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ABSTRACT

Supply chain management was originally proposed to improve construction sites
performances, nonetheless this simultaneously presents a potential solution for reducing
the carbon footprint of the construction sector. Therefore, both environmental and cost
Impacts must be considered in order to raise the sector’s awareness and foster change
towards more sustainable practices. The purpose of this research is to evaluate the
applicability of such a model for the supply chain by implementing Just-in-Time
deliveries using kitting and a Construction Consolidation Centre managed by a Third-
Party Logistics operator on a real-life construction project. Data was collected on actual
tasks durations, time losses for site’s workers and deliveries, and used as input to estimate
the corresponding values with a traditional logistics and to model impact on both direct
and indirect costs for comparison and discussion. Findings indicate that this new logistics
paradigm can lead to productivity improvements and overall reduction in transportation
needs. These have an implicit positive impact on both the environment and cost savings,
which are calculated and discussed. Based on these results, it is argued that the adoption
of this model contributes to a lean-green deal by demonstrating the positive impact of
Lean Construction techniques towards better supply chain integration.
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INTRODUCTION

From a supply chain perspective, a construction project can be viewed as an assembly
process that requires several types of materials or components to be put together. As a
result, activities such as the purchasing of materials and services from suppliers and
subcontractors represent between 60 and 80% of the gross work done in construction
projects, which consequently have an important impact on project performance (Eleskar
2020). Applying adequate logistics methods is still a major challenge as these are often
poorly mastered or sometimes even consciously neglected when it comes to cutting costs.
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Reducing construction logistics costs and embodied carbon with CCC and kitting: A case study

Instead of investing in order to properly manage and optimize material flows in early
stages, it appears often easier to place responsibility on subcontractors and just let workers
and site managers make do (Mossman 2008; Lafhaj and Dakhli 2018). These adversarial
behaviours are even strengthened by the silo nature of the construction industry and
results in wastes and time losses, notably due to repeated moving of materials (Vrijhoef
and Koskela 2000; Mossman 2008; Tetik 2020).

From an environmental perspective, the construction sector is considered as one of
the most polluting industries, accounting for approximately 50% of greenhouse gas
production in the UK (Dadhich 2015), and a significant cause of traffic congestion in
urban areas. It is estimated that building materials can make up to 30% of the tons carried
across cities in growing urban areas (Dablanc 2009). Accordingly, improving
construction material flows is not only about productivity and profits for the stakeholders
of the built environment, but also a global environmental, health and well-being issue.

In order to tackle the above challenges, this research is set to demonstrate the
applicability of innovative construction supply chain management based on Just-in-Time
principles using a Construction Consolidation Centre (CCC) and a Third Third-Party
Logistics (TPL) model in a Luxembourg. The potential benefits of this approach are
investigated through a case study on a real-life construction site. More specifically, this
article investigates how consolidated logistics can lead to both economic and
environmental improvements. This is achieved by estimating: (1) the cost breakdown,
return on investment and potential for profit sharing, and (2) the embodied carbon and
congestion reduction. Additional benefits regarding resilience in pandemic times, Lean
Construction maturity and digitalisation will be discussed as well as the current limits and
barriers identified towards a fully interoperable and integrated Construction Supply Chain.

BACKGROUND

Supply Chain Management (SCM) was proposed as an answer to the productivity issues
observed in construction (Vrijhoef and Koskela 2000). Based on manufacturing
techniques, researchers advocated for a transfer of activities from the site to the supply
chain (mentioned as “role 3”) and an integrated management of the supply chain and the
construction site (mentioned as “role 4”). Practical solutions were developed in the
literature including Just-In-Time deliveries, packaging, Kanban and logistic centres
(Arbulu and Ballard 2004; Hamzeh et. Al 2007).

