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ABSTRACT 
 

The European fusion programme is “reactor oriented” and it is aimed at the successive 
demonstration of the scientific, the technological and the economic feasibility of fusion 
power. For a reactor-oriented fusion development programme, it is essential to have a clear 
idea of the ultimate goal of the programme, namely a series of models of fusion power plants, 
in order to define the correct strategy and to assess the pertinence of the on-going activities. 

The European Power Plant Conceptual Study (PPCS) has been a study of conceptual 
designs for commercial fusion power plants. It focused on five power plant models, named 
PPCS A, B, AB, C and D, which are illustrative of a wider spectrum of possibilities. They are 
all based on the tokamak concept and they have approximately the same net electrical power 
output, 1500 MWe. These span a range from relatively near-term, based on limited 
technology and plasma physics extrapolations, to an advanced conception. All five PPCS 
plant models differ substantially from the models that formed the basis of earlier European 
studies. They also differ from one another, which lead to differences in economic 
performance and in the details of safety and environmental impacts. 

The main emphasis of the PPCS was on system integration. Systems analyses were 
used to produce self-consistent plant parameter sets with approximately optimal economic 
characteristics for all models. In the PPCS models, the favourable, inherent, features of fusion 
have been exploited to provide substantial safety and environmental advantages. The broad 
features of the safety and environmental conclusions of previous studies have been confirmed 
and demonstrated with increased confidence. 

The PPCS study highlighted the need for specific design and R&D activities, in 
addition to those already underway within the European long term R&D programme, as well 
as the need to clarify the concept of DEMO, the device that will bridge the gap between ITER 
and the first-of-a-kind fusion power plant. A detailed assessment of the PPCS models with 
limited extrapolations identified the physics issues that must be addressed to establish the 
DEMO physics basis. In parallel, a number of technological issues are being addressed to 
establish the basic features of DEMO: they are primarily related to the divertor and blanket 
concepts, to the maintenance scheme of the internal components and to structural materials.  

In order to clarify the concept of DEMO it is necessary to have a clear view of the 
fusion development strategy that is being pursued. A summary of the present European 
development strategy will also be presented in this paper, together with an assessment of the 
underlying assumptions. 
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1 BACKGROUND 
 

1.1 Fusion energy 
 
Fusion reactions power the stars by converting hydrogen into helium. In these reactions 

about half of a percent of the hydrogen mass is converted into energy, in accordance with 
Einstein’s equation relating mass and energy (E = mc2). As it is not possible to reproduce on 
Earth the conditions which prevail in the core of a star, other fuels and conditions have to be 
considered [1]. In principle, fusion is possible with many light elements (Fig. 1). Among all 
reactions, the fusion of deuterium (D) and tritium (T), ie D-T fusion, converting these two 
hydrogen isotopes into helium (He) and a neutron (n), has the highest probability of 
occurrence and it has thus been selected for future power plants: 

 
D + T → He (3.5 MeV) + n (14 MeV) 
 

The helium nuclei, also called α-particles, carry 20% of the fusion reaction energy (3.5 
MeV) and the neutron the remaining 80% (14 MeV). At the macroscopic level, 1g of a 
mixture of D-T yields 90 MWth of thermal energy which, assuming an efficiency of 0.33, 
corresponds to 30 MWeh of electric power. 
 

 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In order to fuse, the positively charged atomic nuclei have to be given sufficient 

kinetic energy to overcome their mutual electrostatic repulsion. This kinetic energy is 
provided by heating the fusion fuel-mix to a very high temperature. For D-T fusion the 
required temperature is in the range of 10-15 keV (100-150 million degrees centigrade). At 
such temperatures the fuel-mix is completely ionised, forming a “plasma”, ie a mixture of 
electrons and ions which is globally electrically neutral (a gas becomes a plasma at 
temperature above about 100,000 degrees). 

