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Construction Off-Site Factory (or i -
Location supplier) On-Site Shop In-situ
Final Modules,
Product Components, Super-modules Final NPP

Equipment

Productivity

Moderate Low
(Relative Time) (3 hours) (8 hours)
Transport Options Road and/or rail Derrick crane N/A
Maybe barge, air Barge
Manufacturing R
Capabilities ey Lhrite




= Semi-Modular Reinforced Concrete

= Solid Reinforced Concrete

= Steel-Plate Concrete

Steel Plate

Concrete
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Matural Gas Coal Nuclear
LCOE | LCOE with Carbon Cost® LCOE LCOE with Carbon Cost LWR
us 0.67 0.B5 0.88 1.21 1.0
South Korea | 154-2.69 1.78-2.93 | 140 199 1.0
Japan 0.92-1.46 1.05-1.58 L=F 1.23 1.0
China | 074172 0.97-1.95 | 1.03 1.63 1.0
France 0.58-1.05 0.71-118 _ - _ - 1.0

2 Assumed -r.arl'-:nn cost is 3 '%C,.-"’r-nnne of CO4
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Cost Reduction Strategy

Effect on SMR cost

Increased plant size

Constructing larger plants achieves greater economies of scale

Improved construction methods

One-off material and labour efficiency improvements; achievable
through off-site manufacture

Reduced construction schedule

One-off productivity improvements; achievable through off-site
manufacture

Design improvement

Simplified designs require fewer components, less building materials,
and reduced labour

Standardisation & series construction

Continuous learning benefits; achievable through off-site
manufacture

Multiple unit construction

I
I
I
I
Continuous learning benefits; achievable through off-site :
I
manufacture :

Regulation & policy measures

Government reduces uncertainty in regulation & energy market

<Cost reduction strategies and their effect on SMR construction cost>
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Study/Author

Schedule Reduction

Cost Reduction

Project/Industry

General modularisation theory: cost and schedule savings depend on

Murtaza et al. [83] 25% 22% how easy it is to modularise the facility and on the level of support
available for modularisation

General Dynamics Electric 28% Shipbuilding: naval

Boat [80] [51]

Garver & Abbott [69] 25% 10% Shipbuilding: Blohm & Voss MEKO flexible warship

Modular Building Institute 30%-50% Civil: general observations

(84] Modularisation removes about 80% of work from site

Eftimie [85] 25%-50% Oil & gas: onshore

‘ 20% reduction in net critical path Cht?mical procgss: 390 MV\:fe‘ solid fuel p!ants (a pulverised coal-fired
Gotlieb et al. [86] L 13% facility and a circulating fluidised-bed boiler plant)
(40% reduction in man-hours) L

Productivity improved by 15%

Jameson [87] 18% Chemical process: gasoil hydrotreater in the US Great Lakes

Shelley [78] 50% 20% Chemical process

Hesler [88] 40% 20% Power plants: general observations

Choi & Song [81] 22% Piping/equipment package: construction of an underground machine

room for a high-rise residential building

<Modularization across industries and its effect on reducing schedule and cost>
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Note 1) Clara Anne Lloyd, Modular Manufacture and Construction of Small Nuclear Power Generation System, PhD Thesis, May 2019, Uni. of Cambridge
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Bl UAE SARB Pakcage-4 Project

o K| e

A SCHAXI LI = Method: Direct Set Down Method
EEN ADMA-OPCO = Equipment: SPMT (Self-Propelled Modular Transporter)
7|12t 201303 ~ 201812 ( 70 Months, RFSU / PAC)

- ol

) 000000000

Land Transport Installation site

LSRN
(Abu-Dhabi
Zirku Island)
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E Venezuela Puerto La Cruz Project

% K| why

1

SHAL SCiAx| Lo = Method: Lifting Method
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T

uE
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PDVSA = Equipment : Onshore Crane
712t 2012.09~2019.12 (88 Months, VDU M/IC)
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Kuwait Al-Zour LNG Import Project

