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Outline

i. Why integrate with the feedheat train?

ii. Plant performance and storage options

iii. Optimisation of system

2



UK Energy Storage Conference
Nottingham, 10-12 April 2024 3

Why integrate? Why the feedheat train?

• Make use of existing 
components – i.e., lower costs 

• Efficient
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Locations for storage integration
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220 °C

280 °C
(sat. steam)

325 °C

295 °C 25 °C

(1) Heat 
from coolant

(2) Heat from live steam

(3) Heat from feedwater system
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Detailed nuclear plant
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Details of feedheat integration – charge
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Thermal
storage

𝑚̇ = 1 + 𝑓 𝑚̇ = 1

𝑚̇ = 𝑓

𝑚̇ = 1 + 𝑓

𝑚̇ = 1

𝑚̇ = 𝑓

bleeds increase
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Details of feedheat integration – discharge
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𝑓 =	flow diverted to store
(+’ve charge, -’ve discharge)

Thermal
storage

𝑚̇ = 1

𝑚̇ = 1

𝑓 < 0
𝑓 < 0

bleeds decrease

𝑚̇ < 1𝑚̇ < 1
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Why is the feedheat train attractive?
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Minimize ΔT during heat transfer – i.e., lost work 
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Plant performance & storage options
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Plant performance
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to store
from store

+10%

-10%

[1] Lazenby et al., IMechE Part A (2024) 
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Storage options?
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Thermal
storage

?
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Thermal oil and multiple packed beds
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220 °C 40 °C

215 °C 30 °C

Return to cycle
Beds = 10m diameter, 10m high

1	𝐺𝑊ℎ! 𝑟𝑒𝑡𝑢𝑟𝑛𝑒𝑑 	 ~	 70	𝑏𝑒𝑑𝑠
Thermal oil
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Optimisation of system
What is the “best” design of the FH train & storage?

 
• efficient - objective #1  
• low cost - objective #2 
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Storage 
charge discharge

Plant  𝐸!
(Exergy in 

steam gen.)

𝑊"
(Net work out)

Efficiency definitions – Objective # 1

Ø 𝜂"# = plant efficiency = $! 
%"

Ø 𝜂& = storage efficiency = $#$! 
(()%"

Ø 𝜂*+ = round-trip efficiency = ,	∆$%"#
/	∆$&'(

Ø 𝜂+0 = throughput efficiency = $! 
%" 123/45&
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𝜂$%

𝛼 = fraction 
of exergy 
diverted to 

storage

𝛼
1 − 𝛼

𝜂& 𝑊&'(

𝑊$%

= $)* 
(6/()%"

 

vary off-design

𝜂)*vary off-design
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Capital cost – Objective # 2

𝐶' = 𝐶$ + 𝐶+
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total
capital cost

capital cost of 
power components

capital cost of 
energy components= +

20-30 
$/kWhe 

[1,2]

[1] Lazenby et al., IMechE Part A (2024) 

[2] McTigue et al., Applied Energy (2018) 

marginal cost of energy ($/MWh)
i. packed beds

• vessels
• insulation
• rock

ii. thermal oil

+	𝑍+(𝑃,𝑡,)

marginal cost of power ($/MW)
i. marginal increase in FH
ii. marginal increase in turbine
iii. marginal increase in condenser
iv. storage HEX

= 𝑍$(𝑃,)
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Optimisation results
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Ø NSGA-II (genetic algorithm)
Ø Objectives (2):  
• ↑ throughput efficiency
• ↓ total capital cost / kWe
Ø Design Variables (8): 
• FH area x 7
• storage NTU

𝐶9 = 𝑍:	𝑃; + 𝑍<	𝑃;𝑡;
𝐶9
𝑃;

= 𝑍: 	+ 𝑍<	𝑡;

Ø FHs oversized 50%
Ø Storage NTU ∼ 4

Ø FHs oversized 350%
Ø Storage NTU ∼ 240
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Summary
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Summary
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Ø Paradigm shift of “generation-integrated” energy storage: 
Ø High efficiency and low cost 

Ø More nuclear on the grid:
(1) Less overall energy storage needed [1]
(2) Ideal for storage integration
Ø Nuclear roadmap = 24GW by 2050

Ø Proposed feedheat system: 
Ø 100MWe, ‘tens’ of GWhe of storage
Ø Marginal cost of energy: 20-30 $/kWhe
Ø Marginal cost of power: 350-1000 $/kWe

Questions?

[1] Cebulla et al., Journal of Cleaner Production (2018) 


