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Abstract
The Pre-Concept Design (PCD) of the Balance of Plant (BoP) systems of the EU-DEMO power plant is described 
in this paper for both breeding blanket (BB) concepts under assessment, namely the Water Cooled Lithium Lead 
(WCLL) BB and the Helium Cooled Pebble Bed (HCPB) BB. Moreover, the results of a preliminary evaluation of 
a number of BoP variants are discussed. 
This paper outlines the steps of the BoP design development, highlighting the project objectives and the strategy 
for their achievement under the very challenging requirements which include, among others, the intermittent nature 
of the DEMO plasma heat source. 
The main achievements during the PCD Phase will be reported together with the development plan for the Concept 
Design (CD) Phase to reach a mature (feasible) BoP concept for DEMO. 
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1. Introduction 

 
design approach takes into account the Nuclear Power 
Plant (NPP) experience and the lessons learnt from ITER 
and Generation IV with the objective of a feasible and easy 
licensing for construction and operation and an acceptable 
technical availability of the plant [2]. This aspect deeply 
involves BoP design whose safe and reliable operation is 
of great importance for the success of the project.



2. The EU-DEMO BoP: overview, objectives and 
challenges 

Figure 1 - WCLL BoP Reference Configuration: Direct Coupling Design with Small Energy Storage System, 3D CAD model.

Figure 2 - HCBP BoP Reference Configuration: Indirect Coupling Design, 3D CAD Model.



3. The BoP variants as risk mitigation strategy 

HCPB WCLL Fission EPR 
Plant Thermal Power (MWth) 2366,2 (*) 2260,4(*) 4300

# of separated primary coolant systems: 14 8 1
BB 8 2 (4 loops) -
Div 4 4 -
VV 2 2 -
RCS - - 1 (4 loops)
# of primary HX/SGs 14 10 4
BB 8 4 -
Div 4 4 -
VV 2 2 -
RCS - - 4
# of pressurisers 6 8 1
IHTS 1 - -
IHTS MSSG 16 - -
Small ESS circuit - 1 -
Small ESS circuit MSSG 4
Small ESS circuit Electric Heater - 1 -
MS tanks 2 2 -

PCS steam cycle
Dual superheated rankine 

cycle
Superheated rankine
cycle (B&W PWR like)

Saturated rankine cycle

Overall piping length (km)
PHTSs: 12,81 13,6 0,1
–BB 6,28 6,9 -
Div 5,33 5,4 -
VV 1,2 1,3 -
RCS - 0,1
Small ESS circuit - 0,085 -
IHTS 1,52 - -
Coolant inventories (m3)
PHTSs: 2578 1577 460
BB 1735 722 -
Div 244 270 -
VV 599 585 -
RCS - 460
Small ESS + tanks - 55+1500 -
IHTS + tanks 1000+2600 - -
(*) Total Power of BB+DIV+VV; Acronyms- Small ESS: Small Energy Storage System; MSSG: Molten Salt Steam Generator

BoP main systems/equipment



3.1. Investigated variants [1], [8]

3.1.1 WCLL BoP variants

Figure 3 - Demo Power profile with pulse and dwell time 
periods.



3.1.2 HCPB BoP variants 

4. The design status of WCLL DCD and 
feasibility assessment 



4.1. The PHTSs design description  

4.1.1 BB PHTS 

4.1.2 DIV PHTS 

4.1.3 VV PHTS 

Table 2 - WCLL PHTSs main design parameters [1]. 

Parameters Value 
BB PHTS (FW + BZ) 

Power [MW] 1923.2 
PHTS piping size hot/cold leg range DN500-850 
PHTS piping overall length [m] 3200 + 3700 
PHTS Pumping power [MW] 16.52 
PHTSs overall coolant volume [m3]  563 + 159 

DIV PHTS (PFU + CAS) 
Power [MW] 136 + 115.2 
PHTS piping size hot/cold leg range DN300-600 
PHTS piping overall length [m] 2600 + 2800 
PHTS Pumping power [MW] 12.0 + 1.6 
PHTSs overall coolant volume [m3]  128 + 142 

VV PHTS 
Power [MW] 86 
PHTS piping size hot/cold leg range DN350 
PHTS piping overall length [m] 1300 
PHTS Pumping power [MW] 3.1 
PHTSs overall coolant volume [m3]  585 

4.1.4 BB OTSG design and preliminary 
verification 



Table 3 - WCLL-OTSG Thermo-hydraulic and geometric data.

