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Abstract — This work presents a tool to define an optimized ar-

chitecture of DC superconducting cables realized with magnesium 
diboride (MgB2), aimed at minimizing the cable system costs by de-
termining the optimal values of the geometric, physical, and operat-

ing parameters. The methodological approach is implemented in the 
numerical tool OSCaR, previously developed for HTS AC coaxial 
cables, and adapted here to the analysis of MgB2 conductors. The 

major updates to the original code are listed in a dedicated section 
of this manuscript. As an upgrade of the previous version of the 
model, the fluid-dynamic constraints are evaluated with an accurate 

modeling of the thermodynamic and thermophysical properties of 
the cryogenic fluid. Helium gas is selected as the cable cryogen, but 
the tool allows the user to select also other cryogenic fluids (e.g. liq-

uid hydrogen). As an example of the flexibility of the proposed tool, 
the results of a parametric analysis are provided. The optimized 
costs of the cable system, distinguishing between several cost in-

dexes, and some optimized individual design parameters of the 
MgB2 line are presented as a function of the delivered power. 

Index Terms — Superconducting cables, MgB2 conductors, 

Transmission lines, Techno-economic optimization. 

I.INTRODUCTION 

he application of magnesium diboride (MgB2) to high-

power transmission lines has long been considered [1], and 

the interest has recently been reinvigorated by the Euro-

pean BEST PATHS project [2], the Superconducting Link pro-

ject at CERN [3] and cable prototype realized at the JSC 

VNIIKP Institute (Russia) [4]. Given its relatively low manu-

facturing cost compared to High Temperature Superconducting 

(HTS) tapes and a critical temperature compatible with liquid 

hydrogen, MgB2 would be a good candidate for realizing trans-

mission lines transporting both electric and chemical energy 

from renewable offshore plants [5, 6, 7, 8, 9]. To reduce the 

consumption of expensive cryogenics, the proposed use is gen-

erally limited to DC lines [10, 11], but improvements to wires 

and cables design to apply MgB2 also for AC lines are investi-

gated [12, 13]. However, for this technology to take hold in the 

market, the possible scenarios of techno-economic convenience 

compared to conventional cables (or other superconducting op-

tions) must be identified. To date, a poor number of case studies 

and cost analyses of superconducting cables are available, con-

sidering limited conductor and operating parameters [14, 15, 

16, 17, 18, 19, 20, 21], very few of them referred to MgB2 ca-

bles [22]. 

This work describes a techno-economic optimization tool for 

MgB2 DC cables consisting of two-way lines with a single cry-

ogen flow and adopting the so-called both-sided cooling option. 

The methodology is adapted from the tool called OSCaR (Op-

timization tool for Superconducting Cable Research) [23], orig-

inally developed for triaxial HTS AC coaxial cables [24]. The 

main modifications imposed to the original algorithm to para-

metrize costs, losses and design factors referred to DC MgB2 

cables are reported. Finally, some examples of parametric anal-

yses obtained with the proposed tool are provided, to identify 

cost trends and assist in defining design choices. 

II.DESCRIPTION OF THE OPTIMIZATION METHOD 

The proposed tool determines the optimized cable design ac-

cording to the operating parameters selected by the user, corre-

sponding to the lowest system cost. A constrained minimization 

problem for a multi-variable function is solved using a genetic 

algorithm implemented in MATLAB [25]. Specifically, the to-

tal cost of a MgB2 cable system (𝐶𝑡𝑜𝑡) is minimized, defined as: 