 
 

Fig. 1: Schematic view of the nuclear binding energy. Much more energy 
is liberated during the fusion of light nuclei than during the fission of 

heavy nuclei. The bottom of the curve corresponds to iron (Fe). 
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In order to achieve the required confinement, the plasma is held in a doughnut shaped 
vessel, a “torus”, and kept away from the walls by strong magnetic fields. In this approach to 
fusion, called “magnetic confinement”, the charged particles constituting the plasma, 
positively charged deuterium and tritium ions and negatively charged electrons, orbit around 
the closed magnetic field lines. Provided the magnetic field is strong enough, and with the 
magnetic field lines forming closed surfaces, the D and T ions are trapped on these magnetic 
surfaces until they collide, leading to fusion reactions. Two main types of machines follow 
this approach: tokamaks and stellarators. Other magnetic configurations also exist but, as of 
today, tokamaks have been the most successful devices. 

To get sufficient fusion reactions in a magnetic confinement machine, it is necessary to 
heat the plasma with microwaves or particle beams. Once the fusion “burn” starts, large 
numbers of α-particles and neutrons are created. Being electrically charged, the α-particles are 
confined by the magnetic fields and slow down in the plasma in enough time to transfer their 
energy (3.5 MeV / α-particle) to the bulk of the deuterium and tritium ions (average energy of 
10-15 keV). These “burning plasma conditions”, which occur in sufficiently large devices, 
allow the temperature required for fusion to be maintained mostly by “self heating”. To 
achieve “ignition” in a reactor, the thermal losses from the plasma must equal the plasma self 
heating from the α-particles: at ignition the plasma is maintained under fusion conditions 
without additional external heating. In a reactor, however, it is not necessary to have ignition, 
but only to reduce the amount of power injected into the plasma compared to the generated 
electric power. 

 
1.2 The European Fusion Strategy 

 
The aim of the European fusion programme is the exploitation of fusion as a 

commercial energy source [2]. The programme is “reactor oriented” and it is aimed at the 
successive demonstration of the scientific, the technological and the economic feasibility of 
fusion power. A series of large tokamak devices, namely JET (Joint European Torus), ITER 
and DEMO, constitutes the backbone of the European programme. The JET device, the 
largest tokamak in the world, is essentially devoted to the scientific phase. JET is in operation 
since 1983 and the aim of its experimental programme, today, is to substantiate the ITER 
physics basis and to validate specific ITER engineering design options. 

ITER, the “next step” machine, shall demonstrate the scientific feasibility of fusion and 
should strongly contribute to demonstrate its technological feasibility. These objectives will 
be achieved by extended burns of D-T plasma of several hundred seconds. In parallel to 
ITER, an International Fusion Material Irradiation Facility (IFMIF) should be constructed and 
operated to qualify the structural materials required for the third step of the European Fusion 
strategy: DEMO. DEMO shall confirm the technological feasibility of fusion power and 
demonstrate its commercial viability. DEMO will be the first fusion device to export 
significant amounts of electrical power from fusion. 

 
1.3 Rationale for the Reactor Studies 

 
Models of fusion power plants are necessary to assess the safety, environmental and 

economic potential of fusion power. Following the definition of high level requirements for a 
fusion power plant, it is possible to make a number of assumptions both in physics and in 
technology in order to develop conceptual models of fusion power plants able to satisfy these 
requirements. The pertinence of the hypothesis made is the object of significant discussions 
within the fusion community, but if a specific characteristic can be proven to be true for 
fusion power plants models based on different hypothesis, its credibility is significantly 
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enhanced. It is therefore possible to assess the potential of fusion as an energy source on a 
fairly sound scientific basis. 

Several fusion power plant models have been developed in the past in Europe, in Japan 
and in the USA and the development of DEMO models is being considered today within the 
fusion programmes of these three countries. A schematic view of a fusion power station is 
shown on figure 2.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 2: Schematic diagram of a tokamak fusion power station. 

