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ANNEX A — MODEL FORMULATION

This Annex provides a detailed description of the mathematical formulation of the model used to
predict costs of space based solar power (SBSP) systems and the resulting levelized cost of
electricity (LCOE). This annex is intended as a reference document, to ensure full transparency
for any resultant LCOE predictions presented in the main body of the report. It provides
detailed information on the model relationships which are embedded in the delivered
spreadsheet. The model structure is displayed graphically at the start of the annex.

Within equations, expressions in standard text (as opposed to italics) refer to parameters
defined in the tab “2. DefineRuns”. The nomenclature for these parameters is tabulated at the
end of this annex. The values of these parameters, and justification for their selection, are
included in Annex B.

As the model is probabilistic, the majority of the inputs have been defined as distributions. Four
distribution forms have been used: normal, uniform, log-uniform and triangular. A uniform
distribution, between a lower bound [ and an upper bound u is denoted:

X~U(l,u)

Uniform distributions are used where a range of values have been determined. A log uniform
distribution, between a lower bound [ and upper bound u is denoted:

X~L({,uw

Log-uniform distributions are used in place of uniform distributions where the bounds span an
order of magnitude or more.

Triangular distributions, with a lower bound [, an upper bound u and a peak or maximum
likelihood m are denoted:

X~T(,mu)

Triangular distributions are used where a range of values is available, but either a clustering of
values or a highly relevant source indicates one value is most likely.

Normal distributions, with mean y and standard deviation ¢ are denoted:
X ~N(u,0)

Normal distributions are used where a single value is available, with a nominal
uncertainty.
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Al MODEL STRUCTURE
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Figure Al: Model structure for LCOE calculation

© FNC 2021 COMMERCIAL IN CONFIDENCE Page 5 of 23



ENC 004456.51624R COMMERCIAL IN CONFIDENCE

FRAZER-NASH
Issue No. 1.0 CONSULTANCY

RF to DC Efficiency

DC to AC Efficiency

RF to AC Efficiency AC to Grid Efficiency

RF to Grid Efficiency Grid Power (MW)

Housekeeping Efficiency

WPT Efficiency Ground Station Input Power (MVV) Transmission Efficiency

DC to RF Efficiency Satellite Cutput Power (MW)

HCPV Efficiency HCPV Output Power (MW) Reflector Efficiency WPT Aperture Diameter (m)

HCPV Input Power (MW) WPT Aperture Area (m"2) Rectenna Diameter

HCPV Insolation (MW/m"2) (Miner Axis, m)

Satellite Input Power (MWV)

HCPV Area (m"2) Rectenna Area (m"2)

Solar Aperture Area (m*2)

Figure A2: Model structure for system scale calculation
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Figure A3: Model structure for satellite cost calculation
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Figure A4: Model structure for satellite mass calculation
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Figure A5: Model structure for enabling system cost calculation

LEVELISED COST OF ENERGY

The LCOE is the discounted lifetime cost of ownership and use of a generation asset, converted
into an equivalent unit of cost of generation £/MWh for comparative purposes. In other words, it
is the ratio of total costs associated with SBSP to the total amount of electricity expected to
generate over its useful life. The figure is denominated in present value terms implying that the
future cost outlays and electricity output are discounted to ensure consistency when comparing
technologies which have different cost and benefit profiles over time. LCOE is defined as:

LCOE = Neapex + Nopex
Y
Where:
» Ncapex 1S CAPEX net present value (£);
» Noprx is OPEX net present value (£);

» Y is system yield (MWh).
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The net present values of CAPEX and OPEX are calculated by comparing cumulative discount
rates:

CAPEX
Ncapex = t— D (tconstruction)
construction
OPEX
NOPEX = D(toperation + tconstruction) - D(tconstruction))

toperation

Where:
» Ccapex 1S CAPEX cost (£);
» Copex 1S OPEX cost (£);
» D(t) is the cumulative discount factor at period t;

These relationships are derived from the sums of geometric series, based around the start of
operation years. It is assumed that CAPEX and OPEX are incurred at constant rates throughout
the construction and operation periods respectively, because it is not possible to determine a
detailed activity timeline or profile of cost accrual at this early stage of development.

