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The developer as low-emission supply
chain initiator.

A multiple-case study examining the supply-chain configuration’and the developer’s
role in implementing low-emission construction methods forDutch inner-city

high-rise projects.
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Harmful construction emissions
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Other building and
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Buildings construction
industry - concrete,
aluminium and steel

- 6%

Estimated emissions
for bricks and glass
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Figure 1: percentage of total global carbo emissions

per sector (UNEP, 2022)
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Construction sector characteristics

Resource scarcity Site-specific One-of-a-kind Temporary
production organizations
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Who can steer towards low-emission construction?
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Who can steer towards low-emission construction?

Real estate developers?
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Position of the real estate developer

Local authorities

Capital providers
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Designers

Contractors Materials & equipment suppliers

25 The complex value chain (World Business Council for Sustainable Development (WBCSD), 2007)



Main research question:

How can real estate developers organize a low-emission
supply chain for high-rise construction in Dutch cities?
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Chapter 1 | Research design

Overview & goal.

Subquestion 1 + 2. Subquestion 3 + 4. Subquestion 5
Who and What? Status quo, barriers & drivers Developer

chain : : :
Exploratory Case studies Validation

Green supply chain . . : : : I /
management Interviews Semi-structured interviews xpert pane
Low-emission
construction

Theoretical. Emperical.

Supply chain wide practical Low-emission steering
outcomes framework
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Research questions.

SQ1 | can related to the construction process for high-rise

construction in Dutch cities be throughout the supply chain?
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Research questions.

SQ1 | How can emissions related to the construction process for high-rise
construction in Dutch cities be minimized throughout the supply chain?

SQ2 | What internal and external to the supply-chain influence the imple-
mentation of low-emission practices for high-rise construction in Dutch cities?
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Research questions.

SQ1 | How can emissions related to the construction process for high-rise
construction in Dutch cities be minimized throughout the supply chain?

SQ2 | What actors internal and external to the supply-chain influence the imple-
mentation of low-emission practices for high-rise construction in Dutch cities?

SQ3 | How are low-emission practices currently implemented in Dutch
high-rise construction projects and what is still missing?

SQ4 | What different actors to implement low-emission
practices for high-rise construction in Dutch cities?
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Chapter 1 | Research design

Research questions.

SQ1 | How can emissions related to the construction process for high-rise
construction in Dutch cities be minimized throughout the supply chain?

SQ2 | What actors internal and external to the supply-chain influence the imple-
mentation of low-emission practices for high-rise construction in Dutch cities?

SQ3 | How are low-emission practices currently implemented in Dutch
high-rise construction projects and what is still missing?

SQ4 | What drives or withholds different actors to implement low-emission
practices for high-rise construction in Dutch cities?

SQ5 | What can take in the implementation of low-emission
practices for high-rise construction supply chains in Dutch cities?
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Theoretical research

Construction emissions & Green supply chain management
What, who & how?
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Construction emissions.
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36 Building life-cycle stages (Nwodo & Anumba, 2019)
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Emission reduction.
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Construction supply chain.
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Information flow (orders, schedules, forecasts, etc.)

Material flow (supplies, production, deliveries, etc.)

Typical configuration of a construction supply chain (Vrijhoef & Koskela, 2000).
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Chapter 2 | Theoretical Research

Green supply chain management.

“Green SCM comprises the management of all activities related to minimi-
zing the environmental impact of all its supply chains which contribute to its
final products, with the aim of achieving zero net harm to the environment.”

(Badi & Murtagh, 2019)
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Green supply chain management.

Construction & B End-of-life

Transport.
manufacturing. management
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Chapter 2 | Theoretical Research

LLow-emission

Core low emission construction practices

Green design

Environmental impact assessment of design

Provision for the use of prefabricated components

Consideration of materials with high recycled content and low embodied energy
Consideration to reduce the use of hazardous materials

Green procurement

Environmental criteria(s) are included in material purchase decisions
Environmental criteria(s) are included in tendering

Green logistics

Provision of accommodation to employees near project sites

Use of video conferencing

Employees are encouraged to use shared transport and public transport
Materials are transported in full truckload quantities

Materials are transported in fuel efficient vehicles

Green construction/green manufacturing

Use of prefabricated components in projects

Use of materials with high recycled content and low embodied energy
Reducing use of hazardous materials