 
2 THE EUROPEAN POWER PLANT CONCEPTUAL STUDY 

 
From 1990 to 2000 a series of studies within the European fusion programme [3, 4, 5] 

examined the safety, environmental and economic potential of fusion power. These studies 
showed that: 
• Fusion power has well-attested and attractive inherent safety and environmental features, 

to address global climate change and gain public acceptance. In particular, fusion energy 
has the potential of becoming a clean, zero-CO2 and inexhaustible energy source. 

• The cost of fusion electricity is likely to be comparable with that from other 
environmentally responsible sources of electricity generation. 
In the period since the establishment of the plant models developed for these earlier 

studies, there have been substantial advances in the understanding of fusion plasma physics 
and of plasma operating regimes, and progresses in the development of materials and 
technology. Accordingly, it was decided to undertake a more comprehensive and integrated 
study, updated in the light of our current know-how and understanding, to serve as a better 
guide for the further evolution of the fusion development programme. 

The European Power Plant Conceptual Study (PPCS) has been a 4-years study, between 
mid 2001 and mid 2005, of conceptual designs for commercial fusion power plants [6]. It 
focused on five power plant tokamak models, named PPCS A, B, AB, C and D, which are 
illustrative of a wider spectrum of possibilities. These span a range from relatively near-term, 
based on limited technology and plasma physics extrapolations, to an advanced conception. 
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All five PPCS plant models differ substantially in their plasma physics, electrical output, 
blanket and divertor technology from the models that formed the basis of the earlier European 
studies. They also differ substantially from one another in their size, fusion power and 
materials compositions, and these differences lead to differences in economic performance 
and in the details of safety and environmental impacts. 

 
3 REQUIREMENTS FOR A FUSION POWER PLANT 

 
The requirements that a fusion power plant should satisfy to become an attractive source 

of electrical energy were elaborated by EU utilities and industry [7]. The EU utilities and 
industry concentrated their attention on safety, waste disposal, operation and criteria for an 
economic assessment. Their recommendations are listed hereafter. 

 
3.1 Safety and waste disposal 

 
• There should be no need for an emergency evacuation plan around a fusion power station, 

under any accident driven by in-plant energies or due to the conceivable impact of ex-plant 
energies; 

• no active systems should be required to achieve a safe shut-down state; 
• no structure should approach its melting temperature under any accidental conditions; 
• “defence in depth” and “prevention and mitigation of accidents” and, in general, ALARA 

principles should be applied as widely as possible; 
• waste transport should be confined to centres close to the production and “integrated” sites, 

including both power plant and waste treatment/storage, should be considered; 
• the fraction of waste which does not qualify for “clearance” or for recycling should be 

minimised. 
 

3.2 Operation 
 

• Operation of a fusion power station should be steady state with power of about 1 GWe for 
base load and have a friendly man-machine interface; 

• the lifetime should be about 40 years with the possibility of further extension up to 60 
years for parts which are not replaceable; 

• maintenance procedures and reliability should be compatible with an availability of 75 -80 
%. Only a few, short, unplanned shut-downs should occur in a year. 

 
3.3 Economics 

 
• Since public acceptance is becoming more important than economics, economic 

comparison should be made with energy sources with comparable acceptability, including 
the economic impact of "externalities"; 

• licensing requirements and regulatory constraints should be strongly reduced as compared 
to fission plants; 

• the construction time should be minimised, possibly no more than 5 years. 
 

4 THE PPCS PLANT MODELS 
 
The interrelationships of plasma performance, materials performance, engineering, 

economics and other factors were explored using a systems code, supplemented by the 
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understanding gained from earlier analytical studies. The systems code studies employed the 
self-consistent mathematical model PROCESS [8]. This code incorporates plasma physics 
and engineering relationships and limits, together with improved costing models validated 
against the ITER costs and by comparison with similar US studies.  

PROCESS varies the free parameters of the design so as to minimize the cost of 
electricity. The parameters arising from the PROCESS calculations were used as the basis for 
the conceptual design of the five models. These analyses also show which plasma, materials 
and engineering parameters are keys to further improving the economics. 

