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Introduction

Los Angeles is seeing a shortage of
affordable housing

Traditionally high costs ranging from $750K to $1
million per unit

Government programs are perceived as slow and
complex, hindering the speed of development

Lack of standardization in design and processes
leads to inefficiencies and increased costs.

Ambiguities in project specifications result in change
orders, which inflate project budgets and timelines.

There is a critical need for simplifying the design,
construction, and financing processes to make
affordable housing more viable.




Introduction

Construction is a resource-intensive process.

The extraction, processing, and manufacturing of building
materials is often energy intensive.

Transportation contributes substantially to overall costs.
On-site construction activities are more wasteful.
Construction waste is inefficiently recycled.

Although energy and resources are also needed during
operation, this study does not consider operational phases.

Construction crews secure rebar columns of the Research and Innovation
Laboratory (RAIL) on NREL's South Table Mountain campus. (Photo by
Werner Slocum / NREL)



Potential of Industrialized Construction

Saving potential

20-50%
State-of-the-Art: .
* 50% time savings =
- 30% construction cost s w0z
savings . 10-20%
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labor design management

Fig. 5. Cost-saving potential for each cost category.

Potential savings from highly-industrialized methods and processes applied to the construction industry.
Source: Autodesk Industrialized Construction Whitepaper



Objectives

This presentation aims at:
» Using a real-world case study to illustrate methods for lifecycle cost accounting

» Using data from a designer-developer of modular multifamily housing to minimize
assumptions based on published literature or external databases

Novelty:

* Most studies in literature have access to data from one of modular or conventional
projects, and make informed assumptions for the other based on published literature

* Most studies of stable and successful developers of modular multifamily housing are
based outside of the U.S. and are rarely applicable to this market




Case Study: Modular, Industrialized, Local

» Model/Z manufactures a single optimized design, the 1-bedroom unit
* Modules are sold as stackable multifamily building elements or as accessory dwelling units
* Interiors are finished, furnished and ready to use

* Mechanical, electrical and plumbing pods are the same base design, but with a stronger
structure

 Units are loaded on conventional heavy trucks and delivered from factory to site without the
need for heavy logistics

» Connections between modules are completed on site



Case Study: Modular, Industrialized, Local

From left to right: Model/Z units on the factory floor; semi-finished units in the factory; 429t finished unit loaded on a delivery truck. Credit: SoLa Impact

 The modules are divided in sub-assemblies, each with a dedicated assembly chain

The factory can output 2.5 modules per day, typically directly to the construction project

Sub-assemblies make quality control stricter and more efficient

Inventory and personnel management are simpler in a controlled environment

Skilled workers are on payroll, always available, collaborate more efficiently, reduce
delays



Case Study: Modular, Industrialized, Local

The factory employs local talent when qualified applicants are available, and it trains new ones
when they are not, through its in-house Vocational School Program.

The business model focuses on a local impact, is built to a superset of CA building codes

The objective is to manufacture housing at a price point that would enable rapid deployment of
affordable housing locally.

A strong commitment to community outreach has helped inform HUD and the City of LA's
initiatives for affordable housing. The lessons learned extend beyond modular construction




Methodology

OVG rv i eW . Literature review

We use lifecycle cost analysis to compare waste and |
embodied carbon in conventional and industrialized Waste rates
modular construction

* Lifecycle Cost Analysis (LCA) is a standard I | l
method for assessing project costs throughout a Conventional Case Modular Case
project lifetime

« We applied best practices for LCA of

construction projects, e.g. ISO 14044 Waste generation Waste generation
 We used actual site data when available | |
* We used CSI MasterFormat for realistic Comparison and analysis
assumptions in place of missing data




Methodology

Baseline:

We established a baseline for
conventional projects using data from:

Actual, aggregated waste data from the
construction site (material take-of
quantities)

Actual, aggregated construction
timelines ?ma{pr construction phases or
total construction time)

Assumed, proportions of materials in
waste from public data and peer-
reviewed publications, e.g. CSI
MasterFormat.

