kT buildings

Article

Development of a BIM-Enabled Automated Cost
Segregation System

Chengyi Zhang !, Danish Kumar !, Huimin Li 2%, Rong Zhou 3, Lelin Lv 4

check for
updates

Citation: Zhang, C.; Kumar, D.;

Li, H.; Zhou, R,; Ly, L.; Tian, J.
Development of a BIM-Enabled
Automated Cost Segregation System.
Buildings 2023, 13, 1805. https://
doi.org/10.3390/buildings13071805

Academic Editor: Salvatore Antonio

Biancardo

Received: 13 June 2023
Revised: 1 July 2023

Accepted: 13 July 2023
Published: 15 July 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Junrui Tian 4

Civil & Architectural Engineering & Construction Management, University of Wyoming,

Laramie, WY 82071, USA; czhang8@uwyo.edu (C.Z.); dkumarl@uwyo.edu (D.K.)

Department of Construction Engineering and Management, North China University of Water Resources and

Electric Power, Zhengzhou 450046, China

National Cost Segregation Service, Mesa, AZ 85203, USA; helen.zhou@cohnreznick.com

4 School of Business, Hohai University, Nanjing 211100, China; Ivlelin1205@163.com (L.L.);
jirtian@hhu.edu.cn (J.T.)

*  Correspondence: lihuimin3646@163.com

Abstract: The cost segregation study is a tax planning strategy employed to optimize cash flow
by redefining real estate assets as personal property and land improvement, enabling accelerated
tax depreciation. However, conventional cost segregation practices suffer from limitations, such as
time-consuming procedures and high associated costs, which hinder their effectiveness. To overcome
these challenges, this paper presents an innovative strategy that integrates Building Information
Modelling (BIM) to develop an automated cost segregation system. The research aims to optimize
the workflow by developing a BIM model and using 5D BIM to perform a cost segregation study
by categorizing building elements under a Modified Accelerated Cost Recovery System (MACRS).
This workflow aims at minimizing the time and financial resources expended with traditional
methodologies. The proposed workflow enables precise identification and separate depreciation of
building components, resulting in significant tax deductions that would otherwise be unattainable.
The results indicate that performing cost segregation with BIM leads to a significant increase in
depreciation amounts, particularly during the initial six years, while also raising the net present
value of depreciation by 45%. The integration of BIM technology facilitates effective management
and sharing of cost segregation data among stakeholders, enhancing collaboration and decision-
making throughout the project lifecycle. Owners can optimize cost management and financial
planning, identifying tax-saving opportunities and improving cash flow. General Contractors (GCs)
can leverage the system during the bidding process, enhancing their competitiveness and project
acquisition potential. Future research can explore the integration of cost segregation modules from
BIM with asset management tools, enabling improved facility and fiscal management of building
components. Such integration holds promise for enhancing the construction and real estate industry’s
overall efficiency and performance.

Keywords: automated cost segregation system; Building Information Modelling (BIM); cash flow
optimization; construction industry; real estate industry

1. Introduction

Cost segregation is a tax savings tool utilized by companies and individuals involved
in real estate construction, purchase, expansion, or remodeling [1,2]. Its objective is to
identify and assess the value of tangible personal property, other tangible property, and
land improvements, while assigning the remaining costs to real property classifications [3].
It enables the acceleration of depreciation deductions by classifying various building
components and property as becoming depreciated over shorter periods, such as 5, 7, or
15 years, as opposed to the standard 27.5 or 39 years [4,5]. This approach offers several
advantages over straight-line depreciation, including (i) an immediate increase in cash
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flow through accelerated depreciation deductions; (ii) an opportunity to claim catch up’
depreciation on previously misclassified assets; (iii) provision of an independent third-party
analysis that withstands IRS review [5-7].

For instance, a $10 million office building subject to straight-line depreciation would
result in approximately $256,400 in annual depreciation. However, using accelerated de-
preciation through cost segregation, the deduction in the first year of ownership would
be around $382,900, representing a nearly 50% increase in cash flow for the building
owner [5-7]. The timing for conducting a cost segregation study can vary based on individ-
ual client circumstances [8]. For investors engaged in planning construction or remodeling,
the ideal time for considering a cost segregation study is before the building’s infrastructure
is established [5,6]. Pre-construction consulting allows accurate tracking of items eligible
for accelerated depreciation, resulting in time and cost savings [3].

