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The Influence of Confinement Scaling on Spherical
Tokamak Power Plant Design and Performance

Christopher Ashe

Abstract— Spherical tokamaks (STs) exhibit significant
promise as the foundation for compact fusion power plants,
offering reduced aspect ratios and enhanced plasma performance
that can potentially lower capital costs compared to conventional
tokamak designs. The key to achieving an optimal design lies in
understanding the sensitivity of the fusion power plant to plasma
energy confinement times. However, due to the intricate nature
of transport physics and the scarcity of data on highly radiative
plasmas required for power plants, extrapolating performance
from existing machines introduces substantial uncertainties.
In this study, we employed the world-leading fusion power
plant systems code, PROCESS, to explore the effects of different
energy confinement time scalings on scoping and determining the
design of a 1-GW, net electric ST power plant. By comparing
various commonly used scalings, we highlight the design impact
of employing ST scalings versus those typically applied to
conventional aspect ratios, considering both size and performance
aspects. Our findings demonstrate that when allowed to freely
optimize the choice of confinement scaling has negligible impact
on the optimally found design point and is instead driven highly
by engineering constraints. In a highly constrained scenario, the
conventional IPB98(y,2) scaling consistently shows conservative
values across a range of ST plasma performance scenarios.
We recommend its utilization for future large design space
exploration studies as a low-risk choice due to its intermediary
performance between the broad scope of ST scalings and also
as a proxy for addressing complex transport considerations in
configuring initial ST concept designs.

Index Terms— Energy confinement, spherical tokamak (ST),
systems code, tokamak.

I. INTRODUCTION

HE plasma energy confinement time (tg) is a key compo-

nent in plasma performance and, thus, fusion power plant
design. Complexities in solving plasma transport physics lead
to the use of scaling relations developed from the existing
machines to extrapolate expected performance. The lack of
a diverse range of spherical tokamaks (STs) to draw data
from raises concerns about the uncertainty in estimating future
device performance. Most scalings take the form below and
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comprise of the most common and easily deduced plasma and
engineering variables

TE scaling = C 1! BY” i P[" R ic% e« M*¥ (1)
where g scaling 1S the predicted confinement time (s), C is a
constant, / (MA) is the plasma current, By (T) is the toroidal
magnetic field on-axis, 7 (10" m™3) is the line averaged
density, P, (MW) is the loss power, R (m) is the major
radius, k is the elongation, € is the inverse aspect ratio (a/R,
1/A), where a is the plasma minor radius (m), and M is
the hydrogen isotope mass. Combined with the appropriate
H factor, which represents the effective fractional increase in
energy confinement compared to that given from the scaling,
gives the expected effective energy confinement time

2

TE = HTE,scaling-

At the moment, there is only a limited set of devices from
which to approximate ST performance. The largest of these
devices are not at the scale required for a fusion pilot or
commercial plant and are all of similar sizes R < 1 m, this
leaves great uncertainty in g for predicting the performance
of larger devices.

For a simplified ST scaling where there is strong depen-
dence on the toroidal field strength and weak dependence on
the plasma current, we get a fusion triple product (n7 tg)
[where T is the plasma temperature (keV)] that diverges from
that seen in a conventional aspect ratio machine. Costley and
McNamara [1] showed a relation between the triple product,
fusion power and other key physics and engineering variables.
They showed that for increasing performance via scaling
By and R, conventional tokamaks would be limited in their
possible engineering solutions due to a required decrease in
(nTtg) and Q. While STs showed no such limitation as
Py could be lowered, making feasible engineering solutions
easier to find. This opening of engineering solution space
could potentially be widened if the correct H value and scaling
relation are taken into account.

In this article, we investigate the main drivers of confine-
ment time-scaling uncertainty and how this extrapolates to
future commercial ST power plants while trying to minimize
the risk in predicted performance when doing so via selecting
an appropriate scaling. Section II gives an outline of the
PROCESS code and the scalings investigated. Section III gives
the initial broad scan of the main engineering and physics
parameters and how this affects the confinement scalings and
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their associated H factors; this then filters down into the selec-
tion of an optimal machine size and aspect ratio. Section IV
discusses the extrapolation of designs shown in Section III
to commercial power plant levels of performance; Section V
addresses the uncertainty of size extrapolation by validating
on an intermediate size design against other systems codes.