 
4.1 Plasma Physics Basis 

 
The PROCESS code employs a plasma physics module that, in its original form, was 

developed for the Conceptual Design Activity phase of ITER and used to explore the early 
ITER design. This was modified to reflect further developments and has been updated to 
incorporate modern scaling laws [9]. The most important aspects of the plasma physics are: 
the use of the recommended ITER H mode confinement scaling laws (IPB98y2); a divertor 
module based on a simplified divertor model benchmarked to 2D code runs; a synchrotron 
reflection coefficient based on experimental measurements; and a current drive efficiency 
calculated using Neutral Beam Injection efficiency based on a modified Mikkelsen-Singer 
calculation. 

 
 

 
 The axis labels denote major radius (R) a 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The numerical limits used as constraints in PROCESS were based upon an assessment 
made for this purpose by an expert panel within the European fusion programme. For the 
three near-term models, PPCS-A, PPCS-B and PPCS-AB, the plasma physics scenario 
represents, broadly, parameters about thirty percent better than the design basis of ITER: first 
stability and high current-drive power, exacerbated by divertor heat load constraints, which 
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Fig. 3:  Illustration of the sizes and shapes of the plasmas in the PPCS 
Models. To ease the comparison, model B has been renormalised to 1.5 

GWe (size scaled with plasma volume). The original size of 
model B, as shown in tables 1 and 2, is 1.33 GWe. 

For comparison, ITER is also shown: this is very similar to Model D. 
The axis labels denote major radius (R) and height (Z). 
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drive these devices to larger size and higher plasma currents. PPCS-C and PPCS-D are based 
on progressive improvements in the level of assumed development in plasma physics, 
especially in relation to plasma shaping and stability, limiting density, and in minimization of 
divertor loads without penalization of the core plasma conditions. The main parameters of the 
PPCS models are given in Table 1. An Illustration of the sizes and shapes of the plasmas in 
the PPCS models is shown in Figure 3.  
 

Table 1: Main parameters of the PPCS Models 
 

Parameter Model A Model AB Model B Model C Model D 
Unit Size (GWe) 1.55 1.50 1.33 1.45 1.53 
Blanket Gain 1.18 1.18 1.39 1.17 1.17 
Fusion Power (GW) 5.00 4.30 3.60 3.41 2.53 
Aspect Ratio 3.0 3.0 3.0 3.0 3.0 
Elongation (95% flux) 1.7 1.7 1.7 1.9 1.9 
Triangularity (95% flux) 0.25 0.27 0.25 0.47 0.47 
Major Radius (m) 9.55 9.56 8.6 7.5 6.1 
TF on axis (T) 7.0 6.7 6.9 6.0 5.6 
TF on the TF coil conductor (T) 13.1 13.4 13.2 13.6 13.4 
Plasma Current (MA) 30.5 30.0 28.0 20.1 14.1 
βN(thermal, total)  2.8, 3.5 2.7, 3.5 2.7, 3.4 3.4, 4.0 3.7, 4.5 
Average Temperature (keV) 22 21.5 20 16 12 
Temperature peaking factor 1.5 1.5 1.5 1.5 1.5 
Average Density (1020m-3) 1.1 1.05 1.2 1.2 1.4 
Density peaking factor 0.3 0.3 0.3 0.5 0.5 
HH (IPB98y2) 1.2 1.2 1.2 1.3 1.2 
Bootstrap Fraction 0.45 0.43 0.43 0.63 0.76 
Padd (MW) 246 257 270 112 71 
n/nG 1.2 1.2 1.2 1.5 1.5 
Q 20 16.5 13.5 30 35 
Average neutron wall load 
(MWm-2) 

2.2 1.8 2.0 2.2 2.4 

Divertor Peak load (MWm-2) 15 10 10 10 5 
Zeff 2.5 2.6 2.7 2.2 1.6 

 
4.2 Plant Models 

 
The technology employed in models A and B stems from the use of near-term solutions 

for the blanket.  They are based, respectively, on the “water-cooled lithium-lead” and the 
“helium-cooled pebble bed” which are being developed in the European fusion programme 
[10]. All of these concepts are based on the use of a low activation steel, which is currently 
being tested in the European fusion programme, as the main structural material. Associated 
with these are water-cooled and helium-cooled divertors. 