Comprehensive waste management plan for project/manufacturing sites
Automation is used for onsite construction/manufacturing activities

Fuel efficient equipment/machinery are used at project/manufacturing site
End-of-life management

Environmental impact assessment during end-of-life demolition of projects
Material from the end-of-life demolished projects is recycled

Table 3, low emission construction practices (own table based on Balasubramanian & Shukla, 2017a)
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Emperical research

Exploratorydinterviews; In-depth interviews & validation session.
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Chapter 3 | Emperical Researc h

Exploratory interviews | interviewees

a&}}: Developer
ﬂ%ﬁ Architect

(A
v Contractor

v Developing contractor

Supplier




Chapter 3 | Emperical Research

Exploratory interviews | what?

Generate green electricity on-site and Electric or fuel efficient equipment used
integrate in smart electricity plan. during manufacturing and on the site

The use of assessment frameworks

(BREEAM, BENG, MPG) Comprehensive waste management plan

Reduce hazardous materials automation for construction and

E manufacturing processes

Construction

Materials with high recycled content & low

energy Environmental impact and distance in

material selection criteria

=
1©

Use of prefab components

L ) Design Low_ E m issi o n Procurement Environmental c;:f::rilr;;l;ded in tendering
. N supply-chain

Design for reuse and flexibility in the future

\_ J ma nagement timely involvement of low-emission

expertise
Environmental impact assessment of the m
design. @
@ ® E The use of assessment frameworks
(o] — |e] (BREEAM, BENG, MPG)
Environmental impact assessment during End-of-life Logistics

end-of-life demolition projects

Consider low-emission modes of transport
like over water

Recylce materials from demolition projects

Consider the use of material hubs

Minimize employee travel movements and
impact by electrification

Material transport in full truckloads and
electric or fuel efficient vehicles
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Chapter 3 | Emperical Research

Case studies | Cases & interviewees.
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Case studies | Findings.

Stakeholders point out

stimulates low-emission construction.
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Case studies | Findings.

Stakeholders point out
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start are the most important drivers.
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stimulates low-emission construction.
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start are the most important drivers.

of relevant stakeholders: con-
tractor, subcontractors, suppliers & consultants.
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Chapter 3 | Emperical Research

Case studies | Findings.

Stakeholders point out
stimulates low-emission construction.

from the
start are the most important drivers.

of relevant stakeholders: con-
tractor, subcontractors, suppliers & consultants.

than
political drivers in case studies.
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Validation.

The sector doesn’t need the government J | /"=/L*
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Chapter 3 | Emperical Research

Validation.

¢ Difhcult for one party, since expertise is spread
across the supply chain.

© No clear financial return on low-emission
investments yet.

¢ Some responsibilities even outside supply chain

(government)
The sector doesn't need the government { o M
/
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Chapter 3 | Emperical Research

Validation.

Difhicult for one party, since expertise is spread
across the supply chain.

No clear financial return on low-emission
investments yet.

Some responsibilities even outside supply chain

The sector doesn’t need the government J | /"=/b‘

Disagree. ¢

(government)

Need for new level playing field. «
(Alternative to MPQG)

Governments can step over (sectoral)
boundaries.
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Discussion.
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Chapter 4 | Discussion

Discussion

Theoratical findings

B )

.ﬂ; Interviews
a4 a

Validation session
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Discussion

Barriers & drivers

Importance political
drivers & barriers.

In the past intrinsic
motivation as driver.

Focus mainly on
political drivers.
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political?
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responsibility?

Role of the developer
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Some examples of full
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influence developer.

Responsibility spread
according to expertise.




Chapter 4 | Discussion

Discussion

Barriers & drivers

Importance political
drivers & barriers.

In the past intrinsic

motivation as driver.

Focus mainly on
political drivers.

Low-emission practices

Many solutions
mentioned in literature

Little motivation for
implementation.

Need for cross-sectoral
& regional solutions.

Role of the developer

Some examples of full
responsibility.

Much attention for
influence developer.

Responsibility spread
according to expertise.
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Concluasion.
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Chapter 5 | Conclusion

Framework design.