II. METHODOLOGY
A. Process Systems Code

PROCESS is a fusion power plant systems code that is
able to determine the engineering and physics viability of a
rudimentary fusion power plant. Operating with an optimiza-
tion solver, it can find viable fusion plant designs by either
minimizing or maximizing a given figure of merit. It solves
based on the set of input parameters and constraints from the
user, allowing them to set the bounds on a variable from which
the solver can find solutions for. The number of constraints
and variables is vast with over 90 constraint equations and
170 iteration variables. PROCESS’s scope covers the whole
plant from the plasma physics to power cycle, buildings, and
costs [2], [3]. Throughout this work, we are using PROCESS
version tag: 2.4.0-1138-g5f83ac2dc [4].

B. ST Confinement Scalings

It has been shown that for STs, the energy confinement time
7 can exhibit a stronger dependence on the toroidal magnetic
field strength and a weaker dependence on the plasma current,
compared to conventional tokamaks [9]. This can be seen in
Table I, which contains the values for the different engineering
and plasma physics parameters of commonly used ST scalings.
We have used the established IPB98(y,2) [5] scaling, along
with the g-independent dimensionless PettyO8 [6] scaling,
NSTX ELMy scaling [7] with IPB98(y,2) coefficients for
R,k,e, and M, and the “Buxton” scaling [8], which is
an NSTX gyro-Bohm-like scaling. We also investigated the
NSTX-Petty08 hybrid scaling from Menard [7]. Though, it is
not included in the table due to the scaling of the weighting
coefficients between the 2 scalings with the plasma aspect
ratio. Please see Appendix for the full scaling. We do not
investigate the role of the dimensionless confinement variables
of normalized collisionality (v*) or normalized ion Larmor
radius (p*). Most importantly, we only assume the core
radiation loss in the loss power, which is also a big discrepancy
responsible for the divergence of many 0-D systems code
solutions [10]. For this, we assume a loss fraction of 0.7 and
assume the core region of 0.75a, as defined by Lux et al. [10].

ITI. INITIAL ANALYSIS OF H FACTOR AND SCALING
VARIANCE

A. Required Fusion Power

First, to understand the behaviour of the different scalings
under the same conditions, a scan of different fusion powers
was performed while keeping the H factor for each scaling
equal to 1 and setting the figure of merit to maximize the net
electricity produced. The main physics and engineering values
and constraints used are shown in Table II and are general
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Fig. 1. Variation of tokamak parameters as a function of demanded fusion
power with a constant H = 1. Variables shown are they key dependencies in
the majority of confinement scalings.

values based on typical or predicted operational regimes for
STs [71, [8], [11]. A tungsten walled vessel is assumed
with sputtering and so causes an impurity fraction of fy
5 x 1073; further impurity seeding is done solely with Xe and
is calculated in situ for the required radiation loss fraction
of 70% and divertor protection. Running in a steady-state
configuration with auxiliary heating and current drive done
solely by radio frequency (RF) heating at flat top with a 45%
wall plug to injector efficiency.

Fig. 1 shows the variation of solutions for the different con-
finement scalings discussed in Section II-B. As expected, the
increased demand in fusion power saw an increase in the major
radius both to increase the plasma volume and ensure that the
divertor protection constraint PsepR_l was not violated. The
variance of solutions does not show discrepancies between size
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TABLE 1
EXPONENTS OF COMMONLY USED SCALING LAWS FOR STS
Scaling C x 103 ar ap an ap QR Qe Qe apr
1PB98(y,2) [5] 56.2 0.93 0.15 0.41 -0.69 1.97 0.78 0.58 0.19
Petty08 [6] 52 0.75 0.3 0.32 -0.47 2.09 0.88 0.84 -
NSTX [7] 95 0.57 1.08 0.44 -0.73 1.97 0.78 0.58 0.19
Buxton [8] 210 0.54 0.91 -0.05 -0.38 2.14 - - -
TABLE II
H=1, Maximise net electric
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choice for spherical and conventional devices, as is expected
as all scalings share a size exponent of ag ~ 2. The variation £ 5.0
in B shows a preference for low field operation in the range &

