TR L T R e B, e R T S e R R SR R N
ESS LLFE CYCLE COST 330.105 225,557 174.301 146.564 146,224 162,251 162,948 198,448 414,891
Solar Array Cost 238.100 234,924 229.794 230.599 229,043 233.020 226.048 235,305 240,170
Thermal Control Cost 7.148 7.087 6.913 7.014 7.059 7.226 7.061 7«5 15 7.879
Power Conditionling Cost 1.042 1.10606 1.289 1.409 1.645 1.875 2.210 2.856 5.011
TOTAL LIFL CYCLE COST 576.395 h63.734 412.297 385.580 384.571 404,372 39842067 bbb, 124 668.557

Exbibit 4a. Cell Life (Capacity Fixed)
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LLO S50KW ESS (Licd)

EOL PERFORHANCLE PARAMETERS
Harduare Life Cycles 17 10 ] 6

\

5 4 4 3 3
flaximuwm battery Life (Yr) 1.700 2.800 3.900 5.000 6.100 7.200 8.300 9.400 10.500
Rated Cell Capacity (AIll) 50 50 50 50 50 50 50, 50 50
flaximum Depth of Discharge <494 A20 «373 . 330 287 L244 197 L4l L0063
Operating Tewperature (deg-K) 283 283 283 283 283 283 283 283 283
Hax. Discharge Current (4A) J3.08U 28.940 25,1729 23.4517 20.137 17.154 14.034 1V.0068 4.541
Hinimnun Voltage (V) 1.05%8 l.0bb 1.090, 1.095 1481 1,117 1.149 iw15% k215
Recharge Fraction 1.005 1.005 l.013 1.0206 1.043 1.062 L.0uA4 1.133 1255
Chharge Current (A) 22.816 19.904 17.889 lo.314 l4.421 12.512 10.449 7.833 3.913
Charge Voltage (V) 1.713 1.699 1.6067 1.666 1,653 1.654 1.617 1.630 1.580
Uatt=llour LEflciency «b615 025 <0406 «041 644 «0306 «655 623 .613
PUYSICAL CHARACTERILISTICS
Total Humber of Cells 1708 19306 2142 23060 26068 3132 3729 5152 10914
Nuaber of Parallel Batteries 14 16 18 20 23 it 33 46 102
Muuber of Modules per Battery 8 8 8 8 8 8 3 8 8
Battery Cell Weight (Kg) 2.027 2.027 2,027 2.027 2,027 2.027 2.027 2.027 2.027
pattery Cell Volume (Cm™3) 725 125 125 125 725 725 125 129 725
LSS Wefight (Kp) hhSh 4996 5481 6324 7037 8201 9951 13349 27363
LSS Volunme (1M73) 29.0608 30.0604 42.160 44,412 45.906 59,216 74.020 gl.811 198.920
LIFL CYCLE COSTS (198011%)
DDTLE Cost 10.633 11.283 11,868 12,522 13,379 14.671 16,342 20.209 35,657
Production Cost 20.185 22.138 23.893 20,441 29.033 33.129 Jg.919 51.090 100.740
a Uperations & iHalntenance Cost 585,087 380.269 343,223 282,105 267.033 267,979 299.615 307.980 669,731
N e T N e R = T R T e R e oy e 7 B, = Tl oty RO i B0 - o TR P 5 T
ESS LLFE CYCLE CUST 615.905 419.690 378.984 321.068 309.445 29354279 354.876 379.279 06,128
Solar Array Cost 415,419 409.8717 400.928 402.337 399.655 405.611 396.572 410.543 419.030
Thermal Control Cost Y.095 8.975 3.620 8.827 5.873 9.209 8.925 9.828 10.559
Power Counditioulng Cost 1.875 2.100 2.320 2.537 2,856 3.272 3.87Y9 5.141 10.100
TOTAL LIFL CYCLE CUST 1042.294 $40.642 790.858 734.769 720.829 713.871 764,252 804.791 1245.823

Exbibit 4b. Cell Life (Capacity Fixed)
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Exhibit 4b. Cell Life (Capacity Fixed) Continued



LLO LUUKRW ESS (NiCud)

LOL PERFORIAHCL PAKAHETERS

lardvare Life Cycles L7 10 U 6 5 4 4 3 3
Haximum Battery Lite (Yr) 1.700 2.3800 3.900 5,000 6.100 7.200 8.300 9. 400 10.500
Rated Cell Capacliy (AIll) 50 50 50 50 50 50 50 50 50
Haximun Depth of Discharye 494 426 . 373 . 330 L287 244 197 L4l L0063
Operating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
Max. Discharpge Current (A) 34.300 29.879 20,465 234750 20,584 17.476 14.250 10.068 4,541
tintwum Voltage (V) 1.055 1.064 1.088 1.094 1.110 l.116 L.148 1.151 1.215
Recharge Fraction 1.005 1.005 1.010 1.023 1.040 1.060 1.083 }.133 1,255
Charge Current (A) 23.6062 20,608 138.344 16,674 14.705 12.720 10.595 7.833 3.913
Chavge Voltage (V) Y. 7237 1.702 1.669 1.668 1.655 1.655 1.618 L.630 1.580
Watt=lour LEfficliency .060Y .022 L0646 042 045 L0637 . 6506 L6023 613
PHYS LCAL CHARACTERISTICS
Total Humber of Cells 3321 3782 4165 4602 5205 6148 7345 10304 21326
Humber of Parallel Batteries 27 31 35 39 45 53 65 92 204
Huwber ol Hodules per Battery 4 3 4 8 ] 8 8 8 4
Battery Cell Welght (Kg) 2,027 2,027 2.027 2,027 2,027 2.027 2.027 2.027 2.027
Battery Cell Volume (Cm™3) 725 725 71295 725 725 725 725 125 125
ESS Weight (Kg) 6995 L0047 L0674 12017 14165 16319 20298 26697 54726
LSS Volune (N73) 59.216 61.208 74.020 76.509 91.811 107.110 137.720 183.0620 397.850
LIFE CYCLE COSTS (19Y80OU1S) P
DDT&L Cost 14.181 15,380 16,357 17.518 19.273 21.563 24,712 32,248 61.929
Q Production Cost 3J5.602 39.440 42.112 40.4177 53.316 60.956 73.501 97.322 196,220
(1 Operatlons & ilaintenance Cost 1097.436 731.862 651,932 5404252 514.318 480.076 582,767 610.981 1333.554
ORI, A o Y R R o SR R TR TR e el o Pl e AR SRy | o Rom a4, - ol e Rl - o e ok A it - (T BN e T swie i e
ESS LIFL CYCLE COST L147.219 786.682 710,401 604,247 586.907 562.595 68U,980 740.591  1591.709
Solar Array Cost 134,224 0.0 o B 698.498 700.553 701,129 706.794 691.414 716.293 731.094
Thermal Control Cost 13.299 12,879 11.998 12.383 12.559 13:172 12.623) L4.450 15:914d
Pover Conditioning Cost 3.272 3J.0679 4,078 4,409 5.040 5.797 6,893 9.254 16.180
TOTAL LLFE CYCLE COST L398.014 1524.393 1424.975 1321.652 1305.641 1288.358 1391.910 1480.594 2356.901

Exbibit 4c. Cell Life (Capacity Fixed)



LED

Hardware Life Cycles

Total Cells in Parallel

EOL Max. DoD

-

28
N

18
£

238
1

15
=

%l——-_L—~——L—_.--L__J

6 12
Max Battery Life

1 L 3

¥

1.8

& o
Max Battery Life

;