Important stakeholders
Low-emission practices

Government included

60

National @ o 1

Government |

Permit approval

.
’

I
’
Municipality @- 4
‘\
\

~

Land-owner

Internal 593 i |

Architect ﬂ% - - =1

-
Consultants/ 0¥ ---- §

engineers

Contractor Q ---

+ Provide flexibility in time &

COsts.

""""""" 11

« Architect can be a driving

force.

+ Close collaboration and

shared ambition can lead
to high level of
implementation.

« Design for timber and/or

modular construction
from start.

-- 12

Involve nescessary
expertise for
innovation.

Consider expertise
‘overload'

Material optimization.

- 13

- Involvement in design.
- Stimulate contractor to

National guidelines and calculation tool must be clear and in line with European agreements. /
- Create financial incentives for low-emission investments in later life stages. /
____________________________ 14 N s
- Regulations on emission-free zones and
- Put flexibility in the agreement, based on trust and ambition. q " [a]
- o construction sites.
- Internally streamline permit procedures for innovative projects. E
=
____________________________ 15 S S 8
o
= Ask the municipality for a dedicated project manager. + Ask municipality to coordinate logistics over
- Put flexibility in the agreement. multiple area's.
Material hubs as a serice
|
- Clear ambition as result of Certificates can
intrensic motivation from integrate ambitions -
the start. . ]
e in every chain of the GUARDIAN OF AMBITIONS z
knowledge on low- proces. =)
‘emission practices (%]

-+ Architect can advise
on collaboration with
the right consultants
and engineers.

« Specialized consultants
can streamline
complicated
administration for LOW -EMISSION COORDINATION
certificates.
+ Consultants with prior
experience can reduce the
need for early supplier
involvement

- - 16 - 17 - ~<

+ Selection in prior + Stimulate to use cross-dock - Maximize construction

experience. together with and electric equipment.

- Involve experienced

integrate design, logistics
subcontractors and

in purchase of all
materials & equipment.

|

subcontractors and (part of tender criteria)

and construction & suppliers. )
manufacturing. S"Ep“_ers m,‘je_s‘gv"' + Mandatory fuel efficient Best offort into zero
- Material optimization. > (il Gl (alies vehicles (HVO). Wwaste management.

- Investigate possibilities for
hubs or altermnative
transport with municipality

Subcontractors g I - it e e e T

| - Involve in design
phase for risk
reduction.

« Material optimization.

|
Supplier 'gll I e et TR L

-+ Involve in design
phase for risk

EXECUTE BASED ON AMBITIONS

EXECUTE BASED ON AMBITIONS

reduction.
I /1 1 |
Design Procurement Logistics Construct|o|-1 &
Manufacturing
- High recycled contentand low - Environmental impact and - Electrified or fuel efficient + Waste Management
embodied energy. travel distance part of wvehicles for people and + Electric or fuel efficient
+ Reduce the use of (hazardous) material purchase materials. equipment
materials. « Selection of partners based - Transport in full truckload. + Generate electricity and
- Design for reuse. on prior experience. + Use of material hubs. integrate with smart
« Design for off-site production. + Transport over water. electricity plan.
= E =
[al
Partner Waste
selection Management
Weight Material
redecution + selection
Prefabrication criteria

‘Weight reduction & Prefabrication
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Chapter 5 | Conclusion

Conclusion

SQ1 | How can emissions related to the construction process for high-rise

construction in Dutch cities be minimized throughout the supply chain?

LOW-EMISSION PRACTICES

Partner

Waste
selection Management

Weight Material
redecution + selection
Prefabrication criteria

Weight reduction & Prefabrication
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Conclusion

SQ2 | What actors internal and external to the supply-chain influence the imple-
mentation of low-emission practices for high-rise construction in Dutch cities?

Architect Consultants / engineers

@
®

>

Local gov. Subcontractor Supplier

,.
I
I
I
I
I
I
I
I
I
I
I
I
I
I
L

Decision-makers
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Conclusion

SQ3 | How are low-emission practices currently implemented in Dutch

high-rise construction projects and what is still missing?

LOW-EMISSION PRACTICES
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Conclusion

SQ3 | How are low-emission practices currently implemented in Dutch

high-rise construction projects and what is still missing?