of 2.5-3 T. Though, this is due to the stress constraint on
the close inboard leg causing an average maximum field on
coil value of 15 T. All scalings converged to solutions at
the B limit and showed little or no dependence on B with
fusion power, which is expected of the PettyO8 scaling but
not the others. It should be noted that for the Buxton scaling
in order to achieve H = 1, the normalized beta limit had to
be broken by over a factor of 2, leading to near 60% g in
all of the converged solutions. This is due to the high fusion
power demand, which is difficult to achieve, as an increase
in density goes to reduce the confinement time in the Buxton
case. This shows that the Buxton scaling has a preference
for H <« 1 compared to other scalings. The Petty0O8 scaling
achieved a maximum fusion power of 4 GW and was not able
to find optimized solutions thereafter. Therefore, to overcome
this discrepancy, a smaller device is investigated in Section V.
In a constrained H factor environment, we see that the choice
of scaling heavily dictates the machine design.

B. Device Size

The scans of fusion power showed a mean window of
solutions between 3 and 5 m for the major radius. To constrain
and replicate the previous solutions further while attempting to
understand the previous constrained behaviour of the Buxton
and PettyO8 scaling, a scan of major radius was performed
from 3 to 5 m, and the results are shown in Fig. 2. In this
scenario, the Buxton scaling still required the normalized
beta limit to be broken in order to find optimized solutions;
hence, why the B value is still in excess of 50%. A close
coalescence is seen among the IPB98(y,2), NSTX, and NSTX-
Petty08 scalings in this scenario with many major variables all
having the same or similar value. The only major difference
seen without having to break any constraints was the Petty08
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Fig. 2. Variation of tokamak parameters as a function of device major radius
with a constant H = 1. Showing the maximum fusion power that can be made
at each size of device.

scaling. The predicted energy confinement time was seen to
gradually increase with increasing major radius up to approx-
imately 8 s. The seemingly lower produced fusion power for
the PettyO8 scaling is due to the high tg, which also leads to
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Fig. 3. Variation of H factor and energy confinement time versus aspect
ratio for a 1-GW, ST power plant.

a high helium ash confinement as per 7, /tg = 5, choking the
performance of the plasma. Again, the constraining of the H
factor causes non-physical and/or limited design solutions for
some scalings (Buxton and Petty08). Though when iterating
on an engineering value (R) instead of a physics value (Pys),
there is a greater agreement between scalings sharing similar
optimized design points.

C. Commercial Plant

To provide confidence in providing a net electric power
of 1 GW,, we now isolate a design point from that shown
in Section III-B. Isolating a region in the solution space with
significant excess margin beyond 1 GW,, at the smallest size
for capital cost reduction, yields a machine size of 3.8 m.
Here, the majority of scalings show the capability to produce
well past 1 GW, net electric up to 1.5 GW,. This is seen in
Fig. 2 and is true even when machine size is not the driving
point of optimization. This size regime is in agreement with
the STAR design from Brown and Menard [11], which also has
very early PROCESS results, which show a pathway to 1 GW,.
As a machine size has now been determined, investigation into
the plasma scenario at an ideal aspect ratio is required. A scan
of the aspect ratios converged on in Fig. 2 is performed, which
are bounded between 1.5 and 2.0. In this case, the H factor
can now freely vary to allow the widest plasma solution space.
Since the net electric is now fixed, the optimization figure of
merit is switched to minimize the levelized cost of electricity.

PROCESS converged on an identical set of optimized
plasma parameters for each scaling and varied the H factor
for each, as seen in Fig. 3. In comparison to that seen in
Sections III-A and III-B, a globally shared optimized operating
point is found instead of various points for each scaling.
Following just the plasma constraints at fixed elongation,
triangularly, and bootstrap current limit, the choice of aspect
ratio and confinement scaling should not have an impact on the
derived design point. PROCESS is able to find different plasma
configurations that produce the same engineering/performance
benefits within the same engineering constraints. The choice
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Fig. 4. Required fusion power versus generated net electric for an A =

1.8, R = 3.8-m ST power plant. Expected performance of other machines
overlayed [11], [12], [13], [14], [15].

of aspect ratio should, thus, in this scenario, be driven solely
by the engineering constraints.