𝐶𝑡𝑜𝑡 = 𝐶𝑀𝑔𝐵2
+ 𝐶𝑖𝑛𝑠 + 𝐶𝑐𝑜𝑜𝑙𝑐𝑎𝑝

+ 𝐶𝑣𝑎𝑐 + 𝐶𝑐𝑟𝑦𝑜 + 𝐶𝐻𝑒 + 

              +𝐶𝐶𝑢 + 𝐶𝑡𝑒𝑟 + 𝐶𝑐𝑎𝑏 + 𝐶𝑙𝑎𝑦 +  𝐶𝑐𝑜𝑜𝑙𝑜𝑝
+ 𝐶𝑚𝑎𝑛 + 𝐶𝑑𝑖𝑠 

(1) 

where the cost indexes in (1) are parameterized to the specific 

design choices, distinguishing between capital and operating 

costs. Capital costs combine the cost of MgB2 wires (𝐶𝑀𝑔𝐵2
), 

the electrical insulation material (𝐶𝑖𝑛𝑠), the development and in-

stallation of cooling/pumping stations (𝐶𝑐𝑜𝑜𝑙 𝑐𝑎𝑝
), the vacuum 

system (𝐶𝑣𝑎𝑐), the cryostat (𝐶𝑐𝑟𝑦𝑜), the amount of helium con-

tained in the closed loop cryogenic system used to cool down 

the cable (𝐶𝐻𝑒), the copper necessary for the cable former and 

shield (𝐶𝐶𝑢), the electric terminations (𝐶𝑡𝑒𝑟), the cabling costs 

(𝐶𝑐𝑎𝑏), and the laying costs (𝐶𝑙𝑎𝑦). The operating costs includes 

the electric energy needed to operate the cooling/pumping sta-

tions (𝐶𝑐𝑜𝑜𝑙𝑜𝑝
), and the costs for cable maintenance (𝐶𝑚𝑎𝑛) and 

dismantling (𝐶𝑑𝑖𝑠). 

The thermal inputs from the cryostat and the heat generated by 

the cable components are computed for all configurations dur-

ing the optimization process. Constraints are imposed on the 

maximum and minimum current that can be transported by the 

MgB2 wires and on the pressure and temperature limits that can  

T 
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Fig. 1. (a) Sketch of the lateral view of a DC MgB2 cable, not in scale. The 

bold terms refer to some of the design parameters modified throughout the 

optimization process. (b) Sketch of the both-sided cooling option with a single 
intermediate cooling station per way. The bold red terms indicate the heat 

inputs to the cable segments and to the cooling stations.  

 

be reached by the cryogenic fluid (helium gas or liquid hydro-

gen) in a cable segment. An exhaustive mathematical descrip-

tion of the model is reported in [24], referred to AC coaxial HTS 

cables. Only the main modifications to the model equations im-

plemented to study MgB2 DC cables are reported here. Thus, 

all input parameters not explicitly mentioned in this work are 

the same as adopted in [24]. 

A.MgB2 cable design and electrical considerations 

Fig. 1a shows a sketch of the lateral view of the cable design. 

Among the different architectures that have been proposed in 

the literature for MgB2 DC cables [1, 2, 3, 4, 26], the design 

proposed in [6] is selected, assuming the various layers to be 

concentric. However, the proposed methodology can be applied 

to cables with double cryostats/fluids, as well as multi-petal lay-

outs. The cable is composed of a copper former, supporting the 

MgB2 wires. Differently from the approach presented in [24], 

the radius of the former (Rf) is no longer a problem variable, but 

it is computed from the number of MgB2 wires (𝑁𝑤). The latter 

is instead added to the optimizable parameters (bold terms in 

Fig. 1a). Each algorithm step starts with a 𝑁𝑤  value selected be-

tween the upper and lower boundaries imposed by the user. 

Then, the radius Rf is computed to arrange all the MgB2 wires 

around the corresponding former circumference, leaving no 

space between adjacent wires. The wires are wound with a 

winding angle 𝛼, ranging from 7° to 15° due to practical me-

chanical limits. The angle affects the total length of MgB2 wires 

required to wind the cable and the losses due to current ripples. 

The electrical insulation thickness necessary to withstand the 

nominal cable voltage is calculated with the methodology de-

scribed in [21]. This work considers laminated polypropylene 

paper (PPLP) as an insulating material; the breakdown strength 

of 85 kV/mm has been selected as an average of the values 

found in [27, 28, 29, 30, 31, 32, 33, 34]. Then, the insulator is 

surrounded by a copper stabilizer shield, whose thickness is cal-

culated to obtain the same amount of copper as in the former 

[21].  