The water-cooled divertor is an extrapolation of the ITER design. The helium cooled 
divertor has been chosen for models B to prevent the risk of hydrogen formation resulting 
from the water-beryllium reaction in case of accident and to simplify the balance of plant by 
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having the same coolant for all the internal components. The main requirements to be 
satisfied by a He-cooled divertor are: (a) the ability to resist a peak heat load of at least 10 
MW/m²; (b) a limitation of the thermal stresses by modular design; (c) the realisation of a heat 
conduction path between the plasma-facing surface and the cooling surface as short as 
possible; (d) a heat transfer coefficient between the helium and plasma side structure greater 
than 30 kW/m2 K; and (e) the development of a structural material (refractory alloys, e.g. 
tungsten lanthanum oxide) with very good thermal properties and with a suitable operational 
temperature window (restricted by the ductile-brittle transition temperature and the 
recrystallization temperature). Moreover, to achieve a reasonable system efficiency, the 
pumping power should be limited to no more than 10% of the thermal power. The 
development of such a component represents a significant challenge. An ad-hoc R&D 
programme was initiated in 2003 [11] and preliminary results have demonstrated the 
feasibility of this concept 

For the balance of plant, model A is based on PWR technology, which is fully qualified. 
Model B relies on the technology of helium cooling, the industrial development of which is 
starting now, in order to achieve a higher coolant temperature and a higher thermodynamic 
efficiency of the power conversion system. 

Following a revision of the European strategy in the development of breeding blanket 
concepts, a third near-term model based on a “helium-cooled lithium-lead” blanket concept 
and a helium-cooled divertor was developed [12]. The performances of this model AB are in 
the same range than those of models A and B. 

PPCS C and D are based on successively more advanced concepts in plasma 
configuration and in materials technology. In both cases the objective is to achieve even 
higher operating temperatures and efficiencies. Their technology stems, respectively, from a 
“dual-coolant” blanket concept (helium and lithium-lead coolants with steel structures and 
silicon carbide insulators) and a “self-cooled” blanket concept (lithium-lead coolant with a 
silicon carbide structure). In PPCS C the divertor is the same concept as in model B. In the 
most advanced concept, PPCS D, like the blanket, the divertor features silicon carbide as 
structural material and is cooled with lithium-lead. This allows the pumping power for the 
coolant to be minimized and the balance of plant to be simplified. 

The frequency and the duration of in-vessel maintenance operations are the prime 
determinants of the availability of a fusion power plant. The divertor is expected to be 
replaced every two full-power-years because of erosion, the blanket every five full-power-
years, corresponding to not more than 150 dpa of neutron damage in the first wall steel. A key 
development of the PPCS was a concept for the maintenance scheme, evolved from the ITER 
scheme, which is capable of supporting high availability. The main driver was to reduce the 
total number of blanket modules. The maximum size of a module is determined by the size of 
the quasi-equatorial ports through which the modules must pass, which is limited by the 
magnet arrangements. The total number of modules is between 150 and 200, depending on the 
PPCS plant model. The feasibility of suitable blanket handling devices was investigated and it 
was assessed that a plant availability of at least 75% could be achieved [13]. 
 