New owners benefit from conducting a study during the year of construction, purchase,
or remodeling, enabling immediate tax optimization and accurate asset classification from
the building’s inception [8]. The advent of modern tools and processes in the field of
construction and management of buildings and real estate properties is revolutionizing the
industry. Performing a cost segregation study requires a comprehensive understanding of
IRS guidelines and case law and expertise in engineering, construction, and tax matters [6].
Compliance with the IRS Audit Techniques Guide and familiarity with prior court cases
and rulings pertaining to individual assets are also crucial [4]. Therefore, it is recommended
that cost segregation studies be conducted by cost engineering professionals who possess
knowledge of construction methods.

Cost segregation reports are offered at a fee, which varies depending on the type and
size of the building [6]. The researchers conducted a case study and determined that the
value of cost segregation services is generally estimated to be $10,000 or higher, offering a
prompt return on investment [5]. Additionally, offering the cost segregation report as the
added value during bid proposals could be a modest investment in business development,
especially for securing multimillion-dollar projects. While it is feasible for General Con-
tractors (GCs) to provide cost segregation reports, the challenge lies in educating project
owners about this service [6]. The potential benefits for owners significantly outweigh the
costs for GCs, making the provision of cost segregation services an appealing proposition
for both parties involved in the construction project.

However, few GCs are currently capitalizing on the opportunity to provide cost segre-
gation studies. Engineers collaborate with the project owner’s accountant to develop the
cost segregation report, which involves breaking down project components and their costs
into depreciable lives (5,7, 10, 15, 31.5 or 39 years). The accountant then makes decisions
regarding tax filing based on the information provided [6]. Typically, the engineering report
of a cost segregation study is put together after the building has been handed over to the
owner. This report is based on an analysis of available building plans, contract documents,
and a physical inspection of the property. One significant advancement in this regard is the
integration of BIM technology, due to its numerous benefits and resource savings during the
design, planning, and construction phases of new buildings [9,10]. The integration of BIM
technology allows for data sharing on a common platform among various stakeholders,
making construction project management more convenient and effective [11,12]. These
advancements in the use of technology will improve and optimize the way in which cost
segregation is carried out.

The feasibility of GCs offering cost segregation studies depends on the specific project,
as each project has unique characteristics. GCs who are averse to risk can partner with
cost segregation professionals, whereby the GC provides project data and clientele, while
the cost segregation professional prepares the report. This approach may reduce the
potential profit for the GC but also shifts the associated risk away from them. It can be
particularly advantageous for contractors focusing on smaller projects [6]. Additionally, cost
segregation studies offer GCs an avenue for additional revenue generation and competitive
differentiation. By partnering with cost segregation professionals or training internal
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employees, GCs can provide this valuable service to project owners. The feasibility and
implementation approach may vary depending on the specific project and the risk appetite
of the GC. Nonetheless, seizing the opportunity to offer cost segregation studies can be a
strategic move for GCs in the construction industry [6,13].

The utilization of cost segregation services in the construction industry is currently
limited, resulting in missed opportunities for property owners to maximize their tax bene-
fits. This limitation stems from a lack of comprehensive understanding of IRS guidelines,
insufficient expertise in cost segregation practices, and the absence of automated workflows
that leverage technologies [13]. Manual cost segregation processes are characterized by
extensive time requirements and high costs [13]. Additionally, there is a lack of widespread
collaboration between engineers and accountants in the development of cost segregation
reports, and GCs encounter challenges when attempting to offer these services and to
educate their clients [14].

To address these limitations, this research aims to propose an automated BIM-enabled
workflow for conducting cost segregation studies within the construction industry. This
automated approach will be particularly advantageous for property owners and GCs who
already employ BIM methodologies in their projects. This automated approach will be
particularly beneficial for property owners and GCs who utilize BIM in their projects or
aim to use BIM in the future. The study will also highlight the benefits of performing cost
segregation studies, which include the potential for additional tax deductions and increased
cash flow for owners. By providing insights into the optimization of tax benefits and
financial planning through the application of cost segregation analysis, this research seeks
to foster the effective implementation of cost segregation studies across the construction
and real estate industry.