{

Max Battery Life

Total Number of Cells

Rated Cell Capacity

ESS Weight

24280

12189

L 52 - 1

178

6 12
Max Battery Life

1 ‘ -

60508

38258

6 112
Max Battery Life

Max Battery Life

Legend
~~~~~~~ Production Lost
— —— 0 & N Lost
——— Jotal Life Lycle Lost

=
S r~—
>~
QN
P /
)
0 /
L) /
0 !
—~ X =
QQL b ’
3
/
ol /
o k\*\*\n g
sui —e
p—-—--m——o—--'--—-?’*—""""l"//. |
=0 6 12

Max Battery Life

LEQ wl0@ vl £oS Nild

Exhibit 4c. Cell Life (Capacity Fixed) Continued



LLEO 250K ESS (Hicd)

LOL PERFORHANCE PARAIETERS

Hardware Life Cycles 17 10 8 6 5 4 4 3 3
Haximum Battery Life (Yr) L.700 2.300 3.900 5.000 6.100 7.200 8,300 9.400 10.500
Rated Cell Capacfity (Al) 50 50 50 50 50 50 50 50 50
Haximuw Depth of Discharye L4948 <420 «373 «330 287 244 “197 L4l L0063
Operating Temperature (deg=K) 26D 283 287 283 283 283 283 283 283
Hax. Discharpge Current (A) 35.085 30.470 206.927 23.630 20.676 17.410 14.294 10,064 h.541
Hintmunm Voltapge (V) 1.054 1.063 1.088 1.094 1.109 1117 1.148 1.151 L2 LS
Recharpge Fractfion 1.005 1.005 1.008 1.023 1.040 1.061 1.082 1.133 1.255
Chargye Current (A) 24,199 21.016 186.627 16,601 14.764 12.0738 10.624 1.833 a9l 3
Charvge Voltage (V) 1.735 1.705 [.670 1.668 1.655 1.654 1.618 1.630 1.580
Yatt-llour Efficiency .b05 021 046 .641 044 .6306 L6506 +623 613
PHYS LCAL CHARACTERLISTICS L
Total dumber ot Cells g118 QX712 10234 11564 13104 15428 L8306 25760 54570
Humber of Parallel batterices (0 76 86 98 12 (48 162 230 510
tHumber ol ilodules per Battery Lo 8 8 8 8 B 8 8 4
Battery Cell Weipht (Kyg) 2.027 2.027 2.027 2.027 2.027 2.027 2.027 2,027 2.027
Battery Cell Volume (Cm™3) 725 725 725 7125 725 725 725 725 725
LSS Velpht (Ky) 23393 25092 26797 31135 33233 39715 47481 645606
LSS Volume (i173) 165.370 153.020 168,320 198.920 214.230 260.130 321.340 443.750 979.320
LIFL CYCLE COSTS (1930118)
DDT&E Cost 18.453 20.287 21.866 264,127 26,643 30.542 35.338 47.0684 95,621
Production Cost 83.2206 90.718 97.654 111.389 121.198 142.880 169.149 230.844 476.946
2 Uperatfons & MHaintenance Cost 3077.583 1763.667 1578.031 1338.111 1265.560 1192.581 1440.578 1518.138 3321.581
@ e e mm e e e e e e e s e e mm e e e e e e -
ESS LIFLE CYCLE COST 3179.262  1874.672 1697.551 1473.627 1413.401 1366.009 1645.065 1796.6060 3894.148
Solar Array Cost 1538.596  1506.831 1456.555 1462.803 1463.043 1475.518 1442.767 1494.907 1525.909
Thermal Control Cost 25.832 24.504 22.114 23,190 23.578 25+ 153 23708 28.338 31.991
Power Conditioning Cost 6.932 7.870 8.739 9.763 10.934 12.649 14.952 20.127 39.541
TOTAL LLIFE CYCLE COST 4750.672 3413.877 3184.959 2969.383 2910.956 2879.329 3126.522 3340.098 5491.58Y

Exbibit 4d. Cell Life (Capacity Fixed)
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Exhibit 4d. Cell Life (Capacity Fixed) Continued



0+-D

GLO 25KW LGS (ticd)

LOL PLRFORMANCL PARANETLERS
Harduare Life Cycles 1 L 1

1 1 { i i 1
Haxtouw Battery Lite (Yr) L.700 2.800 3J. 900 5.000 6,100 7.200 d.300 9.400 10.500
Rated Cell Capacity (All) 50 50 50 50 50 50 50 50 50
flax tmum Depth of bischarge <494 <420 373 <330 . 287 244 « 197 L4l L0063
Operating Temperature (deyg=-K) 283 283 283 283 283 283 283 283 283
MHax. Discharge Curvent (A) 19,297 17.813 15.438 13.622 11.578 1. 068 8.270 5.938 2,632
Hinimum Voltage (V) 1.218 1.231 1.244 1255 1.265 1.224 1.284 1.300 1.348
Recharge Fractlion 1.049 1.059 1.075 1.088 1.110 1.135 1.165 1,222 1.3006
Charge Current (A) 1.053 .981 .3063 o771 "+ 06069 594 501 <378 <179
Charge Voltage (V) 1.398 1,394 1.392 1.390 1.388 1.387 1.386 1.384 1.381
Vatt=ilour LEfficiency 830 L8334 832 830 821 . 809 «790 769 .148

PHYSTCAL CHARACTERISTICS
Total Humber of Cells V272 1365 1560 1751 2040 23406 2828 3900 8448
Nuaber of Parallel Batteries 12 13 15 17 20 23 28 39 sy
Humber ol dodules per Battery o b 8 6 6 8 0 . 8 4
battery Cell Weight (Kg) 2027 2027 2027 202 2.027 2.027 2.027 2.027 2,027
Battery Cell Volume (Cwn"3) 7125 7125 725 725 725 725 725 725 725
E55 Welght (Kg) 3193 3742 4180 4644 5311 6093 6983 9884 20766
LSS Volune (i173) 22,491 29.008 | 30.604 33.737 35.5349 45.900 47.384 76.509 lb8.320
LLFE CYCLE COSTS (l198001%)

DDT&L Cost 9.4706 9.814 10.359 10.8488 11.681 12.530 13.785 16.657 28,289
Production Cost 51.810 59.481 66.029 72.900 82.840 94.386 107.979 150.521 311.826
Uperations & Haintenance Cost . 500 500 500 500 500 <500 . 500 . 500 . 500
LSS LIFE CYCLE CuUST 0l.786 69, 795 76.888 84.288 95.021 107.416 122,264 167.078 J4O.615
Solar Array Cost 10,660 10.634 10.665 10.680 10.762 10.937 LL.070 11,422 L1.0634
Thermal Control Cost 5.271 5.738 5.698 5.667 5.6306 5.614 5.583 5.538 5.402
Pﬂuer Condlittoninyg Cost 1.645 1.761 1.988 2,210 2 537 2,850 3.375 4.4069 4.912
TOTAL LLIFE CYCLE CUST 79.6062 87.928 95.239 102.845 113.956 126.823 142.298 189y.107 366.563

Exbibit 4e. Cell Life (Capacity Fixed)



It-D

Total Celle in Parallel Hardware Life Cycles

EOL Max. DoD

4

10”

§~
[
ﬁ ke
I
%‘ i, Gy

Max Battery Life

i

s

by

e

._.__x_.._..,é.,___.;._.__,J

2
Max Battery Life

Total Number of Celle

Rated Cell Capacity

ESS Weight

!
S
e

Max Battery Life

F‘

178

e

Max Battery Life

11?88

Max Battery Life

Legendt
———————— Production Lost
— — 0 & M Lost
~————-—= Jotal Life Lycle Lost
=
Ol
~%!
.
i [
2
Q | ;f
o /
OEL ﬂ
XN .
Q i
0} /‘///‘
G- e
' i 0’»/ —
(o el
ey -._,.-0/".'
o 19

Max Battery Life

Do B o o R PN

Exhibit 4e., Cell Life (Capacity Fixed) Continued



LLO 25KN LSS (nicd)

)
LOL PERFORIANCE PARAUETERS

llardvare Life Cycles 4 4 4 4 4 4 4 4 4
ilax imum Battery Life (Yr) 0.983 7.096 6.983 7.204 s 1 7.397 8.297 8.833 9.203
Rated Cell Capaclty (All) 20 X 50 B0 110 140 170 200 230 2060
Haxiwum Depth of Discharge 223 248 253 244 o229 «2306 « 199 172 o151
Operating Teuperature (deyg-K) 283 283 283 283 283 283 283 2383 283
lax, Discharpe Current (A) 1.237 17.813 28.940 36.594 46.313 57.892 57.6Y92 57,892 57.892
Hinimum Volrage (V) 151 L. 4 L3 L.110 1.116 L.127 1,122 1.148 1.165 L.1706
Recharge Fraction L.056 1.058 1.0560 1.060 1.067 1.063 1.0381 1.095 l.115
Charge Curreunt (A) 9. 246 ¥2:.9312 20,982 28.0760 33.914 42.259 42.978 43.511 44,338
Charpge Voltage (V) 1.603 1.059Y 1.663 1.655 1.642 1.048 [.019 1.602 1.590
Vatt-llour Elffflciency L0332 035 «032 <637 644 040 .656 0064 603
PIUYS LCAL CHARACTERISTICS
Total Nuwmber of Cells 3744 1508 936 696 575 460 452 G4 4 440
lhumber of Parallel Batteries 32 13 8 6 5 4 4 4 4
Huumber of (lodules per Battery o 8 10 8 10 8 8 4] 4]
Battery Cell Welght (Lg) L8465 Dy 3,210 4,392 5.574 6.757 7.939 9.121 10. 303
Battery Cell Voluwe (Ca™3) 2848 725 1164 1604 2044 2488 2916 3359 33803
LS55 Weight (Kg) : hb4) 4110 3627 3011 3752 3608 4114 4603 Sty
LSS Volume (i173) 34.14Y 29.608 25.021 18.937 Ju.721 21.098 21.098 21.098 21.098
LIFL CYCLL COSTS (1930i15)
DDTSL Cost £3.153 10.905 10,2069 10,118 10,216 10.038 10.0615 11.181 11.785
'roduction Cost 22,3174 18.088 16,917 16.079 17.071 16.560 18.285 19,971 21.765
2 Operations & taintenance Cost 204,740 122.975 100.544 73,550 P8 252 60.549 64.090 68.772 713,110
LSS LIFE CYCLE CUST 240,267 152.568 127.730 100,347 103.539 g7, 15) 93.5906 99.924 106.6060
S5olar Array Cost 2335972 232.239 233.945 232.104 230,280 230.372 226.954 224,039 224,528
Thermal Control Cost 7.235 71.204 7.235 7.190 7.136 7.153 7.049 6,998 7.047
Power Conditifoning Cost 3J.7179 1.7061 L.166 <914 .783 6438 048 648 648
TOTAL LIFE CYCLE CUST 485.253 393.7172 370.076 340.555 341.738 325.320 328,247 331.609 J3J8.883

Exbibit 5a. Rated Cell Capacity
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LLO

50KV LSS (HiCd)

LOL PERFORHANCE PARANLTERS
lardvare Life Cycles 4 4 4 4 4 4 4 4 4
Haximun Battery Life (Yr) 0.865 7.090 6,983 7.204 6.80606 1397 7572 7.4806 7.090
Rated Cell Capacity (Aill) 20 50 60 110 L40 170 200 230 260
Hlaxinum Depth of Discharge 2517 248 22Dy 244 «237 « 230 «229 w233 L2438
Uperating Temperature (deg=K) 263 283 24873 283 283 283 283 283 2873
flax. Discharyge Current (A) 75352 17,813 28.940 38.594 51.45Y9 57.892 66.100 77.188 92.625
ilinimum Voltage (V) 1.106 O T O 1.110 1.116 l.1v6 Lol22 1.127 1,125 1.113
Kecharge Fraction L.U54 1.058 1.050 1.060 1.054 1.002 1.067 1.065 1.058
Charge Current (A) 5.320 12,937 20,982 28.070 37.234 425259 48.44% 50.434 67.2067
Charge Voltage (V) 1.667 1.05Y 1.0063 1655 1.667 1.648 1.642 1.645 1.659
Hatt=ifour Efficiency «0JU s0J5 <032 <037 .030 L0640 044 <042 «034
PHYS LCAL CHARACTERLISTICS
Total Humber of Cells 7371 JolLo 1872 1392 1053 920 805 690 560
Humber of Parallel Batteries 03 20 16 12 Y 8 7 0 5
Hunber ob ilodules per battery o 4 10 8 10 14 12 12 10
Battery CGell Melght (Kg) L845 2.027 3,210 4.392 5.574 6.757 7.939 9. 121 10.303
Battery Cell Volume (Cm™3) 288 725 1164 1604 2044 2488 29160 3359 33803
55 Medpght (Kg) yYuu 8231 1258 7220 7908 7300 7428 12917 690y
LS55 Volune (1173) 08.297 59.216 50.041 37.874 6l.442 49.967 41,854 39,732 30,721
LLIFE CYCLE COSTS (ly80u$)
DDT&LE Cost 18.433 14,383 13.241 12,952 12,617 12.854 12.999 12.901 12,503
I'roduction Cost 39.826 J2.780 294257 28.782 29.639 28,799 29,252 28.859 27.620
g Upcerations & llaintenance Cost 395.808 238.980 194,684 140.704 133.078 155.106 £32,871 122.258 100,769
| ESS LIFE CYCLE CUST 454.007 286,149 2375182 182.438 175,334 196.759 175,122 164,018 140,958
Solar Array Cost 408.49Y 405.188 408.175 404.958 408,447 401.936 401.771 401.852 405.1069
Thermal Control Cost Y. 304 9.207 9.270 Y.179 9.304 9.104 9.071 9.0868 9.207
Power Conditioning Cost 6.712 3.169 2.100 L.645 1.289 1.166 1.042 914 183
TOTAL LIFE CYCLE CUST 878,542 703713 656.727 598.220 594.374 608.965 567.0006 575.872 550,117

Exbibit 5b. Rated Cell Capacity
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LLO LOORW LSS (Hicd)

LOL PLREORITANCLE PARAULTERS

Hardvare Life Cycles 4
lMaximuw Battery Life (Yr) 06.3865
Rated Cell Capacity (All) 20
ilaximun Depth ol Discharge 257
Uperating lemperature (dey-K) 283
llax. Discharge Current (A) 7.352
Hininum Voltage (V) L.1Ub
Recharge Fraction 1.054
Charge Current (A) 5.320
Charge Voltage (V) L.067
Uatt-=llour Lfficiency .030

PHYS LCAL CHARACTERISTLCS

Total Wumber of Cells 14742
Humber ot Parallel Batteries 120
Humber ol fodules per battery O
Battery Cell Weight (Kg) LU45
Battery Cell Volume (Cm™3) 288
LSS Weight (Kg) 17799
LSS Volune (i173) 136.590

LLFE CYCLE COSTS (1980i$)

PDTUL Cost 29.008
Production Cost 14.727
: Uperations & ilaintenance Cost 784.031
IR o S ¥ T S R AR R (6ee e
258 LIFE CYCLE CULT B87.766
Solar Array Cost 712.734
lhermal Control Cost 13.4008
Pover Conditlioning Cost 12.082
TOTAL LLIFE CYCLL COST 1625.990
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1.664
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5967
5%

)
25027
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19 170
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3.779

1134.930

4
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40,272
1807
1.054
29.154
1.6606
030

2691
23
10
4.392
1604
14489
75.062

18.246
52.400
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1102.549

4
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51,459
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1.667
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2100
1Y
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17.789
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4
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4
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283
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0U.Y55
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4
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6l.442

17.8417
50.534
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13.214
l1.40Y

984.504



LD

Hardware Life Cycles

Total Cells in Parallel

DoD

EOL Max.

L

. G v e
Rated Cell Capacity

|
284

158

—

1 1 L |
% 147 294

Rated Cell Capacity

L]
o
-

- —o—a—0—0—8—p—0—n

@ L |
< 147

Rated Cell Capacity

|
294

Discharge Current Total Number of Cells

ESS Weight

18?%

82158

" 1 |
5 147 284

Rated Cell Capacity

118
1

L 1 |
) 147 204

Rated Cell Capacity

X

18388

91|5ﬁ

L

R | |
% 147 204

Rated Cell Capacity

-
Legend:
——————— Production Lost
e (] & N LOBE
Total Life Lycle Lost
=N
s
=
2
)]
0
Q
0}
'\1
o8
SN
@
B Sl
] P —~— O, L
'~~-1——L-e———o—-—-o]-—o——--—o——L-0-——l 1
~g 147 294

Rated Lell Capacity

LU 180 W ESS  Nile

Exbibit 5c. Rated Cell Capacity (Continued)



LLO 25000 LSS (icd)

LOL PERFORUANCE PARANETERS

lHarduvare Life Cycles 4 4 4 4 4 4 4 4 4
Haximum Battery Lite (Yr) 04065 6,800 0.890 06.900 6.38606 6b.854 0.983 7029 7.090
Rated Cell Capacity (All) 20 S5v 60 110 140 170 200 230 260
Hlaximunm Depth ol Discharge e 237 Ol + 256 «254 2517 .258 <233 oA 3 L2408
Uperating Teuwperature (deg=K) 263 283 283 283 263 283 283 263 283
ax. Discharge Current (A) 7.352 18.379 29.312 3JY.925 51.459 62.584 712.304 82,701 92.625
Iinfmum Voltage (V) 1.100 l.1u6 I.107 1.109 1.106 1.106 1.110 lekll] | G 1)
Recharge Fraction 1.054 1.054 1.054 1.055 1.054 1.054 1.050 1.057 1.054
Charge Current (A) 5.320 13.298 21207 28,932 37.234 45.275 952.455 59.992 07.207
Charge Voltage (V) y l.bb7 1.667 1.6606 1.0064 1.067 1.668 1.6063 l.o6 L 1.65Y9
Watt=llour Elficlency «030 L0630 L0300 L0032 .030 .062Y9 « 932 633 L0334
PUHYS LCAL CUHARACTLRISTICS
Total kumber of Cells 30855 14742 9243 6786 5205 4329 3744 3248 2900
Huwber ol Parallel Batteries 315 120 19 54 45 27 32 28 25
Humber ol odules per sattercy 0 4] Lo 1o 14 14 L4 12 L4
Battery Cell Veight (Kg) ) L845 2,027 J.210 4,392 5.574 Gu? D7 7.939 Y121 lu.3u3
battery Cell Volume (Cm™3) 288 125 1164 1004 2044 2488 29160 3359 BV
LSS VYeight (Kg) H4HKY90 37794 36284 Jyuovu 37498 37169 34863 34494 37638
LSS Volune (il7J3) 341,490 244,830 250.210 200.170 299.800 249,840 199,870 lv7.420 193.370
LLEL GYULE COSTS (1986118)
DDT&L Cost 42.430 29,387 26.392 25,363 24,6008 24,268 2443117 24.250 24,0630
Q lroduction Cost 178.776 136.400 126.772 124.001 125,249 123.832 119.437 118.411 25997
.0% Opcerations & llaintenance Cost 1945.975 1132.589 933.799 752.982 790.48606 694.900 040,101 545.137 500.711
ESS LIEFE CYCLE GUST 2167.187 1298.436 1086.963 Y06.400 Y40. 343 843.000 783.975 6387.798 711.344
Solar Array Cost 1487.523 1487.352 1487.113 1486.600 1487.318 1487.352 148o.395 1475.826 1475.415
Thecrmal Control Cost 25,719 25«7%5 25.682 25.586 257 k¥ 25. 129 25.553 25.320 254235
Powver Counditioning Cost 26.278 12.082 g.132 6,258 5.0406 4.274 3.779 3.375 3.065
TOIAL L1FE CYCLL COST 3700.7207 2823,.585 2607,890 2424,850 2458.424 23060.355% 2299.702 2192,319Y 2215.059

Exbibit 5d. Rated Cell Capacity
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GLU 25K0 LSS (Nicd)

EOL PERFURITAUCE PARAHETERS

Hardware Lile Cycles 1 1 1 1 1 1 1 1 1
Haxiwam Battery Life (Yr) L3802 1.011 L6502 L.6ul 1.738 3.248 4,040 5.4812 6.7006
Rated Cell Capacity (Ail) 20 50 80 110 140 170 200 230 260
dazlmun Depth ol Discharge « 5706 «552 <9570 500 491 L4033 .343 <298 203
Uperating Temperature (deg-K) 263 263 263 283 283 283 . 283 283 2383
ftax. Discharge Currvent (A) 9.64Y9 23.150 38.594 40,312 57.890 57,690 57.890 57.890 57.890
Hinimum Voltage (V) 1.180 1195 1.156 1.211 1.213 1.235 251 1.261 1.206Y
Kecharge Fraction 1.022 l.028 l.022 1.03Y l.u4l L.004 1.082 1.0906 1,147
Charge Current (A) «J13 1.237 2.051 2.502 3.133 3.203 3.250 3.291 3.3062
Charge Voltage (V) L.408 1.404 1.408 1.399 1.398 1.393 1391 1389 l.388
Hatt=llour Liticliency 324 U228 L824 +833 <3833 .833 L8031 « 829 818
PUYSLCAL CHARACTERLIOLTICS
Total dumber of Cells 2010 1uBV 054 535 428 420 h12 412 408
liumber of Parallel Batteries 24 10 6 5 4 4 4 4 4
flumber of ilodules per Battery O 0 4 o 8 d 6 4 Y
Battery Cell Weipght (Kg) L845 2,027 J.210 4.392 5.574 6.757 1.939 Y.121 lu.303
Battery Cell Volume (Cm™3) 2388 725 1164 Llov4 2044 2488 2916 3359 3803
ESS UWeight (Kg) 313y 2726 2534 2750 2780 3258 3717 4234 4707
LS55 Volunme (1173) 25.011 20.540 18.937 ° 13.041 21.098 21.098 21,098 21.098 21.0986
LIFE CYCLE COSTS (19804§)
DNTGE Cost 10.355 s 912 8.451 8.017 38.600 9.103 9.589 10.140 lV.662
Productlion Cost 52.430 h4.8482 41.698 44,828 45.743 52,095 58.816 66.413 73.385
5.2 Uperations & lHaintenance Cost . 500 <500 . 500 . 500 . 500 . 500 . 500 « 500 . 500
s e e e e e s o
ES5S LLFE CYCLE COUST 63,285 94 .294 50.049 53.945 54,843 01,0698 068.905 77.059 84,547
bolar Array Cost 10.738 10.0677 10.734 10.660 lu.671 1V.0068 10.62Y 10.725 lu.804
Thermal Control Cost 5.855 5.834 5.3855 5.790 5.790 5.7206 5.61717 5.651 S«hd7
Power Conditionliny Cost 2.901 1.40Y <914 L7383 048 04y L0438 L0438 L6048
TUOTAL LIFE CYCLE CUST 82.839 12,214 08,152 71.184 71.952 178,740 d5.85Y Y94.083 lOl.620

Exhibit 5e. Rated Cell Capacity
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LEV 25KV LSS (HiCd)

LOL PERFORIIANCE PARAUHETERS

llardvare Life Cycles 3 4 5 6 7 8 9 1v 11
Maximum Battery Life (Yr) 9,220 7+2073 9.799 4.830 4,991 3715 3.844 3.939 3.189
Rated Cell Capacity (All) 90 35 45 40 40 35 35 35 30
Haximum Depth of ULischarge . 150 244 «298 336 329 . 382 «3717 373 +439
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
ilax. Discharge Current (A) 19.298 19.298 19.298 19.298 19.298 19.298 19.298 19.298 19.298
Hinimum Voltage (V) 1.144 1.116 1.099 1.089 f.111 1.080 1.097 I.111 1.085
Recharpe Fractlon 1.123 1.060 1.036 1.021 1.020 1.005 1.005 1.005 1.005
Charge Current (A) 14,874 14.039 Lderdd 2 13.522 13.519 13,315 13.313 13.311 13.310
Charge Voltage (V) 1.6306 1.655 1.0667 1.676 1.643 1.681 1.655 1.635 1.670
Watt-Hlour Lfficlency 023 «637 L6037 .037 .6063 .639 L0060 .076 640
PUYSLCAL CHARACTERILISTICS
Total Number of, Cells 1356 1392 1416 1428 1392 1440 1416 1392 1428
Huwber of Parallel Batterles 12 12 12 12 12 12 12 12 12
Humber of Modules per Battery 8 6 6 6 0 6 6 6 0
Battery Cell Weight (Kg) 3.604 2,224 1.830 1.633 1.633 1.436 1.436 1.436 1.239
Battery Cell Volume (Cm™3J) 1313 800 654 578 578 507 507 507 434
LSS Weipght (Kg) 5739 3800 32606 2988 2913 2704 2657 2612 2379
LSS Volune (1173) 37.874 22,491 22.491 22,491 22.491 22,491 22.491 22.491 15.681
LLFE CYCLE COSTS (1980i1§)
DDT&L Cost 12.616 L10.769 10.257 9.993 9.893 9.718 9.0655 9.593 9. 380
o) Production Cost y 24,075 17.929 16.243 15.381 15.111 14.499 14.328 14.165 13.463.
h Operations & llaintenance Cost Y5.540 Y6.089 116,454 137.439 159.930 180.035 202,071 223.920 241.188
e e . T e e i R e o Rt o 107 L R 1 1V . . el e o, vchom 1= W0 Lt e SR i
ESS LIFE CYCLE CuST ’ 132.231 124.787 142.954 162.813 184.934 204,252 226.054 247.678 204.031
Solar Array Cost 235.939 232.131 232,433 232,217 223.887 231.543 225.4178 220,269 228.692
Thermal Control Cost 7.505 7.191 7.106 7.052 6.762 6.964 6.734 6.563 6.807
Power Conditioning Cost 1.645 1.645 1.645 1.645 L.645 1.645 1.645 L.645 1.645
TOTAL LLFE CYCLE COST 377.320 365.754 384.138 403.727 417.228 ba4,.404 459.911 476.155 501.175

Exbibit 6a. Hardware Life Cycles (Capacity Variable)
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LEO

LEOL

Py

L1F

50KM LSS (HiCd)

PLRFORIANCL PARAILTERS
llardware Life Cycles
Haximum Battery Life (Yr)
lated Cell Capacity (All)
ltaximum Depth of Discharpge
Operating Temperature (deg-K)
flax. Discharge Current (A)
Hinfmum Voltage (V)
Recharge Fraction
Charge Current (A)

Charge Voltage (V)
Watt=llour Lfficiency

SLCAL CUHARACTERISTICS

Total Number of Cells

Humber of Parallel Batteries
Humber ol Hodules per Battery
Battery Cell Weight (Kg)
Battery Cell Volume (Cm~3)
ESS Welght (Kg)

ESS Volume (MT3)

L CYCLE COSTS (1980i1$)

DDT&E Cost

Production Cost

Operations & tlalntenance Cost

ESS LIFE CYCLE COST
bolar Array Cost
Thermal Control Cost
Pover Counditioning Cost
TOTAL

LLIFE CYCLE COST

3
9.153
175
154
283
38.594
l.141
1.117
29.610
1.03Y
.623

1356
12
10
6.954
2551
logou2
67.147

16.307
40.541
136.618
193.4066
410.698
9.776
L.645

615.585

4
0.866
105
«257
283
34.594
1.106
1.054
27.925
1.667
. 630

1404
12

8
4,195
1533
6988
37.874

12.740
28.032
138.904
179.676
408.442
9.304
1.645

599.067

5
5.799
90

.298
283
38.594
1.099
1.0306
27.443
1.60b7

037

1416
12

8
3.004
1313
6138
37.874

11.972
25,302
168,065
205. 339
405,508
9.012
1.645

6
4.830
80

330
283
38.594
1.089
1.021
27.043
1.6706

<637

1428
12

8
3.210
1164
5581
37.874

11.472
23,522
196.738

647.431

7
4,318
75

. 356
283
38.594
1.088
1.012
26.828
1.672

043

1428
12

8
3.013
1093
5273
37.874

11.195
22.540
226,457
260.192
401,946
8.709
1.0645

672.492

Exbibit 6b. Hardware Life Cycles (Capacity Variable)
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3.715
70

. 382
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1.005
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1.081

.039

1440
12

8
2.816
1015
et 5
37.874

10.963
21.711
255.432
288.1006
403.940
8.725
1.645

702.422

9
3.418
65

410
263
38.594
1.077
1.005
26.019
1.683

637

1440

12

8

2.619
944

4707

37.874

10.685
20.741
282.318
313.744
404,172
8.695
1.645

728,256

1v
3.111
65
<410
283
38.594
1.078
1.005
26.619
1.681
.638

1440

12

8

2.619
944

4706

37.874

10.685
20.738
314.387
345.810
403.786
8.665
L.645
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Exhibit 6b. Hardware Life Cycles (Capacity Variable) Continued



LEO LOOKW ESS (NiCd)

EOL PERFORHANCE PARAMETERS
llardvare Life Cycles 3 4 5 6 7 )

9 [40] 11
Maximumw Battery Life (Yr) 9,153 6,866 5.536 4.830 3.940 Yo7 15 3.202 2.900 2.798
Rated Cell Capacity (All) 350 210 175 160 145 140 130 130 123
Haximum Depth ol Discharge 154 « 2517 . 308 «3306 «372 .382 413 L4013 427
Uperating Temperature (deg=-K) 243 283 283 283 283 283 283 283 283
llax. Discharge Current (A) 77.189 77.189 77.189 77.189 77.189 77.189 77.189 77.18Y 77.189
Minimum Voltage (V) 1.141 1.106 1.090 1.089 L.073 1.080 1.06Y 1.069 1.073
Recharge Fraction S B e 1.054 1.032 1.021 1.009 1.005 1.005 1.005 1.005
Charge Current (A) 59.222 55.851 54,711 54,086 53.471 53.259 53.238 53,238 53.2338
Charge Voltage (V) 1.639 1.667 1.678 1.6706 1.693 1.681 1.696 1.694 1.608
Vatt-llour Ef(iclency «023 .630 .029 037 .628 0639 «627 628 «633
PIHYSICAL CHARACTERLSTICS
fotal Number of Cells 1356 1404 1428 1428 1440 1440 1452 1452 1440
Humber of Parallel Batteries 12 12 12 12 12 12 12 12 12
Humber of i{lodules per Battery 15 12 12 12 12 12 b 8 8
Battery Cell Weight (Kg) 13.850 8.333 6.954 6.363 5.7171 5.574 5.180 5,180 4.983
Battery Cell Volume (Cm™3) 5111 3058 2551 2329 2108 2044 1895 1895 . 1824
LSS Weight (Kg) 21241 13667 11772 10852 10034 y711 9075 9073 8691
E5S Volume (M73) 54.0106 79.4065 79.465 719.4065 79,4065 79.465 37.8174 37.874 37.874
LLFL CYCLE COSTS (198011%)
DDT&E Cost 25.247 17.5606 15,799 14.967 14,226 - 13.950 13.404 13.403 13.060
Production Cost 16.171 49,827 63,670 40.426 37.419 36.676 Ja.617 J4.612 33.3064
2 Operatfons & ilalntenance Cost 209.293 229.418 2125 534 319.072 362,280 410.730 363.805 405.945 438,715
m ———————————————————————————————————————————————————————————————
ESS LIFE CYCLE COST J1o.711 296.811 331L.806  374.465 414,231 461.362 411.826 453,960 485,145
Solar Array Cost 716.579 712,612 714,330 706.876 710.974 704.784 714,167 11 3< 707 706+ 712
Thermal Control Cost 14.350 13.407 13.105 12.606 12,752 12,251 12.628 12,589 12.270
Power Conditloning Cost 1.045 1.645 L.0645 1.645 1.645 1.645 1.645 1.645 L.645
TOTAL LLFE CYCLL COST 1043.285 1024.475 1060.886 10Y5.592 1139.602 1180.042 1140.266 1181,911 1205.772

Exhibit 6¢. Hardware Life Cycles (Capacity Variable)
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Exbibit 6¢. Hardware Life Cycles (Capacity Variable) Continued



LLO 250KW ESS (NiCd)

EOL PLERFORHANCE PARAHMETERS

Hardware Life Cycles 3 b > O 7 8 9 10 L1
tlax imum Battery Life (Yr) 9.168 6.937 5.591 4.669 4.173 3.541 3.15Y 2.948 2,706
Rated Cell Capaclty (All) 440 205 220 195 185 175 165 160 155
Haximum Depth of Discharge 153 « 254 . 306 : . 345 «3062 . 384 L408 <419 432
Operating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
Hax. Discharge Current (A) . 96,485 96,485 96.485 96.485 96.485 96,485 96.485 96,485 96.485
Minimum Voltage (V) 1.142 1.108 1.092 1.083 1.083 1.073 1.068 1.070 1.0069
Recharge Fractlon 1.118 1,655 1.033 1.017 1.011 1.005 1.005 1,005 L.005
Charpe Current (A) 74.092 69.892 68.428 67.375 66.977 66.580 66.546 66.5406 66.540
Charge Voltage (V) 1.638 1.665 1.676 1.683 1.680 1.691 1.697 1.693 1.695
Watt-illour Efficiency L0623 631 .031 032 637 632 <627 .629 .628
PHYSLCAL CHARACTERISTICS
Total Humber of Cells 2712 2808 2832 2856 2856 2904 2904 2904 2904
Number of Parallel Batterles 24 24 24 24 24 24 24 24 24
Humber of ilodules per Battery 16 ' 12 12 12 12 12 12 12 12
Battery Cell Wefight (Kg) 17.397 10.501 8.727 7.742 7.348 6.954 6.560 6.363 6.165
Battery Cell Volume (Cm™3) 6424 38606 3217 2852 2694 2551 2409 2329 22606
ESS Weight (Kg) 53467 34249 29131 26330 250906 24278 23068 22444 21836
LSS Volume (1173) 140.320 158.930 158.930 158.930 158.930 158.930 158.930 158.930 158.930
LLFE CYCLLE COSTS (l1980M$) s
DDT&E Cost 37.392 24,238 21.048 19.360 18.638 18.149 17.431 17.073 16.718
a Production Cost 185.764 117.893 100.509 91.129 87.046 84.310 80.294 718,247 76,240
Ay Operations & ilaintenance Cost 537.059 504.741 591.001 682.122 783.926 886.140 976.393 1074.611 1169.768
% _______________________________________________________________
ESS LIFE CYCLE COST 760,215 646.872 712.558 792.011 889.610 988,005 1074.118 1169.931 1262.726
Solar Array Cost 1496.093 1486.839 1479.762 1476.082 1467.364 1487.557 1491.144 1488.616 1490.085
Thermal Control Cost 28.101 25.626 24.673 23.976 23.172 23.686 23.889 23.508 23.5406
Power Conditioning Cost 2,901 2.901 2.961 2.9061 2.961 2,961 2,961 2,961 2.901
TOTAL LIFE CYCLE COUST a 2287.370 2162.298 2219.954 2296.230 2383.107 2502.809 2592.112 2685.016 2779.318

Exbibit 6d. Hardware Life Cycles (Capacity Variable)
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Exhibit 6d. Hardware Life Cycles (Capacity Variable) Continued



LEO 25K ESS (Hicd)

LOL PERFORUANCL PARAHETERS

Hardware Life Cycles 4 4 4 -4 4 4 4 4 4
Haximun Battery Life (Yr) 1e 527 0.940 7.162 6.946 7.078 6.940 6.945 6.940 6.870
Rated Cell Capacity (Ail) 30 55 85 110 140 165 190 220 245
Haxfwmum Depth of Discharge 231 . 254 + 240 254 . 249 254 a3 254 w257
Operating Temperature (deg-=K) 283 263 263 283 263 283 283 283 283
lax. bDischarge Current (A) Lu.oovu 20.000 Ju.000 40,000 50.000 60.000 70.000 80,000 90,000
Minimum Voltage (V) l.126 l.10Y el 1'H l.10Y 159 o 1.109 1.108 1.109 1.100
Recharge Fractlion 1.0606 1.055 1.059 1.055 L.057 1.0%5 L.054 1.055 1.054
Charge Current (A) 7.317 L4.4u8Y 21.811 28.978 36.302 43.407 50.0630 57.956 65.121