By adopting and implementing the proposed SCM model, several studies
demonstrated its benefits. EIvfing (2010) described successful practices implemented by
a Finnish contractor using a logistics centre to manage make-to-order and large make-to-
stock items and reported productivity gains of 20%, while also indicating that the
productivity increase exceeded the additional cost related to the warehouse. Mossman
2008 reported several key figures of test projects using the London Construction
Consolidation Centre, such as the building rate which sits at 60% ahead of the industry
benchmark, the building cost at 80% of industry benchmark, while achieving a 73%
reduction in CO2 emissions. Despite these significant improvements, the construction
industry lacks initiative to replicate and eventually generalise this paradigm across several
contexts. This lack of initiative suggests a need for economical evidences acknowledged
by surveys (Lafhaj and Dakhli 2018). More recent studies have been carried out with a
focus on estimating additional transportation reductions (Samuelsson 2014) and on-site
labour productivity improvements (Tetik 2020) while also advocating for more in depth
analysis of direct and indirect costs.
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According to Eleskar 2020, there is a new and under-investigated phenomenon in the
construction industry, which is referred to as Third-Party Logistics (TPL), where
specialised actors take over all or parts of the logistics management as part of specialised
and project specific construction logistics arrangements. These lead to productivity
improvements, cost savings and increased utilisation of site assets, however, the lack of
knowledge on internal costs for logistics and the fear for unrealistic fees are barriers for
a wider diffusion of the model. Although some studies provide empirical data on the costs
of the TPL approach (Janné 2020), these are insufficient to be able to discern if the extra
costs were offset by the benefits incurred.

In order to foster transition towards more sustainability at an urban scale, there is a
need to bring more awareness on the issues concerning construction logistics, as well as
a need for deeper collaboration (Morel 2020). Accordingly, this paper aims to
demonstrate feasibility of TPL integrating kitting and CCC services in new context, and
to provide a deeper understanding of the costs and benefits breakdown for general
contractor and subcontractors and of the conditions for embodied carbon reductions.

METHODOLOGY

This research describes a case study analysis conducted during the implementation of the
first CCC experiment using a TPL operator and Kitting in Luxembourg as part of a
collaborative research with a General Contractor (GC). The TPL agreement included all
direct logistics costs and needed to be compared with traditional logistics costs. In
addition, indirect costs had to be investigated for both cases. According to Josephson
(2003), Non-Value-Adding activities can be identified, categorized (when/who/how) and
discussed in order to estimate and tackle over costs. This approach was chosen since the
logistics costs may be borne by distributors, subcontractors or main contractor and can
have many indirect impacts. As, no other project available at the time of the
experimentation presented enough similarities to perform a comparative analysis, data on
NVA activities and delivery scenarios for both traditional and new logistics were
collected on the same site and discussed in group with contractors and subcontractor.
Accordingly, following methodology was applied in order to set up a commonly agreed
model of costs and carbon footprint related to logistics:

1. Initial model of cost breakdown and Key Performance Indicators (KPI) definition
according to state of the art;

2. Data collection on site: All kits deliveries and consumption (giving start and end
dates of corresponding tasks) were monitored in a custom web-platform prototype;

3. Estimation of the delivery scenarios with a traditional model on a bi-weekly basis
based on actual needs and constraints performed by GC project managers;

4. Non-value adding time measurement on a sample of traditionally managed tasks;

5. Validation of the estimates from the previous step with subcontractors and
calculation of corresponding KPI (including carbon footprint, see Table 1);

6. Adapted cost breakdown for the actual case based on accounting data from the
General Contractor and indirect costs (see Table 2);

7. Adapted cost estimation for the fictional “without CCC” case based on a reviewed
model (see Table 2).
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Table 1: Main KPI measured and their corresponding data collection method

KPI Metrics Data collection and calculation methods
Planning Saved davs For each task (involved in CCC) actual task durations have
Reliability y been measured and compared to site schedule forecasts

Tlrlll]gns\eglr:;eon Time measurement on Non Value adding activities on tasks
Productivity addin with kitting and on comparable tasks on the same site
aing without CCC.
activities
Number of With CCC: actual data from the web-platform (including trip
Transport deliveries from supplier to CCC and from CCC to site)
efﬁcie?\c Filling rates Without CCC: delivery constraints on site, subcontractors’
Y % of satisfying delivery habits and actual needs have been collected to
deliveries estimate a corresponding number of deliveries

Costs See detailed model of cost (table 2)

Sustainabilit Embodied Calculated using geographical information and number of
y Carbon transports (with CCC: actual, without CCC: estimated)

Table 2: Direct and indirect cost breakdown (for General Contractor and subcontractors)
With CCC (actual case) Without CCC (simulated case)
(A1) Actual costs observed and (A1) Simulation of direct logistics costs if the

billed including warehouse and same material for the same site had been
storage costs at CCC, TPL labour = managed by the subcontractors without kitting.

