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01. Problem analysis
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Current supply  =  Future demand in modern hospitals

Modern hospital obsolescence = 10 years

 (Source: De Jonge, 2016)

 (Source: Capolongo et al, 2012)
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Flexibility as a strategy for unstable hospital environment

Individual room Floor level Bulding level Hospital complex
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Modular construction as an answer to hospital flexibility

High speed of construction, quick start of exploitation

Quick respond to current hospital spatial needs

Zero waste based on Lean management

Factory installations of equipment

Higher quality final product

Maintain of the building during 

entire life cycle 

Reduction of on-site work

Customizable layout
Cadolto modular hospital 
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Feasibility study concept

Feasibility study: 

The degree to which the economic advantages of something to be made, done, or achieved 
are greater than the economic costs

Technical 
feasibility

Economic
feasibility

Legal
feasibility

Operational
feasibility

Schedule
feasibility

Materials required

Labor required

Resources required

Transport required

Legal requirements

Legal obligations

Legal codes

Process structure

Company’s structure

Schedule phases

Schedule deadlines

Materials costs

Labor costs

Resources costs

Transport costs

Benefits > Costs



10

Feasibility study concept
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The main goals of the research

Identify possible time savings in modular construction process

Identify possible cost savings in modular construction process

Operational
feasibility

Process structure

Company’s structure

Economic
feasibility

Materials costs

Labor costs

Resources costs

Transport costs

Benefits > Costs
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02. Research questions and research design
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Main research question of the project:

Sub-questions:

To which extent are prefab solutions in healthcare design and construction 
processes are more economically feasible than traditional methods? 

   To what extent is prefab used in current situation in healthcare sector?

   To what extent is enlarging the amount of prefab elements feasible considering the design     	
   and construction process? 

   Which parts of the healthcare facilities are mostly suitable for implementation prefab 
   solutions in a cost-effective way? 
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Phasing of the research

Phase 1:

In-depth literature sutdy, analysis of modular construction process

(literature review, semi-structured interviews) 

Phase2: 

Assessment of time and cost savings in modular construction 

in 3 main phases of hospital life cycle: design, construction and maintenance
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Final product of the research

Summary of time and cost savings in modular construction as % 
from conventional building process

Standard module is taken for the analysis

3,9 m

7,8 m

3,
5 

m
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Limitations of the research

Limited data regarding prices and costs of medical equipment

Limited data regarding manufacturing process of the modules

Costs of the number of parameters are educated guess
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03. Results of literature survey
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Lean management and circular economy are main components of modular production

Sekisui Heim lean management system

 (Source: www.sekisuiheim.com)
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Factory production chain in modular construction. Japan case study

Factory layout

Static assembly lines

Linear assembly lines

Industry collaboration
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Costs and time in modular construction

50 % time savings in modular construction

 (Source: Lawson, M et al, Design in modular construction, 2014)
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Risks in modular construction

 (Source: Lawson, M et al, Design in modular construction, 2014)
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04. Design phase
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Off-site or on-site?

Parameter

Flexibility (max united space) 3,9 x 16 m 3,9 x 16 m

16 m 16 m 12 m

65 - 100 mm

3,6 m 3,5 m 3,5 m

100 mm
with additional 

bracing

100 mm
with additional 

bracing
2 - 25 floors (com-

bined with concrete or 
steel core)

up to 10 floors6 -10 floors

300 - 450 mm

70 - 100 mm 70 - 100 mm 100 - 160 mm

300 - 450 mm 600 - 800 mm

150 - 200 mm 300 - 450 mm300 - 450 mm

12 x 12 m

Max length

Depth of main horizon. beams

Depth of combined floor and 
ceiling

Crossection of main columns

Thikness of longitudial walls

Max height of the building

Max height of the module

4-sided modules Open-sided modulesPartially open-
sided modules



26

Program of the hospital affects the choice

Ward floor

Surgery floor

Policlinic floor

Public / office floor
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Procurement process. Vertical vs horizontal

O - owner E - engineer

A - architect F - fabricant (manufacturer)

C - contractor
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Procurement process. The earlier the better.

O - owner

A - architect

C - contractor

Design Bid Built Design Built Integrative Project Delivery

 (Source: Prefab Architecture, Timberlake, J., 2010)
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No design phase at all (?)