IV. EFFECT OF CONFINEMENT SCALING ON PILOT TO
COMMERCIAL POWER PLANT PERFORMANCE

We take an engineering value for the aspect ratio at A =
1.8 which Menard [7] suggests is the highest possible aspect
ratio in which an inboard blanket is not required to get a
tritium breeding ratio (TBR) greater than 1. This was also the
mean value obtained in Fig. 2. From this to further constrain
the scalings, we perform a back scan of fusion performance
like in Section III-A as a verification exercise to test limits
and margins of the engineering and physics constraints. This
extrapolation does not include a detailed engineering design
and feasibility study, as it is only to show predicted plasma
performance without reaching a new design point. Scans of
net electric power were conducted in the range of 100 MW,
to 1.3 GW,. The distinct plasma parameters for solutions
shown in Fig. 4 showed again a preference for low By
in the range of 2.2-3.0 T with 9.5-13.5 T on coil across
all solutions with Qg = 22-29.5. Though there is large
variation in the expected injected power of 30-200 MW, as
the demand in net electric increases. For all levels of net
electric power, there is still a strong discrepancy in H, which
is expected as an identical plasma solution was found similar
to Fig. 3, so the H factor is used to scale the different
confinement times for the same plasma scenario. This again
shows that there is greater agreement between scalings when
optimizing on an engineering figure of merit, similar to that
seen in Section III-B though even more so as the H can
now freely vary. We see a strong concurrence for expected
performance with other planned conventional and spherical
aspect ratios machines across several fusion power regimes.
Greater coalescence between the optimized points could be
achieved if parasitic load models and conversion efficiencies
were truly known, though this is beyond the scope of this
study.

Authorized licensed use limited to: UK ATOMIC ENERGY AUTHORITY. Downloaded on February 10,2025 at 13:38:43 UTC from IEEE Xplore. Restrictions apply.



ASHE AND MULDREW: INFLUENCE OF CONFINEMENT SCALING ON ST POWER PLANT DESIGN AND PERFORMANCE

3989

TABLE III
VALUES OF THE MAIN PLASMA AND DEVICE PARAMETERS FOR ST150 FRoM TESC AND PROCESS

Parameter Value from TESC [1] Value from PROCESS IPB98y 5, Value from PROCESS Buxton
R (m)/a (m)/A/g (m) 1.51/0.84/1.8/0.05 1.51/0.84/1.8/0.05 1.51/0.84/1.8/0.05
Kk/6 29/0.5 29/0.5 29/0.5

V (m3)/S (m?) 58.0 / 101.0 51.2/93.8 51.2/93.8

Qrus 10.0 10.2 10.2

Prys/ Paux 189 / 18.9 189/ 18.52 188 / 18.52

Br (T)/Ip (MA) 3.73/17.1 3.73/8.45 3.73/8.45

To (keV)/navenh.j“1 18.9/0.7 18.79 /1 0.7 18.79 /7 0.68

B (%)/8x/ fos 9.1/4.0/0.82 10.0 /4.0 / 0.82 10.0 / 4.0/ 0.82
fute/ fimp/ Zimp / Zett 0.02/0.01/10/1.94 0.06 / 0.01 / 10/ 2.02 0.06 /0.01 / 10/ 2.02
nw (MWm™2)/PepR™1 (MWm™1) 157228 1.48/ 13.9 1.48/ 13.9

H (IPB98(y.2))/ H (Buxton) 2.27/1.0 1.75 0.76
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Fig. 5. Required fusion power versus generated net electric for an A =

1.8, R = 3.8-m ST power plant. Expected performance of other machines
overlayed [11], [12], [13], [14], [15].