" costs for picking and packing This includes transport from supplier to the site
D material in CCC, transportation and handling on site. Calculations are based
3 (trucks, driver...), dispatching of kits  on simulated delivery scenarios and samples
g at workplaces and TPL margins. of time measurements for similar task and
5 (Paid by GC) products on the same site (for instance, pipes
(A2) Transportation costs from and external doors were managed by same
suppliers to the CCC calculated subcontractors but with traditional logistics,
based on actual deliveries. and thus could be used as control sample)
(Paid by SC) (Paid by SC)
(B1) Management cost including software fee and manager time on purchasing and
on-site inventory.
(B1) The actual times spent were (B1) Average times per order of similar tasks
directly measured along the project and products on the site, multiplied by the
number of orders and deliveries estimated.
m (Paid by both GC and SC)
§ (B2) Lifting equipment costs, based on detailed site accounting per subcontractor and
bt avoided congestion-based utilisation rates of the lifts on site. These costs may also
§ concern subcontractors out of the tasks using the CCC (Paid by SC)
E (B3) Overall days saved on planning and their value in terms of manpower (paid by

SC) and overall site costs (Paid by GC)

(B4) Productivity losses (excluding direct handling cost listed in direct costs above).
This includes moving and waiting times of site crews. These costs differ from B3 as
they will impact crew size instead of task duration and were obtained through
comparison of time measurements on a sample of tasks with and without kitting (Paid
by SC)

(Note: figures Al, B1, B2, B3, B4 are mentioned to improve readability of figure 3)
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CASE STUDY

DESCRIPTION

This case study focuses on the construction of a 58m tower in Luxembourg by the
company CLE (General Contractor). The overall project budget of €35M was planned for
a 14-floor, 138-apartment building block with a total surface area of 22,000 m?. Several
constraints were identified: (1) location - a recently built dense urban area, (2) site access
- very limited, (3) storage capacity on site - very low, (4) schedule - tight and (5) each
apartment being finished according to individual buyer choices. Due to high prices per
square meter and high demand, this context is representative of current country’s market.
Constraints (1-4) are considered usual suspects within the context of TPL approaches
(Eleskar 2020) that drove the General Contractor to investigate SCM. Constraints (1-3)
led the GC to consider testing a self-operated warehouse. Kitting was proposed as solution
to constraint (4). Constraint (5) was considered as the most challenging since site
managers believed kitting to manage only standardized material demands. Consequently,
being able to develop the right tools and demonstrate the applicability of kitting in this
context were supposed to facilitate replication to more repetitive and less variable
contexts. A preliminary study eliminated the self-operated option and a CCC was
organized with a TPL operator accordingly. It enabled materials to be stored, repacked
and dispatched in each apartment according to site needs. Specific types were chosen for
experimentation: HVAC, bathtubs/showers, tile/parquets flooring, sanitary equipment
and joineries (based on subcontractor’s willingness to experiment new logistics). A web-
based platform was specifically set up in order to define and track material kits for each
planning task. Last Planner System (already implemented at earlier stages of the project)
was used to collaboratively manage deliveries. Deliveries and data collection started in
November 2019 and finished in July 2020.

Figure 1 Example of kits at the CCC and after dispatch at the workspace

RESULTS

Productivity and planning reliability

According to Table 1, for each task using kitting and CCC, the actual task durations were
measured and compared to initial planning duration estimated by the subcontractor before
application of the new logistic system. The results are presented in Figure 2. Some task
durations have been impacted by an identified external factor and thus excluded from the
study (hashed boxes on the figure). The tiles tasks particularly were impacted by a
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repeated lack of labour as acknowledged by stakeholders on site. Apart from these cases,
a total of 74 days was saved representing a 15% of total duration of the considered tasks.