The yield is defined as:

Y = (Pgridfloadfdegradation * 24 * 365'25) (D (toperation + tconstruction) - D(tconstruction))

Where:

» faegraaation IS @ factor to account for the failure and degradation of a limited number of
modules during the life of the satellite. It is distributed according to:
fdegradation ~ U(l - fdeg,ubtoperationt 1- ft:leg,lbtoperation)
This distribution assumes a range of average degradation rates from 0 to 0.5% per year;

» The factors 24 and 365.25 are to convert from years to hours.

A.3 OPEX
The OPEX is calculated as:
COPEX = Cconnection + Coperation + Cinsurance
Where:
» C.onnection 1S CONNection and use cost (£), distributed according to:
Cconnection ~ U(Cculbpgridtoperation: Ccuubpgridtoperation)
» Coperation 1S Operations and maintenance (O&M) cost (£), calculated with:
Coperation = toperation (foperation Cground + fomlb Csatellite)
Where f,,eration ~ T fomibs fomees fomun) iS @ factor of construction cost incurred per year as
an operational cost. The term t,pration foperation Cgrouna 1S the ground facility O&M cost.
Cinsurance 1S insurance cost (excluding launch, £), given by:
Cinsurance = (1 + iprofit) (isatyearone + isa\tlife (toperation - 1)) Csatellite
© FNC 2021 COMMERCIAL IN CONFIDENCE Page 10 of 23
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A4 CAPEX

CAPEX is calculated as:
CCAPEX = Cconstruction + Cpredev + Cinfrastructure

Where:
» C.onstruction 1S CONstruction cost (£), described in section A.6.

» C

predev 1S Pre-development cost (£), given by:

Cpredev ~ U(Cpredevlb l:’grid! Cpredevub Pgrid)

4 Cinfrastructure 1S Infrastructure cost, given by:

Cinfrastructure ~ U(Cinﬂbpgrid: Cinfub l:’grid)

A.5 POWER & EFFICIENCY

In order to produce cost and yield estimates for a SBSP system, its scale must be determined.
The scale of each subsystem is modelled as dependent on the power which must be processed
through that subsystem, and this power is, in turn, dependent on the subsystem efficiencies.
This calculation leads to a hierarchy of systems, efficiencies and powers. The relationships do
not design a SBSP system, but instead describe a design concept to allow the sensitivity to key
parameters to be explored.

The radio-frequency (RF) power arriving at the ground station, Pg,.,,nq (MW), is calculated as:

_ Pgrid
Pground -
77RF—grid

Where:
» Nrr-gria 1S the RFE-grid efficiency, given by:
Nrr—gria = NMrRF-DcIDc-AcNAc—grid
» Nrr—pc 1S the conversion efficiency from RF to direct current (DC):
Nrr-pc ~ U(€tarfqep, €tartacun)
» Npc-ac 1S the conversion efficiency from DC to alternating current (AC):
Npc-ac ~ U(etageaciv, €tagcacub)
» Nac-gria 1S the conversion efficiency from AC to the grid:
Nac—gria~U(€etaacgridibs €taacgridub )
The RF power leaving the satellite is termed satellite output power, Ps, (MW), and is calculated
as:

Pgrid

Nr NRr-griallT
Where:

» 1y is the transmission efficiency, calculated from:
nr = Uletayy, etagyp)

The DC power emitted from the high-concentration photovoltaic (HCPV) module, Pcpy, (MW), is
calculated as:

©FNC 2021 COMMERCIAL IN CONFIDENCE Page 11 of 23
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PSo Pgrt’d

Pepyo = =
PVo
Npc-rr MRF—grialTIDC-RF

Where:

» Npc—rr 1S the efficiency of the conversion from DC from the HCPV to RF emitted from the
satellite, calculated as:
Npc-rF = NhousekeepingMwPpT

» nwer 1S the efficiency of the wireless power transmitter (WPT), distributed according to
Nwer ~ T(Etawptlb' etawptml' Etawptub)

» Nhousekeeping 1S @ t€rm to capture up to 10% additional power expenditure on satellite
operation, distributed according t0 npgysekeeping ~ (€tankip, €tankub)-

The power incident on the HCPV module, P.py; (MW), is calculated as:

PCPVO _ Pgrid

P . = =
CPVi
Nepv Mrr-grialtMpc-rENcPv

Where:

» nepy 1S the HCPV module efficiency, distributed according to
Nucpy ~ U(etapcpvin, €tancpvun)- These values capture the efficiency of the PV and losses

through the primary and secondary optical elements.