Charge Voltage (V) 1.643 l.004 1.6560 1.064 1.659 1.604 1.665 1.004 1.667
Watt-llour Lfficiency 043 .0631 <030 031 034 .631 L0631 031 .630
PUYS LCAL CHARACTERLSTICS
Total Wumber ol Cells 2760 L4044 924 702 580 468 406 408 400
Humber of Parallel Batteries 24 12 8 6 5 4 4 4 4
Huuber ol ilodules per Battery O o 10 ] 1o ] 4 8 8
Battery Cell Weight (Kg) 1.239 2.224 3.407 ha392 5.974 0.560 7.545 be727 9. 712
Lattery Cell Volume (Cm™3) 434 800 A i) lov4 2044 2409 27713 3217 3581
L3S Weight (Kg) 4491 3844 3800 3648 3501 3578 4101 4723 5248
LS Voluwe (i173) 25.011 22.491 25.021 18.937 30.721 21.098 21.098 21.098 21.098
LIFE CYCLE COSTS (198wi$)
DDT&L Cost ] 12.442 lu.oll 10,437 10,155 1u.260 10.00V0 10507 11.250 Fla832
Production Cost 21.491 18.057 17.462 16.798 17.223 16.458 16,195 20.289 22,072
q’ Operations & Illaintenance Cost 163.235 Y0.348 1Ol. 804 73.793 76.529 60.238 b4.204 69.160 73.320
% ESS LIFE CYCLE CUST 197.168 125,216 129.703 100.746 loa.al2 80.690 Y3.020 1V0.69Y 107.224°
Solar Array Cost 237.017 240,811 238.940 240.811 246.993 240,811 272,340 Jul.394 333.037
Thermal Control Cost 7.211 7+315 7.268 7.315 7.3617 15 3%5 7.658 8.020 4. 389
Pover Conditioning Cost 2.901 1.645 1.166 LUl4 «783 L0648 L6438 L0438 048
TOTAL LIFE CYCLE CuST 444,357 374.9817 377.083 349.786 359.155 335.470 373.672 412,761 h4Y9.8938

Exbibit 7a. Discharge Current (Capacity Variable)
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Exhibit 7a. Discharge Current (Capacity Variable) Continued



LEO S50RW LSS (Hicd)

LOL PERFORHAKCE PARAULTLERS

liardware Life Gycles 4 4 4 4 4 4 4 4 4
aximum Battery Lile (Yr) 1ie:82:7 0.Y40 7.162 6.9406 7.076 6.940 6.945 6.940 6.870
Rated Cell Capacity (AU) 30 55 85 110 140 165 190 220 245
Haximun Depth of Discharge «231 . 254 n240H SR «24Y 254 2 2.0 «254 w257
Uperating Teaperature (deg-K) 203 PAVE 283 283 2483 243 2483 243 283
ltax. bischarge Curvent (A) 10.000 20.000 J0.000 40,000 50.000 0bU.000 70.000 50,000 90.000
Hinfmua Voltage (V) 1.126 l.10Y 1115 1.109 L.113 1.10Y 1.108 1.109 l.1006
Recharge lraction L.0606 1.055 1.05Y 1.055 1.057 L1.055 1.054 1.055 1.054
Charge Current (A) T 317 14.48Y 21.811 28.978 36.302 43,4067 50.636 57.956 65,121
Charge Voltage (V) S 1.643 1.064 1.0506 1.664 1.659 L.6064 l.605 1.6064 1.667
Vatt-llour LEfficiency .643 031 L0306 «031 .034 .631 L031 .031 630
PUHYS LCAL CHARACTERISTICS
Total Huuber of Cells 5405 2808 138560 1404 1160 9306 619 702 702
dumber ol Parallel Batteries 47 24 L6 12 Lo 8 7 6 6
Humber of llodules per Battery 0 8 10 ) 10 L4 12 12 L2
Battery Cell Veight (Kg) 1.239 2.224 3.407 4.392 5.574 6.560 7.545 8.727 9.712
pattery Cell Volume (Cm~3) 434 800 - 1235 1604 2044 2409 2773 3217 3581
LSS Weipht (Kp) 6945 77106 7599 7295 7602 7243 7237 7144 7938
LS5 Volume (1173) 5\kier 2213 45,906 50.041 37.8174 6l.442 49,967 41,854 39.732 394732
LIFE CYCLL COSTS (19801%)
DDT&L Cost 17.033 14,2060 13.535 13.018 13.192 12,7388 12.783 12.719 13.521
Productlon Cost 37.931 Jl.o03 303406 29,021 29,864 28.593 28.575 28.305 30.984
2 uperations & lHlailntenance Cost 313.052 226,290 197,193 L4l. 183 146.635 154.509 131.1v01 120.800 127.047
Bt e T R g L T T T R SR e S e L R bl et | B mace. | et T | e e e T s A
ESS LIFE CYCLE COST 308.016 272.153 241.074 183.222 189.0691 195.890 172.459 lo1.824 1714552
Solar Array Cost 406,002 420,150 416,890 420,150 430.930 420.150 426.841 420.154 462.035
Thermal Countrol Cost Y.137 9.430 9.337 9.430 9.532 9.430 95 28X 9.430 9.983
fover Conditioning Cost 5,236 2.961 2.100 L.645 1.409 1.166 1.042 AR «Yl4
TOTAL LIFL CYCLE COUSYT 768.991 104,694 066Y.401 614,447 631.502 626.0630 60Y.845 592.322 644,484

Exbibit 7b. Discharge Current (Capacity Variable)



£9-9

Total Cells in Parallel Hardware Life Cycles

EOL Max. DoD

S
sl
|
o908 —6—0——9o =28
L 1 . |
) 51 g2
Uiecharge Current
B
[
m
’ §, e |
v 51 02
Diecharge Current
«
-
inl_
- ¢—@—e—6—8—0—5—0—8
= L ] L |
157 51 182

Diecharge Current

Total Number of Cells

Rated Cell Capacity

ESS Weight

=
8-
&
&

" | ; |
) 51 g2

Discharge Current

=
Or—
ol
=)
:r——

L t L |
) 51 02

Discharge Current

sl
8
s; \w
g_

‘ \ - |
¥ 51 102

Diecharge Current

Exbibit 7b. Discharge Current (Capacity Variable) Continued

Production Cost
— — 0 & N Lost

Total Life Lycle Lost

=
Mr-
00]
2
0
0 3
Q
)]
—
3
Q
4]
bl
o~
-] S e T —e
.——--g-—;—.———g-——ﬁ-—-—l——.——--—o-——" |
& 1
i 192

Uischahge Current

LED “« 34 Kk EoS NG b



LLEO LOOKU ESS (Nicd)

LOL PERFORNANGLE PARAUHLTLERS

lHlardvare Life Cycles 4 4 4 4 4 4 4 4 4
Haxtmum Battery Life (Yr) 10327 6.940 1v162 6.940 7.078 6.940 6.945 6.946 6.870
Rated Cell Capacity (All) 30 55 U5 110 140 165 190 220 245
laximui Depth of Discharge 231 <254 240 254 249 254 257 254 W T
OUperating Temperature (deg-K) 283 263 283 283 283 2863 283 283 283
flax. Discharge Current (A) 10.000 20,000 30.000 40.000 50.000 60.000 70.000 80.000 90.000
dinfoum Voltage (V) 1.126 1.109 I'sA 5 L.10Y 1<113 1.109 1.108 1.109 1.1006
Recharge Fraction 1.0606 1.055 1+,059° 1.055 1.057 1.055 L.054 1.055 l.054
Charge Current (A) i) 7, L4.48Y 21.811° 28.978 36.302 43,4067 50.636 57.9506 05,121
Charge Voltage (V) l.043 1.664 1.650 L.664 1.65Y 1.604 1.665 1.004 1.667
Vatt-llour LLficiency 4 043 L0311 «030 <031 .634 .031 «631 031 L0630
PUHYS ICAL CHARACTERISTICS
Total Humber of Cells L06Y 5 5499 3596 2808 2204 1872 1638 1404 1287
Humber ol Parallel Batteries vl 417 3l 24 19 16 L4 12 11
lunber ol odules per Battery (0 8 10 10 12 L4 12 12 12
Battery Cell VMelpght (Kg) L.23Y 2,224 C3.407 4.392 5.574 6.560 7.545 8.727 9. 712
Battery Cell Volume (Cm™3) 434 800 1235 1604 2044 2409 23 3247 3581
LS5 Weight (Kg) 17853 15381 151066 14648 16244 14485 L4472 14286 155%5
LSS Volunme (N73) 102,450 yl.811 100.080 75.0062 125.500 99,935 83.708 79.465 79.465
LIFE CYCLE CUSTS (1980118)
DLT&E Cost 26127 20. 7806 19.292 18.774 18.504 18.284 18,267 18.142 L3.497
Production Cost 70.0060 97.949 95,340 33.54Y 56,340 32508 * 52,450 51,903 54.9Y52
g Uperations & Haintenance Cost 611.095 436.03Y 375, .51 315.923 304,892 30l.784 254.931 234,283 220.820
$88 LIFE CYCLL COST 708.482 514,774 450.383 388,240 379.736 372.5706 3J25.054 304,328 300. 2069
Solar Array Cost 703,347 720.745 709.049 733.046 721.521 733.040 744,729 733,040 751.7206
lhermal Control Cost 12.989 13.483 13,215 13.657 13.431 13.657 13.3804 13.659 13.909
Pover Condlitioning Cost 9339 5.230 3.079 2.9601 2,429 2.100 1.875 1.645 L.528
TUTAL LIFLE CYCLE COST 1434,.157 1254.238 11764326 1137.910 1117.117 1121.379 1086.062 1052.678 1067.492

Exhibit 7c. Discharge Current (Capacity Variable)
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LEV 2500 LSS (HiCd)

LOL PLRFORHAUCE PARAIETLRS

lardvare Life Cycles 4 4 4 4 4 4 4 4 4
taximum Battery Life (Yr) 7.527 6.940 7.102 6+940 7.078 6.940 6,945 6.946 6.870
Rated Cell Capacity (All) 30 59 85 110 140 165 190 220 245
liax iwiuvn Depth ol Discharpe iyl 254 240 254 249 254 257 « 254 Lol
Uperating Temperature (deg-K) 283 263 263 263 283 283 283 283 283
llax. Discharge Currvent (A) 1u.000 20.000 Jo.0vv 40,000 50.000 60,000 70.000 60.000 90.000
HinLmum Voltage (V) 1.120 1.10Y 1.115 1.109 1.113 1.109 1.108 1.109 1.106
Recharyge Fractlon 1.0606 1.05% 1.059 1.055 }. 057 1.055 1.054 1.055 1.05%4
Charge Current (A) L U 14,489 21.811 28.978 36.302 43,467 50.630 57.950 65.121
Charge Voltage (V) 1.643 1.6064 1.6506 1.664 1.659 1.664 1.665 1.664 1.607
Watt=llour Lifticlency L0433 L0h31 «0 36 «031 L0334 031 031 031 .630
PHYS LCAL CHARACTERISTICS
fotal Humber of Cells 20680 13572 Y048 6786 5452 4563 3978 3393 3042
Humber ol Parallel Batteries 232 116 78 58 47 39 34 29 206
ilumber of ilodules per Battery 0 4 v 10 14 14 12 L4 L4
Battery Cell Weight (Kyg) 1.239 2.224 3.407 4.392 5.574 6.560 7.545 8.7217 9,712
Battery Cell Volume (Cw”™3) 434 s0u 1235 1604 2044 2409 27173 3217 3531
LSS Welght (Kyg) 434600 38377 37929 J5065 36903 36194 36017 37330 36550
LS55 Volune (il™3) 247.580 229.530 250.210 200.170 299,800 249.840 209,270 199,870 193,370
LIFL CYCLE COSTS (19801%)
DhT4L Cost 37.705 28.933 26,966 25.304 25.247 24,092 245573 24,384 244355
Production Cost 166,145 136.028 131.358 128.073 125.474 122.813 1225196 124,414 122,780
2 Uperations & llalntenance Cost I513.384 1004.541 Y34, 123 752,994 822.947 724, 342 608,192 604,449 569.488
ESS LIFE CYCLE CUST 1707.234 1230.102 1092.447 906.431 973.608 v71.847 7154:963 715342417 716.623
Solar Array Cost 1405.410 1488.855 1487.523 1488.855 1493.158 1499.163 1518.571 1488.889 1499.845
lhermal Control Cost 24,031 25.0640 25,367 25.640 25.5060 25,416 26.096 25.040 25.926
Power Condltioning Cost 20,275 L1.264 8.045 6.258 5.230 4.469 3.979 S 3.169
FTOTAL LLFL CYCLE COST 3227.550  2755.801 2013.382 2427.184 2497.622 2401.295 2303.609 2271.253 2245.563

Exbibit 7d. Discharge Current (Capacity Variable)
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Exbibit 7d. Discharge Current (Capacity Variable) Continued



GLO

2580 LSS (tiicd)
LUL PLRIORIHAHCE PARANETLERS
lHardware Life Cycles | l L 1 1 1 1 1 1
Maximun Battery Life (Yr) 647 647 047 647 047 047 LO47 047 SOh7
Rated Cell Capaclty (All) 20 40 60 80 10V 120 140 160 L8380
Hax Lwun Depth of Discharge . 999 599 +399 «399 + 599 599 + 599 599 599
Operating Tceuwperature (deyp-K) 283 283 2383 283 283 283 283 283 283
llax. Discharge Current (A) 10,000 20,000 3J0.000 40.000 50.000 60.000 70.000 80,000 90,000
fHininum Volrage (V) 1.179 1.179 1.179 1.179 1.179 1.179 1.179 1.179 1.179
Rechare lFraction 1.014 L.018 1.018 1,018 1.018 1.018 L.01& L.o18 L.01g
Charge Current (A) «529 1.058 1.587 2.116 2.0645 3J.174 3.703 4.232 4,761
Charge Voltage (V) l.412 1.412 l1.412 l.412 1.412 l.412 l.412 l.412 1. 412
Watt=-llour ELffclency <320 .820 L8320 .820 .820 «820 820 «820 <3820
POYSLCAL CHARACTERLISTICS
Total Huaber of Cells 2640 1320 880 660 550 440 440 440 440
Lumber ol Parallel Batteries 24 12 ) 0 5 4 4 4 4
Hunmber ol Hodules per Battery (0 O 8 8 6 6 8 8 8
Battery Cell Weight (Ky) L845 1.033 2,422 3.210 3.998 4.73806 5.574 6.363 7.151
Battery Cell Volume (Cm™3) 284 578 872 1164 1455 17406 2044 2328 2630
LSS Welpght (Kyg) 3160 27152 20629 2560 2008 24706 2883 3275 3607
155 Volume (1173) 25.611 22,491 15.302 18.937 13.641 11.473 21.098 21.098 21.098
LIFL CYCLE COSTS (LYBUils)
DDT&L Cost 10.395 Y.098 8.085 8.480 8.468 8.287 8.697 9,093 9.491
a Productlon Cost 52.542 45.500 43,282 42.077 42,084 40.6986 46.602 52,303 58.015
g Operations & Halntenance Cost <500 - 500 . 500 .500 . 500 .500 500 . 500 .500
LUS LIFE CYCLE COST 03.737 55.098 52.467 51,057 51.652 49,485 55.799 61.8690 68,000
Solar Array Cost PR g 11.112 .11l 11.112 11.482 a1l 2 12.570 13.999Y 15.387
Thermal Control Cost 5.897 5.3897 5.897 5.897 5.920 5.8917 6.013 6.128 6.245
Powver Condfitioning Cost 2.901 1.645 1.166 <914 . 783 048 .648 048 048
TOTAL LLFE CYCLE COS?T 83,706 73,752 70.041 68.980 69.843 67.142 75.036 82.671 90.286

Exbibit 7e. Discharge Current (Capacity Variable)
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Exhibit 7e. Discharge Current (Capacity Variable) Continued



LEO 25KW LSS (nicd)

EOL PLRFORMAWCE PARAIETERS

llardvare Life Cycles 3 4 5 6 7 8 9 Lu 11
Haximum Battery Life (Yr) 9.153 7.0906 5.963 5.251 4.318 B 832 3.278 J.404 3.500
Rated Cell Capacity (All) 50 50 50 50 50 50 50 50 50
Maximum Depth of Discharge 154 248 292 . 319 « 356 + 356 L402 « 390 392
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 283 2873
Max. Discharge Current (A) 11.027 17.813 21,051 23.157 25.729 25.729 28.940 28.940 28.9406
Hinimum Voltage (V) 1.141 1.113 1.105 1.102 1.088 1.090 1.0713 1.091 1.104
Recharye Fractlon 1.117 1.058 1.038 1.020 1.012 1.012 1.005 1.005 1.005
Charge Current (A) 8.401 12.937 15.000 16.311 17.885 17.885 19.964 19.964 19.964
Charpge Voltage (V) 1.639 1.659 1.660 1.657 1.672 1.670 1.688 1.663 1.644
N Watt=illour Ll{flciency .623 .0635 L0641 .648 «643 645 .633 653 .668
PHYSICAL CHARACTERLSTICS S
Total Number of Cells 2373 1508 1287 1170 1071 1071 960 952 9306
Humber of Parallel Batteries 21 13 11 10 9 9 8 8 8
Humber of lodules per Battery 4 ] 6 6 6 6 8 8 8
Battery Cell Weight (Kg) 2,027 2.027 2.027 2,027 2.027 2.027 2,027 2,027 2,027
Battery Cell Volume (Cm™3) 125 125 725 729 7125 1253 725 725 725
ESS Uelght (Kg) 5909 4116 3539 2969 3063 3062 2477 2451 2409
ESS Volume (H73) 44,412 29.608 22.491 20,580 20.580 20.580 15.302 15.302 15.302
LLFL CYCLL COSTS (lysons)
DDT&E Cost 13.4061 10.905 10.205 9.779 9.535 9.535 9,115 9.087 9.034
Production Cost 254555 18.088 16.669 15.054 14.888 14,886 13.274 13.188 13.043
E Uperations & Maintenance Cost 143,405 122.975 109.661 121,291 130.566 149.884 182,015 202.108 221.739
e L R L T o e e
ESS LIFE CYCLE CUST 182.421 152,568 136.535 146.124 154.989 174,305 204.404 224.44) 243.816
Solar Array Cost 235.413 232.239 230.4806 227.999 230.378 230.086 232,212 227.842 222.700
Thermal Control Cost 7.489 7.204 7.059 6.930 6.955 6.934 6.995 6.78Y9 6.622
Power Conditioning Cost 2.044 1.761 1.528 1.409 L.289 1.289 1.166 L.166 1.166
TOTAL LIFE CYCLLE COST 427.967 393702 375.608 382.4062 393.0611 412.614 444,777 460.240 474 .304

Exhibit 8a. Hardware Life Cycles (Capacity Fixed)



I.-D

Total Cells in Parallel Max Battery Life

EOL Max. DoD

2
i
i
 AREAG i T
Hardware Life Cycles
Cn

15

\

F g - S

H

=
-

=

PG R

ardware Life Cycles

. T

o

-

r{/’“Hﬂﬂﬂ

H

8 ll4
ardware Life Cycles

Total Number of Cells
13T§ﬂ

Hardware Life Cycles

178

p—

Rated Cell Capacity
£

Hardware Life Cycles
3

~t
©

ESS Weight
3288

TSR A
Hardware Life Cycles

Legendi
———————— Production Lost
— —— 0 & N Lost
————— Jotal Life Lycle Lost

=
<~
T}
P /r//'//.//'
()
0 i \\’,/
&3
1)
"\‘
S8
Q o
2 ik
et
Lot s oy
b 14

8
Hardware Life Cyoles

LEDE e Wil "ESS Nilid

Exbhibit 8a. Hardware Life Cycles (Capacity Fixed) Continued



LEO 50KW ESS (HiCcd)

EOL PERFORIIANCE PARANLTERS

llardware Life Cycles 3 4 5 6 7 8 9 10 11
Haximum Battery Life (Yr) 9,153 7.096 D37 4.714 4,318 3.849 3.278 J.041 2.798
Rated Cell Capacity (All) 50 50 50 50 50 50 50 50 50
Haximuw bepth of Pischarpe . 154 « 248 308 « 340 356 <377 <402 427 427
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
Max. Discharge Current (A) 11.027 17.613 22.053 24,375 2D+ 129 27.243 28.94606 30.875 30.875
Hinfmum Voltage (V) 1.141 1113 L.090 1.085 1.088 1.085 1.074 l1L.072 1.073
Recharge Fractlon 1.117 1.058 l.032 1.019 1.012 1.006 1.005 1.005 1.005
Charge Current (A) 8.4061 12.937 15.630 17.056 17.885 18.822 19.904 21.295 214,295
Charge Voltage (V) 1.639 1.659 1.678 1.681 1.672 1.674 1.688 1.690 1.688
Vatt-tlour Efficlency 23 635 629 «.033 L0643 044 «633 .031 .033
PUYS1CAL CHARACTERLSTICS
Total Number of Cells 47406 3016 2499 2261 2142 2023 1920 1815 1800
Humber of Parallel Batterles 42 20 21 19 13 17 16 15 15
tumber of MNodules per Battery ) 8 8 8 8 8 8 8 8
Battery Cell Veipht (Kg) 2.027 2.027 2.027 2.027 2.027 2.027 2.027 2,027 2.027
Battery Cell Volume (Cm™3) 125 725 725 725 725 725 725 725 725
LSS Welght (Kg) 11816 3231 6358 6397 5485 55:51 4954 . 4971 4936
ESS Volume (173) 88.824 59.216 44,412 44,412 42.160 42.160 30.604 30,604 30.604
LIFE CYCLE COSTS (l19y80MS$)
DDT&E Cost 19.067 14,383 12,877 12.276 11.868 11.572 11,238 10.971 10.930
a Production Cost 46.448 32.780 27.010 26,231 23,901 23.606 21.992 21.648 21.522
= Uperations & Mailntenance Cost 282.21712 233.986 246,025 269.758 299.655 324,901 346.346 363.2206 399.125
st ™ S i R et -k . £ L L e s e s e Ol 6 el (el i SN WIS oL G o e e T L P e B
ESS LIFL CYCLL COST 347.792 286.149 285.912 308.265 335.424 360.079 379.576 395.845 431.5717
Solar Array Cost 410,726 405, 1838 409.381 405,771 401,941 400,226 405.140 408,203 405,052
Thermal Coutrol Cost 9.7706 9.207 9.151 8.961 8.709 8.608 8.78Y 8.798 8.735
Power Conditioning Cost 4.759 3.169 2.044 2.429 2.320 2.210 2.100 1.988 1.988
TOTAL LLIFE CYCLE COST 773.053 703.713 707.088 725.426 748.394 771.123 795.611 Bl4.834 847.352

Exhibit 8b. Hardware Life Cycles (Capacity Fixed)
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Exbibit 8b. Hardware Life Cycles (Capacity Fixed) Continued



LEO LOOKW ESS (H1Cd)

EOL PERFORHANCE PARAMETERS

lardvare Life Cycles 3 4 5 6 7 8 9 10 11
Maximum Battery Life (Yr) 9.153 6.953 5.537 4.714 4,010 3,499 3J.278 2,805 2.590
Rated Cell Capacity (AN) 50 50 50 50 50 50 50 50 50
Hax iwum Depth of Discharge 154 . 254 .308 <340 369 +392 L4002 416 <430
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
lax. Discharge Curreant (A) 11.027 18.163 22.053 24.375 26,465 28.069 28.940 29.879 30,875
Hinimum Voltage (V) l.141 1.1VY 1.090 1.085 1.076 1.070 1.074 1.067 1.064
Recharge Fraction Ls127 1.055 1,032 1.019 1.010 1.005 1.005 1.005 1.005
Charge Current (A) 8.401 13.160 15.630 17.056 18.344 £9.359 19.964 20.608 2k 295
Charge Voltage (V) L.63Y 1.6064 1.678 l1.681 1.689 1.695 1.688 1.698 l1.702
Watt-llour Efficiency 623 .632 «629 0633 631 .628 633 .0626 oB22 .
PHYSICAL CHARACTERISTICS
Total Number of Cells 4492 5967 4998 4522 4200 3993 3840 3751 3660
Humber of Parallel Batterices 84 51 X 42 38 35 33 32 31 30
Number of llodules per Battery 8 8 3 3 8 8 8 8 8
Battery Cell Weight (Kg) 2.027 2.027 2.027 2.027 2,027 2.027 2.027 2,027 2,027
Battery Cell Volume (Cm™3) 7125 125 725 125 725 7125 725 725 725
LSS Welght (Kg) 24719 16426 LZILS5 12103 10779 10895 9900 9971 10026
LSS Volume (M73) 168.320 107.110 88,824 76.509 74.020 74.020 61.208 61.208 61.208
)
LIFE CYCLE COSTS (l1980H$)
‘ DDT&E Cost 30.197 21.126 18.530 17.331 16.454 15.957 15.510 15297 15.080
| Production Cost : 90. 3206 6U.534 49.345 46.374 42,463 41.964 39.351 39.168 38.959
o Operations & Malntenance Cost 559.618 463,056 483,115 527.816 570.693 619.224 675.410 730,124 780.492
b ea e 0 e e emem e 0 mmem em e s e e em e e w00 Sm e e em e am w000 e e s e wm w0 Se s e e me o e e e e e em v e e -
X E55 LIFE CYCLE COST 060,141 544.716 550.990 591.521 629.610 677,145 730,271 784.589 834.531
Solar Array Cost 716.0620 712,325 714,248 707.942 710.032 713.962 706,876 714.780 721.113
| Thermal Countrol Cost 14.350 13.358 13,102 12.721 12.663 12.688 12,378 12.674 12.825
Power Conditioning Cost 8.5067 5.611 4.759 4.372 4,078 3.879 3:119 3.679 3.578
TOTAL LLFE CYCLE CUST 1419.678 1276.010 1283.099 1316.556 1356.383 1407.674 1453.304 1515.722 1572.047

Exbibit 8c. Hardware Life Cycles (Capacity Fixed)
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Exbibit 8c. Hardware Life Cycles (Capacity Fixed) Continued




LEV 250KW LSS (HiCd)

LOL PERFORHANCE PARAHETERS

Hardware Life Cycles 3 4 5 0 7 ) 9 10 11
Maximum Battery Life (Yr) 9.147 6,860 5.537 4.594 3.940 3.483 3.128 2.831 2.5306
Rated Cell Capacity (All) 50 50 50 50 50 50 50 50 50
Haximum Depth of Discharge «155 « 2517 . 3038 . 345 <372 395 L409 425 «h43
Operating Temperature (depg-K) 283 283 283 283 283 283 283 283 283
llax. Discharge Current (A) 11.080 18,379 22,053 24,635 20.617 28,240 29.312 30.470 31.720
Hiaimum Voltage (V) l.141 1.106 1.090 l.u80 1.073 1.069 1.067 1.064 1.059
Recharge Fraction 1.117 1.054 1.032 L.018 1.009 1.005 1.005 l.v05 1.005
Charpe Current (A) 8.494 L3.298 15.630 17.213 18.439 19.478 20.217 21.010 21.878
Charge Voltage (V) 1.639 1.667 1.678 1L.687 1.693 1.697 1.69Y9 1.702 1.710
Vatt=llour Efffciency .023 .030 .0629 .0629 <628 .627 <0625 622 L0106
PHYSICAL CHARACTERISTICS )
Total Huwnber of Cells 23617 14742 12495 11280 10440 9922 9559 9272 8906
Humber of Parallel Batteries 209 126 105 94 87 82 79 76 73
Humber of ilodules per Battery 8 8 8 8 8 8 8 8 8
Battery Cell Weight (Kg) 2.027 2.027 24027 2,027 2,027 2.027 2,027 2027 2.027
Battery Cell Volume (Cm~3) 725 725 725 725 725 725 725 125 725
LSS Uelght (Kg) 6707 371794 336389 29382 27084 27184 24959 25085 25045
LS55 Volune (1173) 413,150 244.830 214.230 183.620 168.320 168,320 153.020 153.020 153.020
LLFE CYCLE COSTS (19800$)
DDT&E Cost 44,167 29.387 25.689 23,617 22.206 21.389 20.735 20.285 19.702
2 Production Cost 215,314 136.460 119.995 106.737 98.987 97.360 91.454 90,701 89,322
& Operations & tlaintenance Cost 1383.294  1132.589 1192.354 1290.232 1397.665 1513.097 1643.753 1763.667 1867.00606
ESS LLFE CYCLE CUST 1642.775 1298.436 1338.038 1420.586 1518.858 1631.852 1755.942 1874.653 1976.090
Solar Array Cost 1494,830 1487.352 1490.734 1490.187 1483.934 1491.314 1492.851 1505.298 1510.849
Thermal Countrol Cost 28.035 25.715 24,955 24,485 24.079 24,024 24.055 24.335 24,779
Power Conditioning Cost - 184557 12,082 10.351 9.424 8.8206 8.394 8.132 7.870 7.606
TOTAL LIFE CYCLE COST J184,197 2823.585 2864.078 2944.682 3035.697 3J155.584 3280.980 3412.156 3519.324

Exbibit 8d. Hardware Life Cycles (Capacity Fixed)
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Exhibit 8d. Hardware Life Cycles (Capacity Fixed) Continued



LLO 25K0 LSS (Nilz)

EOL PLRFORIAHCL PARAHETERS

llardware Llife Cycles 3 3 4 5 6 $ 8 12 20 40
Haxdimunm Battery Life (Yr) 11.091 9.428 7.778 6.154 4,742 3.498 2.394 1.433 .690
Rated Cell Capacity (Ail) 55 45 35 30 25 25 20 20 20
flaximum Depth ol Discharpe 250 «325 <400 475 CL550 L0625 . 700 « 775 L850
Operating Temperature (deyg-K) 263 283 283 283 283 283 283 283 283
tlax. PDischarge Current (A) 20.049 20.969 20.278 20.618 19.728 22.3177 20.108 22,2517 24,310
Hinitmum Voltage (V) fl.211 1.157 l.150 1.130 1.102 1.081 1.071 1.057 1.031
Recharge Fractlon 1.071 1.071 1.072 L.072 1.072 1.077 1.085 1.0Y4 L.114
Charge Current (A) L4.750 15,4206 14.919 15.169 14.5i4 16.552 14.981 16,725 17.784
Charge Voltage (V) 1.662 1.695 1.683 1.690 1.710 1.719 1.720 1.729 L.746
Vatt=llour EfEliciency .b80 L037 .638 624 +001 : 584 w373 +559 « 530
PHYS LCAL CHARACTERISTICS
Total Humber ol Cells 1284 1344 1356 1380 L404 1440 1452 1464 1500
Hunber of Parallel Batterles 12 12 12 12 12 k2 12 17 5
fiumber of lodules per Battery 4 4 5 5 5 5 5 5 5
Battery Cell Weight (Kg) 1.247 1.021 <7194 680 «567 .507 454 L4554 454
Battery Cell Volume (Cm™3) 3461 1936 1772 1695 1620 1620 1547 1547 1547
LSS Weight (Kg) 3lo5 2840 2400 2201 1974 2065 1783 1840 1919
LSS Volume (i173) 38.596 18.964 28.446 28.4406 28.4406 28.4406 28.446 28.440 31.607
LIFE CYCLE COSTS (19801§)
DDT&E Cost 10,440 1o.121 9.028 9.413 9.173 9.281 8.982 9.030 9.126
\ Production Cost L8.017 15.302 14.964 14.721 14.456 14.579 14,254 14.302 15.063
| C\P‘ Uperations & Haiuntenance Cost 54.131 49,822 77.363 96.807 115.636 155.612 ° 231.814 Js8.189 795.4068
b2 ESS LIFE CYCLE CUST 82.588 75.245 L0L.Y55 120.941 139.265 179.472 255.050 411,521 819.0657
Solar Array Cost 227.154 248.1706 241.938 249.500 246.425 280.683 261.005 288.113 311.202
Thermal Control Cost 7.064 7.494 1327 7.440 e 519 8.010 7.797 §.227 8.763
| Power Condltloning Cost 1,645 1.645 1.645 1.645 1,645 1.645 1.645 1.0645 1.645
TOTAL LLFE CYCLE COST 318.451 332.560 352.865 379.520 394.854 409.3810 525.497 709.506  1141,2067

Exbibit 9a, Depth of Discharge (Capacity Variable)
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Exbibit 9a. Depth of Discharge (Capacity Variable) Continued



08-9

LLEO

EOL

ruy

LIF

SUKM ESS (NiN2)
PERFORMANCE PARAULETERS

Hardware Life Cycles

Maximum Battery Life (Yr)

Rated Cell Capacity (All)

Hax imum Depth of Discharge

Operating Temperature (deyp-K)

Hax. Discharge Current (A)

Hinimum Voltage (V)

Recharge Fractlon

Charge Current (A)

Charge Voltage (V)

Watt~llour Efflclency

SICAL CHARACTERISTICS

Total Humber of Cells

Humber of Parallel Batteries
Number ol Hodules per Battery
Battery Cell Welght (Kg)
Battery Cell Volume (Cm™3)
ESS Weight (Kg)

ESS Volume (173)

L CYCLE COSTS
DDT&LE Cost
Production Cost

Operations & lHaintenance Cost

(1980M8%)

ESS LIFE CYCLE COST
Solar Array Cost
Thermal Control Cost
Power Conditioning Cost

TOTAL LLFE CYCLE COST

3
11.091
110
250

28}
40.097
1.211
1.071
29.497
l1.662
080

L1284
12

4
2.495
4128
3953
38.590

12,212
-25,2487
64.052
101.551
3J96.279
8.927
L.645

508.402

3
9.428
85

«325
28)
3J9.609
Ial57
1.071
29.138
1.695
L6037

1344
12

&
1.928
3825
5040
48.753

11.341
22.385
59.621
93.347
413.577
9.534
1.645

5018.103

4
7.778
70

«400
283
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l.150
1.072
29.838
1.683
038

1356
L2

5
1.588
3642
4422
42,660

10.708
20.280
87.894
118.882
422.115
9.452
L.645

552.094

5
6.154
60

475
283
41.235
L.130
1.072
Ju.337
1.690
024

1380
12

5
l.3061
3521
4022
44.692

10.311
20.181
111.361

588.478

v

0
4,742
50

. 550
283
39.455
1.102
1.072
29.028
1.710

601

1404
12

5
1.134
2020
3568
28,446

9.876
17.450
125.119
152.445
429.948
9.837
L.645

593.875

8

J. 498
45
.625
283
40.278
1.081
L.077
295793
1.719
584

1440
12

5
l.oz21
1936
3412
28.446

9.728
16.952
165.801
192.541
449.975
10.258
1.645

654.41Y

Exbibit 9b. Depth of Discharge (Capacity Variable)

12
2.394
40
. 700
283
40.215
1.071
1.085
29.962
1.720
i i A

1452
12
5

«907
1853
3185
28.440

9.500
16.207
245,343

738.4706

20
1.433
35
775
283
38.950
1.057
1.094
29.268
1.729
559

L4064
12

5

. 794
1772
2935
28.446

9.256
15.463
401.960
420,685
451.504
10.498
1.645

890,392

40
.690

35

» 850
283
42,541
1.031
1.114
Ji.119
1.746

.530

1500
12

5

794
B 172
3071
31.607

9. 315
16,265
824.833
B50. 473
487.713
¥l 33
1.645

1351.2064



}: Br :“; g' Legend:
(.% g h M ~~~~~~~ Production (ost
-
6
0 = — e 8 N Lost
%l -
1 o 2 3
b E ———— Jotal Life Lycle Lost
C = }_
o
S - =
g
e e BT O % L__.L_—_—J____.L___J
£ o .5 g = .5 .9 t?”‘
EOL Max DoD EOL Max DoD
o + !
= 8 > & o /
: T\ S ,
E el — J
Q o 8L o B : om- !
b © >0
o .—6 R RTA S L N R (5] L) /
< T v
A S 0
o o . )
:z_; i —5 g = 9f o -5 c: " /-/
EOL Max DoD EOL Max DoD ! o
—a—° g
Sr g = .:';!‘;’.“m':ti::t:_j.t—-‘l——.r—-ﬂ 3
2o & = s .9
o I ek EOL Max DOoD
> &
o . X o &l
S Y Zg
a5 1 "\\ o0 |
5 .
=
i _1_‘\. SIS B
e . 4 ":‘Lx““ B~ T

-EULMaxDoD ‘ EOLN;axDoD LB S8 K =55 Nir

Exbibit 9b. Depth of Discharge (Capacity Variable) Continued



LLO LOOKU ESS (Hilz)

EOL PERFORIANCE PARAIETERS

llardvare Life Cycles 3 3 4 5 O 8 12 20 40
laximum Battery Life (Yr) 11.091 9.428 7.778 6.154 4,742 3.498 2.394 1.433 .690
Rated Cell Capacity (Al) 215 170 135 115 Loo 90 80 70 65
Haximum Depth of Dlscnaryge 250 <325 400 475 550 .625 . 700 « 115 L850
Operating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
flax. Discharge Current (A) 78.371 79.2106 78,210 79.032 78.910 80.554 80.430 77.900 79.003
IHHinimum Voltage (V). 1«21} 1.157 1.150 1.130 1.102 . 1.081 1.071 1.057 1503 %
Recharge Fraction 1071 1.071 1.072 L.072 1.072 1.077 L.085 1.094 l.114
Charge Current (A) 57.653 58.275 57.545 58.145 58.055 59.585 59.924 58.538 57.794
Charge Voltage (V) 1.0662 1.695 1.683 1.090 1.710 1.719 1.720 1,729 1.746
Watt-llour Efficliency .6380 <037 038 624 +oUl - 584 573 e . 530
PUHYSLCAL CHARACTURLSTICS