Floor Ventilation Bath/shower Tiles ‘ Sanitary equipment Interior Doors
Planning Reality | saveddays | Planning Reality | saved days | Planning Reality | saved days | Planning Reality | saved days | Planning Reality | saved days
2nd Floor 10 12 -2 15 3 12 15 ‘ /f%/////////z 9 10 -1 5 5 0
3rd Floor 10 6 4 10 6 4 15 % 9 7 2 5 5 0
4th Floor 10 5 5 10 6 4 ‘u / 9 5 4 5
Sth Floor 10 6 4 10 6 4 8 7 1 5
6th Floor 10 9 1 10 9 1 ,,; =1 8 9 -1 5 I no data (Covid)
77 Insufficient
7th Floor 10 9 1 10 8 2 ,,/; Workforce (/| 8 9 -1 5 2 3
8th Floor 10 [ Work OFM 10 5 5 s 7 1 5 5 0
9th Floor 10 7 3 10 : 'A /, 8 8 0 5 2 3
10th Floor 9 8 1 9 D;ira]zrd;:stko %” . 8 ) 3 5 2 3
11th Floor 9 6 3 10 (Tiles) ?%Mwyw% 8 no data (Covid) 5 2 3
12th Floor 10 plans delayed 10 //////////////////W/////////////;n%/////%%///////% 8 5 | plans delayed
13 Floor (duplex) No Initial planning duration available
Total saved days l 20 l l 32 l l 0 [ [ 8 [ [ 14

Figure 2 Gaps between planned and actual durations for tasks using kitting

Although the above results are coherent with similar cases within literature (Mossman
2008; Elving 2010; Tetik 2020), the difference may also be a result of an overestimation
(consciously or not) of task durations and other positive factors may also have contributed.

To account for this, only tasks that 1° were on the critical path according to weekly
planning and 2° were confirmed by site crews to have been impacted by kitting were kept
for the calculation of overall saved days costs (B3). Moreover, the quantitative analysis
was also complemented with surveys to both general contractor’s team members and
subcontractors (workers and supervisors). 6 out of 7 site managers expressed a light or
very significant improvement in planning reliability and transparency. Similarly, 91% of
workers and supervisors declared that a considerable time saving had been reached by
using a CCC. The reliability of the delivery process was also directly monitored by
collecting the remarks of rejected deliveries on the web-platform. In the case of the CCC,
98.5% of deliveries were performed on site as planned and at the desired time. The
remaining 1.5% were mainly due to upstream errors detected and reported soon enough
by the operator to mitigate their impact on-site.

Total cumulated costs

Demonstrating the economic impact of the implementation of the CCC is a complex task.
While the invoiced costs related to CCC are known explicitly, they replace traditional
costs that are usually confidential and difficult to measure by nature because of the
specificity of each construction project. The results announced below are therefore
hypothetical. The overall costs measured and calculated are presented in Figure 3
according to the model of costs presented Table 2. An unexpected cost is mentioned in
the “with CCC” section and describes the impact of the costs related to the Covid-19
crisis, which overlapped with the case study time span. This is since some storage costs
continued to be billed during the shutdown of production due to the lockdown in April
2020. These costs have been integrated in the final model for actual costs. However, the
impact of the pandemic on estimated cost with a traditional logistic scheme could not be
modelled. Overall, the estimates show a 9.5% increase in direct logistic costs (and 15%
if Covid costs are considered). This is coherent with the state of the art as TPL (Eleskar
2020) or kitting (Tetik 2020) adds additional billed services such as warehouse costs or
preparation costs. Direct costs, although “visible one”, account for a minority share of the
overall costs according to the estimations. The total calculated impact of logistics
accounted for ~13.3% of the turnover of the lots considered. Thanks to kitting and TPL,
this figure was decreased by up to 39%, down to 8.1%. This would mean a potential 2.4%
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(without considering planning indirect impacts on planning B3) to 5.2% (with B3) margin
increase for the specific lots/types of objects with kitting.