B.Hydraulic and cooling considerations for the MgB2 cable 

The concentric layers are contained within an annular duct of 

optimizable thickness tan, where the cryogenic fluid flows with 

a mass flow rate 𝑚𝑐̇ . Thus, the cable design can be classified 

among the Cold Dielectric ones, like most of the superconduct-

ing cables prototypes recently proposed. Finally, the cable is 

contained within a 20 mm thick cryostat. Note that Fig. 1a does 

not show very thin layers: a 1.9 mm thick levelling layer is in-

terposed between the former and the MgB2 wires [35], a 0.36 

mm thick carbon black layer is interposed both between the 

MgB2 wires and the insulation and between the insulation and 

the copper shield, and a 0.3 mm thick core fixture layer is inter-

posed between the copper shield and the annular duct. 

Fig. 1b shows a sketch of the cable system coupled to its 

cooling apparatus. The so-called both-sided cooling option is 

adopted in this work [35], resulting in a termination cooling sta-

tion at each cable end. Then, each cable segment is included 

between a pair of cooling stations. Each cooling station must 

re-establish the initial temperature and pressure conditions (Tin 

and Pin) of the input cryogen (orange arrows) before pumping 

it into the following cable segment (blue arrows), by compress-

ing it and removing the heat it absorbed along the length of the 

previous segment. To avoid exceeding the user-imposed con-

straints on the maximum temperature rise (ΔTmax) and pressure 

drop (ΔPmax), a number of intermediate cooling stations nstat can 

be present along the line length (Lline). In this work, the cable is 

refrigerated with helium gas, entering each segment at Tin = 20 

K and Pin = 20 bar and imposing ΔTmax = 10 K and ΔPmax = 12 

bar. However, the tool already considers the properties of 15 

alternative cryogenic fluids, that a user can easily select. 

For a fair comparison with AC cables, the DC line is designed 

with one forward and one return conductor, both included be-

tween the same pair of termination cooling stations. Finally, as 

in [24], the cable geometry is assumed to be modular: all cable 

segments are identical. Thus, it is sufficient to optimize the de-

sign of a single segment of length 𝑑𝑠𝑡𝑎𝑡. Furthermore, since the 

forward and return cables are identical, it is sufficient to esti-

mate the cost of a cable route and then double it. 

C.Loss function 

Following the sketch presented in Fig. 1b with red arrows, 

each intermediate cooling station eventually present has to 

manage a quantity of heat 𝑄𝑖𝑛𝑡 , while each termination cooling 

station has to handle a quantity 𝑄𝑡𝑒𝑟𝑚, both expressed in (2). 

b) 

a) 
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𝑄𝑐𝑟𝑦𝑜 is the heat entering from the cryostat, computed as in [24, 

36]. 𝑄𝑐𝑙  is the heat produced by 2-stage current leads (copper to 

HTS at 77 K and HTS to MgB2 at 20 K), calculated as in [21]. 

 

𝑄𝑖𝑛𝑡(𝑇) = 𝑄𝑐𝑟𝑦𝑜(𝑇) + 𝑄𝑐𝑜𝑢𝑝 

𝑄𝑡𝑒𝑟𝑚(𝑇) = 𝑄𝑐𝑟𝑦𝑜(𝑇) + 𝑄𝑐𝑜𝑢𝑝 + 2𝑄𝑐𝑙 
(2) 

Note that each termination station has to manage the thermal 

power 𝑄𝑐𝑙  coming from the “inlet” termination of the forward 

cable and from the “outlet” termination of the return ca-

ble. 𝑄𝑐𝑜𝑢𝑝 are the losses produced in the MgB2 wires due to the 

AC ripples at pulsation 𝜔, which are eventually superimposed 

to the DC transport current. The calculation of the coupling 

losses was performed according to [37]. In the model, the power 

along a cable segment 𝑑𝑠𝑡𝑎𝑡 is computed as: 

 

𝑄𝑐𝑜𝑢𝑝 =  
𝐵𝑚

2

4µ0

 𝜏 𝜔2

(𝜏2𝜔2 + 1)

 𝑑𝑠𝑡𝑎𝑡  𝑁𝑤  𝜋 𝑅𝑤
2

cos(𝛼)
     [W] (3) 

 

where 𝐵𝑚 is the field amplitude due to the current ripple super-

imposed to the DC current [38], 𝜏 is the cable time constant 

computed as a function of the twist pitch [37] and 𝑅𝑤 is the 

radius of the MgB2 wires. 