Total dumber of Cells 1284 1344 1356 1380 L1404 1440 1452 14064 1500
Humber ot Parallel Batteries 12 12 12 12 2N 12 12 12 12
Number of Hodules per Battery 4 4 5 5 5 5 5 5 e
Battery Cell Weipht (Kg) 4,876 3.856 J.0062 2.608 2.268 2.041 1.814 1.588 L.474
Battery Cell Volume (Cm™3) 5404 4857 4432 4189 4007 3886 3764 3642 3582
ESS Veight (Kg) 11276 9701 8176 7361 6750 6443 5988 5488 5375
LSS Volume (1173) 38.596 48.753 42.660 44,692 44,692 44,692 44,692 44.692 44,692
LIFL CYCLE COSTS (1980i1%)
DDT&E Cost 15.758 14.304 12.899 12.143 11.580 11,279 10.855 10.409 10.296
Production Cost 62,427 3J7.1706 32.10606 29,394 27.380 26.329 24.817 23.189 22.804
2 Uperations & ilaintenance Cost 88.178 80.031 111.612 134.955 156.840 2006. 899 303.283 489.808 974.074
N ———————————————————————————————————————————————————————————————
ESS LIFE CYCLE CUST 146.363 131.511 156.617 176.492 195.600 244,507 338.955 523.466 1007.174
Solar Array Cost 678,727 721.5061 715.271 733.940 750,150 785.035 794,493 787.871 BOL1.778
Thermal Control Cost 12.484 13.866 13.400 13.786 14.475 15.311 15.587 15.793 16.778
Power Conditloning Cost 1.0645 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645
TOTAL LIFE CYCLE COST 839,219 368.583 866.933 9Y25.863 962.070 1046.493 1150.680 1328.775 1827.375

Exbibit 9c. Depth of Discharge (Capacity Variable)
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LEV 250KV ESS (LHinz)

EOL PERFORMANCE PARAHETERS

llardware Life Cycles 3 3 4 5 (9 8 12 20 40
flaximum Battery Life (Yr) 11.uyl 9.428 7.778 6.154 4,742 3.498 2.394 1.433 <090
Rated Cell Capacity (aAll) 2065 210 170 145 125 110 100 90 80
Hax fmum Depth of Discharge «250 « 325 <400 «475 «550 .625 . 700 L7175 «850
Uperating Temperature (deg-K) 243 283 283 283 283 283 283 283 283
Max. Discharge Current (A) 96.597 97.8506 98.495 99.649 98.637 98.455 100.540 100.160 97.234
Hinimum Voltage (V) 1.211 1157 1.150 1.130 1.102 1.081 1.071 L0517 1.031
Recharge Fraction 1.071 1.071 1.072 1.072 1.072 1.077 1.085 1.094 l.114
Charge Current (A) 71.001 71.987 72.465 73.313 72.568 72.827 74.908 15.264 P B
Charge Voltage (V) 1.0662 - 1.695 1.683 1.690 l.710 1.719 1.720 1.72Y l.740
Watt-Hour LEfficiency .680 .637 037 L024 601 . 584 w313 «559 «530
PHYS LCAL CHARACTERISTICS
fotal Number of Cells 2568 2688 eZit2 2760 2808 2880 2904 29238 3000
Rumber ol Parallel batteries 24 24 24 24 24 24 24 24 24
Humber of Ilodules per Battery 4 4 5 5 5 5 9 5 5
Battery Cell Weight (Kg) 6.010 4.763 '3.856 3.289 2.835 2.495 2.268 2,041 1.814
Battery Cell Volume (Cm™3) 6011 5343 4857 4553 4310 4128 4U07 3880 3764
ES55 Weight (Kg) 27619 23787 20394 18365 16700 15580 14779 13894 13055
LSS Volume (H73) 77.191 97.506 35.319 89.383 89.383 89,383 89,383 89.383 89.383
LLIFLE CYCLL COSTS (198011$)
DDT&L Cost 20.364 18.104 16.100 14.903 13.930 13.283 12.777 12,2406 11.794
Production Cost 95.953 83,235 71.979 65.259 59.773 56.101 53.381 50.440 457.771
2 Operations & llalntenance Cost 193.512 173.824 240.974 289.540 3J32.914 433,110 638,037 1035.899 2016.0624
| emeeems | mmmeene | mmmmmee mmmmems mmemees mmememee mmmemme mmmemmem mmmeeee
LSS LIFE CYCLE COST 309.829 275.163 329.053 369.702 406.617 502,494 704.195 1098.585 2076.18Y9
Solar Array Cost 1400.086 1491,724 1501.822 1542.559 1565.579 1609.295 10658.313 1681.959 1652.6388
Thermal Control Cost 23,155 26.610 25,855 26.855 28.380 29.925 31.170 32,440 33.095
Power Conditioning Cost 2.961 2,961 2.961 2.961 2.961 2.961 2.961 2.961 2.961
TUTAL LIFE CYCLE COST 1736.631 1796.458 1859.091 1942.077 2003.537 2144.675 2396.639 2815.945 3765.533

Exbibit 9d. Depth of Discharge (Capacity Variable)
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GLO 25KW LSS (NiH2)

EOL PERFORDANCE PARAUMLTERS

Hardware Life Cycles 1 1 L 1 1 L 1 1 1
Haximum Battery Life (Yr) 11,091 9.428 7.778 6.154 4.742 3.498 2.394 1.433 .690
Rated Cell Capaclty (All) 95 75 60 50 45 45 40 35 35
Haxtmum Depth ol Discharge 250 . 325 <400 475 » 350 <025 «700 S .850
Uperating Temperature (deg=-K) 283 283 283 283 283 28) 283 283 233
Hax. Discharge Current (A) 20.089 20.610 20.294 20.078 20.914 23.750 23.018 22.824 24.870
ifininum Voltage (V) l.3806 1.360 Led 32 1.303 Lo 285 1.252 E. 235 1.216 l.188
lecharge Fraction 1.071 1.071 1.072 1.072 1.072 1.094 1.157 1327 1571
Charge Curceunt (A) 1.119 l.148 1.130 1.119 l.165 1.351 1,420 1.574 2.73v
Charge Voltage (V) 1.4063 1.464 1.460 1.468 1.470 1.473 1.478 L.488 1.509
Watt=ilour Efficlency . 884 8067 848 828 .309 .776 «722 610 + 3173
PUYSICAL CHARACTERISTICS
Total Number of Cells 1116 1140 1164 1188 1224 1236 1260 1272 1308
Humber of Parallel Batteries 12 12 12 12 12 12 12 12 12
dumber of Nodules per Battery 4 4 4 4 4 4 4 4 4
Battery Cell Weight (Kg) 7155 1.701 1.3061 1.134 1.021 1.021 .907 L7194 L 794
Battery Cell Volume (Cm™3) 3940 J703 3521 2020 1936 19306 1853 1722 1772
LSS Weipght (Kg) 4313 3613 Ju70 2710 2577 2639 2460 2247 2325
ESS Volume (J173) 36.560 36.50606 36.560 17.384 17.384 17.384 12.643 15.803 12.643
LIFE CYCLL €COSTS (lysounsg)
DDT&L Cost 10.853 10.1061 9.628 9.271 9185 9.2006 9.030 8.821 8,920
Production Cost 68.512 59.933 56.469 45.210 43.313 44,194 41.615 38.534 3J9.693
Q Operations & i{laintenance Cost + 500 «500 .500 500 500 .500 . 500 . 500 . 500
g; ESS5 LIFE CYCLE COST 79.865 70.594 66,597 54.987 52.968 53.900 SL.151 47.855 49,113
Solar Array Cost 10.450 10.863 10.917 11.016 11.672 13.272 14.0068 15.4760 24.904
Thermal Control Cost 5.362 5.437 5.515 5.594 5.705 5.853 5.914 5.945 6.105
Power Conditloning Cost 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645
TOTAL LIFL CYCLE COST 97.322 88.539 B4.674 73.242 71.990 74.670 72.778 70.921 81.767

Exbibit 9e. Depth of Discharge (Capacity Variable)
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LEO 25KW LSS

(Hinz)

EOL PERFORHANCE PARAIETERS

llardware Life Cycles
Haximum Battery Life (Yr)
Rated Cell Capacity (Al)
Haximum Depth of Discharge
Uperating Temperature (deg-K)
Max. bDischarge Curreant (A)
Minfmum Voltage (V)
techarge Fraction

Charge Current (A)

Charge Voltage (V)
Watt-=Hlour Effficlency

PUYS ICAL CUHARACTERLSTICS

Total Humber of Cells

Humber of Parallel Batteries
Number of MHodules per Battery
Battery Cell Meight (Kg)
Battery Cell Volume (Cm™3)
LSS Weight (Kg)

LSS Volume (M73)

LLFL CYCLE COSTS (1980i1$)

0

DDT&E Cost
Production Cost
Operations & Maintenance Cost

ESS LLIFE CYCLE COST
Solar Array Cost
Thermal Control Cost
Power Conditioning Cost

TOTAL LIFL CYCLE COST

Lo 7 5 5 4 3 . 3
3.000 4,250 5.500 6.750 8.000 9.250 10.500
25 29 30 30 35 45 50
L0657 «577 «508 447 390 «333 2717
283 283 283 283 283 283 283
19.298 19.298 19.298 19.298 19.298 19.298 19.298
1.097 l.106 1.115 1.148 1157 1.160 1.196
1.080 1.073 L.072 1,071 1.071 1.072 1.072
14,312 14.21Y 14.198 14.197 14.197 14.198 14,198
1.701 1.701 L.710 L.673 L.677 1.697 1.672
97 L6006 .609 <041 644 .638 .668
1416 1404 1392 1356 1344 1344 1296
12 12 12 12 12 12 12
5 5 5 5 4 4 4
. 567 567 . 680 .680 . 794 L.021 L.134
1620 1620 1695 1695 1772 1936 2020
E iy iz 1963 2196 2143 2344 2817 2955
28.446 28.446 28.446 28,446 18.964 18.964 18.904
9.195 9.168 9.431 9.341 9.572 10.107 10.221
14.4806 14.454 V4,747 14.640 13.666 15.232 15.635
195.650 135.638 96.988 96,726 64.685 49.794 50.420
219.331 159.260 121.166 120.707 87.923 75.133 76.276
244,303 241,404 240,453 231.311 230.156 232.427 223.022
7.4717 7.414 7.470 7.134 7.163 7.334 7.082
1.645 1.645 L.645 1.645 1.645 1.645 1.645
472.756 409,723 370.734 36V.797 326.887 316.539 308.025

Exbibit 10a. Cell Life (Capacity Variable)
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LEO SOKU LSS (NiNn2)

EOL PERFORHANCE PARAMETERS

lHardware Life Cycles 1o 7 5 5 4 3 3 3 3
flaxinum Battery Life (Yr) J.000 4,250 5.500 6.750 - 8.000 9.250 10.500 11.750 13.000
Rated Cell Capaclty (Al) 45 50 55 60 70 85 100 120 165
ttaximun PDepth of Discharge <0657 377 .508 JA47 -390 « 338 « 2717 . 220 162
Operating Tenperature (dep=-K) 283 283 283 283 283 283 283 283 283
tlax. Discharge Current (A) 38,594 38.594 38.594 38.594 38.594 38.594 38.594 38.594 38.594
Minimum Voltage (V) 1.v89 1.106 1.110 l.148 1.157 1.154 1.196 1.233 VeddS
techarge Fraction 1. 080 1.073 1.072 1.071 1.071 1.072 1.072 1.072 1.072
Charge Current (A) 28.622 28.436 28.394 28.391 28.391 28.394 28.394 28.394 28.394
Charpge Voltage (V) L.704 1.701 1.712 1.673 1.677 1.698 1.672 1.651 1.632
Watt-llour Efficlency « 392 L6006 005 041 044 L0634 «607 697 729
PUYS LICAL CHARACTERLISTICS
Toral Number vf Cells 1428 L404 L404 1356 1344 1344 1296 1260 1224
Humber of Parallel Batteries 12 12 12 12 12 12 12 12 12
Humber of {lodules per Battery 5 5 : ] .9 4 4 4 - 4 4
Battery Cell VWelght (Kg) 1.021 1.134 1.247 1.361 1.588 1.928 2.268 2,722 3.742
Battery Cell Volume (Cm™3) 19306 2020 34061 3521 3642 3825 © 4007 4250 4796
LSS Weipght (Kg) 3350 3547 3798 3908 4310 5024 5532 6263 8005
LSS Volume (1173) 28.4406 28,4406 h4,.692 42,660 48,753 48.753 40,628 34.534 36.560
LIFE CYCLE COSTS (198011%) /
DDT&E Cost Y.681 9.868 10.122 10.213 10.624 11.334 11.816 12.521 l4.218
Production Cost 16.771 17.400 194939 19.634 21.435 2253717 23.918 26322 32.104
a Operations & Malntenance Cost 207.929 146.844 110,742 110.094 80.835 59.657 62.032 65,708 74.478
\g ESS LLFE CYCLE COST 234,381 174.112 140.803 139.941 112.894 93.368 97.766 104.551 120.800
Solar Array Cost 429.883 421.105 422,924 403.5406 401.520 405.686 389.088 376.580 364.437
Thermal Control Cost 9.827 9.626 9.802 9.066 9.125 9.4175 8.962 8.580 8.244
Power Counditioning Cost 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645
TOTAL LIFE CYCLE COST 675.736 606.548 575.174 554.198 525,190 510.174 497.461 491.356 495.126

Exhibit 10b. Cell Life (Capacity Variable)
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LLO I1OUKW ESS (Hinz)

EOL PERFORHANCL PARANETERS

llardvare Lifte Cycles 10 7 5 5 4 3 3 3 3
flaximum Battery Life (Yr) 3J.000 4,250 5.500 6.750 8.000 9et50 10.500 11.750 13.000
Rated Cell Capacity (Al) 485 95 110 120 140 165 195 240 325
Haximum Depth ol Discharge .657 «577 508 447 «390 .333 <2177 «220 <162
Operating Temperature (deg=-K) 283 283 283 283 283 283 283 283 283
Hax. Discharge Current (A) 77.188 77.188 77.188 77.188 77.188 77.188 77.188 77.188 77.188
Hinfwun Voltage (V) 1.085 l.102 1.110 1148 1.157 1.153 1.193 1.233 1.274
Recharge lFraction 1.080 1.073 1.072 1.071 1.071 1072 1.072 1.072 1.072
Charge Current (A) 57 ;445 56.874 56.789 56.784 56.784 56.789 56.789 56,789 56.789
Charge Voltapge (V) 1.707 L.703 L.712 1.673 1.677 1.69Y 1.673 1.651 1.632
Watt-Hour Efficlency . 589 003 +005 .041 644 .633 .6606 L0697 . 729
PIlYSLCAL CHARACTERISTICS
Total Humber of Cells 1428 1404 1404 1356 1344 1344 1296 1260 1224
Humber of Parallel Batteries 13 12 12 12 4 12 12 12 12 12
Humber of Modules per Battery 5 5 5 5 4 4 h 4 4
battery Cell Weight (Kg) 1.928 2,155 2.495 2.722 3% 115 3.742 4.423 5.443 7.371
Battery Cell Volume (Cn™3) 3525 39406 4128 4250 4492 4790 5160 5707 6741
ESS Welght (Kg) 6075 0472 7215 7430 8242 9437 10463 12149 15423
LSS5 Volume (1173) 44.0692 44.692 44,692 42.660 48,753 48.753 40.628 3J6.500 38.590
LIFE CYCLE COSTS (198001%)

Q DPDT&E Cost 10.977 11.340 12.023 12,235 12.994 14,079 15.020 16.5068 19.572

;3 Production Cost 25.165 26.473 28.931 29.677 32.1375 36.325 39.733 45.349 56,261
Operations & Maintenance Cost 254.584 181.185 133.535 136.142 102,407 /8.827 84,116 92.702 109,270
ESS LIFE CYCLE COST 290.7206 218.998 174,489 178.054 147.776 129,231 138,869 154.619 1385.103
Solar Array Cost 150.837 735.443 737.919 704.086 700.553 708.065 679.017 657.020 635.976
Thermal Control Cost 14.4906 14.085 14.4006 12,932 13.050 13.762 124733 11.959 11,295
Pover Conditloning Cost 1.645 1.645 1.645 ° 1.645 1.645 1.645, 1.645 1.045 1.649
TOTAL LIFE CYCLE COST LOS7.704 Y70.171 928.459 896.717 863.024 852.703 832.2064 $25.243 834.019

Exbibit 10c. Cell Life (Capacity Variable)
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LLO 250KMW ESS (Nin2)

EOL PLRFORHMANCE PARAULETERS
lardware Life Cycles
Haximum Battery Life (Yr)
Rated Cell Capaclry (All)
Haximum Depth of Discharge
Operating Temperature (deg-K)
Max. Discharge Current (A)
Hinimum Voltage (V)
Recharge Fraction

Charge Current (A)

Charge Voltage (V)
Watt=llour Lfficlency

PUYSTCAL CHARACTERISTICS
Total Number of Cells
Humber of Parallel Batteries
Number of llodules per Battery
Battery Cell Weight (Kg)
Battery Cell Volume (Cm~3)
ESS Welght (Kg)
ESS Volume (M7T3)

LIFE CYCLE COSTS (1980H%)
DDT&E Cost
Production Cost
Uperatlons & Malntenance Cost

¥6-D

LLFE CYCLE CUST
Solar Array Cost
Thermal Control Cost
Pover Conditioning Cost

ESS

TOTAL LIFLE CYCLE COST

10
3.000
105
<657
283
Y6.485
1.085
1.080
11.555
1. 707
. 588

2856

24

5

2.381

4067
14873

89.383

12.903
53,848
534.004
600V.755
1567.206
28.451
2.961

2199.433

7
4,250
120
«577
283
960.485
1.103
1.073
71.091
1.702
004

2808

24

)

2.722

4250
16110

89.383

13.620
57.921
385.432
456.979
1534.596
27.389
2,961

2021.925

5.500
135
508

283

96.485

1.109

1.072

70.985

1.713
<004

2808

24

5

J.062

4432
17606

89.383

L4.489
62.823
282.390
359.702
1540.391
28.234
2.9601

1931.288

5
6.750
150
447
283
96.485
1.148
1.071
70.978
1.673
041

2712

24

5

3.402

4614
18399

65.319

14.977
65.495
291,292
371.764
1469.489
24,5206
2.961

1868.740

4
8.000
TR
. 390
283
96.4085
1.157
1.071
70.978
1.677
644

20838

24

4

3.909

4918
20414

97.506

16.181
725202
222.050
310.433
1462.117
24,824
2.901

1800U.335

Exbibit 10d. Cell Life (Capacity Variable)

3
9.250
205
«333
283
96.485
1153
1.072
70.985
1.699
«633

2688

24

4

4.649

5282
23286

97.5006

17.825
81.609
171.470
270.904
1477.880
26.6006
2.961

1778.351

3
10.500
245
.271
283
9Y6.485
1.194
1.072
70.985
1,672
L6606

2592
24

4

058 fey |
5768
26079
81.255

19,460

90.852
185.731

296.043

1417.133

24,027
2,961

1740.164

3
11.750
300
. 220
283
96.485
1.233
1.072
70.985
1.651
697

2520

24

4

6.804

6438
juls2

73.132

21,862
106,432
206.420
332,714

1371.274

22,095

2,961

1729.044

3

13.000
405
162

283

96.485

1.274

1.072

70.985

15632
. 7128

2448

24

4

9.185

7714
38263

17,191

26.578
131,108
246.853
404.599

1327.319

20,435

2.961

1755.314
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GLo 25KV LSS (uinz)

LUL PLRFORUANCE PARAULETERS

lHardvare Life Cycles 1 1 1 1 1 1 1 1 1
Haximum Battery Life (Yr) 3.000 4,250 5.500 6.750 $.000 9,250 1V0.500 11.750 13.000
Rated Cell Capacity (All) 35 40 45 55 60 70 85 105 145
Haximum Depth of Discharge <057 « 577 <508 JAh47 <390 +333 « 277 5220 162
Operating Temperature (deg=-K) 283 283 283 283 283 283 283 283 283
tlax. Discharge Current (A) 19,297 19.297 19.297 19.297 19,297 19.297 19.297 £9.297 19.297
Hintwum Voltage (V) L.245 1.266 1.291 1.322 1.338 1.359 1.379 1.396 l.418
techarge Fraction 1,118 1.073 1,072 1.071 1.071 1.072 1.072 1.072 1.072
Charge Current (A) 1.122 1.077 1.075 1.075 1.075 1.075 1.075 1.075 1.075
Charge Voltage (V) Leo& 15 1.471 1.469 1.467 1.40606 1.464 1.463 1.462 L.4061
Watt-llour LEfficiency «755 801 « 820 841 <852 866 880 891 .906
PHYSICAL CHARACTLERISTICS
Total Number of Cells 1248 1224 1200 1176 1164 1140 1128 1116 1092
Humber of Parallel Batteries 12 A 12 12 12 . 12 12 12 12
Number of Modules per Battery 4 4 4 4 4 4 4 4 4
Battery Cell Weight (Kg) . 794 +907 1,021 L.247 1.361 1.588 1.928 2.381 3.289
Battery Cell Volume (Cm™3) 1772 1853 1930 3461 3521 3642 3825 4067 4553
ESS Weight (Kg) 2164 2343 2514 2879 3056 3398 3952 4688 6110
LSS Volume (M73) 18,964 17.384 17.384 36.566 36.560 36.500 36.506 36.5606 36.5006
LIFL CYCLE COSTS (l19u80i1%)
DDT&L Cost 8.743 8.916 9.079 9.448 9.621 9.953 10.508 11.230 12.5906
Production Cost 37.339 39.917 42.381 55.264 56.390 58.562 63,271 73.993 94.711
Q Uperations & Haintenance Cost 500 . 500 . 500 . 500 «500 . 500 . 500 . 500 . 500
U R R R e o e, R SR S O DD O e T R R e s S o ST RIS VI S el
b ESS LLFL CYCLE COST 46,582 49.333 51.960 65.212 66.511 69.015 14.2179 85.723 107.807
Solar Array Cost 11.528 10.962 10.7062 10.575 10.432 10.302 10.209 10.115 9.931
Thermal Control Cost 5.754 5.68Y 5.615 5.3528 5.484 5.425 5373 5.331 5.2717
Power Conditioning Cost 1.645 1.0645 1.0645 1.645 L.645 1.045 1.645 1.645 1.0645
TOTAL LLFE CYCLE CUST 65.509 67.629 69.982 82.960 B84.122 86.387 91.506 102.814 124.660

Exbibit 10e. Cell Life (Capacity Variable)
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LEO 25KU ESS (Nilt2)

LOL PLERFORHANCE PARAHLTERS

Hardware Life Cycles 3 3 4 5 6 3 12 20 40
Haximum Battery Life (Yr) 11.091 9.428 7.778 6.154 4,742 3.498 2.394 1.433 .690
Rated Cell Capacity (All) 50 50 50 50 50 50 50 50 50
Haximun Depth of Discharge « 250 . 325 <400 J475 550 <025 . 700 o775 L850
Operating Temperature (deg-K) 2483 283 283 283 283 283 283 283 283
tllax., bischarge Current (A) 17.813 23.157 28.9406 33.080 38.594 38.594 46.313 46.313 57.892
iltnimum Voltage (V) Ye243 L.157 1.150 L.132 1.103 1.092 1.074 L.065 1.034
Recharge Fraction 1.071 1.071 1.072 1.072 1.072 1.077 1.085 1.094 1.114
Charge Current (A) 13.104 17.036 21.296 24,338 28.394 28.5438 34.505 3J4.801 b4 .278
Charge Voltage (V) 1.662 1.695 1.683 1.689 L.709 1.713 1.717 1.720 1.7406
Uatt-lHour Efflclency 082 L0637 038 L0625 602 592 «5717 . 50606 531
PHYSICAL CHARACTERISTICS
Total Huwber of Cells 1391 1120 904 798 702 708 600 605 500
Humber of Parallel Batterles 13 10 8 7 6 6 5 5 4
Humber of Hodules per Battery 4 4 5 5 5 S 5 5 5
Battery Cell Welght (Kg) 1.134 L.134 1.134 1.134 L.134 l.134 1.134 L.134 1.134
Battery Cell Volume (Cm™3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
ESS Welght (Kg) 3476 2598 2178 1965 1776 1791 1577 1590 1394
L5S Volume (1173) 31.631 17.353 18.068 14.983 14,223 14,223 7.953 1.953 6.081
LIFE CYCLE COSTS (1980:8§)
DDT&L Cost 10,581 9.673 8.998 8.653 8.336 8.357 7.994 3.012 7.657
Production Cost 17.0068 14.249 12.593 11.759 11.008 11.002 10,213 10.259 9.460
2 Operations & Maintenance Cost 54.288 43.209 55.824 63.585 67.900 92.007 122.070 206.317 351932
m ———————————————————————————————————————————————————————————————
LS55 LIFE CYCLE COST 81.937 67.131 77.415 83.997 87.244 111.420 140.277 224,588 369.049
Solar Array Cost 220.242 232.158 232.497 234.816 242.007 245,229 250.410 254,155 267.3895
Thermal Control Cost 6.993 7.312 7223 7.275 7.4065 7.557 7.650 7.160 8,156
Power Conditioning Cost 1.701 1.409 1.166 1.042 914 914 .783 .783 L0483
TOTAL LIFE CYCLE COST 310.933 Jug.olo J18.301 327.130 337.630 365.120 399.132 487.286 645.748

Exbibit 11a. Deptb of Discharge (Capacity Fixed)
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LLO 50KV LSS (Hinz2)

EOL PERFORUANCE PARAILTLERS

Hardvare Life Cycles 3 3 4 5 (9 8 12 20 40
Haximum Battery Life (Yr) 11.091 9.428 7.778 6.154 4.742 3.498 2.394 1.433 L0690
Rated Cell Capacity (All) 50 50 50 50 S0 50 50 50 50
Hlax fmum Depth ol Discharge «250 . 325 «400 <475 550 <625 . 700 «7175 L850
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
llax. Discharge Current (A) 17.613 23.157 28.946 33.080 38.594 42.103 46.313 51.45Y 57.892
Hinimum Voltage (V) 1.213 1.157 1.150 1.132 1.103 L.086 1.074 1.061 1.034
techarpge Fraction 1.071 1.071 1.072 L.072 1.072 L.077 1.085 1.094 1. 114
Charge Current (A) 13.104 17.030 21.290 24,338 28.394 31.143 34.505 38.608 44,278
Charge Voltage (V) 1.662 1.695 1.683 1.689 1.709 1.716 1.717 L2725 1.740
Watt-llour Efficlency .082 637 .638 625 <602 <5487 577 562 2531
PUYSTCAL CHARACTERISTICS
Total Number of Cells 2782 2240 1808 1596 1404 1309 1200 1098 1000
Humber of Parallel Batteries 206 20 16 14 12 L1 10 3 8
Humber of Hodules per Batterxy 4 4 5 5 5 5 5 5 5
Battery Cell Weight (Kg) L.134 1.134 1.134 1.134 1.134 1.134 1.134 1.134 1.134
Battery Cell Volume (Cm™3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
ESS Weight (Kg) 6950 5611 4355 3929 3551 37206 a2 3210 2788
LSS Voluwme (HM73) 63,263 959.931 36.137 29.965 28.4406 28,446 15.907 15.907 18.928
LIFE CYCLE COSTS (l198ons)

Q DDT&E Cost 13.762 12,250 11.017 10.417 9.869 9.654 9.281 9.031 8.704

S Production Cost 29.411 25.319 20.546 18.893 17.408 17.430 15.837 15.599 14.351

S Operations & Mafntenance Cost 103.542 82,755 105.016 117.864 125.07606 157.385 219.550 340,284 623.067
ESS LIFE CYCLE CUST 146.715 120.324 136.579 147,174 152.353 184.469 244,668 364.914 646.122
Solar Array Cost 384,257 405,052 405.639 409.685 422,236 431.416 436.907 447.417 467.408
Thermal Control Cost 4.784 9.423 9.2417 9,348 9.729 9.983 10.110 10.411 11.111
Power Conditioning Cost J.16Y 2,537 2.100 1.875 1.645 1.528 1.409 1.289 1.166
TOTAL LIFE CYCLE COST 542,925 537.336 95953.565 508.082 585.963 627.3906 693.094 824.031 L125.807

Exhibit 11b. Depth of Discharge (Capacity Fixed)
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LEV IUUKW ESS (Hinz)

LOL PLRFUORHANCE PARAMLETERS

Hardvare Life Cycles < 3 4 5 6 8 12 20 40
Haximum Battery Life (Yr) 11.091 9.428 Tt 18 6.154 4aol42 3.498 2.394 1.433 . 090
Rated Cell Capacity (All) 50 50 50 50 50 50 50 50 50
Maximum Depth of Discharge 250 + 325 <400 <475 «550 .625 . 700 » 175 L850
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
Hlax. Discharge Current (A) 18.163 23X )57 28.946 34,3006 38.594 44,108 48.750 54.485 57.892
Hinimum Voltage (V) 1.211 1.457 1.150 1.130 1.103 1.082 1.072 1.058 L.034
Recharge Fraction 1.071 1.071 1.072 1.072 1.072 1.077 1.085 1.094 L. 114
Charge Current (A) 13.362 17.0306 21.296 25.240 28.394 32.627 36.321 40.942 44.278
Charge Voltage (V) 1.662 1.695 1.683 1.690 1.709 1.718 1.719 1.727 1.7406
Watt=-llour Efficlency . 680 L0637 +038 <024 <602 <584 «575 + 560 «531
PUYSLCAL CHARACTERISTICS
Total Number of Cells 5457 4480 3616 3105 2808 2520 2299 2074 2000
Humber of Parallel Batteries 51 40 32 27 24 21 19 17 16
Number of lModules per Battery 4 4 3 5 5 5 5 5 3
Battery Cell Weight (Kg) 1.134 1.134 1.134 1.134 1.134 1.134 1.134 l.134 1.134
Battery Cell Volume (Cm~™3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
ESS UWelght (Kg) 13819 10390 8708 7992 7102 6537 6727 6033 9575
LSS5 Volune (M73) 114.430 103.240 122713 59+.931 56.784 44,9438 44,948 42.669 37.850
LIFE CYCLE COSTS (1980i1$)
DDT&E Cost 19.757 ) 7193 15.039 13.754 12,964 12.220 11.702 11.095 10.875
a Production Cost 53.335 42.776 36.298 33.003 30.096 27.897 27.505 25251 24,044
e Operations & ilaintenance Cost 197.934 158.703 202.890 219.701 238,779 286.796 397.502 605.534 1161.638
T s R e - L R . N T e = S e
™ LS5 LLIFE CYCLE COST 271.026 218.672 254,227 266,458 281.839 326.913 436.709 641.8506 1196.557
Solar Array Cost 67V.555 106,712 107.737 720.174 736.702 758.464 768.203 781.676 815.507
Thermal Control Cost 12.376 13.645 13.292 13.588 14.258 14,883 15.144 15.676 17.023
Power Conditioning Cost 5.611 4.5006 3.779 3.272 2.961 2.644 2.429 2.210 2,100
TOTAL LIFE CYCLE COST 959.508 943,595 979.035 1003.492 1035.760 1102.904 1222.485 1441.448 2031.187

Exbibit 11c. Depth of Discharge (Capacity Fixed)



.% Br ;%; gr' ] Legend:
> ti i \\\\. ——————— Production Lost
« : e 18 N oot
5 Q- 5B
e Jotal Life {yole Cos
0 ! :§ : Total Life Lycle Lost
o
E 3
o B )
L——A—.——‘—.——.L._.._J S e L =
= 5 h 8 e -5 9 §
ECL Max DoD EOL Max DoD ’
— 4 _/’
b ® Q //
S5 g : |
o
g ~ 8 o ,///
o) -~ — - = b
& ® ret = -
8 L o L -6 69 0-86—0 ¢
st 3 0)
o
o oy & i
EOL Max DoD EOL Max DoD =4 y//‘
— o g0 —®
s L . T ht—o——et—— |
8 gr 24 5 .9

. .
\\ EOL Max Dol

"
+ \\\

.8 .1 .9 .9

EOL Max DoD EOL Max DoD LED <%k K ESS. NiHE

Exbibit 11c. Depth of Discharge (Capacity Fixed) Continued

Max Battery Life
-
f
ESS Weight
7458
T L4




LEO 250K0 ESS (HEn2)

EOL PERFORIANCE PARANETERS

Hardvare Life Cycles J 3 4 5 6 8 12 20 40
Maximum Battery Life (Yr) 11.091 9.428 7.7748 6.154 4,742 3.498 2,394 1.433 690
Rated Cell Capacity (All) 50 50 50 50 50 50 50 50 50
Maxinmum Depth vf Discharpge . 250 ~ 325 <400 4175 . 550 625 . 700 775 . 850
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 2873 283
Max. Discharge Current (A) 18.090 234157 28,946 34.054 39.248 44,531 49,268 55.135 59.375
Minimum Voltage (V) 1.212 1.157 1.150 i.130 1.102 L.081 L.071 L.057 1,032
l{eclgargv Fractlon 1.071 1.071 1.072 1.072 1.072 1.077 1.085 1.094 1.114
Charge Current (A) 13.308 17.030 21.296 25.054 28.875 32.93Y 36.707 41,430 44,425
Charge Voltage (V) 1.662 1.695 1.683 1.690 1.709 1.719 1.720 1.728 1.746
Uatc=llour Efflclency .081 «0637 .038 0624 602 . 584 « 574 «559 « 531
PHYSICAL CHARACTERLISTICS
Total Number of Cells 13696 11200 9040 7752 6903 6240 5687 5124 4875
Humber of Parallel Batterles 128 100 80 68 59 52 47 42 34
Humber of tlodules per Battery 4 4 5 5 5 5 5 5 5
Battery Cell Veight (Kg) L.134 L.134 L.134 1.134 1.134 1.134 L. 134 l1.134 1.134
Battery Cell Volume (Cmn~3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
LSS Weight (Kg) Jlov22 27441 21769 20469 19201 17567 15473 14063 113995
ESS Voluwe (M73) 261,560 268.430 180.680 162.620 151.420 132.500 113.570 89.896 94.640
LIFLE CYCLE COSTS (198018$)
DDT&E Cost 27.229 33.286 19.834 17.801 16.444 15,351 L4, 404 13.4069 13.084
Production Cost 118.059 102.107 83.0606 75.931 70.373 64.675 58.398 53.512 52.5117
a Uperations & Maintenance Cost 487.071 J87.889 494,857 534.996 568.794 683.195 942,752 1426.431 2702.478
T e e e s R =
S LSS LIFE CYCLE COST 632,359 513,282 9597151 628.728 655.611 763.221 1015.554 1493.412 2768.079
- Solar Array Cost 1399.333  1474.970 1477.127 1492.441 1537.952 1583.168 1603.696 1631.812 1672.371
Thermal Control Cost 23,131 206.311 25.430 25.971 27.868 29.415 30.082 3J1.415 34,1160
Power Conditioning Cost 12.245 9.932 8.220 7.161 6.349 5.704 5.236 4.759 4,469
TOTAL LIFE CYCLE COST 2007.068 2024.49Y5 2108.534 2154.301 2227.780 2381.508 2654.568 3161.398 4479.035

Exhibit 11d. Depth of Discbarge (Capacity Fixed)
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901I-D

GLL 25KW ESS (Hinz)

EOL PERFORMANCE PARAHETERS
llardware Life Cycles ! 1 1 1 L

1 1 1 1
laximum Battery Life (Yr) 11.091 9.428 7.778 6.154 4,742 3.498 2.394 1L.433 690
Rated Cell Capaclity (All) 50 50 50 50 50 50 50 50 50
ttax fmum Depth of Discharge . 250 «325 400 L4775 550 .625 . 700 175 . 850
Operating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
ttax. Discharge Curreat (A) 10.5206 £3:622 16.541 19.297 23.156 25.729 28.940 28.940 33.080
Hiniwmum Voltage (V) 1.386 1.361 L.334 1.308 }.275 1.253 1,236 1,223 1.193
Recharge Fraction 1.071 1.071 1.072 1.072 1.072 1.094 1: ¥57 Vo 327 15737
Charge Current (A) . 5806 G «922 1.075 1.290 1.464 1.741 1.997 3.031
Charge Voltage (V) 1.463 1.464 1.46606 1.468 1.470 1.473 1.478 1.480 1.507
Vatt=llour LEifliclency . 884 L8067 849 <831 . 809 <177 723 .620 «375
PHYSICAL CHARACTERLISTICS s