Material Guerra et al. [39] Bakshan et al. [40] Lietal [17] Malia et al. [41] Luetal [42] Kim [27] Treloar et al. [43]
) 0.2-2.6 (residential)
Steel - 1.25 (0.11-7.2 3.09% (4.71% | 2.97% 9.17% 10%
© ( range) ( typical) 1=7.2 (non-residential)
. 0.4-2.6 (residential)
Bitumen L
0.7-6.6 (non-residential)
) 19.2-58.6 (residential)
Masonry - 17.44 (3.4-58.6 range) 5.26% (2.04% typical) 15.6-54.3 (non-residential) 7.52% 5%
2.5-6.4 (residential)
Timb - 4.35(0.99-7.6 8.28 10
imber ( range) 1.7-5.4 (non-residential) % %
Formwork - - 80% (100% typical) . 5.26% 12.33%
) 1.7-3.2 (residential)
il - 2(0.33-3.2 417% (2.04% |
fes ( range) ( typical) 0.4-3.2 (non-residential)
3.7-7.6 (residential)

Pl 15. .31 (0. .989 1
asterboard 5.98% 0.31 (0.35-6 range) 2.6-6.3 (non-residential) 5.98% 0%
Insulati 0.1-1.2 (residential)
nsutation 0.1-1.5 (non-residential)

Estimation method 1 MLR GFA MLR GFA MLR MLR MLR

1 MLR: Material Loss Rate as defined by Equation (1); GFA: Gross floor area, waste is defined as kg/m? gross floor area.



Methodology

11001 S Vermont, Los Angeles CA 90044
84 Units, each 419 sq.ft.

Left: the construction site stands 5 stories tall after 8 days of stacking. Right: the standard, 1-bedroom Model/Z unit. Credit: SoLa Impact



Methodology

Boundaries and
assumptions:

* We include modules A1 through A5:
from product extraction to construction

* We do not consider operational nor end-
of-life phases.

0O0O_Metal Mesh Site Fence: Metal Mesh Site Fence
Floor: - OO - Site - Plan Extents - 4.5"
Floor: - OO - Site - Plan Extents - 4.5"

Module | Stage name
Al Product raw material
supply
A2 Product transport
A3 Product manufacturing
A4 Construction transport
A5 Construction and
installation
NBS_Grid_62x66mm 66.24 CF 1649 SF
00_Sand 18915.00CF 113490 SF
00_15 Mil Vapor Barrier 591.09 CF 56745 SF



Methodology

Construction timelines:

* \We consider exact timelines for several
modular multifamily construction sites.

* \We consider exact timelines for several
private construction projects

« We use aggregated data from public
databases, such as the U.S. Census’s
historical data on construction timelines
for new residential construction

Average time from start to move-in
for conventional 20+ unit projects
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Preliminary results

Average time from start to move-in

$/Unit for conventional 20+ unit projects
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Source: MSCI Real Capital Analytics, Q12025.
Average multifamily investment prices, historical data for LA. Average construction time for conventional multifamily projects, from 1999 to

Source: CBRE 2024. Source: https://www.census.gov/construction/nrc/data/time.html




Cost and Resource Optimization:
« Standardization plays a pivotal role in reducing costs

 Industrialization gives an emphasis on minute
accounting of resource use and optimization

» Factories are a highly-controlled environment: quality,
resource and time management, safety




Scalability:

« Sola’s factory in Watts (South Central LA) is
producing 2.5 units per day, with
approximately 40 factory workers

« The per-unit cost, keys in hand, is only 30%
of current market rates at around $270k
and falling (~$100k for the module alone)

« The total time from design to construction
has been reduced by 50%




Economic Sustainability:

* The business model does not rely on subsidies but rather on private
capital.

» Policies are already being proposed and adapted, carving easements
for modular and industrialized housing, such as factory-based code
inspections.




Future Work and Dissemination

« White paper: NREL, Model/Z and SolLa Impact are partnering to write a white paper on the
lessons they learned while establishing a production line for productized, industrialized and
affordable modular multifamily housing

« Open House: SolLa Impact and Model/Z are hosting regular tours of the production factory
and constantly inform local developers, contractors, policy-makers and other stakeholders on
their methods, the benefits and the wider impact of their work.

« Outreach events: NREL, Model/Z and SolLa Impact are strongly dedicated to community and
scientific outreach activities, and knowledge dissemination.




Conclusion

 Industrialization has enabled savings of
time and scale — it is now cheaper and faster
to build multifamily housing in LA

« Standardization is paving the way for
improved quality assurance, but also policy-
making and permitting

+ “Re”localization is helping develop an area
of economic opportunity in and around
factories and developments

« Economies of scale and time apply to all
aspects of construction, including waste,
which helps mitigate the construction
industry’s impact.




NREL’s Industrialized C truction Research
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Q&A Session

Thank you for your attention
Do you have questions? We have a few minutes

Please emalil unanswered questions to the corresponding author:
Dr. Thibault Marzullo, Thibault.Marzullo@nrel.gov

NREL/PR-5500-94074
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