D. Ic parametrization and magnetic field estimation 

In this work, a MgB2 wire with characteristics similar to those 

produced by ASG Superconductors S.p.A. is adopted [39, 40], 

but the user can freely analyze different conductors. The wire 

diameter is set to 1.33 mm. The Ic dependence on temperature 

and field is taken into account by means of a simple parametri-

zation. The temperature of the MgB2 wires is assumed equal to 

that of the cryogen at the same cross-section; the magnetic field 

applied to the wires is computed with an analytical formulation 

[41] under the assumption of a uniform current distribution over 

the annular section enclosing the wires.  

E.Constraint on the operating current of each MgB2 wire 

It is assumed that Iop redistributes equally among the MgB2 

wires. The ratio between the current in each wire and their min-

imum Ic along a cable segment (i.e. the one corresponding to 

the most heated location) is bound to range between a minimum 

value (here 55%), not to excessively underload the wires, and a 

maximum safety value (here 75%). Eventually, if the contribu-

tion to the costs given by the superconductor is not dominant, it 

may result economically advantageous to underload the wires, 

increasing 𝑁𝑤 but reducing other related cost indexes.  

F. New fluid-dynamic modelling 

A relevant upgrade compared to the previous version of the 

model concerns the fluid-dynamic constraints, here evaluated 

with a mathematical modeling of all the thermodynamic and 

thermo-physic properties of the cryogenic fluids. This approach 

is more accurate than the analytical formulae used in [24] to 

estimate ΔTmax and ΔPmax. It was originally proposed in [42] and 

it has been revised for the topic of this work. The model has 

been validated by comparing its results with those of an equiv-

alent code [43], for the same case studies and cryogenic fluids. 

The final non-linear differential equations system in (4) is ob-

tained from the equations of energy and momentum conserva-

tion and the continuity equation, considering stationary condi-

tions, and applying a 1-dimensional (the cable length x) approx-

imation. The system parameters are detailed in (5 - 6). 

2
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where pc and ac are the perimeter and cross-section of the por-

tion of the duct involved in the flowing of coolant. g is the grav-

ity acceleration and β is the slope of the duct. c  is the shear 

stress due to the friction between the fluid and the cryostat 

walls, calculated as in [42]. The derivatives of the specific en-

thalpy (h) and the pressure in (6) are computed in agreement 

with [44, 45]. Unlike 𝑄𝑐𝑟𝑦𝑜 and 𝑄𝑐𝑜𝑢𝑝, 𝑄𝑐𝑙  is not included in the 

heat input to the fluid in (4) since it is managed by a dedicated 

cooling system. 

The system in (4) has to be solved numerically to compute the 

cryogen temperature and density ρ at different locations of a 

cable segment. The use of density and temperature as state var-

iables, rather than the more common pressure and temperature, 

is a consequence of the adopted formulation for the thermody-

namic and thermo-physic properties of the fluids, as outlined in 

[44, 45]. These properties and their derivatives are expressed 

analytically as functions of density and temperature. Having se-

lected this approach, the pressure is derived once the system in 

equation (4) is solved.  

The details of this treatment, here omitted for reasons of space, 

may be the subject of future publications.  