LOW-EMISSION PRACTICES
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Conclusion
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Conclusion

SQ3 | How are low-emission practices currently implemented in Dutch

high-rise construction projects and what is still missing?

LOW-EMISSION PRACTICES
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Conclusion

SQ4 | What drives or withholds different actors to implement low-emission
practices for high-rise construction in Dutch cities?

Intitutional Technological & Economical
Clear ambitions and project Lack of equipment and expe-
partners with a shared mindset rience result in high prices.

Political Political
Incentives, rules and No level playing field if not all
regulations parties must join.
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Conclusion

SQ5 | What role can developers take in the implementation of low-emission
practices for high-rise construction supply chains in Dutch cities?

Integration and direct
responsibility over full supply
chain will result in increased risk.

k]
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Chapter 5 | Conclusion

Conclusion

SQ5 | What role can developers take in the implementation of low-emission
practices for high-rise construction supply chains in Dutch cities?

Integration and direct Initiation and translation of
responsibility over full supply ambitions in design & procurement

chain will result in increased risk. can reach the full supply chain.

3 3
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Main conclusion

How can real estate developers organize a low-emission supply chain for

high-rise construction in Dutch cities?

. Set low-emission ambitions and link to steering or calculation method.
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Chapter 5 | Conclusion

Main conclusion

How can real estate developers organize a low-emission supply chain for

high-rise construction in Dutch cities?

Set low-emission ambitions and link to steering or calculation method.

Select design-team partners based on prior experience and ambition.
Early involvement of contractors and additional expertise in the design team.

Influence over construction, manufacturing and transport through procurement.

74



Chapter 5 | Conclusion

75

Main conclusion

How can real estate developers organize a low-emission supply chain for

high-rise construction in Dutch cities?

Set low-emission ambitions and link to steering or calculation method.

Select design-team partners based on prior experience and ambition.

Early involvement of contractors and additional expertise in the design team.

Influence over construction, manufacturing and transport through procurement.

Check and guard execution of ambitions and appoint a specialist for this.
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Chapter 6 | Recommendations

Further academic research

Different context Procurement tools Governmental instruments
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New national calculation method in line with EU.
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Recommendations for public bodies

New national calculation method in line with EU.
Set ambitious standards as land-owner.

Developers can not excel on every aspect of the project.
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Recommendations for public bodies

New national calculation method in line with EU.
Set ambitious standards as land-owner.
Developers can not excel on every aspect of the project.

Coordinate low-emission logistics between sectors.
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Recommendations for the developer

Low-emission procurement strategy

Initiative Definition Design

Developer Architect Consultant/engineer

& Developer &3 Developer & Developer & ﬂg/ﬂ a‘%@

Contractor Subcontractor Supplier

@ Municipality @ Municipality @ Municipality e
Letter Of Purchase Sale Development Design team Low-emission monitoring
Intent Agreement agreement agreement by external consultant

80

@ E = Q §

Include emission in L - . .
. Emission ceiling linked to calculation method or certificate
main goals

84

Construction

& Developer

o
£ Contractor

Construction
agreement

E-"-E-5

Low-emission monitoring
by external consultant

Specific low-emission practices
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- Any questions?
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National @ [ 1

Government

Permit approval

-
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i
F
Municipality @-:
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"% 3

Land-owner

Internal ‘& - 4

Avrhitart ‘%ﬂ —_——— - —
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National guidelines and calculation tool must be clear and in line with European agreements.
- Create financial incentives for low-emission investments in later life stages.

=

+ Regulations on emission-free zones and
- Put flexibility in the agreement, based on trust and ambition. ; : ()]
: : ; : : construction sites.
+ Internally streamline permit procedures for innovative projects. %
=
____________________________ 15 e A T
£X
+ Ask the municipality for a dedicated project manager. + Ask municipality to coordinate logistics over
+ Put flexibility in the agreement. multiple area's.
+ Material hubs as a serice
- Clear ambition as result of - Certificates can
intrensic motivation from integrate ambitions >
the start. ; . il
e in every chain of the GUARDIAN OF AMBITIONS o
knowledge on low- proces. =
emission practices i
- Provide flexibility in time &
costs.
_____________ A A - — o o  m mm m mm e Em Em o R Em Em R o R M M S R e M Em W G e mm we  mE e e
Design Procurement Logistics c““’“"‘:t"’r' &
Manufacturing
High recycled content and low - Environmental impact and + Electrified or fuel efficient + Waste Management
embodied energy. travel distance part of vehicles for people and « Electric or fuel efficient
Reduce the use of (hazardous) material purchase materials. equipment
materials. « Selection of partners based + Transport in full truckload. + Generate electricity and
Design for reuse. on prior experience. + Use of material hubs. integrate with smart
Design for off-site production. - Transport over water. electricity plan.