The power incident on the reflectors, termed satellite input power Py; (MW), is calculated as:

P.. = PCPVi _ Pgrid
Si — -
Nreflector  NreflectorMRF—grialTTIpc-RFNcPv
Where:
4 771”eflector ~ U(etareﬂectlb: etareﬂectub)

A.6 CONSTRUCTION COST

The cost of construction, C.ynstruction (E), IS Calculated according to:
Ceonstruction = Csatetiite T+ Cgrouna + Cenabiing
Where:
» Csateuite 1S the cost of the satellite (£), described in section A.6.1;
» Cyrouna 1S the cost of the ground facility (£), described in section A.6.2;
» Cenaniing 1S the cost of enabling systems (£), described in section A.6.3.
A.6.1 SATELLITE COST
The cost of the satellite, Cgytenite, iS broken down into components as follows:
Csatetiite = Crefiector + Cepv + Cenruster + Coc + Cwpr + Cstructure

Where:

» Crefiector IS the cost of the reflector or mirror (£);

» Cycpy is the cost of the HCPV modules (£);

©FNC 2021 COMMERCIAL IN CONFIDENCE Page 12 of 23
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A.6.1.1

A.6.1.2

» Crnruster 1S the cost of thrusters required for station-keeping (£);
» Ccc is the cost of communications and control systems (£);

» Cwpr is the cost of the WPT modules (£);

» Cstructure 1S the cost of structural elements (£).

The mass of the satellite, My,..uice (KQ), is also calculated in order to inform space transportation
costs, as follows:
Msatellite = Myeflector + MCPV + Mthruster + Mreaction + MCC + MWPT + Mstructure

Where:

» M,.cfiector 1S the mass of the reflector or mirror, including its supporting structure (kg);
» Mycpy is the mass of the HCPV modules, excluding supporting structure (kg);

» M nruster 1S the mass of thrusters required for station-keeping (kg);

> M, caction 1S the mass of propellant required for station-keeping (kg);

> M is the mass of communications and control systems (kg);

> My, pr is the mass of the WPT modules, excluding supporting structure (kg);

4 M ructure 1S the mass of structural elements (kg).

Reflector
The reflector scale is defined as the solar aperture area of the reflector, 4,.fecor, Calculated as:
Psi
Areflector =

solar

Note the physical area of the reflector will be larger than it’s solar aperture due to the need to
redirect the light. This discrepancy is accounted for in m7, r ..o Where:

» Psotar 1S the power density from the sun,

The cost, Crefiector @NA MASS, M, riect0r» Of the reflector are factors of this area:
Mreflector = mgeflectorAreflector; Creflector = LreflectorC;glfectoereflector

Where:

» M7 rrector 1S the mass per unit area of reflector (kg/m2) including supporting structure,
distributed according to:
m‘rleflector"'T(mareﬂectlb» Mareflectml n'l'areflectub)

» Crefiector 1S the cost per unit mass of the reflector (£/kg), distributed according to:

C;réflector ~ U(Cmreﬂectlb’ Cmreﬂectub)
» Lyefiector IS @ learning factor for reflector manufacture, described in section A.6.4.
High Concentration Photovoltaic

The HCPV module scale is defined as the area of the primary optical element (POE), Aycpy
(m?), defined as:

A _ Pycpyi _ Areflector
HCPV — -
fconc

PHcpv

Where:

© FNC 2021
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» Pucpy 1S the power density striking the HCPV module or HCPV insolation, calculated as:

Pucev = psolarfconcnreflector
» feonc IS the reflector concentration factor, equal to two as a design assumption.
The mass, Myqpy (Kg), and cost, Cycpy (£), of the HCPV module are calculated as:
Mycpv = MicpvAncevs  Cucpv = LucpvChicevAncey