G.Updated cost parameters and indexes 

Several cost indexes have been updated to consider the new ca-

ble design and components. These terms are described in the 

following and summarized in Table I. Following the nomencla-

ture in [24], when a cost index is expressed with the uppercase 

letter (C) it indicates the total cost, while the use of a lowercase 
 

TABLE I 
UPDATED COST PARAMETERS AND INDEXES 

 Parameter Unit    Value Reference 
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𝑐𝑀𝑔𝐵2
 €/m 2 Mean of values in [21, 22, 46] 

𝑐𝑐𝑟𝑦𝑜 M€/km 1.5 Mean of values in [22, 46] 

𝑐𝑐𝑟𝑦𝑜𝑐𝑜𝑜𝑙𝑒𝑟 k€/kW 200 [21] 

𝑐𝑐𝑎𝑏 M€/km 1.5 Halved from the value in [24] 

𝑐𝐻𝑒 €/liter 12 [22] 

𝑐𝐶𝑢 €/kg 7.5 [49] 

𝐶𝑐𝑜𝑜𝑙𝑓𝑖𝑥𝑒𝑑
 k€ 400 Doubled from the value in [24] 

𝐶𝑡𝑒𝑟 (each way) k€ 400 [47] 

 

letter (c) represents the unitary cost. 

The cost of a MgB2 wire (𝑐𝑀𝑔𝐵2
) is set to 2 €/m, as an aver-

age of the values in [21, 22, 46]. 

The unit cost of the cryostat (𝑐𝑐𝑟𝑦𝑜) has been significantly in-

creased over that used for a liquid nitrogen cooled cable [24], 

as it is expected to feature higher performing (and expensive) 

materials to handle helium or hydrogen; a cost of 1.5 M€/km 

has been selected as a mean of the values reported in [22, 46]. 

The capital cost per unit of power of each cooling station 

(𝑐𝑐𝑟𝑦𝑜𝑐𝑜𝑜𝑙𝑒𝑟) has been increased from 100 k€/kW to 200 k€/kW, 

in agreement with [21]. The additional fixed costs required for 

each cooling station (𝐶𝑐𝑜𝑜𝑙𝑓𝑖𝑥𝑒𝑑
) besides the device cost (instal-

lation, maintenance, and disposal) has been increased to 400 k€, 

considering the more challenging fluids to handle compared to 

liquid nitrogen. 

The termination costs are set equal to 400 k€ for each cable 

way, as an average of the 2-stage termination costs in [47]. 

The unitary cabling cost (𝑐𝑐𝑎𝑏) is halved compared to the 

value set for AC coaxial HTS cables [24] which corresponded 

to 3 M€/km. In fact, a DC cable design does not require three 

insulated concentric phases, and handling MgB2 wires instead 

of HTS tapes is expected to be cheaper. 

The cost of helium gas (𝑐𝐻𝑒) is assumed to be 12 €/liter [22], 

while the cost of the alternative liquid hydrogen is 7.5 €/kg [48]. 

Moreover, a new cost index is added to the capital costs, not 

adopted in [24]. It accounts for the cost of the copper required 

for the former and the shield (𝐶𝐶𝑢). A cost of 7 €/kg is selected 

for the copper (𝑐𝐶𝑢), from market price at the time of submis-

sion [49]. Note that in this work, the filling factor possibly pre-

sent between the copper strands composing the former and the 

shield is neglected as they are both considered as solid volumes. 

This approximation is considered reasonable given the low im-

pact of copper on the total capital cost, which is also omitted 

from the figures in Section III for reasons of space. 

Finally, (7) reports how to compute the power required by the 

pump present in the kth cooling/ pumping station to restore the 

cryogen pressure (𝑄𝑝𝑘
), whose corresponding energy in the 

considered time interval then contributes to the operating cost 

term 𝐶𝑐𝑜𝑜𝑙𝑜𝑝
. 

𝑄𝑝𝑘
= 𝑚𝑐  ̇ Δ𝑃 𝜌⁄  (7) 

 

The equation has been adjusted from [24], to consider the single 

coolant flow case analyzed in this work. Differently from the 

case of two counter-flows of coolant, there is no need to distin-

guish between the power required to handle the two distinct 

flows, as a single ΔP is present. 

III.RESULTS OF THE TECHNO-ECONOMIC ANALYSIS 

As an example of the tool flexibility, the results of a parametric 

analysis performed by varying the power transmitted by a DC 

cable are presented. A two-way 10 km long line is considered, 

operating at a voltage level of 220 kV. The MgB2 cable is 

cooled with helium gas. With the exception of the new/updated 

cost indexes described in Section II.G, the remaining cost pa-

rameters are the same used for the OSCaR tool, listed in [24]. 