The run was repeated with the figure of merit set to
minimize the divertor heat load, which is a main factor in
divertor lifetime and, thus, the time the plant is down for
maintenance, which needs to be minimized. This will also
allow the investigation of engineering and physics constraints
together, driven mainly by Py,. Results are seen in Fig. 5
and now show a distinct set of converged solutions for each
scaling. A strong discrepancy is seen between the scalings
for pilot plant levels of net electricity with over a factor of
2 variation in the required fusion power for the same net
electric. This variation reduces as the net electric produced
increases. With the driving point of optimization being the
value of Py, we again see the large variation as if the H
factor was constrained in Fig. 1. Since the divertor power is
proportional to Pep ¢ Py~ Paux — Prad, We now have a scenario
where the fusion power is indirectly being optimized on via the
deposited alpha power, P,. This, along with the dependency on
the auxiliary and radiated power we see a solution scenario the
same as in Section III-B even when the H factors can freely
vary. Showing that in a physics and engineering optimization
case, the presence of several plasma physics parameters to
be optimized will lead to divergent optimized solutions for
different scalings.

V. ON AN INTERMEDIATE TYPE DEVICE

To eliminate the uncertainty in size dependency most likely
causing the inability of some ST scalings (Buxton and Petty08)
to reach H = 1 in Sections III-A and III-B, an intermediate
device between that examined in Section IV and NSTX/MAST
sized devices from which the scaling are based on was studied.
For this, the ST150 device from Costley and McNamara [1],
which was studied with the Tokamak Energy Systems Code
(TESC), was recreated in PROCESS. The parameters in
Table III were inputted into PROCESS and optimized on
a figure of merit to maximize Qp, as the device is too
small for net electricity production. The results are shown
in Fig. 6. Not all variables could be set as enforced limits,
as PROCESS had to optimize and calculate variables based on
inputs. The variables, which PROCESS has to calculate, are
V.S, Ogss Prus, Ip, To, B, fre, and Zgg. Uncertainty is drawn
between the two codes from the calculation of the plasma
volume based on the elongation and triangularity, which
impacts the calculated plasma current. The model selected for
calculating the plasma current in PROCESS is based on ST
fittings using the free boundary equilibrium code FIESTA [16].

Similar to the solution in Section IV, PROCESS found
an optimized solution that was identical for each scaling but
varied the H factor for each. There is a discrepancy in H
compared to that from TESC by a factor of ~0.5 for the
IPB98(y,2) scaling and ~0.25 for the Buxton scaling. This
discrepancy is most likely due to the calculated plasma current.
If we apply the plasma current value from TESC to our
confinement time scaling, the new adjusted values come to
H = 2.05 and 0.83 for IPB98(y,2) and Buxton, respectively.
If we assume the loss power is now Py = Puyx — Prads
where P,q is the radiation lost from the whole plasma and
not just the core, we get the new corrected H values of
H = 2.16 and 0.97. Further adjustment to H due to the
difference in n, caused by the variation of the Greenwald
limit due to the variation in I, would see these solutions
converge. Again, this highlights the uncertainty in P4 and
the divergence it brings to different system code solutions as
discussed previously in Section II-B and Lux et al. [10]. Not
taking such a radiation correction into account at fixed H
factor in future system code studies would limit the design
solution space when looking at the highly radiative plasmas
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Fig. 6. Variation of H factor and energy confinement time versus aspect

ratio for the ST150 device.

that future power plant designs would require. An overview of
the output and input parameters used in PROCESS to try and
replicate the device simulated in TESC is shown in Table III.
We have shown a strong verification of the plasma physics
results from TESC with PROCESS. Higher fidelity results
from TESC for such a device would be good to investigate
further. Inclusion of engineering design, plasma profiles, and
a more in-depth impurity description to account for first wall
sputtering would allow for total validation of a design in
terms of physics and engineering constraints. Though in this
instance, the plasma scenario given is within the engineering
constraints given for an optimized solution.