N AR

Partner Waste
selection Management
Weight Material

redecution + selection
Prefabrication criteria

Weight reduction & Prefabrication
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« Architect can be a driving « Architect can advise
force. on collaboration with

+ Close colla b-‘:)['atmn and tha right consultants
shared ambition can lead .
and engineers.

to high level of
implementation.

+ Design for timber and/or
modular construction

from start.
Consultants/ &% ---- § - i 7 e e L R
. (TR
engineers - |nvolve nescessary - Specialized consultants
expertise for can streamline
. . complicated
LA administration for
. Consider expertise : LOW -EMISSION COORDINATION
certificates.
‘overload’ + Consultants with prior
- Material optimization. experience can reduce the
need for early supplier
involvement
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Contractor S ---- 7 - - 13 - - 16 - <17 —————— - === =--
- Involvement in design. O lada e - Stimulate to use cross-dock + Maximize construction
- Stimulate contractor to T":p'ﬁ"e"ce' enced together with and electric equipment.
integrate design, logistics P o perenee subcontractors and (part of tender criteria)
: subcontractors and li
and construction & o ) suppliers. Best offort into zero
manufacturing. SE'“F’.F’“_HS '”_de_s'g_"' ed - Mandatory fuel efficient
. Material optimization, + Emission criteria involve vehicles (HVO). waste management,

in purchase of all

- Investigate possibilities for
materials & equipment.

hubs or altermnative
transport with municipality

Construction &

Design Procurement Logistics '
Manufacturing
» High recycled content and low - Environmental impact and + Electrified or fuel efficient + Waste Management
embodied energy. travel distance part of vehicles for people and + Electric or fuel efficient
- Reduce the use of (hazardous) material purchase materials. equipment
materials. - Selection of partners based +» Transport in full truckload. » Generate electricity and
- Design for reuse. on prior experience. + Use of material hubs. integrate with smart
- Design for off-site production. + Transport over water. electricity plan.
& =

Partner Waste
selection Management
Weight Material

redecution + selection
Prefabrication criteria

Weight reduction & Prefabrication
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Contractor ﬁ --=a 7

Subcontractors é ---- 8

Supplier &. i I i

..13- -

- Involvement in design.
- Stimulate contractor to

integrate design, logistics
and construction &
manufacturing.

- Material optimization.

-+ Selection in prior

experience.

- Involve experienced

subcontractors and
suppliers in design.

= Emission criteria involved

in purchase of all
materials & equipment.

16 - 17 Jam - - - - - - - - -~ -

« Stimulate to use cross-dock - Maximize construction

together with and electric equipment.
SUbE?ntracmrs and (part of tender criteria)
1 ers. )

e Best offort into zero
vehicles (HVO). waste management.

- Mandatory fuel efficient

- Investigate possibilities for

hubs or altermnative
transport with municipality

+ Involve in design

phase for risk
reduction.

- Material optimization.

Involve in design
phase for risk
reduction.

Design

High recycled content and low
embodied energy.

Reduce the use of (hazardous)
materials.

Design for reuse.

Design for off-site production.

selection

EXECUTE BASED ON AMBITIONS

Procurement

- Environmental impact and

travel distance part of
material purchase

+ Selection of partners based

on prior experience.

Weight
redecution +
Prefabrication

Weight reduction & Prefabrication
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EXECUTE BASED ON AMBITIONS

Construction &

Logistics .
Manufacturing
Electrified or fuel efficient - Waste Management
vehicles for people and + Electric or fuel efficient
materials. equipment
Transport in full truckload. - Generate electricity and
Use of material hubs. integrate with smart
Transport over water. electricity plan.
iz
[l
Waste
Management
Material
selection
criteria