14.00%

1.40% Productivity losses (NVA) (B4)

12.00%

2.8% Overall site cost and manpower

supplier to CCC (A2)

0.00% Direct logistic cost (A1)

g

[o]

c

E

s n %

g EID'OO/ 0.1% of the days saved (B3)

e 00% ’ 1.9% Liftingequipment and access
= g 8.00% 0.76%

T8 o costs (B2)

Ei g 6.00% 1_91;‘37 ° 0.90% Total Management cost (B1)
6 ¢

2 2 4.00% Covid impact

S 2 4.99% 6.22%

=

ii 2.00% Material transportation from
o O

=

8

With CCC Without CCC
(actual case) (simulated case)

Figure 3 Overall costs breakdown in percentage of the total turnover of the lots studied

The TPL approach has also caused a shift in the distribution of costs between project
stakeholders. If the GC paid the totality of the TPL agreement, the total costs related to
logistics for the GC would increase from 1.9% with the traditional model to 6.1% of the
considered tasks turnover, whereas the corresponding cost for subcontractors would
decrease from 11.4% to 1.9%.

Transport, congestion and carbon footprint

With 138 apartments on 12 floors, it was estimated that 144 deliveries (for 744 pallets)
would have been performed without CCC. This estimation has been established
considering the constraints observed such as storage area, delivery rate, availability of the
lift, available workforce and usual transportation mean used by subcontractors or by their
supplier on a weekly basis.

The data management platform set up for the project offered the possibility to collect
the totality of delivery vehicles’ contents and track the resulting filling rates. As a result,
49 deliveries were made to the construction site and 96 deliveries were made from the
supplier to the CCC. This means an overall reduction in transport arriving on site by 66%.

Filling rates measured exceed 80% on average, except during the month of April
which was strongly impacted by disturbances due to the Covid-19 sanitary crisis and
certain special contexts (notably during holiday periods).

Knowing locations of the CCC and suppliers/subcontractors’ facilities and each usual
transportation means, it was possible to calculate the carbon footprint of deliveries with
the consolidated logistics method, for both scenarios according to EN 16258 (2012).
These estimates show an overall 46% reduction in carbon emissions for transports
compared to traditional logistics (see Figure 4).

Task With CCC Without CCC Impact
Ventilation 10.12 10.4 -2.69%
Bath/Shower 0.61 0.8 -23.75%
Sanitary equipment 0.64 0.6 +6.7%
Tiles 3.79 1.9 +99.5%
Doors 10.91 34.2 -0.68
Total (in T of CO2) 26 48 T La6%

Figure 4 — Total CO2 emissions in tons for transports
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DISCUSSION

Impact on project management and Lean construction maturity

Beyond a flat reduction of management costs (B1), the measures reveal a change in the
site’s management practices. Contingency management, reception of delivery vehicles
and inventory tasks were normalised over the week and mostly replaced by anticipation
tasks. This was considered as a driver for better collaboration on site, while also offering
a clear framework for recently hired managers to get more responsibilities and skills. This
improvement in collaboration was also confirmed by qualitative feedbacks from
subcontractors about the use of Last Planner System (LPS). Although kitting and TPL
could have been managed without the LPS, the collaborative framework of LPS
facilitated the gathering of the actual material needs and constraints. On the other hand,
having a reliable and constantly updated view of material status enabled to start weekly
meeting with a trusted workable backlog. These findings are further arguments in favour
of the development of a holistic Lean Construction approach.

TPL viability and gain sharing

In order to validate the TPL choice, a GC self-operated warehouse scenario was modelled
under the same hypothesis. It concluded that direct logistic costs (A1) would have been
double compared to actual case with TPL. In comparison with TPL, self-operated
centralised logistic requires existing facilities and a higher volume of activities in order
to be relevant and applicable in the considered context.

With TPL, a potential 5% overall margin gain was estimated, but this gain must be
shared between stakeholders to ensure its applicability. Indeed, the TPL model as
implemented in this study was driven and financed by the General Contractor, but it
appears to mostly benefit the subcontractors. In the context of this project, a total 3.6%
price cut was negotiated between stakeholders, which covered 72% of the costs of TPL.