VI. CONCLUSION

We have shown using the PROCESS systems code how
the selection of a 7 scaling can affect design choices and
optimized solutions based on different figures of merit for
different plasma performance scenarios. The optimized nature
of PROCESS shows that design is not driven by the scaling
relation chosen when the H factor is allowed to freely vary
but by wider engineering constraints. The confinement scaling
is used to align the plasma property values with the machine
design by deriving an appropriate H factor that supports the
required confinement time. The opposite is seen when the H
factor is highly confined, leading to a divergence to several
different design points. Scoping with systems codes should,
thus, be done with H factor freely varying to allow for a
globally shared optimized engineering design point between
scalings to be found that maximizes a given figure of merit.
A critique and refinement of the plasma values can then best
be done from this optimized design point. Some ST scal-
ings show restricted performance when predicting commercial
levels of performance requiring key physics constraints to
be violated. This preliminary exploration of parameter space
reveals that the IPB98(y,2) scaling tends to align with the
midpoint among other scalings when predicting future ST
performance. It shows a balanced stance, between the low R
and H preference of the Petty08 and Buxton scalings, which
require certain plasma stability limits to be violated or show
limits to plasma performance when looking at net electric
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producing machines. While also coalescing well with other ST
scalings, such as NSTX and Petty08-NSTX, sharing similar or
shared optimized design points when optimizing on plasma
and engineering figures of merit. Future ST design space
studies should, thus, use the IPB98(y,2) scaling with a radiative
loss correction for future plasma performance predictions.

APPENDIX
INTERPOLATION OF PETTY08-NSTX SCALING
The PettyO8-NSTX is a hybrid between the PettyO8 and
NSTX and is interpolated as a function of aspect ratio. If A >
2.5, then Petty08 scaling is used if A < 1.66, and the NSTX
scaling is used. In the range of 1.66-2.5, the following scaling

is used:
TPettyOS)-
ACKNOWLEDGMENT
To obtain further information on the data and models
underlying this article, please contact PublicationsMan-
ager@ukaea.uk.

06—1

1
1_04
g = H(A—l'NSTx + TA 3)

0.2

REFERENCES

[1] A.E. Costley and S. A. M. McNamara, “Fusion performance of spherical
and conventional tokamaks: Implications for compact pilot plants and
reactors,” Plasma Phys. Controlled Fusion, vol. 63, no. 3, Jan. 2021,
Art. no. 035005, doi: 10.1088/1361-6587/abcdfc.

M. Kovari, R. Kemp, H. Lux, P. Knight, J. Morris, and D. J. Ward,
“‘PROCESS’: A systems code for fusion power plants—Part 1:
Physics,” Fusion Eng. Des., vol. 89, no. 12, pp. 3054-3069, Dec. 2014.
[Online]. Available: https://www.sciencedirect.com/science/article/pii/
$0920379614005961

M. Kovari et al.,, “PROCESS’: A systems code for fusion power
plants—Part 2: Engineering,” Fusion Eng. Des., vol. 104, pp. 9-20,
Mar. 2016. [Online]. Available: https://www.sciencedirect.com/science/
article/pii/S0920379616300072

J. Morris, S. Muldrew, P. Knight, M. Kovari, A. Pearce, S. Kahn.
(Sep. 2023). PROCESS. [Online]. Available: https://github.com/ukaea/
PROCESS

M. Wakatani et al., “Chapter 2: Plasma confinement and transport,” Nucl.
Fusion, vol. 39, no. 12, pp. 2175-2249, Dec. 1999, doi: 10.1088/0029-
5515/39/12/302.

C. C. Petty, “Sizing up plasmas using dimensionless parameters,”
Phys. Plasmas, vol. 15, no. 8, Aug. 2008, Art. no. 080501, doi:
10.1063/1.2961043.

J. E. Menard, “Compact steady-state tokamak performance dependence
on magnet and core physics limits,” Phil. Trans. Roy. Soc. A: Math.,
Phys. Eng. Sci., vol. 377, no. 2141, Mar. 2019, Art. no. 20170440, doi:
10.1098/rsta.2017.0440.

P. F. Buxton, J. W. Connor, A. E. Costley, M. P. Gryaznevich, and
S. McNamara, “On the energy confinement time in spherical tokamaks:
Implications for the design of pilot plants and fusion reactors,” Plasma
Phys. Controlled Fusion, vol. 61, no. 3, Jan. 2019, Art. no. 035006, doi:
10.1088/1361-6587/aaf7e5.