Parameter Unit Value

Figure 4 - Conceptual scheme for Once through steam 
generator.

Figure 5 - OTSG general arrangement with inlet/outlet 
interfaces [13].

Table 4 – WCLL-OTSG main geometric data.

Parameter Unit Value
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4.2. PCS design and preliminary stress 
analysis 

Table 5 - WCLL DCD BoP PCS main parameters. 

Parameter Value 
Small ESS power Electric Power [MW]  41.2 
Small ESS hot/cold tank number 1/1 
Gross Output (pulse/dwell) [MW]  791.6/62.9 
Cycle efficiency (pulse/dwell) 33.9 %/19.4% 
Overall efficiency 31.0 % 
Steam turbine type (HP+2LP) 1500 rpm 

Errore. L'origine riferimento non è 
stata trovata.
The regulation scheme is characterized by an indirect control of 
the PHTS coolant average temperature along the DEMO period; 
namely it implements a control of the power exchanged on each 

primary SG/HX performed through the regulation of the 
feedwater flow; the latter is upper bounded so that to prevent 

any ST flooding Through this it has been possible to achieve: i) 
a very good steady state pulse hot, cold and average 

temperature value, ii) a good quasi-steady state temperature 
during the dwell and iii) a primary coolant average temperature 

in dwell very close to the requirements (see an example in  



Figure 7- WCLL BoP reference configuration: PCS Architecture with Small ESS.

Figure 8- Fusion power ramps: actual (red), simplified (orange) and ST/generator load ramp (blue).



.

Figure 9- BB PHTS coolant temperature time profile: at BB inlet 
(yellow) and outlet (magenta), (°C).

OTSG: Thermal stress @most stressed point;
values for the tube internal/external wall surface (yellow/magenta 

respectively), MPa.



Figure 12 - BoP HP rotor preliminary – FEM Model, and Steady 
State HP rotor Temperature field, and Steady State stress intensity 
(from top to down of Figure 5). 

Figure 13 - HP Blade 1 groove, max Von Mises stress. 

4.3. Feasibility and Reliability assessment of the 
WCLL DCD and open issues 

Reliability 



Furthermore, several 
events could induce a sub-system shut down, such as CVCS, 
every year.

5. The design status of HCPB ICD and feasibility 
assessment 

Errore. 
L'origine riferimento non è stata trovata.

5.1. The PHTS design description 

5.1.1 BB PHTS  

5.1.2 DIV-CAS/PFU PHTS and VV PHTS 

5.1.3 An insight on the DIV HXs mechanical 
design and preliminary verification 



Parameter Value

Table 7 - DIV PFU & CAS HX main geometrical data, [35].  

Parameter Value
PFU CAS

Figure 14 - Preliminary CAD 3D model of the DIV HXs. 

Figure 15 – Nozzle position (NPO= Nozzle of Primary coolant 
Outlet, NPI=Nozzle of Primary coolant Inlet, NSO=Nozzle of 
Secondary coolant Outlet, NSI=Nozzle of Secondary coolant 

Inlet). 

Figure 16 - Position of the tube-sheets (LOTS=Lower Tube Sheet, 
UPTS=Upper Tube Sheet). 
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Figure 17 - Lifetime prediction for the nozzles and tube plates of DIV-PFU (NPO= Nozzle of Primary coolant Outlet, 
NPI=Nozzle of Primary coolant Inlet, NSO=Nozzle of Secondary coolant Outlet, NSI=Nozzle of Secondary coolant Inlet, 
(LOTS=Lower Tube Sheet, UPTS=Upper Tube Sheet). 

Figure 18 - Lifetime prediction for the nozzles and tube plates DIV-CAS HX. 

5.2. The IHTS design description 
For simplification, the ESS is realized as a classical two-tank 
solution; ESS energy storage capacity and MS inventory are 
shown in  

Table 8 and  

Table 1.  

Table 8 - HCPB ICD BoP ESS main parameters. 

Parameter Value



5.3. The PCS design description 

Table 9 - HCPB ICD BoP PCS main parameters. [1] 

Parameter Value

5.4. Feasibility and reliability assessment of 
the HCPB ICD BoP and open issues 



Furthermore, tens of events per year could 
induce a fault of a main component, such as the 
Circulator.

6. Future work 

6.1. WCLL BoP R&D Plan 



6.2. HCPB BoP R&D Plan 

Table 10 . HELOKA-US main actual features. 

Parameter Helium Loop Molten Salt Loop



Figure 19 - Schematics of HELOKA-US at the final phase.

7. Conclusions  
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