Where:

» mgcpy IS the mass per unit area of the HCPV module (kg/m?), distributed according to:

m&cpy ~ T(Mapepyip, Mancpyml, Mancpyub)
» chicpy 1S the cost per unit area of the HCPV module (E/m2), distributed according to:
cficev ~ T(Canepyibs Cancpymls Cahepyvub.)
4 Lycpy 1S a learning factor for HCPV manufacture, described in section A.6.4.
A.6.1.3 Thrusters

The scale of the solar electric thruster system required for station keeping is defined as a
number of thrusters Nyj,ster» distributed according to:

Nthruster ~ N(nthrustmu' nthrustsigma);
The cost, Cipryster (E), and mass M,p,ster (Kg), Of the thruster system are calculated as:
Mipryuster = m?hrusterN thrusters Cenruster = LthrusterC?hrusterN thruster
Where:
» mpster 1S the mass per thruster (kg), distributed according to:
m?hruster ~ U(mthrustlbt mthrustub)

» chruster 1S the cost per thruster (£), distributed according to:

n
Cthruster™ U (Cthrustlb' Cthrustub)

» Lenruster 1S @ learning factor for thruster manufacture, described in section A.6.4.

The reaction mass required, M, .,.:ion (KQ), is calculated as:

de}tthoperation"’AVdecom
— 7 _
Mreaction - Mdry e 8lthruster 1

Where:

» M., is the “dry mass” of the satellite (kg) given by:
Msatellite = Myeflector + MCPV + Mthruster + +MCC + MWPT + Mstructure

» Linruster 1S the thruster specific impulse (s), distributed according to:

Linruster ~ U(ithrustlbﬂ ithrustub)
» AV,.com 1S the delta-V required for decommissioning, distributed according to:
AVgecom ~ U(dVgecomibs AVdecomub)
It is assumed that the cost of reaction mass is negligible compared to the cost of the thrusters.
A.6.1.4 Communications and Control
The cost of communications and control systems, C.. (£), is calculated as:

— m
Cec = LeceieMec

©FNC 2021 COMMERCIAL IN CONFIDENCE Page 14 of 23
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A.6.1.5

A.6.1.6

Where:

» M is the mass of communications and control systems, distributed according to:
M¢c ~ U(mcclbt mccub)
» ¢t is the cost per unit mass of communications and control systems (£/kg), distributed

according to:
Cgé ~ T(Cmcclb' CMeem)y Crnccub)

» L¢¢ is a learning factor for communications and control systems manufacture, described
in section A.6.4.

Wireless Power Transfer
The scale of the WPT system is defined by its aperture radius ay,pr, and its corresponding

aperture diameter 2a,,pr. This is calculated to match the assumed peak power density on the
ground, according to:

, (3 %108\
pgroundabeam W

Pyprm

2aypr =2

Note that this calculation does not include atmospheric absorption as it is assumed that the
regulatory limit must be met when no absorption occurs. It also assumes a circular aperture,
and no geometrical constraints on the transmitter due to the arrangement of satellite systems.

The cost, Cypr (E) and mass, Mypr (kg), of the WPT system are calculated as:

Cwer = LwprCier;  Mwpr = miyprmafypr
Where:
» ciwer 1S the cost per unit mass of WPT (£/kg), distributed according to:
Clypr ~ U(meptlb' meptub)
» m{,pr is the mass per unit area of WPT (kg/m?), distributed according to:
mypr ~ U (mawptlb: mawptub)
» Ly pr is @ learning factor for WPT manufacture, described in section A.6.4.
Structure
The mass of the structure, Mgicture (KQ), is scaled on the mass of other elements:
Mgtrycture = Tstructure (MHCPV + Mypr + Mreflector)

Where:

Tseructure 1S @ factor distributed according to:
rstructureNN(rstructmu: rstructsigma)
The cost of the structure, Csiyucere (E), is calculated as:
Cstructure = CsngructureMstructure
Where clciure IS the cost per unit mass of structure (£/kg), and is distributed according to:
Cs"tlructure ~ N(Cstructmu: Cstructsigma)

No learning factor is included for structure manufacture due to the relatively low complexity and
initial cost of structural modules.