S. M. Kaye et al., “Energy confinement scaling in the low aspect ratio
national spherical torus experiment (NSTX),” Nucl. Fusion, vol. 46,
no. 10, pp. 848-857, Aug. 2006, doi: 10.1088/0029-5515/46/10/002.
H. Lux, R. Kemp, E. Fable, and R. Wenninger, “Radiation and
confinement in 0D fusion systems codes,” Plasma Phys. Controlled
Fusion, vol. 58, no. 7, May 2016, Art. no. 075001, doi: 10.1088/0741-
3335/58/7/075001.

T. G. Brown and J. E. Menard, “Architectural development of an ST
fusion device,” Fusion Eng. Des., vol. 192, Jul. 2023, Art. no. 113583.
[Online]. Available: https://www.sciencedirect.com/science/article/pii/
$0920379623001679

J. Zheng et al., “Recent progress in Chinese fusion research
based on superconducting tokamak configuration,” Innovation, vol. 3,
no. 4, Jul. 2022, Art. no. 100269. [Online]. Available: https://www.
sciencedirect.com/science/article/pii/S2666675822000650

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

(12]

Authorized licensed use limited to: UK ATOMIC ENERGY AUTHORITY. Downloaded on February 10,2025 at 13:38:43 UTC from IEEE Xplore. Restrictions apply.


http://dx.doi.org/10.1088/1361-6587/abcdfc
http://dx.doi.org/10.1088/0029-5515/39/12/302
http://dx.doi.org/10.1088/0029-5515/39/12/302
http://dx.doi.org/10.1063/1.2961043
http://dx.doi.org/10.1098/rsta.2017.0440
http://dx.doi.org/10.1088/1361-6587/aaf7e5
http://dx.doi.org/10.1088/0029-5515/46/10/002
http://dx.doi.org/10.1088/0741-3335/58/7/075001
http://dx.doi.org/10.1088/0741-3335/58/7/075001

ASHE AND MULDREW: INFLUENCE OF CONFINEMENT SCALING ON ST POWER PLANT DESIGN AND PERFORMANCE 3991

[13]

[14]

[15]

[16]

K. Kim et al., “Design concept of K-DEMO for near-term implemen-
tation,” Nucl. Fusion, vol. 55, no. 5, Apr. 2015, Art. no. 053027, doi:
10.1088/0029-5515/55/5/053027.

M. Siccinio et al., “Development of the plasma scenario for EU-
DEMO: Status and plans,” Fusion Eng. Des., vol. 176, Mar. 2022,
Art. no. 113047. [Online]. Available: https://www.sciencedirect.com/
science/article/pii/S0920379622000473

Y. Nagayama, K. Shinya, and Y. Tanaka, “A conceptual design of
superconducting spherical tokamak reactor,” IEEJ Trans. Fundamentals
Mater., vol. 132, no. 7, pp. 555-566, 2012.

S. 1. Muldrew et al., “‘PROCESS’: Systems studies of spherical
tokamaks,” Fusion Eng. Des., vol. 154, May 2020, Art. no. 111530.
[Online]. Available: https://www.sciencedirect.com/science/article/pii/
50920379620300788

Christopher Ashe received the M.Sci. degree in
physics from Queen’s University Belfast, Belfast,
U.K., in 2021.

In September 2021, he began working with U.K.
Atomic Energy Authority (UKAEA), Abingdon,
U.K., as a Fusion Technologist, primarily working
on whole plant design for the Spherical Tokamak
for Energy Production (STEP) Program.

Stuart I. Muldrew received the M.Phys. degree
in physics and astronomy from Durham University,
Durham, U.K., in 2009, and the Ph.D. degree from
the University of Nottingham, Nottingham, UK.,
in 2013.

He is currently a Principal Fusion Technologist
with U.K. Atomic Energy Authority (UKAEA),
Abingdon, U.K., and the Whole Plant Analysis Lead
with the Spherical Tokamak for Energy Production
(STEP). Before joining UKAEA, he held research
positions with the University of Nottingham, and the
University of Leicester, Leicester, U.K.

Authorized licensed use limited to: UK ATOMIC ENERGY AUTHORITY. Downloaded on February 10,2025 at 13:38:43 UTC from IEEE Xplore. Restrictions apply.


http://dx.doi.org/10.1088/0029-5515/55/5/053027