Modular design Conventional design
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Maasstad hospital, Wiegerinck architects, 
2016

Design phase: 2012 - 2014 
(2 years)

Design phase: 2013
(2 months)

Alkmaar hospital extension, De Meeuw
2013

 (Source: De Meeuw & Wiegerinck architects interviews, 2017)
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Factory organisation and investments

Linear,
Highly automated assembly line

Fever design flexibility options

Higher amortization and 
maintenance costs 

Lower availability of the space in factory floor 
based on organisation of production

Higher production output of the factory

Production time: 4-line factory: 3 modules /
line / day = 12 modules / day
3000 modules / year

Greater design flexibility options

Lower amortization and 
maintenance costs 

Higher availability of the space in factory 
floor based on organisation of production

Lower production output of the 
factory

Production time: 3-7 days / 1module
4 - 6 modules / day and 800-1200
modules / year

Static,
Low automated assembly line
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Factory initial investments

 5 - 10 mln Euros

Factory 
set-up

 investments

1 mln Euros

Factory 
annual

 investments

6  - 12 months

Factory 
set - up

 time

It results in additional 330 Euro / module in linear production and 900 Euro / module in static production

 (Source: De Meeuw interview, 2017)
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BIM as boost factor

Schematic 
design

30 %
Design development

55 %
Construction documents

15 %

Traditional design

40%
Construction documentsSchematic 

design

35 %
Design development

25 %

Modular design

 (Source: Prefab Architecture guide, 2010)
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Savings in design phase

Parameter Modular coanstruction

Time savings 0 - 15 %   from 
conventional design
3 - 4 % from entire 

construction budget
6 - 8 % from entire 

construction budget

100 % 85 - 100 %

50 %Cost savings

Conventional construction Savings, %

Modular construction

Traditional construction
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Data collection

Time savings:  De Meeuw interview

                          Wiegerinck Architects interview

                          Peter Luscuere (TU Delft)

                          Literature review 

Cost savings:  Literature review

                          Wiegerinck Architects interview    

                          De Meeuw interview               
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05. Construction phase
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Lean management

Parameter

Amount of waste
generated per 100 

m2

Construction waste 
recycling efficiency

70 - 85 % 30 %

4,5 tons1,5 tons

Modular construction Traditional construction

 (Source: Lachimpadi S. K. at al, 2012. Construction wste minimisation comparing conventional and precast construction)  
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Materials and components. Getting data

Installation costs Construction elements costs Medical equipment costs

Analyzed module Amphia hospital, Breda, Wiegeinck Architects
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Construction elements costs Medical equipment costs

Materials & components cost comparison 

 (Source: Author, 2017)  

 (Source: Wiegerinck Architects, 2017)  
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Parameter Modular construction

Installation costs 33 - 42 %

33 - 37 % 38 %

34 %

23 - 40 % 23 - 40 %

Costs of construc-
tion elements

Costs of medical
equipment

Conventional construction

Materials and components. Results
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Workers and labor productivity. Getting data

 (Source: www.sekisuiheim.com. 2017)  

Number of operations, workers and men-hours required to produce 1 module
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Workers and labor productivity. Getting data

 (Source: Mullens M. A., Factory design for modular home building, 2011)  
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Workers and labor productivity. Results

Parameter

Amount of sq m
built per day on site

Amount of hours to 
build a module (30m2)

Hourly wage 15,7 Euro / hour 14,4 Euro / hour 

170 - 300 m2

24 hours (with all finishings) 15 hours (only external shell)

80 m2

Modular construction Conventional construction
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Transportation. Getting data

Fixed operating costs (cost of truck, cargo and vechicle insurance)

Variable operating costs (cost of fuel, cost of maintenance, daily costs) 
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Transportation. Results

Low transportation cost of module:          1.835 Euro

Average transportation cost of module:    2.211 Euro

High transportation cost of module:          2.534 Euro
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On-site works. Getting data

Main on - site activities in modular consruction - foundations and cranage
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Excavation works

Foundations

Cranage of the module

Site personnel  
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Excavation works

Foundations

Cranage of the module

Site personnel  

On-site works. Results

Parameter

Cost of foundation 
works

as % from total budget

Amount of m2 
constructed per day

180 - 300 m2
(6 - 10 modules / day)

Up to 80 m2

4% 4%

Modular construction Conventional construction
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Savings in construction phase