4.3 Systems Analyses and Thermodynamic Parameters 

 
The economics of fusion power improves substantially with increase in the net electrical 

output of the plant. As a compromise between this factor and the disadvantages for grid 
integration of large unit size, the target net electrical output of all the models was chosen to be 
1.5 GWe instead of 1 GWe as recommended by the Utilities. The fusion power is then 
determined primarily by the thermodynamic efficiency and power amplification of the 
blankets and by the amount of gross electrical power recirculated, in particular for current 
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drive and for helium pumping (table 2). The result of these factors is a progressive fall in the 
fusion power from model A to model D. Given the fusion power, the plasma size and the 
power density are determined by the assigned constraints on plasma physics relating to 
restricting heat loads to the divertor. Taken together, these considerations lead to a fall in the 
size of the plasma, from model A to model D (Figure 3). 

 
Table 2: Thermodynamic parameters 

 
Parameter Model A Model 

AB 
Model B Model C Model D 

Fusion Power (MW) 5000 4290 3600 3410 2530 

Blanket Power (MW) 4845 4470 4252 3408 2164 

Divertor Power (MW) 894 981 685 583 607 

LT Shield Power (MW) - - 67 - - 

Pumping Power (MW) 110 400 375 87 12 

Heating Power (MW)  246 257 270 112 71 

H&CD Efficiency 0.6 0.6 0.6 0.7 0.7 

Gross Electric Power (MW) 2066 2385 2157 1696 1640 

Net Electric Power (MW) 1546 1500 1332 1449 1527 

Plant Efficiency1 0.31/0.332 0.35 0.36 0.42 0.6 
1  The plant efficiency is defined as the ratio between the net electric power output and the fusion 
power. 
2  Depending on the divertor concept used, either an ITER-like conception with water outlet 
temperature of 150°C or a more advanced conception with water outlet temperature of 300°C. 
 
5 ASSESSMENT OF THE PPCS MODELS 

 
5.1 Safety and Environmental Impact 

 
In the PPCS models, the favourable inherent features of fusion have been exploited, by 

appropriate design and material choices, to provide safety and environmental advantages. 
• If a total loss of active cooling were to occur during the burn, the plasma switches off 

passively due to impurity influx deriving from temperature rises in the walls of the reaction 
chamber. Any further temperature increase in the structures, due to residual decay heat, 
cannot lead to melting. This result is achieved without any reliance on active safety 
systems or operator actions. 

• The maximum radiological doses to the public arising from the most severe conceivable 
accident driven by in-plant energies (18 mSv) would be below the level at which 
evacuation would be considered in many national regulations (50 mSv, the value which is 
also recommended by the International Commission on Radiological Protection). 

• The power plant will be designed to withstand an earthquake with an intensity equal to that 
of the most severe historical earthquake increased by a safety margin, in accordance with 
the safety design rules in force. 
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NAW: Non Active Waste (to be 
cleared) 

 
SRM: Simple Recycling Material 
(recyclable with simple remote 
handling procedures) 

 
CRM: Complex Recycling Material
  (recyclable with complex 
remote handling procedures) 

 
PDW: Permanent Disposal Waste (not 
recyclable) 
 

Fig. 4:  Categorisation of all material arising from the operation and 
decommissioning of PPCS Model B. 

 
• In case of fire, a maximum of a few grams of tritium could be released, by appropriate 

partitioning of the tritium inventory, which is consistent with the non-evacuation criterion. 
• If there is substantial use of beryllium as an in-vessel component (approximately 560 tons 

are foreseen within the blanket of model B), it may be necessary to recycle it to satisfy the 
EU legislation on beryllium chemical toxicity. 

• The radiotoxicity of the materials (namely, the biological hazard potential associated with 
their activation) decays by a factor ten thousand over a hundred years. All of this material, 
after being kept in situ for some decades, will be regarded as non-radioactive (clearance 
index <1, contact dose rate lower than 0.001 mSv/h, decay heat lower than 1 W/m3) or 
recyclable (contact dose rate lower than 20 mSv/h, decay heat lower than 10 W/m3). The 
recycling of some material could require remote handling procedures, which are still to be 
validated. An alternative could be a shallow land burial, after a time (approximately 100 
years) depending on the nuclides contained in the materials and the local regulations. There 
will be no need for geological repositories (figure 4). Thus the activated material from 
fusion power stations would not constitute a waste management burden for future 
generations. 