Total Humber of Cells 2046 1615 1358 1188 1020 927 840 848 756
Humber of Parallel Batteries 22 L7 14 12 10 9 3 8 7
NHumber of #odules per Battery 4 4 4 4 4 4 4 4 b
Battery Cell Welght (Kyg) 1.134 1.134 1.134 1.134 1.134 L.134 L.134 l.134 L.134
Battery Cell Volume (Cwm™3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
LSS Weight (Kg) S034 3805 3051 2698 2350 2349 1982 1997 1810
LSS Volume (1173) 46.460 20.076 29.965 17.384 10.122 11.568 14.626 15.487 16.0647
LIFL CYCLL COSTS (1980M$)
DDT&E Cost 11.752 10.521 9.756 9.267 8.772 B.544 8.232 8.250 7.9175
Production Cost 79.314 6l.370 50.382 45.053 39.793 39.438 34,222 34.451 jlL.610
Operations & llaintenance Cost .500 . 500 .500 .500 500 .500 .500 +500 . 500
ESS LLFL CYCLE COST 91.560 72.391 60.638 54.820 49,0065 48,482 42,954 43,207 40.091
Solar Array Cost 10.121 10.301 1V.487 10.669 10.941 11.234 11.960 13.513 20.144
Thermal Control Cost 5.355 5.421 5.494 5.567 5.0065 5.728 5.780 5.811 5.881
Power Conditioning Cost 2.750 2.210 1.875 1.645 1.409 1.289 1.166 1.166 L.042
TOTAL LIFE CYCLE COST 109.792 90.323 78.494 72.701 67.080 06.733 61.860 63.697 67.158

Exbibit 11e. Depth of Discharge (Capacity Fixed)
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LEO 25KkW ESS (NLN2)

LOL PERFORHMANCE PARAIETLRS

lHardware Life Cycles 10 7 5 5 4 3 3 3 3
Maximum Battery Life (Yrx) 3,000 4.250 5.500 6.750 4.000 9.250 10.500 11.750 13.000 *
Rated Cell Capaclty (All) 50 50 50 50 50 50 50 50 50
Haxilium Depth ol bDischarge 657 w3117 508 447 . 390 «333 L2717 <220 162
Operating Teuperature (deg-K) 283 283 283 283 283 283 283 283 283
ttax. Discharge Current (A) 46,313 38.594 33.080 28.946 25.729 23.157 19.298 15.438 11.579
Minimum Voltage (V) L.084 1.106 1.114 L.154 1.160 L.153 1.196 1.2306 1.276
Recharpe YFraction L.080 1.073 1.072 1.071 l.071 1.072 1.072 1.072 1.072
Charge Current (A) J4. 346 28.4306 24.338 21.294 18.927 17.038 14.198 11.358 3.519
Charge Voltage (V) 1.707 1.701 L.711 1.670 1.675 1.699 1.672 1.651 1.631
Watt-llour Liflclency . 588 606 «60U8 645 <6406 .633 L6068 699 . 730
PHYS [CAL CHARACTERISTICS
Total Number ol Cells 595 702 312 896 1008 1120 1296 1575 2020
Hunmber of Parallel Batteries 5 0 7 8 ) 10 12 L5 20
Huwber of {lodules per Battery 5 5 5 4 4 4 4 4 4
Battery Cell Wedight (Kyg) 1.134 1.134 1.134 1.134 l.134 1. 134 L.134 L.134 1.134
Battery Cell Volume (Cm™3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
LSS Weight (Kg) 1562 1774 1998 2138 20438 2600 2953 3782 4734
ESS Volume (M73) 7.953 14.223 14,983 20,0649 17.353 17.353 18.964 29,252 62,6452
a LIFE CYCLE COSTS (lygousg) .
o DUT&L Cost 7975 d.335 8.702 8.955 9.384 9.673 lu.221 11.125 12.456
S Production Cost 10.163 L1.003 11.881 12,466 13.943 14,253 15.635 18,373 21.965
- Operations & Illaintenance Cost 100.690 79.837 63,899 62.694 54.296 43.209 50.420 61.217 79.078
ESS LLIFE CYCLE COST 119.028 9Y9.175 84.482 84.115 77.623 67.135 716.276 90.715 113.499
Solar Array Cost 246,738 241.393 240.539 229.373 229.967 232.594 223.022 215,781 207.213
Thermal Control Cost 7.527 7.414 7.475 7.106 7.156 7.341 7.082 6.888 6.7006
Power Couditioning Cost .783 .914 1.042 1.166 1.289 1.409 1.645 1.988 2.5317
____________________________ A T . e e o o e T
TOTAL LIFE CYCLL COST 374,076 348.896 333.538 321.760 316,035 308.479 308.025 315.378 329.955
N\

Exbibit 12a. Cell Life (Capacity Fixed)
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LLO 50KV LU (Nill2)

EOL PLRFORMANCE PARAMETERS

lardvare Life Cycles 1o 7 3 5 4 - 3 3 3 3
flaximum Battery Lifte (Yr) 3.000 4,250 5.500 6.750 8.000 9,250 10,500 LLa750 13.000
Rated Cell Capaclty (All) S50 50 50 50 50 50 50 50 S0
Haxiwum Depth of Discharge .657 «5717 508 447 . 390 «333 277 220 162
Operating Tewmperature (deg-K) 283 283 283 283 283 283 283 283 283
Max. bischarge Current (A) 46.313 38.594 35.026 30.875 27.243 23,157 19.298 15.970 11.875
fllnimum Voltage (V) 1.084 1.106 1.109 L.150 L.158 e Lo ) 1.196 Ve230 1.274
techarge Fraction 1.080 1.073 l1.072 1.071 1.071 1.072 1.072 1.072 1.072
Charge Current (A) J4.340 28.430 20,211 22.713 20.041 17.033 14,198 11.750 8.7317
Charge Voltage (V) 1.707 1.701 1.713 1.672 1.677 1.699 1.672 1.651 1.632
Watt-llour Efflciency . 588 0006 004 042 L0044 .633 008 06097 o729
PUYS LCAL CHARACTERISTICS
Total dumber of Cells 1190 1404 1521 1680 1904 2240 2592 3045 39738
Humber of Parallel Batterles 10 12 13 LS5 17 20 24 29 39
Humber of Hodules per Battery 5 5 e 4 4 4 4 4 4
Battery Cell Weight (Kg) L. 134 1.134 l.134 1.134 1.134 1.134 1.134 1.134 1.134
Battery Cell Volume (Cm™3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
ESS Weight (Kg) 3124 3547 4101 4418 47406 56014 5909 7610 Y018
LSS Volume (H73) 15.907 28.446 29.965 41,297 28,440 59.931 51.622 58.505 77.433
LIFE CYCLL COSTS (L980u$) g

) DDT&E Cost 9.249 9.868 10.252 10.678 11.291 1'2.251 13.1068 14,490 16.94Y

& Productlon Cost 15.740 17.400 18.982 20.134 21.675 25.320 26.561 31,723 37.954

1) Operations & taintenance Cost I181.614 146.844 111.357 109.064 96.397 82.745 96.205 114,110 150.147
ESS LIFE CYCLE COST 206.603 174,112 140.591 139.926 129.363 120.316 135.934 160.323 205.050
Solar Array Cost 430.486 421.165 423,027 400.490 401,494 405.818 389.107 376.575 364.533
Thermal Control Cost Y.854 9.626 9,807 9.024 9.123 9.480 8,962 8.579 §.248
Power Conditioning Cost 1.409 1.045 L.761 1.988 2.210 2.537 2.961 J.417 4,469
TOTAL LLFE CYCLLE COST 048,352 Lb0O.548

575.186 551.428 542.190 538.151 536.964 548.954 582.300

Exbibit 12b. Cell Life (Capacity Fixed)
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LEO IVOKW ESS (Ni12)

EOL PLRFORMANCLE PARANMETERS

Hlardvare Life Cycles 10 7 5 5 4 3 3 3 3
Haximun Battery Life (Yr) 3.000 4.250 5.500 6.750 8.000 9.250 10.500 11.750 13.000
Rated Cell Capacity (All) 50 50 50 50 50 50 50 50 50
lHaximum Depth of Discharge 057 3717 . 508 JAh47 390 «333 L2171 220 L1062
Uperating Temperature (deg-K) 283 263 283 283 283 283 283 283 283
Hax. Discharge Current (A) 46.313 40,272 35.6206 31.940 28.069 23.750 19.709 [5.970 Y875
Mindimum Voltape (V) L.0d4 l.103 1.109 1.148 1. i56 1.152 1.194 1.233 1.274
Recharpge Fraction 1.080 1.073 1.072 1.071 1.071 1.072 1.072 1.072 1.072
Charge Currvent (A) 34,340 29.074 26,211 23.497 20.04Y 17.473 14.501 11.750 8.737
Charge Voltage (V) 1.707 1.702 1.713 1.672 L.677 1.699 1.672 1.651 1.632
Vatt=llour Efficlency LO08 L0604 004 041 043 033 6066 697 . 729
PUYSLCAL CUHARACTERLSTICS
fotal Humber of Cells ’ 2380 2691 30642 3277 3696 4368 5076 6090 7950
Huaber of Parallel Batteries 20 23 206 29 33 39 47 58 74
Nunber ol ilodules per Battery 5 5 5 5 4 4 4 4 4
Battery Cell Weipght (Kg) l.134 1.134 1.134 1.134 L.134 1.134 1.134 1.134 1.134
Battery Cell Volume (Cm™3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
LSS Wedight (Kg) 6558 7196 8201 8973 9618 10537 11904 15219 L8034
LSS Volume (H73) 44.948 56.784 59.931 7252713 99.884 103,240 103.240 117.010 154.8670
LLFE CYCLE COSTS (19801S%)
DDT&L Cost 11.881 12.690 13,622 L4.244 15, 257 16.939 18.727 21.354 25.958
Production Cost 27.438 29.876 33.219 35.652 3J8.937 42.697 48.021 58.4506 70.777
E Uperations & MHaintenance Cost 343,230 209.616 212,874 233.741 181.699 155.059 183.339 222,936 294,695
oy . emeememe | mmmmemm | emmmmes | mmmmmme memmmeee | mmmeome emmmme= cmemmmme e
‘N ESS LLFE CYCLL COST 382.555 312.182 259.715 283.637 235.893 214.695 250.087 3J02.7406 391.430
Solar Array Cost 751.079 735321 738.082 704,086 700.759 708.106 679.058 657.020 636,018
Thermal Coatrol Cost 14.508 14.078 14,413 12.930 13.058 13.765 12.731 11.957 11.297
Pover Conditioning Cost 2.537 2.856 J. 109 3.477 3.879 4.469 5.236 6.258 8.045
TOTAL LIFE CYCLE COST 1150,679 1U64.437 1015.379 1U04.130 953.589 941.035 947.112 977.981 1046.790

Exhibit 12c. Cell Life (Capacity Fixed)
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L kO 250KW LSS (dinz)

EOL PERFUORHANCE PARAMETERS

Hlardvare Life Cycles 10 7 5 5 4 3 3 3 3
Haxiwum Battery Life (Yr) 3.000 4.250 5.500 6.750 8.000 9.250 10.500 ) 510 1) 1) 13.000
Rated Cell Capacity (All) 50 50 50 50 50 50 50 50 50
laxinum Depth of Discharge 057 «577 .508 «A447 . 390 .333 v ol 220 162
Operating Temperature (dep-K) 283 283 283 283 283 283 283 283 283
Hax. Discharge Current (A) 47.2517 41,351 36.182 32.615 28.240 23.630 19.962 16.081 11.937
Hinimum Voltage (V) 1.083 .10l 1.108 L. 147 L.156 L.152 1.192 1.233 1.274
Recharge Fractlon 1.080 1.073 1.072 1.071 1.071 1.072 1,072 1.072 1.072
Charge Current (A) 35.047 30.468 20.620 23.993 20.775 17.385 14.686 11.831 8.783
Charge Voltage (V) 1.708 1.703 Ls#L3 1.073 1.678 1.699 1.673 1.651 1.632
VWatt-llour Lfflciency 547 602 004 040 043 .633 6065 0697 728
PHYSTCAL CUHARACTLRISTICS
Total Humber of Cells 5831 6608 7488 8023 yla4 10976 12644 15120 19788
tlumber of Parallel Batteries 49 50 64 71 82 98 116 144 194
lumber of ilodules per Battery 5 5 5 5 4 4 4 4 4
Battery Cell Weight (Kg) 1.134 1.134 1.134 1.134 1.134 1.134 1.134 1.134 l.134
battery Cell Volume (Cm™3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
ESS Welght (Kg) 15378 16905 13708 20006 24053 27737 Jolel 33937 45151
LS55 Volume (H73) 104.880 132.500 151.420 162.0620 227.140 208,430 271,030 203.280 387.170
LLIFE CYCLL COSTS (1980M$)

9 DRUTSE Cost Ll4a.619 15.886 17.326 18.195 20.0069 22,957 25.591 29.498 36.970

o Production Cost 58.093 64,557 71.363 75.88Y 88.155 101.970 112,691 128.949 168.053

N Operations & llalintenance Cost 809.698 035.028 508.756 556.522 435.644 380.638 444,823 543.329 721.798
LSS LIFLE CYCLE COST 883.010 716.071 597.445 650.6006 543.868 505.565 563.105 701.776 926.821
Solar Array Cost 1568.177 1545.877 1540.730 1469.798 1462.0666 1477.948 1427.738 1371.274 1327.530
Thermal Control Cost 25.509 27.623 28.251 24,546 24.855 26.608 24,204 22.095 20,440
Power Condltioning Cost 5.424 6.074 6.803 7.428 8.394 9.7063 11.264 13.531 17.422
TOTAL LIFL CYCLE COST 2485.,120  2295.645 2173.229 2152.378 2039.783 2019.884 2046,.311 2108.676 2292.213

Exbhibit 12d. Cell Life (Capacity Fixed)
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GLO 25KV ESS (Hin2Z)

EOL PERFORIANCE PARAIETERS

Nardvare Life Cycles 1 1 1 1 1 1 1 1 1
Maxinmum Battery Life (Yr) 3.000 4,250 5.500 6.750 8.000 9.250 10.500 11.750 13.000
Rated Cell Capacity (All) 50 50 50 50 50 50 50 50 50
Haximum Bepth of Discharpe <057 577 508 447 . 390 333 277 « 220 + 162
Operating Temperature (deyg=-K) 283 283 283 283 283 283 283 283 283
Max. Discharge Current (A) 25,729 23,150 21,051 17.813 15.438 13.622 11.578 9.263 6.811
ilin Lmum Voltage (V) 1.248 1.271 1.293 1.320 1.342 1.360 1.378 1.396 L.417
Recharge Fraction 1.118 1.073 1.072 1.071 1.071 1.072 1.072 1.072 L.072
Charge Current (A) 1.495 1.292 1.173 «992 .860 «759 .045 516 ' «379
Charpge Voltage (V) L.474 1.470 1.469 1.467 1.465 1.404 1.4063 1.462 1.401
Vatt=ilour Lfficiency « 1517 <305 821 L840 «854 . 867 « 879 <891 «905
PHYSICAL CHARACTERILISTICS
Total Number of Cells 936 1020 1100 1274 1440 1615 1880 2325 3094
Humber of Parallel Batteries Y ' 10 11 13 15 17 20 25 34
Number of Modules per Battery 4 4 4 4 4 4 4 4 4
"Battery Cell Veight (Kg) 1.134 1.134 1.134 1.134 1.134 1.134 1.134 1.134 1.134
Battery Cell Volume (Cm™3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
LSS Welght (Kg) 2412 2351 2737 3189 3498 3800 4447 5994 6978
ESS Volume (i173) 14,461 lu.122 17.384 29.965 30.973 26,076 44,9438 59.931 74.913
LIFL CYCLLE COSTS (198011$)
DDT&L Cost 8.582 . 8.772 9.060 Y.579 10,043 10.522 11.264 12,551 14,492
Production Cost 40.312 39.38006 454,250 51.912 56.640 61.383 70.888 93.11Y 112,511
@ Uperations & ilalnteunance Cokt . 500 .500 +500 . 500 . 500 . 500 . 500 . 500 « 500
'
U T e e L e e e s S e e L e
; ESS LLFLE CYCLE COST 49.394 49.078 54.810 61.991 67.183 72.405 82.652 106.170 127.503
Solar Array Cost 11.522 10,958 10.764 10.577 Lu.395 10.302 10.210 10.116 9.933
Thermal Countrol Cost 5.743 5.674 5.609 5.531 5.470 5.423 5.376 5.331 5.279
Power Counditioning Cost 1.289 1.409 1.528 1.761 1.988 2.210 2.537 3.065 3.979
TOTAL LILIFL CYCLE COST 67.948 67.119 72.711 79.800 85.036 90.340 1V0.775 124,682 146.694

Exbibit 12e. Cell Life (Capacity Fixed)
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LELO 2580 ESS (HEN2)

EOL PERFORHANCLE PARAMIMLETLRS
llardware Life Cycles 4 4 4 4 4 4

4 4 4
lHaximum Battery Life (Yr) 7.260 7.285 7.786 8.661 10.468 11.593 12.359 12.895 13,295
Rated Cell Capacity (All) 20 S50 80 110 140 170 200 230 260
Haximum Depth of Discliarge <424 <400 <400 . 360 .278 o227 «192 L1067 <147
Operating Temperature (deg=-K) 283 283 283 283 283 283 283 283 283
lax. Discharge Current (A) 12.188 28.946 46.313 57.892 57.892 57.892 57.892 57.892 57.892
Hinimum Voltage (V) 1.136 1.150 1.150 1.172 1.221 1.256 1.279 1.296 1.312
techarge Fractlon 1.072 1.072 1.071 1.072 1.072 1.072 1.072 1.072 L.072
Charge Current (A) 8,967 21.296 34.070 42.593 42.593 42.593 42.593 42.593 42.593
Charge Voltage (V) 1.b97 1.683 1,683 1.663 1.632 1.616 1.007 1.601 1.595
Vatt-llour Efficlency 024 .638 .638 .658 698 . 725 742 «755 . 768
PIHYSLCAL CHARACTERISTICS
Total Humber of Cells 2166 204 565 440 424 412 404 400 396
Humber of Parallel Batterles 1Y ) 5 4 4 4 4 4 4
HHumber ol ilodules per Battery 5 3 5 4 4 4 4 4 4
Battery Cell VWelght (Kg) SAh54 1.134 1.814 2.495 3.175 J.856 4.536 5.216 5.897
Battery Cell Volume (Cm™3) 1547 2020 3764 4128 4492 4857 5221 5586 5951
LSS Veight (Kg) Jugs 2178 2083 2134 2501 2864 3233 3619 3996
LSS Volune (M7T3) 44.948 18.068 16.730 7.817 7.817 8.598 13.288 15.633 14.070
LIFE CYCLE COSTS (l98uitg)
DOTEEL Cost 10.533 8.998 §.602 8.575 9.009 9.431 9.854 10.293 10.717
a Production Cost 19.006 12.593 11.889 11.939 13.171 14.390 15.632 16.935 18.209
= Operations & tlaintenance Cost 110.0691 55.824 42,185 34.841 37.663 40,435 43,240 46.178 49.054
B . e e | WA SR 0 W meeear AR v esamemtaas | ahweemimemewen e i oy e e B o s T M o e
» LSS LIFE CYCLE COST 140,230 77.415 62.676 55.355 59.843 64.256 68.726 73.4006 17.980
Solar Array Cost 235.092 232.41706 232.454 225.348 215.408 208.934 204.743 202.489 200.218
Thermal Control Cost 7.343 7.223 7.221 7.030 6.753 6.612 6.527 6.478 6.431
Power Conditioning Cost 2.429 1.166 . 783 048 .048 648 048 648 .648
TOTAL LIFE CYCLE COST 385,094 J18.280 303.134 288,331 282.0652 280.450 280.644 283.021 285.2177

Exbibit 13a. Rated Cell Capacity
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LLO 50KV E

LOL PERFORIANCE
llardvare Life

55 (iinz)

PARAUNLETERS

Cycles

4

4

4

4 4 4 4 4
Haximum Battery Life (Yr) 6.908 A 5 7.786 7.399 8.2406 8.353 7.786 9.037 9.968
Rated Cell Capacity (All) 20 50 80 110 140 170 200 230 200
Haximum Depth of bischarge <437 « 430 . 400 417 +378 « 374 <400 <343 . 301
Uperating Temperature (deg-K) 243 283 283 283 283 283 283 283 2873
Max. Discharge Current (A) 12,517 30.875 46.313 66.160 77.188 92,625 L15.780 115.780 L15.780
Hinlmum Voltage (V) el | e A | 1.150 1.139 1.162 1.164 1150 1.181 1.204
Recharge Fraction 1.071 1.072 1.071 1.071 1.071 1.072 1.071 1.071 1.071
Charge Current (A) 9.209 22 LS J4.070 48.670 56.784 68.145 85.173 85.173 85.173
Charpge Voltage (V) 1.706 1.701 1.0683 1.693 1.672 1.670 1.683 1.656 1.639
Watt-Hour Efficlency L0l7 021 L0638 <028 <0438 .651 038 L6606 L0806
PUYSLCAL CHNARACTERISTICS
Total Humber ol Cells 4255 1710 1130 798 6606 555 452 440 428
Humber of Parallel Batterlies 3l 15 10 7 (] 5 4 4 4
Humber of ilodules per Battery 5 3 5 5 4 4 5 4 4
‘ Battery Cell Weipght (Kg) 454 1.134 1.814 2.495 3.175 3.856 4.536 5+ 210 5.897
Battery Cell Voluwme (Cwn™3) L1547 2020 3764 4128 4492 4857 5221 5586 5951
LSS Uelght (Kg) 5077 4488 4165 3Ju88 4088 4093 3977 4289 4623
ESS Volume (M73) 77.433 36.137 33.459 28.888 23.361 21.376 14.070 17.197 14.851
LIFE CYCLE COSTS (lYB0Uily)

] DDT&LE Cost 13.548 10.788 10.294 9.854 9.883 9.812 9.598 9.948 10,301
a Production Cost Jo. 107 20.471 19.160 18.204 18.432 18.341 17.819 18.902 20.035
i Operations & Halntenance Cost 206,727 99.444 77.339 63.119 54.658 50.926 49,789 49.192 51.809
N eeemesmme | mememameme  mereemmeme O memmmmme  mmememm e s e e e -
S ESS LLIFL CYCLE COST 250. 382 130.703 106.793 91.177 82.973 79.079 77.206 78.042 82.145

Solar Array Cost 415,800 412,037 405.569 410.407 397.720 397.267 405.509 3Jvl.088 380.074
Thermal Control Cost Y.647 Y.545 9.242 9.425 9.017 B8.964 9.243 8.753 8,430
Power Conditioning Cost 4a274 1.988 L.40Y 1.042 <914 .783 048 648 <0438
TOTAL LIFE CYCLL COST 680.109 554,273 523.013 512.051 490,624 486.113 492.666 479,131 471.303

Exbibit 13b. Rated Cell Capacity
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LLO LOOKW ESS (Hiu2)
LOL PERFORHANCE PARAILTERS
lavrdware Life Cycles 4 4 4 4 4 4 4 4 4
Maximum Battery Life (Yr) 6.908 7.117 7.260 1399 Fe 399 7.330 7.786 7.847 7.532
Rated Cell Capacity (All) 20 50 80 110 140 170 200 230 200
Haximum Depth of Discharge <437 430 424 L4117 417 L4421 400 <397 LAl
Operating Teuperature (deg-K) 283 283 283 283 283 283 283 283 283
llax. Discharge Current (A) 12.517 3J0.875 48.750 66.160 84.204 102.920 115.780 132.320 154. 380
Hinimuwm Voltage (V) 1.127 L. 131 1.136 1.139 1.139 1.137 1.150 1.152 1.143
Recharge Fraction 1.071 1.072 1.072 1.071 1.071 L.o71 l.071 1.071 1.072
Charge Current (A) 9Y.209 Z 2. B0 35.860 48.670 61.944 75.743 85.173 Y7.340 113,580
Charge Voltage (V) 1.700 1.701 1.697 1.693 1.693 1.095 1.683 1.681 1.690
Watt=llour Lfficiency L0117 L021 025 .628 .628 .026 038 .039 .031
PUYSICAL CHARACTERISTICS
Total Humber of Cells 6510 3420 21606 1596 1254 10206 904 784 678
tiunber ol Parallel Batteries 74 30 1Yy 14 11 9 8 7 6
flumber ot tlodules per Batrtery 5 5 S 5 S 5 % 4 5
Battery Cell Weipght (Kg) 454 1.134 1.814 2.495 3.175 3.856 4.530 5.210 5.897
Battery Cell Volume (Cm~3) 1547 2020 3764 4128 4492 4857 5221 5580 5951
ESS Velight (Kg) L1352 - 8974 9262 7976 8421 8415 7952 7818 7741
LSS Volume (M73) 154.870 72,273 86.604 57.776 42,660 39.035 34,283 25.678 27.423
LIFE CYCLE COSTS (198011§) s
DLT&L Cost 1Y.705 14.591 13.463 12.884 12.600 12.360 12,402 12.231 12.057
Production Cost 55.262 36.164 35.073 3J1.0691 32.147 31.782 30.933 30.419 Jo.012
Q Uperatlons & Haintenance Cost 405,215 191,317 141.494 118.861 105,350 95.917 92,743 8l.813 82.498
oy N T TR eV I = | o e 5 N - NSO |- AR = o N e Y St o " N wl . SR
::: ESS LIFL CYCLE COST 480,242 262,072 190,030 163,436 150,097 140.059 136,078 124.403 124,567
Solar Array Cost 725,476 718.908 717.437 716.048 716.048 716.743 707.614 702.074 709.909
Thermal Control Cost 14,092 13.887 13.765 13.649 13.649 13.706 13.286 13.168 13.476
Pover Counditloning Cost 7.694 3.573 2.429 1.875 1.528 1.289 1.166 1.042 LYl4
[OTAL LIFE CYCLE COST 1227.504 Y78.445 923.661 895.008 881.322 871.797 858.144 840.747 B43.860

Exbibit 13c. Rated Cell Capacity
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LLO 250K\ ESS (Hinz)

LOL PERFORHANCE PARAIETERS

Hlardvare Life Cycles 4 4 4 4 4 4 4 h 4
Maximum Battery Life (Yr) 6.9006 6.9638 6.900 7.088 7.204 7.087 7.2060 6.900 7.101
Rated Cell Capaclity (All) 20 50 80 110 140 170 200 230 2060
Haximum Depth ol Discharge Y 437 Y] 432 426 432 WA 24 JAA0 414
Operating Temperature (deg=-K) 283 233 283 283 283 283 283 283 283
flax. Discharge Curvent (A) 12.585 31.292 50,340 68.107 85.764 105,260 121.880 144.730 154,330
tiinlimum Voltage (V) 1.125 L.127 1.125 L.131 1.134 1.131 1.136 1.125 l.136
Recharge Fractlon 1.071 1.072 1.071 1.071 1.071 1.072 1.072 1.071 1.022
Charge Current (A) 9.259 23.022 37.033 50.103 63.092 77.441 89.668 106.470 113.580
Charge Voltage (V) 1.708 1.706 1.708 1.702 1.699 1.702 1.697 1.708 1.69Y
Watt=llour Efllclency .015 617 015 .620 623 620 624 615 624
PUYSICAL CHARACTERISTICS
Total Huwber of Cells 21160 8510 5290 3876 3078 2508 21606 1840 1710
Humber of Parallel Batteries 184 14 46 34 27 22 19 16 15
Humber of Modules per Battery 5 5 - 5 > 5 5 5 5 3
Battery Cell Weight (Kg) LA54 1.134 1.814 2.495 3.175 3.856 4,536 5.216 5.897
battery Cell Volume (Cm~3) 1547 2020 3764 4128 4492 4857 5221 5586 5951
L3S Weight (Kg) 24148 227171 20858 20103 20029 20184 20453 18850 20134
‘ LS5 Voluame (MH73) 356.200 189.280 179.160 144,440 115.550 89.578 86.6064 72.991 68.5006
LIFE CYCLE COSTS (1960il§)
DDT&L Cost 26.932 19.059 16.954 16,117 15.722 15.311 15,256 la.y821 15.211
Production Cost 123.409 83.337 74.814 71.439 70.408 69.797 70.210 66,043 6Y.474
E Operations & llaintenance Cost 1003.45Y 461.213 332.121 277.784 267.194 223.002 211,353 195.002 LY6. 165
N ———————————————————————————————————————————————————————————————
* £ESS LIFE CYCLE COST 1153.800 563.609 423,889 365.340 333.324 J08.110 296.81Y 275.8606 280.850
Solar Array Cost 1515.578 1514.082 1515.476 1500.808 1498.481 1500.970 1497.423 1515.476 1498.754
Thermal Control Cost 27.579 27.435 27.5172 26,972 26,728 26.977 26.617 27.572 26.7717
Power Conditioning Cost 16.657 7.094 5.141 3.979 3272 2.750 2.429 2.100 1.988
TOTAL LLFE CYCLE COST 2713.614  2112.820 1972.078 1897.159 1861.805 1838.807 1823.288 1821.014 1808.306Y

Exbibit 13d. Rated Cell Capacity
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GLO

EOL

PHYS LCAL

25KU ESS (uii2)

PERFORMANCL PARAINILTERS
lardvare Life Cycles
Haximuw Battery Life
Rated Cell Capacity (All)
Haximun Depth ol Discharge
Uperating Temperature (deg-K)
Max. Discharge Current (A)
infunum Voltage (V)

Recharyge Fraction
Charge Current (A)
Charge Voltage (V)
Vatt=llour Effliciency

(Yr)

CHARACTERISTICS

Total Humber ot Cells

dHumber ol Parallel Batteries
Humber of IHodules per Battery
Battery Cell Welpght (Kg)
Battery Cell Volume (Cm™3)
LS55 Uelpght (Kg)

LSS Volume (H73)

LIFL CYCLE €COSTS (l1980M8$)
DDT&L Cost
CP Productfion Cost
: Operations & ilalntenance Cost
A

LSS LIFE CYCLE COST
Solar Array Cost
Thermal Control Cost
Power Conditlouning Cost

TOTAL LIFL CYCLE COST

1
L.049
20
L8110
283
13,622
1.200
1.604
l.o13
1.493
.504

1819
17
4

<454
1547
2272
23.705

9.131
40,943
«500

73.162

1
1.3064
50
o 7187
283
33.080
1.213
L. 373
2.304
1.48Y9
«592

749

7
4
1.134
2020
1796
15.816

7.954
J1.405
.500

60.779

1
2.5806
80

L6806
283
464312
1.238
L. 145

2.756
1.477

i3

525

5
4
1.814
37064
1888
15,800

7.890
32.495
. 500
40,885
L1.855
54773
783

59.2948

3.526
110
<623

283

57.890

1.252

1.093

3.290

1.473

.778

59.559

5.864
140
489

283

57.890

1.298

1.071

3J.224

1.408
825

400

4
4
3.175
4492
2333

8.598

8.307
38.874
« 500

Exbibit 13e. Rated Cell Capacity

1
7.718
170
L4033
283
57.890
1.331
1.072
3.225
1.466
847

388

4
4
3J.856
4857
2673

8.598

3.675
43.838
. 500

69.649

9,045

200

. 342
283
57.890
1.354
1.071
3.224
L.465

863

3384

4
4
4.5306
5221
JO46
14.070

9.078
49.296
. 500
58.874
10.389
5.442
.648

1
10.036
230
«298
283
57.890
1.370
1.072
3.224
L.4064
874

376

4
4
5.216
5586
3379
14.070

9.426
54.161
. 500
64.087
10.209
5.395
048

80.339

1
10.798
260
. 263
283
57.890
1.382
1.072
3.224
1.463
.881

376

4
4
5.897
5951
3769
14.070

9,837
59.870
.500
70.207
10.207
5.368
.048

86.430
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LEL 25dW LSS (Hinz)

LOL PERFORHANCE PARANETERS

llardware Life Cycles 3 4 5 9 7 8 2 10 11
[faximum Battery Life (Yr) Y.148 7.47Y 6.917 5.019 54193 5.313 4,067 el 2.888
tated Cell Capacity (All) 40 35 3o 25 25 25 25 20 20
Haximun Depth of bischarge . 338 382 L440 335 a2 «519 «325 L0674 .065
Operating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
Max. Discharge Current' (A) 19.298 19,298 19,298 19,298 19.298 19.298 19.298 19.298 19.298
HNinimum Voltage (V) 1.149 1.149 1.152 1.112 1.135 1.151 1.136 1.071 1.088
lecharge Fraction 1.071 1.072 1.072 1.071 1.071 1.071 1.072 1.081 1.081
Charge Current (A) 14.197 14.198 14.198 14.197 14,197 14,197 14.198 14.329 14.320
Charpge Voltage (V) 1.702 1.689 1.669 1.698 1.667 1.640 1.660 L.725 1.69Y
Watt=llour Efliciency 0630 .635 044 .611 635 .053 636 574 «593
PHYS [CAL CUHARACTERISTICS
Total Humber of Cells 1356 1356 1344 1392 1368 1344 1368 1452 1428
Huwber of Parallel Batterles | 12 12 L2 12 L2 L2 L2 12 12
Wumber of tlodules per Battery 5 5 4 5 5 4 5 5 5
Battery Cell Welght (Kg) .907 .794 L680 .567 .567 .567 .567 <454 454
Battery Cell Volume (Cm™3) 1853 1772 1695 1620 1620 1620 1620 1547 1547
ESS Weight (Kg) 2024 2384 2108 1950 1917 L1867 1917 L7067 1739
LSS Volume (M™3) 28.440 28.446 18.964 28.4406 28.4406 18.9064 28,440 28.446 28,440
LIFE CYCLE COSTS (1980MS$)
DDT&L Cost 9.891 9.619 9.297 9.142 9,087 9.015 9.087 8.973 8.921
Q Production Cost 15.273 14,956 12.882 14,421 14,355 12.307 14.355 14,240 14,185
: Uperations & Malntenance Cost 57.496 77.411 79.629 115.591 135.264 126.652 175.000 192.749 212,014
= ESS LIFE CYCLE COST $2.660 101.986 101.608 139.154 158,706 147.974 198,442 215.968 235.120
S5olar Array Cost 234.574 233,127 229.254 239.127 2325 357 226.721 232.255 252,324 245,925
Thermal Control Cost 7.378 7:270 7.087 7.362 7.090 6,896 7.082 7.700 7.461
Power Conditioning Cost l.645 1.045 1.0645 1.645 1.645 1.645 1.645 1.645 1.645
TUTAL LIFE CYCLE CUST 326.257 344.028 339.794 387.288 399.798 383.2306 439.424 477.643 490.151

Exbibit 14a. Hardware Life Cycles (Capacity Variable)
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LLO 50U LSS (tinz)

LOL PLRFORUANCL PARAULTERS
llardvare Life Cycles 3 4 5 6 7

8 9 10 L1
flaximum Battery Life (Yr) 9,148 1532 5.911 5.020 4,434 4,065 4.19Y 2.765 2.889
Rated Cell Capacity (All) 80 65 55 50 45 45 45 40 40
Max fmum Depth of Discharpe . 338 L4111 LA87 535 «392 590 «582 L0675 «605
Operating Temperature (depg-K) 283 283 283 283 283 283 283 283 283
llax. Discharge Current (A) J8.594 38.594 38.594 38.594 38.594 38.594 38.594 38.594 38,594
Hinimum Voltage (V) 1.149 1.143 1.122 b K L2 l.1ul L.107 1.124 1.070 1.088
Recharge Fraction 1.072 1.072 l.072 1.071 1.074 1.074 1.073 1.082 1.081
Charge Current (A) 28.394 28.394 28.394 28.391 28.471 28.463 28.444 28,0659 28.038
Charge Voltage (V) o702 1.690 1.698 1.698 1.697 1.689 1.666 1.226 1.699
Watt~llour Efflclency L0630 .031 017 011 604 610 .629 574 «393
PHYS ICAL CHARACTERISTICS
Total Humber of Cells 1356 1356 1380 1392 1404 1404 1380 1452 1428
Humber of Parallel Batteries 12 12 12 12 12 | 3 12 12 12
Number of lodules per Battery 5 5 5 53 5 ok 5 5 5
Battery Cell Weight (Kg) 1.814 1.474 L.247 1.134 1.021 1.021 1.021 907 907
Battery Cell Volume (Cm™3) 3764 3582 3401 2020 1936 1936 1936 1853 1853
ESS Weipght (Kg) 4868 4154 3739 3521 3301 3295 3238 3155 3099
LS55 Volume (1173) 42.660 42.660 44.692 28.446 28.446 28,446 28,4406 28.440 28.440
LIFL CYCLE COSTS (1980i13)
DDT&E Cost ] 10.456 10.046 9.832 9.615 9.014 9.543 9.488 9.421
a Production Cost 21,739 196952 19.841 17.301 16.580 16.573 16.368 16.134 15.937