© FNC 2021
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A.6.2 GROUND FACILITY COST
The cost of the ground facility, Cy,ounq (E), is decomposed as:
Cground = Crectenna + Cland + Ccontrol + CBoP
Where:
» Crectenna 1S the cost of the rectenna (£).
» Ciana 1S the cost of land for the site (£).
» C.ontro1 1S the cost of power and mission control facilities (£), distributed according to:
Ccontrol ~ N(Ccontrolmw Ccontrolsigma)
4 Cgop is the cost of the electrical balance of plant (£), distributed according to:
Cpop ~ U(Cboplb pgrid' Cbopub pgrid)
This distribution is derived from the range of estimates for terrestrial solar PV, as the
balance of plant systems are expected to be similar. Reference [12] gives a cost range of
£124,500-217,500/MW An EU assessment for solar PV [33] quotes £180,000/MW. For
100MW utility solar PV systems a cost of $0.13/W is quoted, leading to a value of
£97,500/MW, used as a lower bound [34].
A.6.2.1 Rectenna and Land
The rectenna scale is defined by its minor axis radius, a,¢ctenng (M), Which is calculated as:
3x 108
1.22 <W> dpeam
Qrectenna = 2aypr
This calculation is based on the size of the WPT aperture and the diffraction pattern of the
beam. A design assumption is that the rectenna is sized at the first minimum of the Airy disc
which is a point of relatively diminishing returns from increasing rectenna size. It is possible that
the size of the rectenna could be varied with consequences for the beam capture efficiency,
ncapture-
The rectenna cost, Crecrenna (£), is calculated as:
C — C;lectennanazectenna
rectenna Sil‘l(3 10)
Where:
» ¢t ctenna 1S the rectenna cost per unit area (£/m2), distributed according to:
Cgectenna ~ U(Carectlb' Carectub)
» The factor of sin(31°) accounts for the inclination angle of the satellite, from a design
assumption.
The cost of land, €44 (£), is calculated as:
C — Cﬁlndﬂagectenna
land sin(31°)
Where:
» Clona IS the cost per unit area of land (E/m2), distributed according to:
Clana ~ T (Cajandibs CAlandm!> Calandub)
© FNC 2021 COMMERCIAL IN CONFIDENCE Page 16 of 23
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A.6.3 ENABLING SYSTEMS COST

The cost of enabling systems, Cepapiing (E), is decomposed as follows:

Cenabling = Claunchlnsurance + Cspacelift + Cassembly
Where:

» Craunchimsurance 1S the cost of launch insurance (£), calculated as:
Claunchlnsurance = irisszatellite

» Cassempiy 1S the cost of in-orbit assembly (£).
» Cspacerise 1S the cost of transferring the satellite from earth to GEO (£)
A.6.3.1 Orbital Assembly

Orbital assembly is scaled on the number of robots required, N,,;.:, calculated from:
tassemblmeodule

Nrobot - t
construction

» tassembiy 1S the time taken to assemble one module and connect it to the satellite,
assumed to be distributed according to:
tassembly ~ U(tassemblylbx tassemblyub)

» Noaute 1S the number of satellite modules after all on-ground assembly, calculated as:
Msatellite

Nmodule - M
module

> M 0auie 1S the mass of each module, distributed according to a design assumption:
Mmodule ~ U(mmodulelbt mmoduleub)

The cost, Cassempry (E), and mass, Mgsgempiy (Kg), of orbital assembly are then calculated as:

— m . — n
Cassembly - LrobotMassemblyCrobot: Massembly = NyobotMrobot
Where:

» ¢ pot 1S the cost per robot (£), distributed according to:

Cpébot ~ U(Cmrobotlb: Cmrobotub)
my,,0: IS the mass per robot (kg), distributed according to:

m?obot ~ T(mrobotlb' Myopbotmls mrobotub)
» L.opo: 1S @ learning factor for orbital assembly robot manufacture, described in section
A.6.4.