According the results of this case study, a contribution of approximately 5% from the
turnover would cover all the direct costs endorsed by the General Contractor while
maintaining a 4.4% margin increase for the subcontractors.

Covid-19 and co-activity reduction

Covid-19 negatively impacted the costs results of the case study because of unexpected
storage costs. However, qualitative feedbacks also indicate some potential advantages of
kitting and CCC to deal with similar unexpected situations. This is acknowledged by
planning reliability measures indicating that with the workflow being streamlined, kitting
reduced co-activity. Additionally, the CCC worked as a buffer for materials during the
lockdown. This may be one of the reasons why the site had nearly fully recovered its
normal productivity rates in May (which according to the GC was not the case in most of
its other projects) suggesting that CCC could improve the sector’s resilience.

LIMITATIONS AND FUTURE RESEARCH

This research was limited to one pilot case study in order to test feasibility in a new
context and to perform an in-depth analysis of costs and impacts on site of the new
logistics model. Productivity and planning gains were particularly hard to assess as other
factors may have contributed to improved performance. More studies are needed to
confirm the model of cost proposed and to validate the authors’ findings. Two key points
of interest are highlighted by this study.
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CCC AND KITTING SUSTAINABILITY ASSESSMENT

The findings of this study indicate that CCC and Kitting can be used as an efficient
strategy in order to reduce embodied carbon. However, Figure 5 shows discrepancies on
the carbon emissions reduction achieved in the study. For example, the model was not
relevant for some suppliers that were located closer to the site. This shows that under
certain circumstances the model might not be optimal. Defining these conditions and
being able to integrate them into projected simulations would enable better sustainability
and better estimations of the impacts. In addition, Kitting enabled better productivity on
site through better resource efficiency (mainly of workers and lifting capacity) that might
also have a positive environmental impact, but these impacts still must be assessed.

DiGITAL TWIN FOR INTEGRATED SUPPLY CHAIN MANAGEMENT

The new logistics organisation implied a transfer of responsibility and hence an extended
knowledge of the products to be delivered as well as full traceability of the materials
condition. To achieve this, an online platform had been set up that enabled to define
custom Kits for each task and manage event or relevant status. This information system
appeared to be a key factor to a successful implementation. However, most information
had to be entered manually and was in a format that could not allow further use of the
data. Therefore, data should be structured, interoperable and dynamic in a way that it
allows collaboration and transfer along the supply chain and support decision-making. As
a solution, the emerging research on Digital Twin (Boje et al. 2020) and application of
Products Data Templates (1SO 23386 and EN 1SO 23387) appear as key research topics.

CONCLUSION

This paper investigated the potential for innovative Supply Chain Management based on
Lean Management techniques to be an economically relevant paradigm that can help
reduce the carbon footprint of the sector. The pilot project in Luxembourg successfully
implemented Just-In-Time logistics using kitting and a Construction Consolidation
Centre managed by a Third-Party Logistics operator. Despite the fact that the empirical
results were limited in scope, they confirm both the economic and environmental
improvements due to these methods by enabling at the same time up to 39% reduction of
logistics related costs - that would mean a 5% potential margin increase for the considered
tasks, and a 46% reduction of carbon emissions. These findings are preliminary as this
project was the first of its kind in the country and some other factors may have interfered
and should be further investigated (especially regarding the impact on planning).
Additional improvements through new services such as reverse logistics and multi-site
deliveries should also be considered and tested. The study emphasizes three potential
barriers that need to be addressed. Firstly, the model of costs developed through the
project estimated that logistics and material handling would have accounted for at least
13% of the turnovers of the lots if managed in a traditional way. More data on the
implications of these costs are necessary to raise sector’s awareness and interest in newer
methods. Secondly, the environmental impacts must be further studied to ensure case-by-
case improvements. Lastly, the kitting required detailed information about planning and
actual material status and constraints that should be addressed through collaborative
practices on site and digitally supported integration of the supply chain.
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