A5 Operations & llaintenance Cost 66.317 87.317 110.517 124,747 143,298 164.484 184.697 203.527 223.234%
U S s e S R s I B S O T R Rt T S
= ESS LIFE CYCLE COUST 99.229 117.725 140.404 151.8380 16Y9.49Y 190.671 21V.608 229.149 248.592
Solar Array Cost 409.273 406,875 414.334 417.170 420.802 419.115 408,527 440.457 429.049
Thermal Control Cost 9.557 9.339 9.510 9.524 9.560 9.431 8.98Y 10.228 Yol 22
Power Condltioning Cost 1.0645 1.645 1.645 1.645 1.645 1.645 1.645 1.645 1.645
TOTAL LIFL CYCLE CUST 519.704 535.584 565.893 560.219 601.5006 620.862 029.76Y 681.479 689.008

Exbibit 14b. Hardware Life Cycles (Capacity Variable)
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Exbhibit 14b. Hardware Life Cycles (Capacity Variable) Continued




LEO LOOKW ESS (5i12)

EOL PERFORMAHCE PARAMETLRS )
llardwvare Lifte Cycles 3 4 5 6 7

8 9 10 11
Haximum Battery Life (Yr) 9.148 7.1172 5.911 5.020 ha232 3.684 3.472 2.752 2.888
Rated Cell Capacity (All) 160 125 110 100 90 90 45 45 : 80
Haximum Depth of Discharge .338 «430 L4887 +535 Y5 «595 627 .035 065
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
Hax. Discharge Current (A) 77.18Y 77.189 77.189 17,189 77.189 77.18Y 77.189 77.189 77.189
N\ Hinimum Voltage (V) 1.149 1.131 1.122 1.112 1.095 1.094 1.093 L.077 1.088
Recharge Fraction 1.071 1.071 1.071 1.071 1.075 1.075 1.078 1.078 1.081
Charge Current (A) 56.784 56.7084 56.784 56.784 56.953 56.953 57.107 57.14Y 57.2176
( Charge Voltage (V) 1.702 1.701 1.698 1.698 1.706 1.707 1.699 lis223 1.699
) Watt-llour Effliciency .630 621 017 .611 «597 «597 «597 .580 «393
\AN )
PHYSICAL CHARACTERISTICS
Total Number ol Cells 1356 13068 1380 1392 1416 1416 1416 La4q 1428
Number of Parallel Batterlies 12 12 12 12 12 12 12 12 12
Humber of HModules per Battery 5 5 5 5 5 5 5 5 5
Battery Cell Weight (Kg) 3,629 2.835 2.495 2.268 2.041 2.041 1.928 1.928 1.814
Battery Cell Volume (Cm™3) 4735 4310 4128 4007 3886 3880 3825 3625 3704
LSS Weipght (Ky) 9358 7765 7098 6663 6275 6276 6022 6135 5816
LSS Volume (M73) 42,660 42.660 44.692 44,692 44,692 44.692 44,692 44,692 44,0692
LIFE CYCLE COSTS (L980i1$)
DDT&LE Cost 13.986 12.520 11.912 11.514 11.159 11.160 10.928 11.0206 10.741
a Production Cost 30.031 3J0.740 28.539 27.103 25.824 25.827 24,990 25,354 24,315
R Operatlons & Maintenance Cost 85.994 108.515 132.531 156.168 178.258 205.184 227.341 255.482 2755022
8 e R s L e demetmamens || s wvasiaes | Griesedaewi | meimsimasss | attherssaves | weavme e | fleserapewenal il s
o LSS LIFE CYCLE COST 136.011 151.775 172.982 194,785 215,241 2642.1171 263,259 291.8062 Jlo.078
Solar Array Cost 714,044 718.867 722.867 727.879 142,420 742.744 741.529 760.600 748.95773
Thermal Control Cost 13.910 13.885 13.817 13.847 14.272 14.301 14.101 15.039 14.242
Power Conditioning Cost 1.645 l.045 1.645 1.645 1.645 1.645 1.645 1.645 1.645
TOTAL LLIFE CYCLE COST 865.610 886.172 911.311 938.156 973.578 1000.861 1020.534 1069.146 1074,538

Exbibit 14¢c. Hardware Life Cycles (Capacity Variable)
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Exbibit 14c. Hardware Life Cycles (Capacity Variable) Continued



LEO 250KW ESS (Hi2)

LOL PERFORUANCE PARAMETERS

llardvare Life Cycles 3 4 2 O 7 i) 9 10 11
Haximum Battery Life (Yr) 9. 148 7.028 5.687 4.760 4,173 3.772 3.304 J.001 2.889
Rated Cell Capaclty (Al) 200 £55 135 125 115 110 105 Loo Loo
tlaximum Depth of DIscharge . 338 JA34 <498 .538 .583 007 .637 6067 605
Uperating Temperature (deg-=K) 283 283 283 283 283 283 283 283 283
Max. Discharge Curreant (A) 96.485 9Y6.485 96.485 96.485 96.485 Y6.485 96,485 960.485 96.485
Hinimum Voltage (V) L. 149 l.129 L.L14 1.105 L.096 1.094 1.086 l.084 1.088
Recharge Fraction 1,071 l.071 1.071 1.071 1.074 1.076 1.078 L.081 L.ou81
Charge Current (A4) 70.978 70.978 70.978 70.978 71.124 71.263 71.442 71.608 71.595
Charge Voltage (V) 1.702 1.704 1.706 1.708 L.707 1.703 1.709 1.7006 1.699
Vatt=llour Lfficiency 030 .018 010 .604 - 598 «597 . 589 .588 593
PHYS ICAL CHARACTERLISTICS
Total Number of Cells 2712 2760 2784 2808 2832 2832 2850 2850 2856
Humber of Parallel Batteries 24 24 24 24 24 24 24 24 24
Humber of dodules per BDattery 5 5 5 5 5 5 5 5 5
Battery Cell Welght (Kg) 4,530 3.515 3.062 2.835 2.608 2.495 2.381 2.268 2,268
Battery Cell Volume (Cm™3) 5221 4675 4432 4310 4189 4128 4U67 4007 4007
ESS Welght (Kg) 23204 19250 174061 16613 15744 15244 14873 14373 14350
ESS Volume (M7T3) 85.319 89.383 89.383 89.383 89.383 89.383 89.383 89,383 89.383
LLFE CYCLE COSTS (19Y80M4$)
DDT&LE Cost 17.742 15.446 14,405 13.913 13.412 13.122 12.903 12.609 12.6006
a Production Cost 81.200 08,240 62,348 59.563 56,717 55.074 53.848 52+201 52.150
e Uperations & Maintenance Cost 186.139 232.5506 281.201 332.098 379.938 429.368 478.402 523.318 ST« 4
G e e R | e ertan et P aclemimat el leviat | et v e O S LE L
» LSS LIFE CYCLL COST 285.141 3J16.242 357.954 406.174 450.067 497.564 545.153 588.128 642.503
Solar Array Cost 1490.221 1512.687 1524.857 1530.935 1549.430 1549.024 1566.456 1567.165 1562.339
Thermal Control Cost 26.975 27.294 27.520 27.779 27.958 27.1739 28.455 28.329 27.4809
Power Conditioning Cost 2.961 2.961 2.961 2.961 2.961 2.961 2.961 2,961 2.961
TUOTAL LIFE CYCLE COST 1805.298 1859.184 1913.292 1973.849 2030.416 2077.288 2143.025 2186.583 2235.612

Exbibit 14d. Hardware Life Cycles (Capacity Variable)
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Exhibit 14d. Hardware Life Cycles (Capacity Variable) Continued



LLO 25KW ESS (Hinz2)

LOL PERFORMANCE PARAMETERS

lardvare Life Cycles 4 4 4 4 4 4 - 4 4 4
llaximum Battery Life (Yr) 9,092 7.912 7.424 7.154 6.983 7 bl 7,272 7.154 7.060
Rated Cell Capaclty (All) 20 35 50 65 80 95 115 130 145
Haximum Depth of Discharge <340 . 394 L4106 <429 437 440 423 <429 433
Operating Temperature (deg-K) 283 283 283 283 283 283 283 283 2873
llax. Discharge Current (A) 10,000 20,000 JO.000 40.000 50.000 60.000 70.000 80,000 90.000
Hinimum Voltage (V) L. 182 1.153 l.140 1.133 1.427 1.129 1.136 1.133 1.130
Recharge Fraction 1.071 1.072 1.071 1.072 1.071 1.071 1.072 1.072 1.072
Charge Current (A) £+357 L4.715 22,070 29.429 36.783 44.139 51.501 58.857 66.215
Charge Voltage (V) 1.655 1.680 1.692 l.700 1.705 1,702 1.097 1.700 e #8232
Watt=lour Efficlency L0067 041 L0629 622 617 619 625 622 .619
PUYSICAL CHARACTERISTLCS
Total Number of Cells 2616 1344 Y04 684 575 460 456 456 460
Humber of Parallel Batteries 24 12 8 6 5 4 4 4 4
Number of ilodules per Battery 4 b 5 5 5 5 5 5 2
Battery Cell Weight (Kg) 454 <794 1.134 1.474 1.814 2:155 2.608 2.948 3.28Y
Battery Cell Volume (Cm™3) 1547 & 2020 3582 3764 3946 4189 4371 4553
LSS Weight (Kg) 2900 2357 2194 2109 2149 2021 2384 2685 3008
LSS Volume (UH73) 54,205 18.904 18,068 21.330 16,730 14.070 14.070 L4.070 14,070
LIFE CYCLE COSTS (1980i$)
DDT&E Cost 11.255 9.578 9.0006 8.718 8.064 8.4206 8.821 9.131 9.4060
9 Production Cost 21.504 13.696 12.632 12.320 12.089 11.543 12.707 13.663 14.695
m OUperations & lHaintenance Cost 119.971 64,703 55.845 46.930 42,479 36.980 39.365 41.260 63,3206
Q ———————————————————————————————————————————————————————————————
LSS LIFE CYCLE COST 152.730 87.9117 77.483 67.974 63,232 50.949 60.893 64.054 67.487
Solar Array Cost 229.2065 237.199 240.320 242,924 253.374 244.820 274.483 306.041 339.236
Thermal Control Cost 7.018 7.254 7.366 7.444 7.597 7.475 7.787 8.191 8.627
Power Conditioning Cost 2.961 1.0645 1.166 <914 .783 048 048 648 .648
TOTAL LIFE CYCLE COST 391.974 334.075 326.335  319.256 324,980 309.892 3J43.811 378.934 415.998

Exbibit 15a. Discharge Current (Capacity Variable)
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Exbibit 15a. Discharge Current (Capacity Variable) Continued



LLO 50KV ESS (Hinz)

EOL PERFORMANCE PARAMETERS

Hardvare Life Cycles 4 4 4 4 4 4 4 4 4
laximun bBattery Lifle (Yr) 9,092 7912 7.424 7.154 6.983 7.111 Fe 272 7.154 7.0060
Rated Cell Capaclty (Al) 20 J5. 50 65 80 95 115 130 145
Haximum Depth of Discharge' . «340 -394 416 429 <437 <440 S423 429 +A433
Operating lTemperature (deg-K) 283 283 283 283 283 283 283 283 283
Hax. Discharge Current (A) L. 000 20.000 Ju.000 40.000 50.000 60.000 70.000 80.000 90.000
{inimum Voltage (V) 1.182 1353 1.140 1.133 1.127 1.129 1.1306 1.133 1.130
Recharpge Fractlon L.071 1.072 1.071 1.072 1.071 1,071 1.072 1.072 1.072
Charge Current (A) 7.357 14.715 22.070 29.429 36.783 46,139 51.501 58.857 66.215
Charge Voltage (V) 1.655 1.680 1.692 1.700 L.705 1.702 1.697 1.700 L.703
Watt-llour Efflciency 667 .641 <629 022 L6017 6019 625 .622 619
PHYS LCAL CGCHARACTERISTICS
Total Number of Cells 5123 2688 1808 1368 1150 920 798 684 690
Number ol Parallel Batteries 47 24 1o 12 10 8 7 0 0
lumber of Hodules per Battery 4 4 5 5 5 5 5 5 5
Battery Cell Ueipght (Kg) 454 794 L.134 L 474 1.814 2.155 2,608 2.948 3.289
Battery Cell Volume (Cm™3) 1547 1772 2020 3582 3764 39406 4189 4371 4553
ESS Weipght (Kg) 6uVl0 4714 4387 4217 4297 4041 4171 4028 4512
ESS Volume (MT3) 108.410 61.940 36.137 42.660 33.459 29.859 28.888 21.330 22. 34606
LIFE CYCLE COSTS (l1980118$)
DDT&E Cost 14:.962 12.065 11.028 10.509 10,398 9.980 10.013 9.790 1u.232
Q Production Cost 37.992 25.133 20,622 20.019 19.557 18.481 18.773 18.1806 194727
a Operations & Mailntenance Cost 2206.574 127.812 105.059 87.314 717.920 67.451 64.219 58.614 6l1.687
% ———————————————————————————————————————————————————————————————
E5S LLFE CYCLE COUST 279.528 165.010 136.709 117.842 107.875 95.912 93.005 86.590 91.6406
Solar Array Cost 393.294 613.853 419.287 423.836 442,073 427.148 430.203 423.822 469,785
Thermal Control Cost 6.758 9.308 9.531 9.687 9.994 9.748 9.727 9.687 10.340
Pover Conditioning Cost 5.236 2.961 2.100 1.645 1.409 1.166 1.042 <914 L9104
TOTAL LILIFE CYCLE COST 686.810 591,132 5067.627 553.010 56 15351 533.974 533.977 521.013 572.685

Exbibit 15b, Discharge Current (Capacity Variable)
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Exhibit 15b. Discharge Current (Capacity Variable) Continued



LEQ LOOKW ESS (Hiuz2) 2

EOL PERFORHANCL PARAHETLRS

llardware Life Cycles 4 4 4 4 4 4 4 4 4
Haximun Battery Life (Yr) Y.,092 7.912 1.424 7.154 6.983 7.111 7.272 7.154 7.060
lated Cell Capacity (All) ; 20 35 50 65 380 95 115 130 145
ttax tmun Depth of Uischarge 340 » 394 416 429 £437 L4460 423 <4629 «633
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
llax. Discharge Curreat (A) 10.000 20.000 30.000 40.000 50.000 60,000 70.000 80.000 90.000
Minimum Voltage (V) 1.182 1.153 1.140 1.133 1.127 1.129 1.136 1.133 L.130
Recharge Fraction 1.071 1,072 1.071 1.072 1.071 1.071 1.072 1.072 1.072
Charge Current (A) 7.357 14.715 22,070 29.429 36.783 44,139 51.501 58.857 66.215
Charge Voltage (V) 1.655 1.680 1.692 1.700 1.705 1.702 1.697 v 1.700 1.703
Vatt=llour EfEiciency L0667 041 L0029 «622 L6017 619 625 622 .619
PHYSLICAL CHARACTERISTICS
fotal Humber of Cells 10137 5264 3503 2736 2185 1840 1596 1368 1265
Huwmber of Pavallel Batterles 93 47 31 24 19 16 14 12 i1
Humber of llodules per Battery 4 4 5 5 5 5 5 5 5
Battery Cell Welght (Kg) <454 . 794 L.134 1.474 1.814 2,155 2.608 2.948 3. 289
Battery Cell Volume (Cm~3) 1547 1772 2020 3582 3704 3946 4189 4371 45573
LSS Wedght (Kg) 12220 Y597 8819 8432 9307 8081 8342 8054 8830
LSS Volume (if73) 216.830 123,890 72273 89.578 86.664 59.719 57.770b 42.600 b4 .692
LLFL CYCLE COSTS (1980n%)

E DDT&E Cost 22.218 16.770 14.780 14.092 13.543 13.110 13.168 12.756 12.900

N Production Cost 10,722 45,090 30.1360 34.646 35.398 32.237 32.828 31.650 33.405

< Uperations & Maiuntenance Cost 439.518 242,083 197.114 166.154 142.012 127.99%4 121.049 110.3061 107.575
ESS LIFL CYCLE COUST 532.458 303.943 248,030 214.892 190.953 173.347 167.045 154.773 153.3880
Solar Array Cost 680.342 709.950 713.144 739.461 740.150 7454255 750.594 739.461 764, 344
Thermal Control Cost 12.242 13,243 13.591 14.172 14,308 14.296 14.253 14.172 14.623
Power Conditioning Cost 9. 339 5.236 3.67Y 2.961 2.429 2.100 1.875 1.645 1.528
TOTAL LIFE CYCLE COST 1234.331 10U32.372 978.444 971.486 947.840 934.998 933.767 910.051 934.3175

Exbibit 15c, Discharge Current (Capacity Variable)
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Exhibit 15c. Discharge Current (Capacity Variable) Continued



LEO 250K\ ESS (Hiu2)

EOL PERFORHAHNCE PARAHETERS
llarduare Life Cycles 4 4 4 4 4 4 4 4

4
Haximun Battery Life (Yr) 9.092 T2t 2 7.424 7.154 6,983 7.111 Te 272 7.154 7.0060
Rated Cell Capaclty (All) 20 35 50 65 8U 95 115 130 145
laximum Depth of Discharge L340 <394 L4106 L4429 LA37 L440 LA423 429 433
Operating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
Hax. Discharpe Current (A) 10.000 20.000 30.000 40,000 50.000 60.000 70.000 80.000 90.000
Minimum Voltage (V) l.182 1.153 1.140 1. 143 1.127 1.129 1.136 1.133 1.130
Recharye Fraction 1.071 1.072 1.071 L.072 1.071 1.071 1.072 1.072 1.072
Charge Current (A) (i s o l4.715 22.070 29.429 3J6.783 44,139 51.501 58.857 66.215
Charge Voltage (V) 1. 653 1.680 1.692 1.700 L.705 1.702 1.697 1.700 I.703
Vatt-llour Efficiency 607 041 .629 022 017 619 «625 622 019
PHYSICAL CUARACTERISTICS
lotal Nuumber of Cells 25288 12992 3814 6612 5405 4485 3876 3300 2990
Hunber of Parallel Batteries 232 L16 78 58 47 39 34 29 26
Hlumber of Modules per Battery 4 4 5 5 5 5 5 5 5
Battery Cell Weight (Kg) 454 794 L.134 1.474 L.81l4 2.155 2.608 2.948 3.289
Battery Cell Volume (Cm”3) 1547 12712 2020 3582 3764 3946 4189 4371 4553
LSS Welght (Kg) 28081 24248 22023 23559 20725 20220 20858 21054 20751
LSS Volume (I1173) 523.990 309.730 180.680 238.880 179.160 149,300 144,440 119.440 115.550
LLFE CYCLE COSTS (1980i1$)
DOT&E Cost 31.058 22,3068 19.505 17.996 17195 16.491 16,525 15.879 155757
0 Production Cost 164.565 104.407 82.840 82.538 75.089 712.519 73.853 72.802 71.923
: Uperations & llalatenance Cost L0Y90.030 583.566 482,930 Jjg8.653 339,334 JoL.030 282,841 256.049 243,199
"l R S S R e I ek L N e e R e N e e R N e S e
ESS LIFE CYCLE CUST 1285.653 710,341 585.275 489,187 431.618 390,040 313.219 344,730 330.879
Solar Array Cost 1417.444 1466.541 1496.093 1501.925 1531.747 1524.110 1530.526  1501.891 1524.993
Thermal Control Cost 22765 25.052 26.310 26.883 27.1729 27.369 27.183 26.881 27.4173
Power Conditioning Cost 20,275 11.264 8.045 6.258 5.236 4,469 LR AL J.417 3. 169
TOTAL LLFE CYCLE COST 2746.137  2213.198 2115.723 2024.253 1996.330 1945.988 1934.907 1876.979 1886.514

Exbibit 15d. Discbarge Current (Capacity Variable)
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Exbibit 15d. Discharge Current (Capacity Variable) Continued



GLOU 25KU LSS (H112)

EOL PERFORIMANCLE PARANLETERS

Havdware Life Cycles 1 1 1 1 § 1 1 1 1
Maximun Battery Life (Yr) 1.238 1.238 1.238 1.238 941 745 812 L8060 . 904
Rated Cell Capaclty (ail) 15 v 45 60 ] 85 100 115 130
laximum Depth of Discharge 793 793 «793 v 733 w195 844 . 836 . 830 L8026
Operating Temperature (deg-K) R 283 283 283 283 283 283 283 283
Max. Discharge Current (A) . 10.000 20.000 30.000 40,000 50.000 60.000 70.000 80,000 90.000
Minimum Voltage (V) 1.211 L.211 1.211 l.211 1.208 1.192 1.196 1.199 1.201
Recharge Fraction 1.412 1.412 L.412 1.412 1.422 1.581 1.586 1.590 1.593
Charge Current (A) . 734 1.4068 2.202 2.936 3.696 6.239 6.780 7.334 7.892
Charge Voltage (V) L.490 1.490 1.490 1.490 1.494 1.500 1.502 L.500 l.498
WHatt~-Hour Efficiency S i 575 576 576 .569 « 390 427 <453 475
PUYSTCAL CHARACTERISTICS
fotal Number of Cells 2568 1284 856 642 535 436 632 432 432
Number of Parallel Batteries 24 12 -8 6 o 4 4 4 4
Humber ol MHodules per Battery 4 4 4 4 4 4 4 4 4
Battery Cell Wefight (Kg) . 340 L0680 1.021 1.301 1.701 1.928 2.268 2.608 2.948
Battery Cell Volume (Cm™3) 1479 1695 1936 3521 3703 3825 4007 4189 4371
ESS5 Weipht (Kg) 2376 2000 1875 1812 1848 1701 1961 2234 25060
LSS Volune (1173) 49.043 15.803 16,348 19.298 17.658 6,253 9.380 9.380 9.380
LLIFL CYCLE COSTS (l1Y8013)
DOT&E Cost * Y.9606 8.587 d.119 7.884 71.839 7.600 7.8638 8.148 8.421
0 Production Cost 60.796 34.986 32.071 33.1206 33.228 29.052 33.405 37.353 41,288
§ Operations & Haintenance Cost . 500 . 500 .500 .500 .500 . 500 . 500 . 500 . 500
ESS LIFE CYCLLE COST 71.262 LRV ) 41.290 41.510 41,507 B 1.5 41.773 45,001 50.1209
Solar Array Cost 14.7067 14.766 14.763 14.764 15,371 19.988 21.169 22.520 23.8064
Thermal Control Cost 5.870 5.870 5.870 5.870 5.898 5.921 6.022 6.133 6.244
Power Conditioning Cost 2.901 1.0645 1,166 914 .783 648 648 L6048 648
TOTAL LLIFE CYCLE COST 94.860 606.354 63.089 63.058 63,619 64.309 69.612 75.302 80.965

Exbibit 15e. Discharge Current (Capacity Variable)
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Exhibit 15e. Discharge Current (Capacity Variable) Continued



LLEO 25KW LSS (Hinz2)

EOL PERVORUMANCE PARAILETERS
Hardvare Life Cycles 3 4

5 0 7 8 9 1o L1
Haximum Battery Lite (Yr) Y. 4706 7.785 6.601 5.020 5.194 4.212 3. 184 3. 342 J. 455
Rated Cell Capacity (All) 50 50 50 50 50 50 50 50 50
Haximun Depth of Discharpe <323 L4000 L4554 335 525 «529 L6045 «635 628
Uperating Temperature (deg-K) 283 283 283 283 283 283 283 283 283
ltax. Discharge Current (A) 23.157 28.940 3J3.080 38.594 38.594 38.594 46.313 40.313 46.313
Mipimum Voltage (V) 1.158 1.150 L.143 I.112 1.135 1.126 1.080 1.099 1.113
Recharge Fraction 1.072 1L.072 1.071 1.071 l.071 1.072 1.07Y 1.078 1.078
Charge Current (A) 17.038 21.296 24,335 28.391 28.391 28.394 34.314 34.286 34.207
Charge Voltage (V) 1.694 1.683 T1.677 1.698 1.667 1.679 1.716 1.688 1.668
Watt=llour Efficlency .038 .038 .636 .611 .635 «6206 .583 604 L6019
PUYSICAL CHARACTERISTICS i
Total dumber of Cells 1120 Y04 791 696 684 690 600 590 580
Number of Parallel Batterles v 4 Z 6 6 6 S 5 5
Number of Modules per Battery 4 5 5 5 5 5 5 5 5
Battery Cell Weight (Kg) L.134 L.134 L.134 L.134 1.134 L.134 L.134 1.134 l.134
Battery Cell Volume (Cn"3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
LSS Welght (Kg) 2598 2178 1948 L7611 1728 1743 1575 1545 L1519
LSS Volume (MT3) L2535 3 18.068 14.983 14,223 14.223 14.223 7.953 7.953 7.953
LIFE CYCLE COSTS (1980i1y)
DOT&E Cost Y.073 8.998 8.629 8,316 8.271 8.291 7.994 7.954 T«917%
Q Production Cost 14.249 12,593 11.696 10.955 10.840 10.893 10.208 10.107 10.015
: Upcerations & llaintenance Cost 43.209 55,824 63.423 67.738 79.244 91.308 Yyu.673 1V0.631 110.500
% LSS LIFL CYCLE CuUST 067.131 77.415 83,748 87.009 98.355 110.492 108.875 118.692 128.432
Solar Array Cost 232.055 232.476 231.797 239.101 232.336 235.305 249.183 242.503 236,840
Thermal Control Cost 7.304 7..223 7.165 7.362 7.090 7.197 7.607 7.345 7.151
Power Conditloning Cost 1.409 1.166 1.042 914 <914 914 . 783 .783 783
TOTAL LLFLE CYCLE COST 307.899 318.260 323.752 334.386 338.695 353.908 366.448

369.323 373.212

Exbibit 16a. Hardware Life Cycles (Capacity Fixed)
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Exbibit 16a. Hardware Life Cycles (Capacity Fixed) Continued



LEO 50KV ESS (NLH2)

LOL - PERFORITANCLE PARAUETERS
llardware Life Cycles 3 4 5 6

7 8 9 10 L1
Maximum Battery Life (Yr) 4.476 7.117 5.725 5.020 6,125 4,295 3.184 3.342 3.455
Rated Cell Capaclty (All) 50 50 50 50 50 50 50 50 50
Haximum Depth of Discharge «323 . 430 4906 «535 . 586 .570 045 635 L0238
Operating Temperature (deg-K) 283 283 2873 283 283 283 283 283 283
Max. Discharge Current (A) P I G 30.875 35.626 38.594 42,103 42,103 46.313 46.313 46,313
Hinimum Voltage (V) 1.158 1.131 1.116 P 8 ) 1.094 1.116 1.080 1.099 3 ) L
Recharge Fractlon 1.072 1.072 1.071 1.071% 1.074 1.073 1.079 1.078 1.078
Charge Current (A) 17.038 22115 20,209 28,391 31.042 31.010 34,314 34,280 34,2067
Charge Voltage (V) 1.694 1.701 1.705 1.698 1.710 1.679 Yo 7L0 1.688 1.068
Watt=llour Efficlency .638 L021 611 .011 +596 .620 .583 604 L0119
PHYSLCAL CHARACTERISTICS
Total Humber of Cells 2240 1710 1508 1392 1298 1276 1200 1180 1160
Humber of Parallel Batterles 20 15 L3 12 L1 11 1o 10 10
Number of Modules per Battery 4 5 5 v5 5 5 5 5 5
Battery Cell Weight (Kg) L.134 1.134 1.134 1.134 1.134 1. 134 L.134 1.134 L.134
Battery Cell Volume (Cn”3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
LSS Weight (Kg) 5011 4488 4071 3521 3698 3635 31438 3090 Jo3s
LSS Volume (M73) 5Y9.931 36.137 29,965 28.440 28.446 28.440 15.907 15.907 15.907
LIFE CYCLE COSTS (19sons)
DDT&E Cost 12.250 10.788 10.215 9.832 9.621 9.553 9.281 9.217 9. 154
() Production Cost 25.31Y 20.471 18.872 17.301 17.331 17.117 15.3829 15.0632 15.4406
i Uperations & llaintenance Cost 82.755 99.444 111.075 124,747 130.688 156,136 163,378 181.126 198.637
-~ e ettt S
ESS LIFE CYCLE COST 120.324 130,703 140.162 151.880 163.640 182.806 188.488 205.975 223237
Solar Array Cost 404,808 412.037 418.532 417.170 426.020 413.946 434.760 423.101 413,235
Thermal Control Cost 9.407 9.545 9.645 9.524 9.790 9.233 10.013 9.489 9.102
Power Conditlioning Cost 2.537 1.988 1.761 1.645 1.528 1.528 1.409 1.409 1.409
TOTAL LLFE CYCLE COST 537.130 554,273 570.10v0 580.219 600.978 607.513 634.670 639.974 6406.983

Exbibit 16b. Hardware Life Cycles (Capacity Fixed)
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Exhibit 16b. Hardware Life Cycles (Capacity Fixed) Continued



0sI-D

LLEO 1OOKW "ESS (Hil12)

EUL PERFORIANCE PARAHLTLRS

Harduare Life Cycles 3 L O 5 o 7 ) 9 18] 11
tlaximum Battery Life (Yr) Y.275 7.117 5.725 4,748 4.125 3.697 J. 184 2.963 2,733
Rated Cell Capacity (al) 50 50 50 50 50 50 50 50 50
Haximun Depth of Discharge . 332 430 <496 «538 «5806 .612 .645 643 6706
Uperating Temperature (deg-K) 283 283 283 283 283 283 2873 283 283
tlax. Discharge Current (A) 23.750 30.875 35.626 38.594 42.103 44,108 46.313 46.313 48.750
Hinimum Voltage (V) 1.153 l.131 1.116 1.105 L.094 L.091 L.080 1.085 1.080
Recharge Fraction 1.071 1.072 1.071 1.071 1.074 1.070 1.079 1.079 1.082
Charge Current (A) 17.472 22.715 26.209 28.391 31.042 32.594 3J4.314 " 34,308 36,204
Charpge Voltage (V) 1.699 1.701 1.705 1.709 1.710 1.707 1.716 1.710 l.710
Vatt-llour Efficlency + 633 L021 611 .003 «596 +593 «583 .588 584
PUYSICAL CHARACTERISTICS '
Total Humber of Cells 4368 3420 3016 2808 2590 2499 2400 2380 2280
Humber ol Parallel Batteries 39 30 206 24 22 24 20 20 19
Humber ol Hodules per Battery 4 5 5 5 5 5 5 ) 5
Battery Cell Weight (Kg) l.134 L.134 1.134 1.134 1.134 L.134 L.134 1.134 1.134
Battery Cell Volume (Cwm™3) 2020 2020 2020 2020 2020 2020 2020 2020 2020
ESS Weipht (Kg) 10536 8974 gl41l 7101 7350 6480 6607 6559 6673
LSS Voluune (1173) 103,240 72273 59.931 50.784 50.784 44,9438 44.948 44.9438 44,9438
LLFLE CYCLLE COSTS (l1940:§)
DDT&E Cost 3 16.939 14,591 13.553 12.964 12,473 12.162 11.935 11.881 11.650
Production Cost 42.695 3J6.104 32.999 30.094 29.860 27.700 27.615 27.440 215321
Uperations & lHaintenance Cost 155.059 191,347 212,301 238.77Y 259.018 286.012 308.955 343.2306 3062.684
ESS5 LIFLE CYCLE COST 214.093 242,072 258.853 281.837 Jul.351 325.874 348.505 382.557 401,655
Solar Array Cost 707.901 718.908 730,240 736.580 743,271 748.937 758.545 151,200 7157.819
Thermal Control Cost 13.744 13.887 14,090 14.249 14.379 14,430 14.825 L4.543 14.0670
Pover Conditioning Cost 4.469 3.578 3.169 2.961 2.750 2.644 2.531 2.537 2.429
TOTAL LILIFLE CYCLE COST 940.807 978.445 10064352 1035.627 1u6l.751 1091.885 1124.412 1150.837 1176.573

Exbibit 16c. Hardware Life Cycles (Capacity Fixed)
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Exbibit 16¢c. Hardware Life Cycles (Capacity Fixed) Continued



LEVL 250KV ESH (Ninz2)

EUL PLERFORIHANCLE PARAUETLERS
Hardvare Life Cycles
Haximum Battery Life (Yr)
Rated Cell Capacity (All)
Haxiwmum ODepth of Discharge
Uperating Temperature (dep=-K)
lax. Discharge Current (A)
Hinimum Voltage (V)
Recharpge Fraction

Charge Current (A)

Charge Voltage (V)
Uatt-llour Effliciency

PUHYS ICAL CHARACTERLISTLICS
Total Humber ol Cells
Humber ol Parallel Batteries
Number of ilodules per Battery
Battery Cell Wefght (Kg)
Lattery Cell Volume (Cm™3)
LSS Weight (Kg)
LSS Volune (i173)

LIFL CYCLE COSTS
DDTLL Cost
Production Cost

Uperations & tlaintenance Cost

(198LS)

Z81-D

ESS LLIFLE CYCLE COST
Solar Array Cost
Thermal Control Cost
Pover Condlitionlng Cost

TOTAL LLIFE CYCLE COST

3
Y.143
50

. 338
283
24,122
1.149
1.071
17.745
1.702
<03V

o84y
906
5
L.134
2020
25472
216.830

22.750
96.908
436,475
556.193
1490.221
26.973
9.594

2082.981

4
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50
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23022
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017

g510

14

5
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19.059
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401.213
563.609
1514.0482
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2112.820

5
5.544
50

.506
203
Jo. 182
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1.071
26.017
1.712

005

7488
04
5
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18702
151.420

17.3206
71.349
508.756
597.431
1539.443
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6.803

2171.799

[}
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. 559
283
39,925
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1.072
29.373
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«595

6344

58

s,
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19437
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70.659
500.0695
647.716
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28.623

6.258 "

2236.620

7

3. 999
50
.588
283
42.103
1.090
1.074
31.048
1.716
592

6545

55

5

L.134

2020
17154
132.500

15.804
64.867
620.958

707.629

1566.524

28.831
5.982

2308.966

Y
J.508
50

621
283
44.531
L.084
1.077
32.930
1.715

5487

6188
52
5
L 134
2020
17452
132.500

15.267
64.257
681,302
760,826
1569.290
28.879
5.704

2364.699

Exbibit 16d. Hardware Life Cycles (Capacity Fixed)
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Exbibit 16d. Hardware Life Cycles (Capacity Fixed) Continued



LEuU 25KW LSS (i1202)
LulL FCU PLRFURIIANCL
Pavdware Lile Cycley 3 5 0 -7 U 9 1o | ) L4
Haximun FCU Life (Jdr) 22537 15500 12177 10125 6742 7530 0451 54595 4551
Dark Period Power (W) < 3 o i | 4¥.74 04.97 tl.20 Yy7.55 113.80 130.04 146,30 162.52
Dark Perlod Voltage (V) 1+ 391 1.399 1.399 1.400 1.400 1.400 1.400 1.400 1.400
Active Cell Arca (cw2) 2324206 232.26 232.206 232.20 232.206 232.20 232,20 232,26 232,206
Gurrent bensity (lla/cu2) 100.U0 150,00 200,00 250,00 BAVIVIRVAY] 350.00 400,00 450,00 500.00
Uperating Pressure (Kyg/cw2) 1.125 1.125 ke 1125 15125 1.125 15125 1.125 14125 1+125
VDperating Teuwperature (Depg-K) 355 299 355 355 355 355 355 355 3915
LOL ECU PERFORIAUCL
Light Perfod Power (W) 34.44 33.79 34,26 34,34 34.50 34.06 J4.41 34,09 34,4l
Light Period Voltage (V) 3.458 3.448 3.478 3.488 3.499 3.445 3.455 3.460 3.470