2. Literature Review
2.1. Building Information Modelling

The advent of modern information technology has transformed construction project
management into the management of project information [15]. The construction industry
has witnessed a growing inclination towards the adoption of BIM in recent decades. This
trend can be attributed to the multitude of advantages and resource efficiencies that BIM
offers throughout various stages of building development, including design, planning,
and construction [9,10]. BIM is categorized into different dimensions, including 1D, 2D,
3D, 4D, and 5D. These dimensions represent the progressive incorporation of data and
functionalities in BIM. BIM based on advanced 3D digital design solutions provides
“visual” digital architectural models for designers, architects, and engineers [16,17]. The
utilization of BIM in the construction industry encompasses various critical aspects, such
as scheduling (4D BIM), cost management (5D BIM), and quality and safety control.
For example, the authors in [18] developed the web-based ConBIM-SM system for GCs
to enhance the visual sharing of as-built schedule information and improve efficiency
in tracking construction progress. A BIM-enabled budget control method for port
construction projects was proposed in [19], which aims to alleviate economic pressure
and establish effective cost control environments.

Furthermore, a framework for the development of a productivity and safety monitor-
ing system was explored in [20], wherein BIM was utilized to integrate buildable design,
hazard prevention and control, and safety assessment to mitigate risks and address design
defects. A detailed review conducted in [21] shows that BIM and its interoperability with
various cost estimation tools can provide accurate cost estimates, improve the process of
construction cost management, and provide significant benefits throughout the lifecycle of
the project. BIM has also emerged as a valuable tool in optimizing facility management
operations by efficiently retrieving, processing, and analyzing building data through its
interoperability and plug-in integration capabilities. This enables the seamless integration
of various systems and enhances the effectiveness of data-driven decision-making and
operational management in property facilities [22]. The interoperability function of BIM
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offers notable advantages to corporate real estate management, particularly in terms of
potential cost savings throughout the lifecycle of a project [23]. These findings support the
idea that employing BIM for cost segregation purposes can serve as a viable strategy for
businesses to achieve additional cost reductions.

2.2. Cost Segregation & BIM

Cost segregation holds significant importance across various domains, including taxa-
tion, construction, real estate investment, and financial planning. From a tax perspective,
cost segregation offers property owners the opportunity to expedite the depreciation pro-
cess by reclassifying specific components of a property as assets with shorter useful lives.
This reclassification leads to substantial tax savings and an augmented cash flow [3,4]. Con-
struction professionals greatly benefit from cost segregation through the implementation of
comprehensive engineering analyses, which facilitate accurate cost allocation and proper
reporting for financing, insurance, and accounting purposes [13].

In the context of real estate investment, cost segregation plays a pivotal role in maxi-
mizing investment returns. By accelerating depreciation deductions, investors can enhance
their cash flow, boost after-tax profits, and improve the net present value of their properties.
Moreover, cost segregation enables property owners to optimize their financial planning
strategies by aligning tax deductions with their overall financial goals. The increased cash
flow resulting from cost segregation can be effectively utilized for reinvestment purposes
or other strategic financial endeavors [5].

Given the characteristics of BIM technology, its application has the potential to enhance
the intelligence and automation of cost segregation processes. However, current research
on information system theory primarily focuses on the overall system architecture of
cost segregation, with no to limited exploration of practical applications using BIM. BIM
can provide a robust platform for capturing and organizing detailed information about
building components, enabling more accurate and efficient cost segregation analyses [21].
BIM’s ability to store and integrate data from various sources facilitates the identification
and classification of depreciable assets, enhancing the accuracy and reliability of cost
segregation studies [20,22]. The use of BIM in cost segregation can streamline the process by
automating data extraction, analysis, and reporting [24,25]. BIM’s visualization capabilities
allow stakeholders to visually assess and validate the identification and classification of
assets, enhancing transparency and reducing errors [26,27]. The adoption of 5D BIM in
this study allows for the inclusion of cost-related information in the modeling process,
providing a comprehensive approach to cost segregation analysis.

The integration of cost segregation within the BIM workflow can contribute to im-
proved project cost control, financial planning, and tax optimization. It presents an op-
portunity for construction professionals to leverage advanced technologies and optimize
tax benefits for property owners. By leveraging the information-rich environment of BIM,
cost segregation can be conducted more efficiently, accurately, and seamlessly, providing
enhanced financial advantages to stakeholders in the construction and real estate industry.
Therefore, this study aims to analyze the feasibility of developing an automatic cost segre-
gation system using BIM, exploring the potential benefits and challenges associated with
its implementation.