- 8X I

AL SICHAXIL| o » Method: Lifting Method
S Kuwait Integrated Petroleumn Industries Company (KIPIC) = Equipment: Offshore Crane
712t 2016.05~2021.02 (57 Months, PAC)
=& MNZ
[ ] [ ]
s 25
(35km)

S K|
(Onsite(Kuwait))
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n Canada Micro-Modular Reactor Project

2|X| / = A} | Southeast area near Canada’s Chalk River / 4L ¢l L| X| O 2
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n Canada Micro-Modular Reactor Project

«» Nuclear Plant

= Citadel structure : Precast concrete

» Nuclear Building : Truckable Modules

% Adjacent Plant

Other Area : Truckable Mod

ules

EMERGENCY
EXIT

s
=

|+ nucLEAR PLANT sITE
BOUNDARY FEN
U

DARY FENCE
LE FENCED

Steam Turbine Area, Cooling Tower Area : Stick-built

ENT PLANT STTE

[ ADJACS
TOUNDARY FENCE

Unit Description
Nuclear Plant (NP)
N1  Citadel
N2  Waste Handling Area
N3  Control & Elec. Room
N4  HVAC Room
N5  Changing Room

Adjacent Plant (AP)
Al  Turbine Hall
A2  Steam Generator
A3  Molten Salt Tanks
A4  Fin Fan Air Coolers
A5  WTand WWT Area

A6  Electrical Room

g5 aak
Citadel Precast Concrete -
Structure
20ft 9
20ft Roof
Nuclear Plant
A0ft 17
40ft Roof 14
6m 10
| 6m Roof 4
Adjacent Plant
15m 70
15m Roof 28
Total 161

11
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B} Westinghouse - AP1000

2| X China
83 225 MWe
SHE} Pressurized Light Water Reactor, 800 MWt

Module Type Number

Structural 122
Piping 154
Mechanical 55
Equipment
Electrical
Equipment 1
TOTAL 342
Raceway Module Structural Module Depressurization Module

12
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B} Westinghouse - AP1000

% Inside Composite Wall 2& (Steam Generator & Refueling Canal)

13
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B} Westinghouse - AP1000

% Building Composite 2& (Auxiliary Building)

< T8 Mechanical 2& (Middle and Upper Shroud)

14
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APR 1400

% M 1, 22 7| (Alternate AC Diesel Generator Building)
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Reactor Power (MWe)
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_______ DoM = 0.7 ~===---DoM =0.B
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< BES} X|4= (Modularization Indicator)
1) ZE3} He| (Extent of Modularization) : 712 Xt o| Ozt
MU= EH 3)E ZESHH 7 L B0 AL

= None / Low / Medium / Full

2) 2E3} M= (Degree of Modularization) : 1% Al& 22
DoM =0.0 & Z=4f M % = = DoM 5

= 0 < DoM < DoM max,i

Maximum Mg (at DoM,,}

16



Transport
Envelope

Weight (te)

Length (m)

Width [m)

Height [m)

Motes

50: 28.8
CRLU:44.0

IS0:
12,022
CRU: 165

150:2.34
Chl: 255

50:2.292
Call:4.85

|50 standard container is used for the
module’s size

50 containers meet C&U {and

STGO Category 1) requirements

Rail, road, barge transport possible

18.65

29

495

Routine relasation of CRU limits
CBU dimensions but 5TGO Cat 2 weight
[imit

150

30.0

6.1

495

Large loads within STGO Category 3
restrictions

2 days notice to police plus other reg's;
vehicle must be attended

»30.0

»6.1

»4.55

Special Order |oads

Barge transport is preferred
Permission must be obtained from HE
AlL team

2)
3)

4)
5)
6)

Weight Fraction

o

e T
o 14 b oo mn

=

ro

100%

B0%
0%
BO0%

40%
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Reactor Power Output {MWe)
Envelope 1 M Envelope 2 Envelope 3 MEnvelope 4
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