LOL SUBSYSTENL PERFURGAUCE
Harduare Life Cycles 4 4 4 4 4 4 4 4 4
Haxiwuin Punp Life (lr) 2293 62393 602393 62393 62393 62393 62393 62393 02393
U2 Storage Weight (Kg) L.443 1.301 1.547 1.605 1.521 1.343 1+533 Ya 23 1.912
Do Factor 800 800 80U 500 <800 800 800 L300 <800
Hatt=llour Lfliclency <404 <412 <41l <411 <A1l <418 <418 JAl7 JA410
PHYS LCAL CHARACTERISTICS
lotul Humber of FCU 1023 651 558 465 368 279 279 219 208
Total Humber of ECU lo32 1564 1768 1830 1734 1530 1734 1972 2176
58S Weight (Kg) 2336 2068 2240 2281 21138 1840 2079 2340 2598
LSS Volume (1173) 15.051 15.051 15.051 15.051 15.051 15.051 15,051 15.051 15.051
LLIFE CYULL COSTS (1980SH)
DLTEL Cost 17.907 16,274 16.905 16.920 16.102 14,807 15,778 16,838 17.717
Q Production Cost 23.047 20,968 22,091 22.168 20.815 18.0657 20,322 22,151 23,791
E Uperations & llaintenance Cost 44,444 48,187 53.329 55.250 53.245 48,702 54.415 62.901 70.951
LS8 LIFE CYCLE CUST 85.998 85.42Y 92,325 94,338 9U.162 524220 90,515 101.950 1h24519
Golar Array Cost 361,853 344,397 384,247 396.855 JsU.938 340.473 379.592 417.767 455.533
Thermal Control Cost 6.048 6.032 6.2060 6.412 6.437 0.372 6.615 6,060 7155
Pover Coundlitioning Cost 1.528 1.042 914 . 783 048 508 508 . 508 « 508
TOTAL LIFE CYCLE COST 455,427 430.900 483.746 498,388 478.185 429.57Y 477.230 527.105 575,715

Exbibit 17a. FCU Current Density
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Exhbibit 17a. FCU Current Density (Continued)




LLL SURM 155 (o)

LUOL FCU PERFORUANCL

Hardvare Lite Cycles 3 5 9 7 i b Y 10 12 L4
dakimum FCU Life (lir) 22337 15500 12177 1ulLzs U742 7530 6451 5455 4551
Dark Period Pover (W) 32.31 48474 64,97 31.206 97.55 L13.80 130.04 146,30 162,52
Dark Period Voltage (V) 1.391 1.399 1.399 1.400 l.400 1.400 1.400 1.400 1.400
Active Cell Arcea (cu2) 232.206 232.26 232,20 232.206 232,206 232,26 232,26 232.206 232,26
Gurrent bDensity (ila/cn2) 100.00 150.00 200,00 250.00 300.00 350.00 400.00 450,00 500.00
Upcrating Pressure (iKg/cm2) Le 125 1.125 L.125 1.125 1.125 1.125 1.125 1w 125 1,125
Operating Teuperature (Dep-K) 355 355 355 355 355 355 355 355 355
LUL LCU PLRFORIIAUCLE
Light leriod Power (U) 34.30 34,18 34.39 34.79 34,0606 34,06 34.41 34, 34 34.64
Light Perlod Voltage (V) 3458 3.448 3.478 3.488 3.499 3.445 3.455 3.4606 3.41706
EOL SUBSYSTEIL PERFORIIANCE
Hardware Lifv Cycles 4 4 4 4 4 4 4 4 4
Hlaxiwum Punp Life (llr) 62393 62393 02393 62393 62393 62393 62393 62393 62393
N2 Storage Weipght (Ky) 2,755 297023 2.835 2,889 2,661 2.6806 3.005 2.871 3.187
bob tactor <300 000 800 «U00 00U 80V <000 .00 L300
Uatt=lour Lffticiency <404 412 411 L4111 J411 418 417 417 L4110
PUYSLCAL CHARACTERLSTICS
fotal Humber of FCU 1953 1302 lu23 637 644 558 554 465 465
Total Huwmber of ECU J128 3094 3230 3264 3026 3000 3408 3204 3604
ESS Weight (Kg) 4504 4109 4092 4054 3689 Ju7s 4150 3872 4205
LSS Volume (i173) 20,003 206,003 26.003 26,003 20.800 20,800 26.003 20,003 20.003
D LIFL CYCLL COSTS (1980%i1) ‘
;‘, DDTE&E Cost 26,122 23.913 23.567 23,171 21551 21.371 23.098 21.914 234320
S Production Cost 3v.890 36.125 35.033 35.039Y 32.210 31.949 35.110 33.033 35.620
Uperations & llaintenance Cost 17,203 85.601 88.240 89.281 83.921 85.0886 95,167 94.390 106,387
LSS LIFLE CYCLLE CUST 143,215 145.639 147.440 147.491 137.6886 138.408 153.381 149.337 165. 327
Solar Array Cost 6Ug. 102 6Ul.083 625.239 63064507 597.129 593.989 662,330 629.705 686.685
Thermal Countrol Cost 6.81Y 6.864 7.141 7.381 7.304 7.543 8,029 7.997 B.658
Pover Conditfoning Cost 2,044 1.875 1.528 1.28Y9 1.042 <914 Y14 . 783 783
ITOTAL LIFE CYCLE CUST 760.780 755.401 761.348 792.6068 743,223 740.854 824.601 787.682 U6 1.253

Exbibit 17b. FCU Current Density
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LLU LOOLVY LSS (1nzuz)

Lul FOU PERFUROAUCGL

llardvare Life Gycles 3 5 O / ) Y 1o 12 L4
daximun FCU Life (ilr) 22537 15506 12177 1ulL25 5742 7530 6451 5455 4551
Dark Period Powver (V) 32.31 48.74 64,97 G120 97.55 113.80 13u.04 146.30 162,52
Darl reriod Voltage (V) 1.391 Lo 399 1.399 1.400 1.400 l.400 1.400 l.400 1.400
Active Cell Area (cm2) 232.26 232.20 232.26 232.26 232.20 232.20 232.206 232,206 232.20
Current bensity (Ha/cn2) loo.vu 15v.00 200.00 250,00 300.00 350.00 400.00 450.00 500,00
Uperating Pressure (Kg/cml) 1.125 1.125 Lol125 1.125 Yo l25 1.125 1.125 1.125 L.125
Upcerating Temperature (Deg=K) 355 355 355 355 355 355 355 355 355
LOL LECU PERFORUALCE
Light Period Power (W) 34.49 34,36 34.060 34.066 34.80 34.25 34.41 34,52 34460
Light Perlod Voltage (V) 30450 3,448 3.478 3,488 3.499 30445 3.455 3,460 3.4706
LOL LUBSYSTLIL PLRFORHALICE g
tardware Lite Cycloes 4 4 4 4 4 4 4 f 4
Hazxiwwa Punp Life (lr) 62393 62393 62393 62393 62393 62393 62393 62393 62393
2 Storage Uelight (Ky) 5.50Y 5.445 5.4173 5,458 5.323 5.371 5.620 5.742 ST
Dol Factor ; « S0V . 600 L U00 L3800 800 800 L3800 L5600 00
Uate=llour Lfficiency <404 412 JAll 41l <411 <418 <417 JA17 <416
PHYS LCAL CHARACTLRISTLCS
total dumber of FcuU 39006 2604 1953 1581 1288 1316 1023 930 837
Total Humber of LCU 0222 6154 6120 6188 6013 608 63586 - 6494 6494
LSS Welght (Kp) Y070 8190 7789 7645 7326 71297 131749 7692 7657
LSS Voluume (1173) 48.453 43,251 43,251 43,251 37.501 38.048 48.4573 43,251 43,251
‘LIFL CYCLE CUsSTS (1Y80%i1)
DDTHL Cost 38.221 34.657 32,854 32.039 3U.704 30.40Y 31.117 31.301 31.035
a Productlon Cost 71.934 04,953 61.5006 bV.022 57.423 56.925 58,523 59.016 564551
L Uperations & laintenance Cost 141,319 155.899 153.705 154.61Y 150.116 152,763 159,160 168.625 174,173
Gy e R R e e el e e mrecarme ) e mene | et i i
® 3SE LIFE CYCLE €0ST 251.474 255,509 268,005 246,080 239.243 240,097 268,820 256.942 203.759
bSolar Array Cost lvol.1L1L5 1048.,900 L051.118 100V.581 1042.004 1030.5348 LV77.560 1098.937 1100, 854
Therwal Control Cost 6.437 d.528 8.905 4,319 9.528 Y. 882 10,385 10,793 11,0065
Power Conditioning Cost 44759 39375 2.044 2.210 1.875 1.0645 1.528 1.409 1.289
TUTAL LLFE CYCLLE COUST 1325.785 13164312 1310.732 1318.790 12Y2.0650 1288.162 1338.305 1370.081 1376.907

Exbibit 17c. FCU Current Density
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LLu 2500 LSS (lH2u2)

LOL FLU PLEFURIANCEL

flardware Lite Lycles J 5 b 7 ) Y 10 12 14
laxiaum FCU Life (ilr) 22537 15506 079 L Lul25 8742 7530 6451 5455 4551
Dark Period Power (V) 32.31 48.74 04.97 dl.20 911 +:35 113.80 130.04 146,30 162.52
Dark Periovd Voltage (V) 1.391 14399 14399 1.400 1.400 l.400 1.400 1.400 1.400
Active Cell Area (cm2) 232.20 232.206 232420 232.20 232.26 232.20 232,206 232,26 232.206
Current Deasity (tla/cw2) 100.00 150,00 200.00 250,00 300,00 350,00 400,00 450,00 500.00
Uperating Pressure (Kg/cm2) 1.125 1.125 1,125 Lol 25 1,125 Yo:ki25 1.125 1.125 1.125
OUpcerating Teuperature (Dep-K) 355 355 355 355 355 355 355 355 355
EOL ECU PLERFORIANCE
Light Period Power (V) 34,40 34,42 34.638 34.79 34,90 34,38 34,49 34,560 34.65
Light Period Voltage (V) : 3.458 3.448 3.4178 3.488 3.499 3.445 3.455 3.4006 3.47606
LOL SUBSYSTLEI PLRFORNALCE
iiardware Life Cyclaen 4 4 4 4 4 4 4 4 4
ilaxlaua Punp Life (Hr) 62393 62393 62393 62393 62393 62393 62393 62393 62393
N2 Storapge lelght (Kg) 13.774 13.613 13.6061 13.484 13,306 13.429 13.794 13,701 13.380
Do Factor <800 RRUVIV] « 300 <400 PRV PRALVIV] <800 <0600 L0600
Vatt=llour Lfflciency <404 412 41l <411 «bll 418 SAl17 JAl7 410
PUYLLCAL CHARACTLIRLSTILICS
lotal dumber ol FCU 9765 0510 4929 39006 3220 2790 2511 2232 1953
Total Huwber of LCU 15572 15308 15436 £5232 15028 15164 15572 15572 15130
LS Wedght (Ky) 226506 20433 19614 18833 18261 16217 138537 18421 17812
LGS Volume (il™J4) 115,200 Y9.103 93.900 93.900 77.745 88.097 115,200 Y9.103 93.900
LLIFE CYCLE CUSTS (1980%il1)
DDT&L Cost L2.098 55. 840 53.123 50.728 484929 48,4060 48,865 48.313 46,698
9 Production Cost 163.086 146.699 139.855 133.097 129,093 128.099 129.515 128.218 123.893
§ OUperations & iflaintenance Cost 321.540 352.711 349.7064 343.833 339.014 341,563 350,038 302,734 364.120
ESS LIFE CYCLE CUST 5464724 555.250 542.742 528.258 517.036 518,142 528.418 539.265 534.717
Solar Arvay Cost 2214650 2139300 2210676 2192,866° 274,783 2163.704 22106243 2219.765 2173.7738
Thermal Control Cost 13.28Y 13.518 14.550 15¢ 375 16.018 16,9006 17925 18.024 Ld. 884
lower Conditioning Cosl 1u.351 7.340 5.797 hel5Y 4.078 3.578 3.272 2.961 2,004
TOTAL LIFE CYCLL COST 2785.014  2705.419 2773.705 2741.258 2711.915 2702.330 2765.858 2780.615 2730.023

Exhibit 17d. FCU Current Density
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GLO 25FN LSS (o)

LOL FCU PERFORIIARCE

hordware Life Cycles L L 1 1 1 1 1 1 1
laxiwum FCU Life (ilr) 22537 15500 12177 1ul25 u742 7530 6451 5455 4551
Dark Period Power (W) 231 48.74 64.97 dl.26 3 M 113.80 130.04 146430 162,52
bDark Period Voltage (V) 1.391 l.399 1.399 1.400 l.400 1.400 1.400 1.400 1.400
Active Cell Area (cm2) 232.20 232,26 232.26 232,26 232426 232.26 232,206 232.206 232.206
GCurrent Density (Ha/cwm2) L00.00 L50.00 200400 250.00 300,00 350.00 400,00 450,00 500.00
Operating Pressure (Kg/enl2) Lo d'2S5 k25 1.125 1L.125 1.125 1.125 1.125 l.125 1e125
Uperating lemperature (Deg=K) 355 355 355 355 355 355 355 355 355
LOL LCU PERFORIANCE
Light Period Pouer (W) 188,24 159,97 172.01 173.13 160,27 137.68 155,206 172.8Y 190.01
Light Period Voltage (V) 3.501 3.490 i e ) I 3.320 3.526 3.494 3.500 3J.500 3s 312
LOL SULSYSTEN PLRFURHANCLE
llardvare Lite Cycles 1 1 1 1 1 J 1 K 1 1 1
taximua Punp Life (ilr) 10519 10519 10519 10519 10519 10519 10519 10519 10519
112 Storage UWelght (Kg) 3900 3.325 3.570 3.574 3.303 2,804 3.224 3,583 3.943
Dol Factor . 800 800 U800 800 800 . 800 <800 L0800 L8800
Vati=-ilour EfLficlency <2068 <303 «321 <334 e 342 «353 «357 301 .304
PUOYS LCAL CUARACTERLISTICS
Total duuwber of FCU 1023 651 558 465 308 279 279 279 279
Total Humber of ECU 34 34 34 34 34 34 34 34 34
£S5 Uelght (Kg) 1011 763 747 708 637 548 595 644 694
1S5S Voluane (1173) 9.302 9.302 9.302 9.302 9.302 Y.302 9.302 9,302 Y4302
LIFE CYCLE CGUSTS (l19y806t1)
DDT&L Cost 10. 344 8.978 8.682 8.34Y 7.963 7.524 7.594 7.665 T+732
Production Cost 23 S2T2 20. 385 19.919 19.309 18.481 17.567 17.842 18.128 18.419
E Operatious & llainteunance Cost <500 . 500 <500 .500 . 500 .500 . 500 .500 <500
% ESS LIEE CYCLE CUST : 34,110 29.8063 29.101 28.158 20,924 25,591 25.930 20,293 26.651
Solar Array Cost 28,001 25.097 20,079 20,744 25.130 224247 24,503 26,713 28.889
Thermal Control Cost 5,939 6.011 6.235 6.380 0.412 64350 6.590 6.851 7.124
Pover Conditioning Cost Lo 106 . l.042 L.166 1.289 1.1006 1.042 1.166 1.289 1.409
TUOTAL L1FE CYCLE COST 09.822 62,013 bl3.181 62.577 59.638 55230 58+195 61.1406 64,073

Exhibit 17e. FCU Current Density
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LLO 2508\ LGS (li202)

LUL 'eU PERFORIIAIGE

Narduarce Lile Cycles 4 4 4 4 5 4 4 4 4
ilaximum FCU Lifte (ur) 15910 15910 1591v L5910 15909 15910 15910 15910 1591v
bark Perltod Poager (V) 89,19 71.42 S36.12 Ly e £ Ji.98 29.94 2).6G1 1E.22 Gie 32
Dark Period Voltage (V) 1.1u0 1.200 1.300 1.400 1.500 1.600 1.700 1.600 1.900
Active Cell Arvea (cul) 232.206 2324+.26 232.20 232,20 232.206 232,206 232.206 232,20 232,26
Current Density (tla/cn?) 349.09 2564206 192.48 145,29 11L.87 80,00 54. 74 20,85 Lo« 80
Operating Pressure (Lg/cml) L «)25 o125 LeL25 Lo b a3 1,125 1.125 1.125 Lel25 1.125 '
Uperatiung Temperature (beg=-K) 355 335 3335 355 355 359 355 355 35
LUL LCU PLRFORIANCL
Light Period Power (U) 34,01 34.58 34,05 33.97 34.59 34.03 33.0Y9 34,065 34.50
Light Period Voltage (V) 3.444 3.498 3.467 3.437 J.4175 3.493 3.454 3.501L 3.482
LOL SUBSYSTEN PLRFORNALCE
lardvare Lite Cycles 4 4 4 4 4 4 4 4 4
fHlaxinum Punp Life (lir) 02393 62393 62393 62393 62393 62393 02393 62393 62393
12 Storage Uelght (iKy) 1.699 L.9lu 1.602 1.492 1.352 1.207 1,208 1165 1.160
Do Factor «J00 « 80U 800 80U 800 +3LL « 300 <800 800
vatt=llour Efflciency <329 302 383 <413 <435 «450 480 471 4706
PUYSLCAL CHARACTERISTICS "
foral Humber of FCU 354 540 600 736 560 1053 1520 2808 Juuy
Total Huunber of ECU LYy38 2176 1536 1700 1530 1394 1394 1326 13206
ESY HWeipht (Kg) 2311 26706 2343 2291 2182 2101 24062 3220 3853
L55 Voluwe (173) 150511 20.254 15.051 15.051 15.051 15.051 15.051 20.254 E550.958
LIFL CYCLLE CUSTS (1980%11)
DDT&L Cost 16,824 18.588 17.343 17.280 16.925 16.988 18,555 22.324 25,305
Q Froductlon Coust 22,043 25.025 22.830 22.658 22.015 22.0063 24.630 JU. 8860 35.8960
S Uperations & iiaintenance Cost 44,328 51.2906 47.084 47,289 52,285 47.661 Sh. 130 73.555 B8.2642
$ £8% L1FE CYCLE COUST 83,235 Y4.909 87257 B7.227 91225 B0.732 9y8.315 L26.75Y 14v.443
bolar Array Cost 411,208 4574304 JY4.094 369.792 344,759 315.778 313,202 3072.727 JUGLO60
[hermal Coatrol Cost b.bGl 0.658 6.2384 6,098 5:992 5.915 5,929 5942 5.972
Pover Conditioning Cost .308 o 18 <914 1.1006 1.409 1.761 2.537 4.409 6.074
TUTAL LIFE CYCLE COST 5Ul.632 55Y.714 438,549 404,283 443,385 410,180 419,983 644,897 468,149

Exbibit 18a. FCU Voltage
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LLu SULU LSS | (H2v2)

LUL ¥CU PERFORIIANCL

lHarvduwave Life Cycles 4 4 4 4 5 4 4 4 4
Liazximum FCU Life (lir) 15910 15910 1591v 15910 15909 15910 15910 15910 159lu
Dark Period lower (W) 69.1Y 71.42 58,12 47.24 3J8.98 29.94 21.61 I f 22 832
Dark Period Voltage (V) l.100 1.200 1.300 1.4090 l.500 1.600 1.70uU l.s00 1.900
Active Cell Arca (cm2) 232.20 232,26 232.26 232.26 232.206 232.20 232,20 232,26 232.20
Current Denslity (ila/cu2) 349.09 256420 192.48 145,29 111.87 80.50 S54.74 26485 18. 80
Uperating Pressure (Kg/em2) 1.125 1.125 1.125 1.125 1.125 1125 1,125 1.125 13125
Operating Teuperature (Depg-=K) 355 355 355 355 359 355 355 355 355
LoL LCU PERFURIIAUCL
Light Period Pover (V) J4.33 34.65 34.41 34,206 34.38 34,47 34.11 34.05 34400
Light Yeriod Voltage (V) J.h44 3.498 3.467 J.437 3.475 J.493 3.454 3.501 J.482
LOL GUBSYSTLI PERFORUAINCE
Hardware Lite Cycles 4 4 4 4 4 4 4 4 4
Hlax iwun Punp Life (lir) ? 62393 02393 621393 62393 62393 62393 62393 62393 62393
2 Storage Jeight (Kg) 3. 399 3.438 2,930 2.7917 2.569 2a%13 2355 2.330 vl
Do Factor ‘ «30u 800 L 800 L BUY . 80u <800 80U <3800 L800
Watt=tiour Lificiency « 329 «352 . 383 <413 435 450 480 <471 L4706
PILTS LCAL CRHARAUTLERIOTICS
Total Huwmber ol FCU 708 912 110V 1350 1634 2100 2964 5010 1548
Total Huuber of LCU 3642 Jylu 3332 31062 2924 2754 208606 2u52 2618
Lob Veight (kg) 4507 471706 4235 4245 4156 4270 47606 6410 7560
LS5 Voluue (173) 204549 204549 26.003 20.003 206.003 20,003 ~ 20.549 26.549 20.003
LIFL CYCLE CUSTS (lusosn)
E DDbTul Cost 24,706 25,954 24.152 24,483 24,308 25.121 27.4917 34.910 39.983
N Production Cost 38.098 40.001 3J6.075 37,133 Jb.820 38.020 42.087 54,911 63.751
= Uperatlons & ilalntenance Cost 78.979 V4. 377 78.019 80,015 89.978 695.191 97.021 134,297 L6, 510
LSS LIFE CYCLE CUST L41.843 150. 392 138,846 141,631 151,166 L48.338 166.605 224,118 2044244
Solar Array Cost 717.670 733.298 641.383 612,778 577.145 551,182 535.0062 530.917 531.276
Thermal Control Cost g.101 7.424 7.185 6,883 6,703 6.062Y 6.621 6.084 6.731
Power Conditioning Cost 914 1.289 1.528 1.988 2.429 3. 109 4409 3.045 10.851
TUOTAL LIFE CYCLE CU3T bb8. 588 892,803 188,942 763.280 7137.443 709,318 713.357 175.764 bl3.102

Exhibit 18b. FCU Voltage
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LLO LOUKY LuLS (H202)

LOL FCU PLKFUILIAKCLE
ilarduare Lite Cycles . 4 4 4 4 5 4

h 4 4
dax fwun FCU Lite (ilr) 15910 15910 15910 15910 15909 15910 15910 15910 15910
Dark Period Power (V) 89,19 71.42 58,12 47.24 36.906 29,34 21.61 1i.22 8.32
Dark Period Voltage (V) 1.100 1.200 1.300 1.400 l.500 1.600 1.70u0 1.800 1.900
Active Cell Areca (cu2) 232420 232.206 232,20 232.20 232,20 232.26 232,206 23220 232,206
Current beuasity (lia/cm?) 349.0Y 2564206 192.48 145,29 111,87 JU.56 54.74 26,85 16.40
Operating Pressure (Kg/cm2) 1.125 1.125 14125 1.125 1.125 1.125 1.125 Lel25 L1255
Uperating Temperature (Deg-K) 355 355 47 355 355 355 355 355 355
LUL LCU PLREFORNAUCE
Light Perviod Power (M) 34.32 34,85 34.60 34,22 34.59 34.09 34.33 34,088 34,04
Light Period Voltage (V) Jabhg J.498 3,407 3.437 3.475 3.493 3J.454 3.501 J.482
LOL SULLYSTEN PLRFUORHANCE
Hardvare Lite Cycles 4 4 4 4 4 4 h 4 4
Haximuia Punp Life (lir) 062393 02393 02393 02393 62393 62393 062393 62393 62393
H2 Storage Weight (Kg) 0.7908 6,494 5.872 5.408 5.137 he827 4.050 4.001 G024
bod lactor «0uu <0600 <600 L300 « 83UV 300 800 <800 L 000
Vatt=llour Liticlency 329 352 .383 413 «435 <450 . 480 <471 L4706
PUYSLCAL CUARACTERISTICS
Total dumber of FCU 1416 1630 2200 20068 3268 4212 852 L1232 15096
Total Jduaber of LCU To 84 1344 6030 6120 5814 5474 5270 5270 52306
LSS Vedght (Kg) 9104 UY82 6443 8201 8203 4513 Y372 12767 15153
LS55 Volume (i173) 49,000 49.000 43.251 37.501 42.704 42,704 49.000 49.000 43.251
LLIFL CYCLL COSTS (19808i) "
DLTLL Cost 36.041 30.249 35.043 34,227 35.348 306,660 40.140 52,809 61.432
2 Production Cost 6u.773 08.0845 00.015 65.081 60.118 65.551 154334 Lov.474 117.645
§ uperations & daintenance Cost 144,061 146.568 L42.296 142,254 164.120 155.714 175.945 245,193 298,212
L85 LLIFE CYCLL CusT 249,475 251,062 243,354 242,062 2054580 260.931 29l.41Y9 401,470 477.289
Solar Array Cost 1252.091 Y2225 171 1119.201 140,371 1007.106 Y6 1.830 925.100 Y36,937 Y20.942
Therwal Control Cost Li: 119 l0. 150 9,169 8.454 6.207 8.058 .005 8,108 8.201
Power Conditionlng Cost 1.645 2,210 2.750 3.4717 4,372 5.704 71.957 La.asl 1Y.532
TUTAL LIFL CYCLL CUST 1514.330 1486.205 1374.534 1294.364 1285.331 1236.529 1232.481 1361.,062 1432.024

Exbibit 18c. FCU Voltage
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LLu 2500 LSS (H2ue)

Lol PFCU PLRFORJANCLE
Barduvare Life Uycles 4 4 4 b 5 4 4

4 4
flagxiwun FCU Lite (lir) 15910 15910 15910 15910 15909 15910 15910 15910 15910
Darl. eriod Powver (V) 89,19 71.42 58.12 4h7.24 36,908 29.94 21,61 Pl 22 8282
Dark Period Voltage (V) - 1.100 1.200 L.300 l1.400 1.500 L.600 1.700 l.b600 1.900
Active Gell Area (cu2) 232,26 232,206 232,206 232.20 232,20 232.20 232.20 232.20 232.26
Current Deosity (lla/cm2) i 349.09 2506420 192,40 145.29 111.87 60.56 54.74 26,85 185,86
Uperating Peessure (Kg/eml) Le125 1.125 1.125 |2 PR 1.125 1.125 | B e | 8l leX25
Uperating leuperature (Deg=Kk) 39 355 355 355 395 355 3595 355 355
LOL LCU PLERFORHARCE
Ligut Period Powver (W) 34.32 34.91 34.56 34.29 3J4.68 34,83 34,47 34.93 34.70
Light Period Voltage (V) J.444 3,458 Jobnl 3.437 3.475 3.493 3.454 3.501 3. 482
LOL SUBSYLTLIL PLEFORHANCE
lardware Life Cycles 4 4 4 4 4 h 4 4 4
Hax Lwum Puwp Lilte (lr) L2393 62393 L2393 62393 62393 02393 62393 623913 62393
2 Storage Weight (Kg) 16.994 15.06063 14.680 13.420 12.708 12,007 11.534 11.622 L1.539
Dob Factor Y <800 «0U0 «U0VU «3800 800 800 000 3800
Vatt=llour Efticlency + 329 w302 «383 413 JA35 <450 L4080 JA471 L4770
PUYSLCAL CilARACTERISTICY
fotal dunber ol FCU 3540 4428 5500 6624 BUU4 10530 L4510 28008 376172
Total tuaber of ECU ty21lu L7680 16592 15164 14348 13634 13022 13124 L3022
LS55 Wedght (Rg) 227N 21623 21085 20300 20408 21245 231067 31769 377606
LSS Volume (173) LUG. 490 lu5.400 104,650 U6.151 Y2.808 98.01L0 106.490 105.400 LO4.3850
() LIPE CYCLE Cubts (1yB0SH)
~ DUT&E Cost 58.225 56.309 564559 55.590 56.542 59.363 64.920 87.542 102.82Y
S Production Cost 155.801 150.914 149,368 145.97Y 147.995 155,058 169.485 229.424 209,993
Uperatious & Haintenance Cost 328320 321.630 322,831 J2U0.033 367.8650 352.810 390,771 506,400 682,613
LLGL LLIFE CYCLL CuST 542.352 5294+ 353 528,758 521,608 572.387 562231 031.176 663,374 1055, 435
Solar Array Cost 2613.233 24784379 2335.866 2159.471 2084.376 2007.703 1918.986 1951.544 1932.017
Thermal Control Cost 20.000 X7 151 15.120 13,277 12.637 L2.344 12.100 12.603 12.830
Powver Counditioning Cost J.576 4.0063 5.962 7.517 Y.424 12,407 17.193 31.427 42.410
TUTAL LIFL CYCLE COST 3179.1063 3U29.546 2885.726 27V01.873 2078.824 2599Y.685 2579.515 28738.9Y48 3042.700

Exbibit 18d. FCU Voltage
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ZLI-D

GLU 25KW LSS (lzo2)

EUL FCU PERFORTIANCL
Narduware Life Cycles
Haximun FCU Life (ilr)
parh Feriod Pouwer (W)
bark Period Voltage (V)
Active Cell Areca (cm2)
Current Density (ila/cw2)
Uperatlng Pressure (Lg/cm2)
Uperating leuperature (Deg=K)
LOL LCU PLRFORLANCL
Lijht reriod rowver (W)
Light l'erfod Voltage (V)
LUL SULSYOSTEN PLRPORIIANCL
Racduware Lile Cycles
Haximuw Punmp Life (ir)
U2 Storage Veight (Kg)
Dob Factor
att=ilour Ltficlency
PUYSLCAL CHARACTERLSTICS
Total Humber ot FCU
Total Wuaber of ECU
ESS MWeight (Kg)
£35S Volume 173)
LIFLE CYLLLEL COSTS (19808§11)
bDisL Cost
'roduction Cost
Uperations & liaintenance Cost

85 LIFE UYCLE CuST
Solar Array Cost
thermal Control Cost
Pover Coaditioning Cost

[OTAL LLFE CYCLE CuST

1
1olol
lah. 38
1400
232.26
509.00
1.125
155

160.73
F« 4T

1
10519
3.755
L 800
<290

2306
34

0623

Y.302

7.408
17.779
+ 500
25.7417
27.631
7.103
1.10606

6l.757

1 1 1 1
7939 57117 3496 1274
158+59 Fz21.81 185,02 196.24
. 200 1.300 1.400 1.500
232.20 232,26 232,26 232,20
969,00 509.00 509,00 509.00
14325 e 25 1e125 1e 125
A 558 = Y 355 355
165.61 153,15 140,88 13L.6Y
3.4917 3.497 3.497 3.497
L 1 1 1
fusly 10519 Lu51Y9 10519
J.4h37 J. 1382 2.923 2737
. 000 800 . 800 L 800
» 317 «343 <309 . 396
216 200 L34 172
34 34 34 34
549 501 $33 e 67
9,302 9.302 Y.302 9,302
7.358 71.2066 71175 7.105
17.498 17270 17.040 16.807
500 . 500 . 500 . 500
25.3506 25.0306 24,715 2le T2
25.781 24.235 22.603 21.409
0.9Y90 0,503 G 130 6.0630
1.166 l.100 1.1606 L+ 166
59.29Y9 57.300 55.274 33.737

Exbibit 18e. FCU Voltage
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355
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1
10519
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1
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1
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1
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1,125

355

13993
3J.493

1
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2,911
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.38y
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34
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Y.302
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29.007
22539
5.903
1.1606

58.015

1

408
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1.900
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Yo L2'5
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3.502

1
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LLy 2O LSy (it202)

LUL FCU PLRFURHALCLE

Harduware Life Cycles 4 4 4 4 4 4 4 4 4
axiwuw FCU Life (lir) 10013 L7004 1bul3 L7004 17004 16ul3 L3u0Y 204060 17004
Dark Period Pouer (W) 20,286 34 .57 46450 b i L P 09.14 G497 67.79 Yu.33 115,23
Dark leriod Voltage (V) l1.403 1.427 1.403 1e427 1.427 1.403 1L.449 1.491 1.427
Active Cell Area (cm2) 120.00 1bu. 00 240,00 Juu.uu 36V.00 420.00 400,00 540.00 600. 0V
Current bensity (UHa/cw?2) 144425 134,063 144,25 L34.63 134.03 144,25 126,22 112419 134,63
Uperating Pressure (Kyz/cn2) 1,125 Ls 125 15125 1el2> .125 15125 1.125 1,125 1125
uperating Temperature (Dep-=K) 355 355 355 355 355 355 355 355 355
LOL LCU PERFURIIANCL
Light Period Pover (V) 34.408 33.78 34,48 33.78 33.78 34.438 X4 2l J4, 14 33718
Light Period Voltage (V) 3.497 3.45Y 3.497 3.45Y 3.45Y 3.497 3.490 3.470 3.459
LOL SUBSYST L PLRFORINANCE
liarduare Lile Cycles 4 4 4 4 4 4 4 4 4
Haximum Puap Life (lHr) 62393 02393 62393 62393 62393 62393 62393 62393 62393
2 Storage Melght (Kg) 1.340 1.327 1. 340 1,327 127 1.339 “1.300 1.276 1oAY
bob Factor <00V « 80U «0U0 800 « 800 000 +3800 <3800 L8000
datt=tlour LElliclency <407 <418 L4007 418 <418 L407 «41Y 432 L4118
PHYSLCAL CHARACTERISTICS
Total Nunber of FCU 1288 910 644 5406 455 304 350 340 273
Total Humber of LCU 1530 1530 1530 1530 1530 1530 1496 1462 153V
LSS Melpght (Ky) 2442 2200 2037 1971 L1914 1863 18206 17906 1799
ESS Volune (i173) 15,051 15.051 15.051 15.051 15.051 15.051 15051 15.051 1505
LLFL CYCLL COSTS (19803501)
bulaL Cost 16.959 16,598 16.178 16.142 16.021 15.815 15.834 15.870 15.7064
Production Cost 22.477 21.008 20.78Y 20.039 20,389 20.035 20,000 20.007 19.872
E uperations & flaintenance Cost 47.300 45,383 43,2717 43.050 42,442 41.451 41,531 41.6061 41.171
'Rl LSS LLEFL CYCLE COST BO.742 83.589 B0, 244 79.831 18.852 17301 115371 77.538 7643807
bolar Array Cost J43.903 3384259 343,903 338.259 338,224 343.874 335.0632 328.960 338.259
Thermal Control Cost b.UL4 5.976 06.0U4 5.976 5.976 6.004 5.958 5.940 5.976
Power Conditioning Cost 1.8675 1.40Y 1.042 .14 VA 048 L0438 L0648 « 508
TOTAL LIFE CYCLL CusT 438,524 429.233 #3193 424,980 423.835 427.8217 419.609 413,092 421.550

Exhibit 19a. FCU Active Area



SLI-D

FCU Current Density Max. FCU Life

Total Number of ECU

21188

18558

1688
1

-
erv**v/A\
®

L

S e

FCU Active Area

i \«*»«*\v/

N
I~

L '

Lt d
350 658
FCU Active Area

828
e

(g;..___...l_.

S e |
7] 358 858
FCU Aotive Area

g Legendk
\\ ———————— Production Lost
\\ —— —= 0 & M Lost

\\‘\‘\‘~‘~‘\‘ ——-—— Jotal Life Lycle Lost

Total Number of FCU
758

=
sk B
FCU Active Area e e g e
o @ -
3 0
)
o e 0
N
6 - ()E%_
> >\N
a3 | Q
e
R
1 L 1 L3
g 350 652 e S
FCU Active Area =
% -—9—0—9 -0 —8— @
:~-o-:-—o-——o—-l-o~~o———-1—0-~?w‘l

) 350 650

b TR FCU Active Area

7
uP

ESS ¥eight
1308

=

i s s e e A e B

Exbibit 19a. FCU Active Area (Continued)




LLU 500 LSS (1H202)

LOL FCU PLERFORIIANCL
Harduvare Life Cycles 4 4 4 4 4 4 h 4 4
Haximum FCU Lite (Ur) 16013 16274 16013 17003 17003 16013 16013 17728 17003
Darlk Perfod Powver (W) 246.20 35.94 48.50 57.62 69.14 84.97 741 99,92 f 19e 2
Dark Period Voltage (V) 1.403 1.40Y 1.403 1.427 1,427 1.403 1.403 1.4473) 1.427
Active Cell Arca (cn2) 120,00 180.00 240,00 300.00 Joo.00 420,00 45U.00 540,00 000.00
Current Density (ila/cwm2) 144,25 L41.72 144.25 134.04 134.064 144,25 La4n,25 128,22 134.064
Uperating Pressure (Kg/ewm2) RS 1125 Y 'E2S Yo k&S Yo325 L 1125 e 125 I»125
Uperating Temperature (Deg=K) 385 355 355 355 385 355 355 355 355

LOL LCU PLRFORUANCL
Light Period Power (W) 34.88 34,80 34,89 34.17 34,17 34,89 34.88 J4.03 34 .17
Light Perlod Voltage (V) 3.497 J.487 3.497 3.459 3.459 3.497 3.497 3.49Y 3.459

LOL SULSYSTLEN PLEFORHANCE
ilardvare Lite Cycles 4 4 4 4 4 4 4 b 4
Haxinum Punp Lite (ilr) 02393 02393 62393 62393 L2393 62393 62393 62393 62393
2 Storage Ueight (Kg) 2079 2.080 250679 2 BISH 2.655 2.07Y 2.07Y 2.62Y 2,655
Dol Factor «BU0 AR « 000U U600 «O0U <000 00U 000 L0000
Uatc=ilour Llficiency <407 L410 L407 <418 «4H18 L407 <407 L4117 &

PHYSLCAL CHARACTLERISTICS
lotal Humber of FCU 2576 1748 1288 1092 910 7306 644 630 540