2.3. MACRS Cost Segregation System

MACRS (Modified Accelerated Cost Recovery System) is a tax depreciation method
used in the United States for recovering the costs of tangible property placed in service.
Under MACRS, buildings are classified into different property classes based on their useful
life for depreciation purposes. These property classes are identified by numbers, such as
27.5 for residential rental property and 39 for nonresidential real property [28].

The numbers associated with the Property Class indicate the number of years over
which the property can be depreciated for tax purposes. For example, a property in the
27.5 class can be depreciated over a period of 27.5 years. The significance of these numbers
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lies in their impact on tax deductions and cash flow. By assigning building elements to their
respective property classes, property owners can determine the appropriate depreciation
schedule and take advantage of accelerated depreciation deductions [29].

In cost segregation studies, the concept of Unit of Property plays a crucial role. The
Unit of Property refers to the distinct components or systems within a building that can
be separately identified and depreciated. It allows for the allocation of costs to different
property classes based on the specific characteristics and useful lives of each unit. This
approach enables property owners to maximize depreciation deductions by classifying
elements, such as HVAC systems, electrical wiring, or interior finishes, as shorter-lived
assets, which can result in significant tax savings [29].

2.4. Contractor and Owner Benefits in BIM-Enabled Cost Segregation

The integration of BIM with cost segregation in construction projects offers a range
of benefits for both contractors and owners. Some studies have addressed the advantages
and opportunities of cost segregation for GCs in strengthening client relationships and
gaining a competitive edge in bidding [28,29]. While the adoption of BIM has experienced
significant growth in the United States, with a significant increase in its utilization among
GCs, its practical implementation in cost segregation has received limited attention in
the literature.

Recent research findings indicate that the BIM adoption among GCs has risen from
50% to over 74% [30]. Furthermore, the study revealed that 91% of larger companies
have adopted BIM in their operations. The widespread implementation of BIM among
GCs underscores its growing importance and recognition as a valuable tool in the con-
struction industry. The rise in BIM adoption signifies its potential to enhance project
management, collaboration, and efficiency throughout the construction process [31,32].
However, the specific application of BIM in the context of cost segregation remains
relatively unexplored, providing an avenue for further investigation and potential op-
portunities for improved cost management and optimization in construction projects.
Contractors can leverage BIM for cost segregation purposes, considering the recognition
by the Internal Revenue Service (IRS) of the importance of accurate cost segregation
studies. The IRS acknowledges the significance of employing a systematic engineer-
ing approach in conducting such studies, excluding the use of non-contemporaneous
records, reconstructed data, and unsupported estimates or assumptions provided by the
taxpayer [29]. This acknowledgment reinforces the legitimacy and criticality of precise
cost estimates and quantity take-offs, thereby highlighting the essential role undertaken
by the contractor in upholding the integrity of the cost segregation study. By utilizing
BIM, contractors can effectively contribute to the accurate and comprehensive analysis
of building components, supporting the generation of reliable data for cost segregation
assessments in compliance with IRS guidelines.

Cost segregation offers substantial advantages in terms of cash flows for property
owners, allowing them to allocate the saved funds towards other investment opportu-
nities. The 2002 Tax Act brought about a significant enhancement in the impact of cost
segregation studies by granting project owners a substantial “bonus deduction” in the
initial year, equivalent to 30% of the cost of assets with depreciable lives shorter than
20 years [28]. When coupled with BIM, owners can benefit from a digital model that
provides precise estimates of building elements. This digital model enables owners to
conveniently update and adjust the depreciable lives of specific elements as they are re-
placed or modified, thus allowing for accurate recalculations of depreciation deductions
over different periods. By leveraging BIM, owners can effectively optimize their cost
segregation analyses, enhancing the accuracy and flexibility of their financial planning
and decision-making processes.

Apart from cost segregation, BIM can also be a valuable tool in acquiring tax deduc-
tions under section 179D of the Internal Revenue Code for energy-efficient commercial
buildings that fulfill specific criteria. These deductions, applicable to buildings placed in
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service after 31 December 2005, encompass improvements concerning lighting systems,
HVAC systems, and the building envelope [33]. By enabling detailed modeling and simula-
tion of components, BIM facilitates the design and evaluation of energy-efficient building
systems, empowering professionals to optimize energy performance and assess various
design scenarios [16]. Recent amendments introduced through the Inflation Reduction Act
(IRA) have simplified the process of claiming tax deductions under section 179D [34]. The
changes include a reduction in the minimum required energy savings threshold from 50%
to 25% and the elimination of partial deductions. The calculation of the base deduction
has also transitioned to a sliding scale approach, ranging from 50 cents to $1 per square
foot based on the achieved energy savings. Furthermore, projects meeting prevailing wage
and apprenticeship requirements qualify for bonus deductions ranging from $2.50 to $5
per square foot [34]. These developments highlight how BIM can be an effective tool for
enhancing the accessibility and utilization of tax deductions for energy-efficient commercial
buildings and more research could be done in this regard to provide an efficient BIM
workflow for claiming tax deductions under IRA.