To aid calculation of the cost of orbital assembly, the terms which depend upon the number of
robots, L,,po: aNd N,,p0:, @re grouped. This involves the calculation of a “learning adjusted
number of robots required”, N/¢4'" as an intermediate calculation step:

learn _
Nrobot - LrobotNrobot

The cost, Cyssempiy» IS then calculated according to:

— pnlearn,n m
Cassembly - Nrobot MyobotCrobot

A.6.3.2 Spacelift

The cost of transferring the satellite from earth to GEO, Csyqceife (£), calculated
as:

— .m
Cspacelift - Cspacelift(Msatellite + Massembly)

©FNC 2021 COMMERCIAL IN CONFIDENCE Page 17 of 23



ENC 004456-51624R COMMERCIAL IN CONFIDENCE
Issue No. 1.0

FRAZER-NASH
CONSULTANCY

Where:

> Copacelift IS the cost per unit mass transferred to GEO, distributed

according to:
Cspacelift ~ L(leiftlbf leiftub)

A.6.4 LEARNING FACTORS
The cost data available for many elements of the satellite, ground and enabling systems are for
first of a kind of the respective systems. Significant cost savings are expected during mass
production of these systems, as will be required for the modular SBSP satellite proposed. For
the ‘n of a kind’ system considered, part of a 5-sattelite constellation, the unit costs of many
modules will be greatly reduced compared to the cost data used.
The effects of mass production on costs are considered using learning factors [19]. The cost of
the n'® identical module, C,, (£) is calculated as:
C, = CnfLc
Where:
» C, is the cost of the first of a kind module (£)
> fic 1s a coefficient controlling the reduction, which is distributed according to:
fic ~ T(learngy, learng,;, learng,y)
The total cost of N modules, assuming N, have previously been produced is the “n of a kind
cost”, Croak:
N+No—1
Croar = C1 z iftc
i=Ng
Where the top limit has been reduced by 1 to prevent over accounting due to the inclusive sum.
The learning factor, L, is defined as the ratio of the “n of a kind” cost C,,,4«, to the cost of the
equivalent first of a kind system, Cryqx:
N+No—-1
L = Cnoak _ Zx:N; foC
Cfoak Z¥=1 xfLe
Evaluation of this sum is computationally challenging when N is large, hence for the purposes of
modelling this is approximated using the inequality:
N+Np—1
1 N+Ny
Z foCZ_j foCdx
N N,
x=Ng 0
Therefore:
N+No-1 fLc+l fLc+l
LC — LC
Z xfic > (N + No) (No)
= (fic+ D
=4o
o (N +1)f1e+1 — 1
Z xfrc >
~ (fic+ D)
The learning factor is calculated assuming this approximation holds as an equality:
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(N + Np)/tett — (Np)/rett
- (N +1)fLctl — 1

The values of N for each of the modules which learning is applied to are either specified as
parameters, such as CCy for communications and control or are calculated as the mass of the
system divided by a module mass, my,oquielearn » fOr €xample for HCPV:

M
HCPVy = HCPV

Myodulelearn
This module mass is distinct from that used in the assembly calculations, to account for the fact
that some modules may undergo an initial assembly stage prior to spacelift. Values of N, are
specified as parameters, such as HCPVy, for HCPV.
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A7 PARAMETER NOMENCLATURE