Total Humber of LCU 3020 3026 3020 3020 3020 Ju20 Ju26 2992 30206
LS Welpht (Kg) 4850 4334 4ULO 3915 jgul 3699 3641 3573 3572
LSS Volune (1173) 26,003 20.003 20,0600 20,800 20.800 20,800 26,003 26,003 20,800

LIFL CYCLL CuSTS (l1980%11)
DDT&E CoslL 25.145 244304 23,738 23.076 23,463 23.088 22,973 23,033 23,005

Q Production Cost Jv.l34 37.059 35,779 35.459 34.907 34,285 34,028 33.983 33.947

U uperatious & ilalntenance Cost 84.93Y B0.U67 76.939 76.418 75.219 73.3217 72,697 73,289 i A |

R e R R T . e o e e o e o e e = e S = — i P i FL

% ESS LIFE CYCLL COST 149,218 141,430 136,450 135.553 133.649 130,700 129,098 130,305 129,673
Solar Array Cost o6UV.217 599.004 6OV, 238 590,374 590.374 60V.238 600,217 591.296 590.374
Thermal Control Cost 6,807 6.792 6,807 6.74Y 6.74Y9 06.807 6.807 0.732 0749
Pover Conditionlny Cost 3.375 2.429 1.875 L.045 L.409 1.1606 1.042 L.u42 <914
TOTAL LLFE CYCLE CUST 759.017 749,055 745.376 734.321 732.181 7338.911 737.704 729,375 727.710

Exbibit 19b. FCU Active Area
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8LI-D

L kv L0UKM (11202)

LY
LUOL Fou
flardware

PERFORIIAKCL

Lifte Cyecles

Haximum FCU Life (lir)

Dark Period Power (i)

Dark Period Voltage (V)

Active Cell Area (cml)

Current Density (ila/cu2)

Uperating Pressure (ky/cn2)

Uperating Temperature (Deyg-K)
LCU PLELFORIIAUCE

Lizht Period Fover (U)

Light Period Voltage (V)
SULBBYSTLIL PLRFORNMANCE
Hardware Life Cycles
Haxiaum Lile‘(Hr)

Velpht (Kyg)

LOL

LOL

Punp
2 Storage
Do Factor
Watt-=llour Ltticlency

PUYSLTCAL CHARACTLRLSTICS
Total Huuber ol ICU
Total lunber of LCU
LSS Weight (Kg)

LS5 Voluune (H173)
LIFE CYCLL COSTS (19809511)
DDT&E Cost
Production Cost
Uperations & jlaintenance Cost

LLIFE CYCLE CUST
Solar Array Cost
Thermal Countrol Cost
lover Conditioning Cost

LSS

TUOTAL LIFE CYCLL CUOST

4
16013

24.28
l.403
120,00
144,25
1,125
355

J4.b8
30497

4
62393
5+ 358
+ 300
407

5152
6VU52
9081
47.907

364778
710,981
156.581
204,340
1047.221
.412
6.074

1326.,047

4 4 4 4
Lo274 16013 1o401 10274
35.94 48.50 99. 51 71.68
1.409 1.403 1.412 1.409
160.00 240.00 Juu.VL 300.00
141,72 144,25 L40.49 14172
1. 125 o125 Eo 125 £o125
355 355 355 355
34,80 34.8Y 34.76 Ja.80
3.4817 3.497 3.482 J.407
4 4 4 4
62393 02393 62393 62393
5.300 5. 358 5. 361 5.360
« 300 300 800 .500
<410 L407 L4111 <410
3496 257606 2116 1748
0buU52 6052 6052 bUS2
50638 8001 7768 7538
42,704 37.501 37.501 37.501
35.339 34.379 34,001 33.652
66.3830 64.295 03.258 62,208
L46.833 140,081 138,350 1334757
249,002 2395355 235,009 231.617
L045.087 1047.270 144,151 1045.087
Ge 384 b.412 8,371 B. 384
4.372 3.375 2.856 2.429
L3v6.8645 1298.412 1291.047 1287.517

Exhibit 19¢. FCU Active Area
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4
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4
Loul 3
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355
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4
02393
308
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33.091
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1.875

1283.723

4
lov4sy
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1.125
i
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%73

4
62393
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300

o4 14

1183
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131.817
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1.7061

1268.445

4
17003
115,24
1.427
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134.064
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355

34037

3.45Y

4
62393
5.309
L8800
JA18

LuYy2
6018
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L3L1.754
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Exbibit 19¢c. FCU Active Area (Continued)

Total Number of ECU
3258
ESS Weight
S858




LEU 2500 ESS (it2u2)
Lul FCU PERFORIIALKCL

Hardvare Life Cycles 4 4 4 4 4 4 4 4 4
thaxinun FCU Life (lir) 1o012 15960 Lol 1oul2 o118 16012 16012 15900 1oul2
bark Period Power (W) 24,28 36,51 43.50 60V.70 712.45 84.98 97.11 10Y.54 121.39
Dark Period Voltage (V) 1.403 l.401 1.403 1.403 1.405 1.403 l.403 l.401 1.403
Active Cell Area (cu2) 120,00 Lsv.00 240,00 jJuu. 00 J0U.0L 420.00 450,00 540,00 600. 0V
Current Deusity (da/en2) 144,206 L44.717 144,25 L44.26 143.23 144,20 144,206 144,717 144,206
Uperating Pressure (Kg/cm2) 15E25 #1025 1.125 1:125 1.125 ] 1.125 S D) I+125
Upcerating Temperature (Deg-K) 355 355 355 355 339 4 i 355 355 355
LOL LCU PLERFORNANCE
Light Period Power (W) 34,89 34.90 34,869 34.8Y9 34.85 34.8Y 34,89 34.90 3J4.89
Light Period Voltage (V) 3.497 3.49Y 3.497 3.497 3.493 3.497 3.497 3.499 3.497
LOL SUBSYSTLH PLRFORITALCL
Havduare Life Cycles 4 4 4 4 4 4 4 4 4
Haximum Punp Life (ilr) 62393 02393 62393 062393 62393 62393 62393 62393 02393
2 Storage Veipght (Kg) 13.395 13.394 13,395 13,395 13.390 13.395 13.395 13.394 13. 395
bob TFactor « 000 L3800 «800 « 300 L300 «00u 300 800 800
Watt-llour Efficlency <407 2400 407 407 L4008 407 L4007 <400 407
PUYSICAL CilARACTLERISTICS
lotal dumber of YoU 128860 3556 6440 2152 4324 368 3220 2852 2570
fotal tlumber of LCU 15130 15130 15130 15130 15130 15130 L5130 15130 15130
O Weipght (Ky) 24184 21465 20133 19323 L8800 18397 18108 17878 L7703
LSS Volume (il™3) LUg.900V Y3.354 64151 82.948 B52.948 82.948 108.9060 93.354 do.l51
LLIFE CYCLE CubTls (l1vsosh)
DDT&L Cost 59,8600 50.85Y 554394 54,464 53.909 53,304 53.010 52.092 52.497
Production Cost 161,860 150.090 145,240 141,857 139.758 137.911 130,660 135.593 134.873
) Uperations & dalntenance Cost J58.083 331.0006 J18.677 310.504 305.003 Jol.u5Y 298.020 295.37Y 2934054
- I T = A i R e e T e e i T Sl e T e TR R i S e G, ey e e T e A e s Y
% ESS LIFE CYCLE GOST 979.3809 539.1061 5194317 500,885 499,270 4924334 487,690 483,004 481,024
Solar Array Cost 2L8DGEET  2186,536 2185.727 21854727  2183.,8L5 2185.727 2185, 727 2186,536 2185.727
fhermal Control Cost 13,229 13.242 13,228 135229 13.200 13.229 13.22Y 13,242 13229
Pover Conditioning Cost 13,211 9339 7.340 6.074 5.230 4.500 4.078 3.67Y 3379
TOTAL LIFE CYCLE COST 27918976 2748.278 . 2725,602  271Y1.915 2701.521  2695.856 '2690.,724 2687.121 2683.,355

Exhibit 19d. FCU Active Area
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GLO 2510 LbS (11202)
LOL FCU PERFORIALCL

lHardvare Life Cycles 1 1 1 1 1 L 1 1 I
Haximun FCU Life (ilr) 4462 5470 4462 6308 1844 9040 4402 5476 6368
Dark Period Pouer (V) Y5.14 129,21 190,27 196. 79 201.59 205,20 380,55 387.62 393.58
Dark Perfod Volrage (V) 1.570 L.60U 155306 1.024 1.6064 1.694 1.570 l.600 1.624
Active Cell Area (cwm2) 120.00 L180.00 240.00 300.00 360.00 420,00 480,00 540,00 6V0.00
Currvreut Density (Ha/cm2) 504.0868 448,738 504.88 403,90 336.58 2838.50 504.88 445,738 403.90
Operating Pressure (Kg/cu2) Yl 25 1125 1.125 le 125 1.125 1,125 Lo 225 1125 1.125
Operating Teuperature (Dep=-K) 355 355 355 355 355 355 355 355 355
LOL LCU PLERFORIARCLE
Light Period Power (V) 118,33 116,35 118.33 116,09 116.15 116.91 118,33 116,35 116.10
Light Period Voltage (V) 3.517 3.505 3.517 3.503 J.520 Je510 3517 3.505 J.503
LOL SUBSYSTLi PLRFORIAUCE
hardvare Life Cycles 1 1 L 1 1 L 1 1 1
HaxLium Pump Lite (lr) 10519 1U51Y 10519 10519 1051y 10519 10519 Lu519 10519
12 Storage Weight (Kg) 2,440 2.413 2,440 2,409 2,398 2.417 2.440 2.413 2.40Y
o Factor «0U0 <800 <800 «B00 800 . 800 800 <800 600
Hatt=llour Lifliciency L4008 413 <408 <415 Lh14 «413 408 JA413 415
PRHYSTCAL CHARACTLERISTILICS
lotal Nuumber of FcU 332 243 166 160 156 154 83 61 50
lotal Nuwber of ECU 34 34 34 34 34 34 34 34 34
ESS Welight (kg) 549 L4 444 420 414 407 392 362 3706
LSS Voluuwe (I173) 9.302 9.302 Ye302 Y.302 Y.302 9.302 9,302 9.302 Y.302
LLFL CYCLL CuSTS (lyso$il) A
DDT&LE Cost 7.1067 7.051 6.883 6.946 7.012 7.096 6.724 6.750 6. 788
Q Production Cost 17,0806 160693 1,320 16.344 16,396 16.481 15.927 15.930 15.900
; Uperations & Haintenance Cost 500 + 500 500 500 500 500 500 . 500 . 500
B e R e e e e e e e e e
iS5 LIFE CYELE CusT 24.753 24,244 23,703 23.790 23.908 24.0717 23.151 23.180 23,248
solar Array Cost 19.701 19.4306 19.701 19.399 Ly.410 19.510 19.701 1Y.4306 19.403
Ihermal Control Cost 6,400 0.310 6.400 64240 64144 6,069 6.400 0.310 b6.2406
Power Conditioning Cost 1.042 L.u42 1.042 L.042 L.042 L.042 1.042 1.042 1.042
IoTAL LLFE CYCLE CusT 51.8906 S51«U32 50.846 SU.477 50.504 50.698 504294 49,908 494939

Exbibit 19e. FCU Active Area
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LLU 25K ESS ({1202)

LOL FCU PLREFORIANCLE

Naruvare Lile Cycles 2 3 4 5 0 3 1o 12 15
laximum FCU Life (ix) 32000 21500 L6VOO 13000 10750 soov 6500 5400 4300
Dark Period Power (W) 22507 33.084 43.40 57.14 069.29 bU.37 116,21 119.39 122,58
Dark Period Voltage (V) 1.372 1.397 1.435 1.415 1.430 1.459 l.43Y 1.478 1.518
Active Cell Arca (cn2) 232420 232.20 232420 232.206 232,20 232.206 232,20 232.206 232.206
Current bensity (lla/cn2) 0Y.56 104,34 13v.43 173.90 208.048 200.85 347,80 347.50 347.80
Operating Pressure (Kg/cm2) 1.125 13 1125 1 125 1.125 1.125 1.125 1.125 1.125 £on25
Uperating Tenperature (Dey=-K) 335 39/ 355 355 355 355 3595 355 355
LUOL ECU PLREFVRIIANCL
Light Period Power (V) 34.42 34.09 34.05 33.76 34.50 33.97 34.25 34.29 33.91
Light Period Voltage (V) 3.4706 3.404 3.442 J.43Y9 3.491 J.b441 3.442 J.442 3.442
LUL SUBSYSTLIN PERFORITANCL
liurduware Life Cycles 4 4 4 4 4 4 4 4 4
itaxfuum Pump Life (ilr) 02393 62393 L2393 62393 62393 62393 62393 62393 62393
12 Storage Velfght (Kg) L.405 1.367 1.314 1.334 1,315 1.282 1.291 <263 Le220
VDol Factor «8UL <000 . 600 «Jduu « 600 00U 300 L300 «u0u
Vatt=Hour Lificlency . 390 L405 422 <419 419 435 430 LAh 2 454
PUxs LCAL GUHARACTERISTICS
fotal Number ot FCU 1410 PRIV 7120 552 455 350 27v 204 255
Total lumber of LCU 1598 L564 L496 1530 1496 1462 1462 1428 1394
LSS Vedipht (Kg) 2597 2241 2057 1984 1903 1823 1782 1720 10691
LSS Voluwme (1173) 204254 1 51051 15,051 15.051 15.051 15.051 ©20.254 15.051 15.051
LIFL CYCLLE CuLTS (1980%i1)
Dhl&l Cost 19.040 17.236 16.283 15.807 15.343 14.8065 l4.538 14.303 14,140
? Production Cost 25.495 22921 20.901 20,212 19.4067 18.700 18.209 17.810 17.593
§ Uperations & talntenance Cost 39.045 42.337 43.798 45.452 40.134 48.465 49.629 | 53.4460 39,133
ESS LIFL CYCLE COST 44180 82.094 8l.042 Ulad471 80.944 82.030 82.370 85,559 Yo, 4872
bolar Array Cost 355,605 346.797 334.317 338.101 335.3138 327.504 329.776 323.909 314,868
[hermal Control Cost ) 6.037 6.001 5.965 6.070 6.113 6.167 6324 0.298 6,201
Power Condltioning Cost 1.968 1.409 1.100 914 <783 048 « 508 . 508 500
TOTAL LIFE CYCLL COSY G47.510 436.301 422.490 420,550 426,158 4164435 418.984 4164274 412.529

Exbhibit 20a. FCU Life
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Total Number of ECU




LLO 50K0 LSS (1202)

LUOL FCU PLREUOREASCL

ltardware Life Cycles 2 3 4 : [§ 4 1o 12 15
MHazximum FCU Life (ilr) 32000 21500 1600V L3000 Lu750 suuL 6500 5400 4300
Dark Period Power (W) 22.117 33.04 45.00 57.14 75.42 98. 81 116,21 138.21 142.29
Dark Period Voltage (V) Laedd-2 1.397 1.413 1.415 1.400 l.427 L.43Y 1.420 1.408
Active Cell Arca (cw2) 232,206 232426 232.20 232.20 232.206 232,20 232,20 232.26 232.20
Current Density (lla/cul) 0L9.50 104,34 139,12 173.90 231.087 298,12 347,81 417.37 417.37
Uperatling Pressure (Kz/cm2) L.125 1.125 1.125 1125 1.125 1.125 Kyl D 1125 1e125
Uperating Temperature (Deg=-K) 355 395 355 355 355 395 355 355 355
Lol LCU PERFORHANCE
Light leriod Power (W) 34.42 34.48 34.71 34.16 34.19 34,84 34,25 34.56 34.062
Ligiat Period Voltage (V) 3.470 3,404 3.477 3.43Y JJbb62 3.490 J.442 3.481 Jubbl
LOL SUBSYOLTLI PLRFORIHARCL
flarduare Lile Cycles 4 4 4 4 4 4 4 4 4
Haxiwum Pump LiLe (ilr) 02393 L2393 L2393 62393 62393 62393 62393 62390 62393
2 Storage tieight (Kg) 2,010 2.734 2,081 2,608 2.054 2.016 2,583 2.007 24321
bob Factor .J0Y 000 « 300 000 000 «UU0 800 800 L8000
Hatt=lHour Liffticiency «390 L4005 412 419 JA4l4 <419 <430 o422 e 435
LHYSLCAL CHARACTLRLISTICS
lotal duunber of FCU 2820 1860 1380 1104 824 637 540 455 440
Total Huuwber of LECU J196 JuYa 3020 Ju20 3020 2958 2924 2958 2056
LSS Melght (kg) 5162 4454 4102 394 1 3783 3607 3532 3521 3405
ESS Voluane (i1T3) JL.200 26,003 2U0.300 20,800 20,0600 20,800 31.200 26,003 204800
LIFL CGYCLLE CuSTS (1980%i11)
VDT&L Cost 28.910 25,045 23,950 23,073 22.160 21.241 20.3805 20,013 20.104
p Production Cost 44,000 39.058 30,1062 J4.700 33.198 31.653 30.930 JU.061 29.851
; Uperations & iaintenance Cost 71,704 715.7406 77.983 LU, 484 80.027 82,667 86,185 89,231 Yo.513
=X e T e e TR
LSS LLFL CYCLL CuSsT 145.3060 140,449 138.095 138,257 135.385 135,501 1374926 140,505 146,823
Solar Array Cost 020,429 0L, 283 597.829 590.120 590.027 588.051 575.390 584,993 509Y.481
Ilherwal Control Cost 0.875 0.3803 6,779 6.938 g b B led21) 7.4417 7.650 7.575
Powver Conditioning Cost 3.578 2.537 L.988 L.045 1.28Y L.042 «914 783 183
POTAL LIFE: CYCLE CUSTE 176,242 755.072 744,091 736.9660 734,434 732.575 121.677 133.937 724,067

Exbhibit 20b. FCU Life
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LLO LOvKky LGS (it202)

LOL FCU PERFORITANCE

Hardware LifLe Cycles d 3 4 S O S 8 Lo 12 15
flaximuwm FCU Life (ilr) 32000 21500 16000 L3000 10750 duou 6500 5400 4 300
Dark Perlod Power (V) 22547 33.384 46.83 59,12 75.42 104,95 124.03 136.21 154,07
Dark Period Voltage (V) 1.372 1.397 1.401 1.403 1.400 l.4uy l.414 1.426 1.430
Actlve Cell Areca (cm2) 232,206 232,26 232,206 232,26 232.20 232,26 232,20 232.206 232,20
Current Density (ila/cal) 69450 104, 34 143,92 181.40 231.87 321.05 379,42 417.37 463,75
Uperating Pressure (Kg/cmn2) o125 b 125 1.125 1125 1.125 1.125 I+125 1825 L« 125
Operating Teuperature (Deg=K) 355 355 3455 355 355 355 355 355 335
LUL LCU PLERFORIIANCL
Light Period Power (V) 34,01 34.48 34,87 34,44 34.39 34.49 34.05 34.50 34,060
Light Period Voltage (V) 3.41706 3404 3.490 3451 3.402 3.400 3.489 3.481 3,430
LUL SUBSYSTLID PLAVORUHANCE
Hardware Lite Cycles 4 4 4 4 4 4 4 4 4
ilazxinui Puap Life (ilr) 62393 02393 062393 02393 62393 62393 62393 62393 62393
12 Storage Velight (Kg) Y.019 95.4067 5.358 3331 5.308 5,285 5¢276 5.214 5158
Vol Tactor 800 «uuUu L0000 «300 PRIVY) LS00 «u0U 00U <000
Jatt=tlour Lifftlcliency « 390 <405 <400 L4114 JAlh 418 <418 422 oG 25
PUYS TCAL CHARACTLERLSTICS
lotal Gumber ot ICU 5040 3720 2608 2110 1656 1196 o012 ylu glv
lotal Humber ol ECU 6350 0l8y bU52 oulY 6uld 5984 9964 5910 5048
LSS Meight (Kyg) 10296 902 8118 77115 7512 1244 7134 7035 6Yl2
LS55 Volume (1173) 93,0656 48.453 37.501 J7.501 37« 501 37.501 53.050 48.453 37.501
Li1FL GYCGLL COSTS (LYyBU$il) ~
gp DDT&L Cost 42,500 37.590 3J4.478 32.943 31.703 30.363 29.784 29,320 28.790
~ Production Cost d1.180 70.668 044550 61.014 59,266 50,708 55.0084 54.802 53y 1.3
% Uperations & ilaintenance Cost 131.740 139.045 141,316 144,488 144,904 147,354 153.434 159. 381 16U.615
LSS LIFE CYCLE CUST 255,820 2474303 24043644 . 239,045 2358577 234.485 236,902 243.503 251.178
Solar aArray Cost 162,659 1056.034 1046.871 1031.794 1030.054 128,216 1032.198 1020.656 1012.,073
Thermal Control Cost 8.548 U.407 8.408 8.728 9.004 Y.040 9.945 lo. 111 Lu, 283
Power Conditioning Cost O.440 4.500 3.477 2.856 2.320 L.761 o528 1.409 289
TOTAL LLIFE GYCLE GOST 13595473 1316310 1299.100 1282.423 1277945 1274102 1282.573 1275.679 1274.823

Exhibit 20c. FCU Life
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LEO 25UKN LSS (liZzu2)
LUL FCU PLERUEOIIANCLE
ltacduyare Litce Cycles 2
daxinuw 'CU Life (lir) 32000
bark Period Power (V) 22:27
Dark Period Voltage (V) 1.369
Active Cell Arca (cw2) 232.20
Current bDensity (Hla/cu2) 70.03
Uperating Pressure (Kg/en2) 1125
uperating Temperature (Dep-K) 355
LUOL LCU PLREFORITANCL
Light Perlod Prower (i) J4.04
Light Period Voltage (V) J.4717
LOL SUBSYSTLID PLREFORUANCL
Hlardware Life Cycles 4
tiax inuwm Pump Life (ilr) 02393
H2 Storage UWelght (Kyg) 14,193
bob Factor LBUU
Hatt=lour Lificliency « 389
PUYS1CAL CHARACTERLSTLCS
Total uuwmber of FCGU 14155
Total Lunber of LCU Lovay
ESS Wedght (1) 25889
LSS Volune (1173) 125.0060
LLFL CYULLLE GOSTS (lysosu)
Q VDTLL Cost 10.722
\: Production Cost 1u5.,928
< Operations & ilalntenance Cost JU2.525
LSS LIFE CYCLE CUSE 559. 175
Solar Array Cost 22784700
Thermal Contrvl Cost 13.0654
Power Conditioning Cost 13.928

TOTAL LILFE CYCLLE CUST 2005.403

3
21500

34.09
1,393
232526
1usS.40
1.125
e

34.50
3.400

4

02393

13.664
000
404

9207
15430
22168
Luy.510

6U. 807
159.048
J14.708
5335223

2204.0610
b3ty
J. 06408

2762.692

4 5

Lu0UO 13000
46460 59,54
l.404 1.400
232,26~ = 233206
142.94 183.006
Lell2S Lo li25
355 355
 34.84 34,42
J.492 J.453
4 4
02393 62393
13.398 13.325
L300 LBU0
L40Y J414
07106 5244
15130 15062
20304 19403
88:151 82.9448
55,0601 52,833
146.09Y 136.878
J20.853 325,978
522.013 9517.68Y
2183324 2154,.,22!)
13.194 14,048
7.600 6,100
2726.737 2692.124

Exbibit 20d. FCU Life
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4
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LLu 25KM LSS (1n2w2)
LOL CU PLRFOINIAKCE

Hlarduvare Lite Cycles 2 3 4 5 0 ) 10 12 15
ilaximuwia FCU Life (lUr) 32250 21798 L7430 13514 11732 9755 71578 7578 7578
Dark Period Powver (V) 22,22 33.99 43.53 57.45 69.50 GB.40 116.61 119.68 12275
Dark Period Voltage (V) 1,375 1.403 1.437 1.422 1.434 1.4606 l.444 1.482 l.520
Active Cell Arca (en2) 232,26 232.26 232420 232,26 232.206 232,206 232,206 232.20 232,20
Current bensity (ita/cn2) 69.50 1V4, 34 130.43 173.90 208.68 260,85 347.80 347,80 347.80
Uperating lressure (Kg/cw2) Lel25 1.125 e 125 Lal2) L.125 1.125 1.125 1.125 Lal25
Upcrating Temperature (Deg=K) 355 355 355 355 355 355 355 355 355
LOL ECU PLERFORHAUCE
Light Period Pouer (VW) 34.42 34,49 34.05 34.17 34.106 33.97 34,25 33.488 33, 91
Light Period Voltage (V) 3.4706 J.bu4 3.442 3439 3.491 3.441 3.442 3.442 3.442
EOL SUBSYSTEI PLRFORHANCL
Harduware Lifte Cycles 4 4 4 4 4 4 4 4 4
Haximum Punp Life (Ur) 62393 L2393 62393 62393 62393 02393 62393 62393 62393
112 Storage Melpght (Kg) 1.405 Ve 352 l.314 1349 L.300 1,282 1.291 1.248 L.220
bob lactor <000 « 600 +3800 «000 <800 L3800 <800 . 300 L800
Vatt=ilour Litficiency <391 <407 423 421 <420 «435 432 J443 <455
PUYS LCAL CHARACTERISTICS
fotal Wumber ot FCU 1410 920 720 540 450 350 270 201 255
Total duuber of LECU 1598 1530 1490 1490 1490 1462 1462 1423 1394
LSS Wedght (Kg) 2597 2211 2057 19506 18986 1823 1782 1721 1691
LSS Voluame (i173) 20,294 15,051 15.051 15.051 15,051 15,050 |, 20.254 15.051 15.051
LIFE CYCLL COSTS (19808%i1)
DDTuL Cost 19.040 17.08Y9 16,283 15.609 15,320 14,8065 14.539 14.2064 L4, 140
o Production Cost 25,496 22,276 20.902 19.980 19.428 L8.706 18,211 17.778 L7.594
h~ Uperations & ilaintenance Cost 39.640 41.702 43.798 44,786 45.994 48,405 49.030 53.250 59. 134
O eeememememen mememmemaem  mmam e e mme s mmmm e e e e e er e m e em e am e o - - -
- LSS5 LIFE CYCLE COST d4.182 gl.007 8l.043 BU. 441 80,742 82.030 624380 85.312 Y. 674
Solar Array Cost 355.0U5 343.913 334.317 335,203 335.233 327.564 329.776 320.810 314,384
Therwal Control Cost 6.U37 5.994 5.9065 6.0060 6.103 6.187 6.324 0.266 6,201
Pover Conditioning Cost 1.y68 1.409 l.100 914 L783 L6048 « 508 508 . 5008
TOTAL LIFE CYCLE €OST 447,612 432,383 422,491 422.678 422.861 416.435 418.988 412,922 41 2. 531

Exbibit 21a. FCU Hardware Life Cycles
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LLu S5U0IKN LSS (H202)

LOL IFCU PLUFURIIANCE
Hardvare Life Cycluews 2 3 4 5 0 3 10 B2 1D

Haxiuum FCU Life (ilr) 32250 21798 16542 13514 L1787 8791 71578 6063 [V
bark Period Power (W) 22422 33.99 45.73 57«45 715.07 Y8.92 116.60 L3852 142,50
Dark Period Voltayge (V) 1.375 1.403 L.415 1,422 1,405 L.42Y L.443 l.430 1.470
Active Cell Arca (cw2) 232.26 232.206 232.26 232526 232,20 232,206 232.20 232:26 232,20
Currceant Density (ilalcm2) 0Y9.50 104. 34 139.12 173.90 231.87 298.12 347.861 417.37 417.317
Uperating Pressure (Kg/ewn2) 1,125 F.125 1,125 13125 1.125 1.125 Led 25 1,125 L't 25
Operating Tenmperature (Deg-K) 355 355 355 355 355 355 355 3355 355
LOL LCU PLREORIIAWCE
Light Period Power (W) 34.42 34.49 34571 34417 34,19 34.064 34,25 34.50 34,62
Light Period Voltage (V) 3.4170 J 464 3.4177 3.439 3.402 3.490 Jeb442 J.481 3.481
EOL SUBSYSLTEIL FERFORIIANCL
llardware Lile Cycles 4 4 4 4 4 4 4 4 4
daximum Punp Life (lr) 62393 62393 062393 62393 62393 02393 62393 62393 62393
N2 Storage Welght (Kg) 2,610 2.704 2.681 2,639 2.054 2.616 2.583 2.607 2.521
Do Factor 80U 800 . UU0 « 80U « 80UV « 800 « 300 « 80U L300
Yatt=tlour Etficilency 391 L4007 413 Jh21 410 420 J432 423 435
Pilys LCAL CHARACTERISTICS
lotal lumber of YFCU 2820 1840 1380 1092 6286 637 54u 435 440
Total Wumber of ECU J1Yo 3000 Ju2o0 2992 3026 2958 2924 29538 285606
56 Welpght (Kg) 5162 44106 4102 Ju62 3783 3007 3532 3521 3405
LSS Volune (1173) Jl.200 26,003 20,0600 20,0600 20.4800 20,4800 J1.200 26.,0U3 20.800
LIFE CYCLE COSTS (19806it)
LDT&L Cost 28.912 25.474 23,952 22,837 22.163 21,242 20,809 20.0106 20.160
Cp Production Cost 44,090 6.763 36.165 34.281 33.203 31.054 Ju.v4al 30.005 294853
\'B Uperations & ftlatntenance Cost 71.7606 75.040 77.985 719.1729 80.030 82.608 86.188 89.234 V6.814
L o R SRR I e g s ey O L e L B T e R OO
LSS LIFE CYCLE COST 145.3068 139.277 138.102 136.847 135.390 135.5604 137.938 140.515 146,833
bolar Array Cost 620.42Y9 6V0.059 597.829 584.967 590.627 588.051 575.390 584.993 569.48
Therwmal Control Cost 0.875 0.780 6.779 6.919 1133 7.321 7.447 7.056 Tie S5T5
Pover Conditioniny Cost 3.578 2.537 L.v88 L.645S 1.28Y 1.042 914 .783 . 783
TUTAL LIFE CYCLL COST 7704250 748.05Y 744,698 730,378 734,445 732,578 721.689 733.947 124,672

Exbibit 21b. FCU Hardware Life Cycles
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961I-D

LLu LUOLKH LSS

(lH202)

LOL FCU PLERFORIANCE
lardvare Life Cycles
flagimunm YCU Life (lr)
Dark Period Power (W)
Dark Period Voltage (V)
Active Gell Arca (cwm2)
Current Density (lla/cm2)
Upcerating Pressure (Kg/cm2)
Operating lfeuperature (bDeg=K)
LCU PERFORJAGCL
Light Period Pover (W)
Light Perifod Voltage (V)
SUBSYSTLIL PERFUORHANCLE
liardvare Life Cycles
Haxinum Puap Life (lr)
2 Storapge Veight (Kg)
bDob Factor
Watt-llour Lffficlency
PUYLLCAL CHARACTLRLSTLCS

lotal Humber of FCU

lotal Hunber of LCU

i85 Wedght (Kg)

LSS Volume (1173)
LIFE CYCLE CUSTS (lysosu)

DLTLL Cost

Production Cost

uperations & ilaintenance Cost

LOL

LUL

ESS LIFE CYCLE COST
sular Array Cost
Therviwal Control Cost
Pover Conditioning Cost
IFoTAL

LLFLE CYCLE COST

2
32250
22.22
1.375
232,20
0Y,.56
s lidd
355

J4.01
3.470

4

62393
5.019
ARV
«391

5040

6350
10296

53.0650

42,903
81,192
131.744
255.0639
1V82.65Y
8.548
6.440

1353.4066

21341
34.02
1.393
232.20
107.02
1.125
355

34.49
J.408

4
62393
5.462
L 000
«404

30627
Ol68
8842
48.453

37.352
70.198
138.147
245.0697
1VU50.291
d.401
4.469

1314,0658

4
16047

46.91
1.403
232,206
143,92
1,125
355

34,67
3.490

4
62393
5.358
000
<407

26068
0052
5118
37.501

34.482
04.555
141,319
240,350
1046.871
8,408
3.477

L299.112

131727
59.406
l.411
232420
181,40
1.125
355

J4.44
J.451

4
62393
5. 351
800
417

2116
6U18
1175
37.501

32.954
61.0630
144,498
239.0062
1031.794
8.728
2.850

1282.400

O
L0787

75.67
L.405
232.26
231.87
1.125
355

34.3Y9
3.402

4
62393
5.308
800
<416

L656
100 &)
a2
37.501

31.709
59.276
L44.915
235.900
LO3V.0654
9.004
2.320

1277.938

Exbibit 21c, FCU Hardware Life Cycles
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8225
105.07
1.409
232,20
321.05
1.125
355

34,49
3.4060

4
62393
5.285
800
418

1196
5964
7249
37.501

3U. 305
504771
147,356
234.492
1028.210
9.640
1.7061

1274.109

L0
6391
125,07
1.41Y
232.26
379.42
1+125
355

34,07
3,489

4
62393
5.219
800
L4109

1001
591606
7074
53.0650

29.570
55.250
151,965
236,785
1623.230
9.093
1,528

1271.436

12
6063
138.57
L.430
232,20
417.37
1.125

355

34.50
3.4851

4

62393
5.214
L4800
423

9lu
5916
7035
48.453

29325
54.809
159,385
243.51Y
Lu20.650
10.111
1.40Y

1275.695

15
5207
154,92
l.430
232.260
463.75
L1.125
355

34,060
3,400

4
62393
5.153
L8000
h206

uvlo
5848
6912
37.501

28,793
SS=ly
168,613
251.189
1012.073
10,283
15289

1274.,834
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Exhibit 21¢c. FCU Hardware Life Cycles (Continued)



LLu 25010 ESS (li202)
COL FOU PLREORIANCE
aavdvare Life Cyclos 2 3 4 3 0 4 10 12 15
ilaximun YU Life (Hr) 31832 21247 15944 12877 L0737 gluz2 6423 5389 4608
Darl Pertod Power (V) 22.42 34.75 47.15 6uv.73 TiDsei 07 106, 3Y 130.606 147.84 163,26
Dark Period Voltage (V) 1.306Y 1.391 1.401 1.403 1.405 1.405 1.402 L.4V3 1.415
Active Cell Area (cm2) 232,20 232.20 232.26 232.26 232,206 232.20 232.206 232.26 232.26
Current Deusity (ila/cwm2) - 70.50 107.57 144.92 186433 231,88 320,07 401.33 453,67 490,80
Uperating Pressure (Kg/cnl) 1:825 1.125 Lel25 o125 1.125 Ls 125 L. 125 1.125 bs125
Uperating Temperature (Deg=K) 355 355 355 355 355 355 355 355 355
LOL LCU PERFORUIIANCLE
Light Period Power (V) 34.71 3J4.517 34.91 34.45 34,52 34.04 34.49 34.5Y 34.04
Light Period Voltage (V) 3478 3.409 3.500 3,458 3.462 3.474 3,457 3.471 3.471
LuL SUBSYSTLIL PERVORLAGWCLE
Barduare Lite Cyeles 4 4 4 4 4 4 4 4 4
ilaximun Faap Life (ilr) 62393 62393 L2393 62393 02393 62393 62393 62393 62393
2 Storage Welght (Kg) La. 188 13,655 13.393 13.320 13.270 13.211 13.184 13.170 13,100
Dol Factor «duu 800 300 «duu 800 <800 800 L5600 LH800
datt-llour Efficiency <309 <403 <406 J4l4 L4106 <410 418 L417 Jh21
FaYsliual CHARACTERISTICS
Total Hlumber ol FCU 140060 9021 6624 5152 4140 2944 2392 211606 it
Total lumber of LCU 1oul4 15436 15130 L5062 14994 14920 14892 14892 146548
LSS Weight (Kg) 25807 22049 20250 19349 13705 18030 17727 L7012 17522
LSS Volume (1173) 125,000 lug.510 b8.151 82.9448 §2.948 118y 125.6060 109.510 88.151
LIFE CYCLE COSTS (1yi0$H)
UDTuE Cost 70.503 6U.468 55.487 52.667 50.620 8.205 47.011 4o.407 46,075
9 Production Cost 185, 348 158.7068 145.659 1386.454 133,237 127.251 124,333 123.04Y 122.110
(‘3 Uperations & daintenance Cost Jul.675 313.097 319.603 324,295 326,059 328.591 336.010 347.0650 370,284
e R e e R e R s e e e
£L58 LIFL CYCLE CUST 557.520 532,333 520,749 515.410 509.916 504.047 507.354 517 ¢ 172 536.475
Solar Array Cost 2278.5Y95 2205.082 21386.013 2155+«993 2151.344 2149.0696 2133.091 2143,025 2142.0706
Therwal Control Cost 13.0650 13.200 13,247 l4.102 14,858 16,374 17.382 16.071 18.612
Pover Counditioninyg Cost 13,849 9.079 7.517 6.074 5.040 3.779 3.169 2,850 2.044
TUTAL LLIFLE CYCLLE COST 2803.020 27004294 2728.120 2091.585 206381.164 2073.896 26065.996 2681.124 2701.807

Exbibit 21d. FCU Hardware Life Cycles
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