 
5.2 Economics 

 
“Internal cost” is the contribution to the cost of electricity from constructing, fuelling, 

operating, maintaining and disposing of power stations. The internal cost of electricity from 
the five PPCS fusion power plants was calculated by applying the codes developed in the 
Socio-economics Research in Fusion [3] programme. The calculated internal cost of 
electricity from all the models (from 5 – 9 €cents/kWh for models A and B down to 3 – 5 
€cents/kWh for model D) was in the range of estimates for the future costs from other 
sources, obtained from the literature. 

The internal costs of electricity generation do not include costs such as those associated 
with environmental damage or adverse impacts upon health. The external costs of electricity 
from the PPCS plant models were estimated by scaling from the results from the European 
Socio-economics Research in Fusion programme. Because of fusion’s safety and 
environmental advantages, all five PPCS models have low external costs (less than 1 
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€cents/kWh for all models): much lower than fossil fuels and comparable to, or lower than, 
wind power [14]. 

 
6 DEMO 

 
One important outcome of the conceptual study of a fusion power plant is to identify the 

key issues and the schedule for the resolution of these issues prior to the construction of the 
first-of-a-kind plant. The European Fusion Programme currently follows a “fast track” in the 
development of fusion power [15], with 2 main devices prior to the first commercial power 
plant: ITER and DEMO. These devices will be accompanied by extensive R&D and by 
specialised machines and facilities to investigate specific aspects of plasma physics, plasma 
engineering, materials and fusion technology. If the ITER objectives and machine design are 
now well established, this is not the case for DEMO. It is therefore worthwhile to reflect on 
the difficulties encountered during the development of the PPCS “near-term” models, namely 
models A, B and AB, prior to the selection of the main parameters and technical choices for 
DEMO.  

For a given plant size and for a given blanket segmentation, the plasma current 
determines the loads on the internal components, which are the main drivers for the design of 
these components and of the main vacuum vessel. The plasma current, together with the 
bootstrap fraction, also determines the power required for Heating and Current Drive 
(H&CD) system. Even with H&CD system efficiencies above 50%, the recirculating power 
for H&CD severely affects the economic performances of models A B and AB. Practically, 
both the plasma current and the power required for H&CD should be minimized in DEMO 
and in future power plants. 

 

 
 

Fig. 5:  “Reference” Fusion Development Scenario. The key assumption is that DEMO 
construction starts only after the establishment of the DEMO physics 

basis during ITER Phase 1 operations. 
 
From the technological side, the choice of helium as primary coolant raises a number of 

questions: the development of a suitable structural material for a He-cooled divertor with an 
operating window in the range 600-1300°C; the development of a structural material for the 
blanket allowing for a higher He outlet temperature than that assumed in models B and AB 
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(500°C) in order to increase the thermodynamic efficiency of the power conversion system; 
and, although not fusion specific, the availability of proven technology for the balance of 
plant. 

The definition of a maintenance scheme able to guarantee an acceptable plant 
availability remains a major concern for all power plant concepts considered and also for 
DEMO. 

The development of a comprehensive fusion development scenario is currently in 
progress. Previous analyses [16, 17] have highlighted the internal components (blanket and 
divertor) as critical and the European technology R&D programme has been amended 
accordingly. The focus of the on-going work [18] is to review these previous analyses and to 
assess the development needs for the components outside the primary vessel (Fig. 5). 
 
7 CONCLUSIONS 

 
The PPCS results for the near-term models suggest that a first commercial fusion power 

plant - one that would be accessible by a “fast track” route of fusion development, will be 
economically acceptable, with major safety and environmental advantages. These results also 
point out some of the key issues that should be investigated in the recently launched DEMO 
conceptual study. The results for models C and D illustrate the potential for more advanced 
power plants. 
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