Description Type Lower Maximum Upper
Bound / Likelihood / Bound
Standard Mean /
Deviation Constant
Value
OPEX Optimism Bias (%) Constant 0bgpex
Ground Station Optimism Constant 0bground
Bias (%)
Satellite Optimism Bias (%) | Constant obgatellite
Spacelift Optimism Bias Constant 0bgpacetife
(%)
Orbital Assembly Optimism | Constant 0bassembly
Bias (%)
At Grid Capacity (MW) Constant Pyrid
Design Life (y) Constant toperation
Discount Rate (Spend) Constant d
Discount Rate (Yield) Constant dy
Construction Time (y) Constant teonstruction
Solar Insolation (W/m2) Constant Psun
Mirror Concentration Factor | Constant feonc
RF Frequency (Hz) Constant freq
Maximum Beam Distance Constant Apeam
(m)
RF Intensity Limit (W/m2) Constant Pground
Load Factor Constant fload
HCPV NO Constant HCPVy
WPT NO Constant WPTyo
Thruster NO Constant thrustery,
Reflector NO Constant reflectory,
CCN Constant CCy
CC NO Constant CCyo
Orbit keeping delta V Constant deltaV
(m/sly)
Gravitational Constant Constant g
(m/s2)
Rectenna N Constant rectennay
Rectenna NO Constant rectennay,
Learning Module Mass Constant My odulelearn
Launch Insurance Risk Constant irisk
Satellite Insurance Risk, Constant isatyearone
First Year
Annual Satellite Insurance Constant isatlife
Risk, After First Year
Insurance Profit Margin Constant Iprofit
Degradation Rate Uniform faegib faegub
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Description Type Lower Maximum Upper

Bound / Likelihood / Bound

Standard Mean /

Deviation Constant

Value

O&M Factor Triangle fomib fommi fomub
Connection & Use Cost (£) | Uniform Ceulb Ceuub
Infrastructure Cost (£) Uniform Cinflb Cinfub
Pre-Development Cost (£) Uniform Cpredevib Cpredevub
RF to DC Efficiency Uniform etatqeb eta acub
DC to AC Efficiency Uniform etageaclb etagcacub
AC to Grid Efficiency Uniform etaycgridib etaycgridub
Transmission Efficiency Uniform etayp etagyp
WPT Efficiency Triangle etayptib etaypemi etayptub
Housekeeping Efficiency Uniform etanup etapyun
HCPV Efficiency Uniform etapcpvib etapcpyub
Reflector Efficiency Uniform eta eflectlb etareflectub
HCPV Mass Per Area Triangle may,cpylb maycpymi may,cpyub
(kg/m"2)
Learning Exponent Triangle learng, learngy, learngyy
HCPV Cost per Unit Area Triangle Cahcpvib Cahcpyml Cahcpvub
(E/m2)
Reflector Mass per Unit Triangle Mareflectlb Mareflectml Mareflectub
Area (kg/m”"2)
Reflector Cost per Unit Uniform CMyeflectlb CMyeflectub
Mass (£/kg)
WPT Mass per Unit Area Uniform may,pp may,peub
(kg/m"2)
WPT Cost per Unit Mass Uniform CMypeip CMyprub
(E/kg)
Number of Thruster Units Normal Nehrustsigma Nihrustmu
Thruster Cost per Unit (£) Uniform Cthrustlb Cthrustub
Thruster Mass per Unit (kg) | Uniform My rustlb My rustub
Communications and Triangle CMeqp CMeem) CMeeyp
Control Systems Cost per
Unit Mass (E/kg)
Communications and Uniform Mg Mccub
Control Systems Mass (kg)
Structure Cost per Unit Normal Cstructsigma Cstructmu
Mass (£/kg)
Structural Mass Ratio Normal Tstructsigma Tstructmu
Thruster Specific Impulse Uniform ithrustib ithrustub
(s)
Land Cost per Unit Area Triangle Cajandlb Calandml Calandub
(E/m"2)
Rectenna Cost per Unit Uniform Carectlb Carectub
Area (£/m"2)
Power Control + Mission Normal Ccontrolsigma Ccontrolmu
Control Facility Cost (£)
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Description Type Lower Maximum Upper
Bound / Likelihood / Bound
Standard Mean /
Deviation Constant
Value
Electrical Balance of Plant | Uniform Choplb Chopub
Cost (£)
Spacelift Cost per Unit Log-uniform CMyigep CMyifeub
Mass (£/kg)
Orbital Module Mass (kg) Uniform My, odulelb My oduleub
Assembly Robot Cost per Uniform CMyopotlb CMyobotub
Unit Mass (£/kg)
Mass per Assembly Robot | Triangle Myobotlb Myobotml Myobotub
(kg)
Days of Assembly per Uniform tassemblylb tassemblyub
Module (d)
Decommissioning Delta V Uniform dVgecomlb dVgecomub

(m/s)
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