Modular construction

Traditional construction

Costs

Time

52.900 Euro / module  
 1800 Euro / m2

2500 Euro / 
m2

Up to 80 m2 / day 80 % 180 - 300 m2 / day

28 %
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06. Use phase
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Daily maintenance
Interior finishing:          32 %

HVAC:                             29 %

Electricity:                     13 %

Exterior envelope:        13 %

Water and plumbing:    10 %

Low-voltage systems:     3 %

Parameter

Maintenance annual 
cost as % from 

construction budget

Warranty’s period and 
nature

10 Years for all 
componnents

Highly depends on 
contractor and other 

factors

2 % 2 %

Modular construction Conventional construction
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Refurbishment

Parameter

Refurbishment costs
savings

Refurbishment time
savings

25 - 50 % from 
conventional one

Highly depends on the 
case

Highly depends on the 
case

Modular construction Conventional construction

Highly depends on the 
case;

Small changes takes a day 



54

Re-location of the modules

Parameter

Re-location costs
 of the module

Re-location time of one 
module

4.800 - 6.700 Euro
(10 - 15 % from total 

module cost)

Depend on the new site

Not applicable

Modular construction Conventional construction

Not applicable
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Parameter

Annual maintenance
costs

Refurbishment costs

Re-alocation costs

25 - 50 % from 
conventional one

4.800 - 6.700 Euro
per module

(10 - 15 % from module)

Highly depends on the 
case

Non applicable

2 % 2 %

Modular construction Conventional construction

Savings in use phase

Modular construction

Traditional construction
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07. Conclusion
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Costs

Costs

Costs

Time

Time

0 - 15 % from 
conventional design 

52.900 Euro / module  
 1800 Euro / m2 *

2 % / year from 
construction budget

25 - 50 % from conven-
tional construction

Highly depends on the 
case

2 % / year from 
construction budget

2500 Euro / 
m2

Up to 80 m2 / day 80 % 180 - 300 m2 / 
day

28 %

None

25 - 50 %

85 % - 100 % 

50 %

Depend on the case 
(minimum a year)

50 % from 
conventional design

(3 - 4% of total budget)

6 - 8 % from total 
budget

Modular construction Conventional construction Savings, %

Highly depends on the 
case

* - including VAT (21 %)

Highly depends on the 
case

Depends on 
the case
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Answering research questions

To which extent are prefab solutions in healthcare design and construction processes are 
more economically feasible than traditional methods? 

Main research question of the project:

Conventional Modular

Design phase

Time Costs

Construction phase Use phase

100% 100%

15%

Time

100%

20%

50%

Costs CostsTime

100% 100% 100%100% 100%

72%



59

Are the in-between scenarios?

Prefab 
facades

Window
frames

Floor 
slabs

Steel 
constructions

Bathroom
pods

Flatten kit
of elements
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To what extent is prefab used in current situation in healthcare sector?

Fully modular hospitals exist across Europe

Conventional hospital construction mainly uses prefab facades, floor slabs and small 
components

 (Source: Cadolto, 2016)
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 To what extent is enlarging the amount of prefab elements feasible considering the design     	
   and construction process? 

Fully modular hospital complex is more feasible in design and construction process, 
comparing to traditional methods
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  Which parts of the healthcare facilities are mostly suitable for implementation prefab 
   solutions in a cost-effective way? 

High-tech departments, such as surgery and MRI rooms are mostly suitable for modular 
development based on indoor assembly process
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Modular construction

Traditional construction
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08. Validation of research results
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Design phase

Time Costs

100% 100%

15% 15%
25% 25%

20%

50%

Research results vs experts’ opinion

Conventional Modular Post-ass._De Meeuw Post-ass._Literature Post-ass._Cepezed

50%
30%
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Construction phase

100%

Costs

72%

60%

75% 80%

100%

20% 20%

50% 50%

Time

Conventional Modular Post-ass._De Meeuw Post-ass._Literature Post-ass._Cepezed

2.500 
   /m2

1.800
   /m2 1.500

   /m2

1.875
   /m2

2.000
   /m2
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Time Costs

100% 100% 100% 100% 100% 100%

2% / year
2% / 
year

2% / 
year

1,5% / year
75%

100% 100%95%

Use phase

Conventional Modular Post-ass._De Meeuw Post-ass._Literature Post-ass._Cepezed
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09. Reflection and further research
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Main benefits of modular construction

Time

Costs

Quality ?