Fig. 2a shows the capital costs per kilometer of cable, for the 

combination of cases analyzed. Note that all the costs, except 

those referred to the termination cooling stations, are doubled 

as the line is composed by a forward and a return cable. It is 

evident that cryostat and cabling costs are the largest contribu-

tors to the capital costs. However, they are considered constant 

per unit of cable length, and thus have a limited impact on the 

optimization process. It is possible that the parameters entered 

are too conservative compared to the real capabilities of a cable 

manufacturer. In the future, these indexes could be updated, be 

the subject of dedicated parametric analyzes, or be computed 

differently. Then, the cost of MgB2 rises as the power increases, 

as 𝑁𝑤 grows from 15 to 32 and the winding angle does not de-

crease; thus, the total length of MgB2 wires required rises. How-

ever, its impact on total capital costs is very limited (less than 

1.5%). Between 1 and 3 GW, the capital cost of cooling stations 

increases with power, contributing 15% of total capital costs. In 

fact, they are designed to manage a thermal load that rises with 

the power delivered by the cable, and therefore require propor-

tionally higher capital investments. Indeed, as shown in Fig. 2b, 

the total losses generated in one of the two cable ways of the 10 

km line grows from 17.1 kW for a 1 GW cable, up to 18.4 kW 

for a 3 GW cable. The load increase is due to the increment of 

𝑄𝑐𝑙 , which is proportional to the operating current. This is par-

tially balanced by the reduction of 𝑄𝑐𝑟𝑦𝑜 with power, ranging 

between 95% (1 GW) and 86% (3 GW) of the total losses. As 

regards the coupling losses, they are 4 – 5 orders of magnitude 

lower than the other contributions, and thus negligible. 

Fig. 2c shows the operating costs per kilometer of cable, var-

ying the power. These costs, calculated over a 40-year period, 

are more than double the capital costs. The operating costs de-

pend solely on the electric energy required for the cooling sta-

tions, as dismantling and cabling costs are negligible. Thus, the 

trend of operating costs is directly proportional to the thermal 

inputs trend, as well as the pressure drop the pressure/cooling 

stations must recover, which increases from 3.9 bar to 5.1 bar 

between 1 GW and 3 GW.  

Fig. 2c distinguishes between the costs of the intermediate and 

termination cooling stations (the latter labeled 1 and 2). The to-

tal operating costs of intermediate stations are higher than those 

of a single termination station since the algorithm proposes to 

use at least one for each forward or return cable (thus at least 

two along the 2-way line). Indeed, 𝑛𝑠𝑡𝑎𝑡 is equal to 1 between 1 

GW and 2 GW, rising to 2 in the 3 GW case.  
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Fig. 2. (a) Capital costs per kilometer of cable. (b) Thermal inputs in one of 

the two cable ways. (c) Operating costs per kilometer of cable. (d) Radial 
dimension of the main concentric components of the cable, varying the deliv-

ered power. A voltage level of 220 kV and a 10 km long line are considered. 

 

Note that 𝑛𝑠𝑡𝑎𝑡 is increased to cope with the increasing losses 

of Fig.2c while complying the fluid-dynamic constraints, with 

a threshold trend, given that it can only assume integer values. 

This growth in 𝑛𝑠𝑡𝑎𝑡 leads to a slight reduction in the operating 

and capital costs of each individual cooling station despite the 

overall losses in the cable increase. In fact, decreasing 𝑑𝑠𝑡𝑎𝑡, the 

amount of heat they must handle individually also decreases. 

It is worth noting that the results of the 0.75 GW case differ 

from the cost trends described above, showing higher capital 

and operating costs than those found for the other power levels. 

This is essentially due to the optimized cable geometry for this 

case, whose cryostat radial encumbrance is significantly greater 

than in the other cases, as shown in Fig. 2d. This is valid despite 

having assumed the cryostat thickness to be constant (2 cm). In 

fact, the 0.75 GW case, although starting from a smaller former 

radius than the other cases, requires both greater thicknesses of 

electrical insulation and of the annular duct. These thicknesses 

contribute to increasing the radial encumbrance of the cable and 

the external surface of the cryostat. In turn, 𝑄𝑐𝑟𝑦𝑜 increases as 

the cryostat outer radius increases [24, 36], since the surface 

area for thermal inputs expands. It follows that the losses of the 

0.75 GW case tops 21 kW per cable way (as in Fig. 2b), requir-

ing a greater capital and operating costs for the intermediate 

cooling stations compared to the other power levels analyzed. 

Moreover, the 0.75 GW case also has the highest value of 𝑛𝑠𝑡𝑎𝑡 

(equal to 3) since it has to cope with the higher thermal inputs. 

Finally, Fig. 2d displays the radial dimensions of the main 

concentric components of the cable, obtained from the optimi-

zation process. The increase in Rf with power is due to the in-

crease in the number of MgB2 wires that must be wound around 

the former outer circumference. Even though Rf widens, the 

outer radial dimension of the cable tends to decrease with 

power, as the algorithm chooses to limit the external surface of 

the cryostat to reduce the thermal inputs affecting the cooling 

costs. Between 1 GW and 3 GW, this trend is explained by a 

shrinkage of the insulation thickness alone. Indeed, if the same 

voltage level does not vary, the amount of insulation required 

remains the same, thus the thickness of the insulating layer re-

duces as its inner radius rises. The increase of the insulation in-

ner radius is proportional to power as a result of the increase in 

the underlaying radius of the former Rf. Then, passing from 0.75 

GW to 1 GW, there is also a notable reduction in the thickness 

of the annular duct, which in turn determines smaller inner radii 

of the cryostat. Most probably, the 0.75 GW case presents the 

largest tan value to comply the fluid-dynamic constraints of LN2, 

which must handle more heat than the other cases. From the 1 

GW case onwards, the optimized tan value corresponds to the 

lower boundary imposed by the user for this analysis (1 cm). 

Then, readers may observe that the cryostat in the 1 GW case 

features a slightly larger outer radius than the higher power 

cases, attributed to a thicker insulation layer. This difference 

helps to account for the minimal deviation from the increasing 

trend in Fig. 2c between 1 and 3 GW of, occurring at the 1.25 

GW case. Indeed, the 1.25 GW scenario exhibits 1.3% lower 

total operating costs compared to the 1 GW case. This disparity 

may be attributed to the slightly higher losses in the 1 GW case, 

primarily from the cryostat, owing to its larger external surface. 

Such modest deviation from the overall trend may also fall 

within the reasonable tolerance of the adopted stochastic algo-

rithm. 

IV.CONCLUSIONS 

This work proposes a tool to determine the optimal configu-

ration of DC power transport cables realized with MgB2 wires, 

b) 

a) 

c) 

d) 
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that minimizes the total cost of the cable system. The model is 

adapted from the OSCaR code. Appropriate assumptions are 

made to implement the novel cable design and relate its features 

to costs and operating constraints. An accurate fluid-dynamic 

numerical model is implemented as an upgrade of the previous 

one, to estimate the properties of the cryogenic fluids selected. 

The tool is particularly suitable for carrying out parametric 

analyzes on the line operating conditions, the properties, and 

the cost of single cable components, and the applied electrical 

or fluid-dynamic constraints. As a case study, the results of the 

optimization process varying the power delivered through the 

line are shown. The optimized radial encumbrance of the cable 

is reduced as the power increases, although the former radius 

progressively increases. This allows the external surface of the 

cryostat to be narrowed, thus limiting the corresponding ther-

mal inputs into the cable, which constitute the main loss contri-

bution. Indeed, operating costs for cable cooling are double the 

total capital costs, over a 40-year lifetime. The cost of MgB2 

wires is almost negligible, while the capital costs for the cryo-

stat and cabling are significant; dedicated parametric analyzes 

are envisaged to assess how to minimize these cost indexes. 

The proposed approach can be easily adapted to consider dif-

ferent cable designs and optimizable variables, as well as other 

cryogenic fluids, thermal inputs and cost indexes omitted here. 
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