Despite the extensive literature on the numerous advantages of BIM and its wide-
ranging applications in the construction and real estate industries, a noticeable gap exists
in the research concerning the implementation of BIM for cost segregation purposes. To
address this research gap, the subsequent sections of this paper present an efficient method-
ology and workflow specifically designed for conducting cost segregation on commercial
buildings. By bridging this knowledge void, the authors contribute to the existing body
of knowledge and provide valuable insights into the potential of utilizing BIM for cost
segregation analysis.

Interventional studies involving animals or humans, and other studies that require
ethical approval, must list the authority that provided approval and the corresponding
ethical approval code.

3. Methodology

The research methodology employed in this study adopts a systematic case study
approach to perform cost segregation by harnessing the capabilities of BIM. The selection
of the case study method in this research was based on its capacity to offer comprehensive
and in-depth insights into the specific context and intricacies of cost segregation practices.
Alternative methods, such as qualitative or quantitative surveys, were deemed unsuitable
as they would have limited the ability to thoroughly explore and analyze real-world
scenarios related to cost segregation. By employing the case study approach, this research
was able to provide a thorough examination of the complexities and dynamics associated
with cost segregation.

Initially, a detailed BIM model is developed, with a focus on enhancing the level of
detail to facilitate accurate cost estimation and subsequent cost segregation analysis. The
cost segregation process is conducted based on the MACRS Property Class and Unit of
Property as defined by the IRS. Building elements are categorized according to the MARCS
system, and the cost segregation procedure is automated within Autodesk Revit, taking
advantage of the information-rich model. Figure 1 provides a summary of the research
methodology employed in this study. Subsequent sections will provide a comprehensive
explanation of each phase and its corresponding steps, offering an in-depth understanding
of the research process.
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BIM Enabled Cost Segregation

l

Develop Detailed Revit Model

Develop 3D BIM Model Add Actual Direct and Creat ters i
from As-Built 2D — Indirect Cost to the reate new parame. ers i
. o Autodesk Revit
Drawings Building Elements

Identify Building Type and Assign Values for Cost Segregation

Create database of UoP Assign Unit of Property Automatically allocate
and equivalent MACRS ——— (UoP) to 3D Elements in ——— the MARCS Property
Property Class Revit Class in Years

Perform Cost Segregation Case Study

. Develop a Formula to Get cost
Create Quantity . .
. " ——— Automate the Calculation of ——  segregation for
Schedules in Revit .
Depreciation for each UOP each year

Calculate Net Present Value (NPV) and Present benefits of Cost Segregation

Figure 1. BIM-enabled cost segregation study workflow.

3.1. BIM Model Development Workflow

The initial phase of the research methodology involves the utilization of Autodesk
Revit software, 2023 version, a widely recognized industry tool [35], to develop a detailed
BIM model. This model serves as a comprehensive representation of the building, capturing
all relevant elements and components. To ensure precise visualization and depiction of the
building’s physical attributes, the model is developed based on the as-built 2D drawings,
facilitating the creation of an accurate 3D BIM model. Furthermore, actual direct and
indirect costs are assigned to the elements within the BIM model, thereby enhancing the
level of detail and enabling accurate cost estimation.

The assignment of actual costs to the building elements within the BIM model holds
paramount importance in the research methodology, driven by the necessity to conduct a
comprehensive cost segregation study and ensure the validity of tax deductions based on
the actual expenses incurred. This practice aligns with the requirement that tax deductions
can only be claimed based on real expenses. By associating actual costs with the model’s
elements, the research methodology establishes a robust and reliable foundation for per-
forming the cost segregation study. This integration of actual cost data allows for a more
precise assessment of depreciation and facilitates the identification of eligible tax deduc-
tions. The development of the BIM model plays a critical role in capturing the necessary
information for conducting the cost segregation analysis. By leveraging the capabilities
of the BIM model and incorporating actual cost data, this research methodology aims to
establish a solid framework for conducting the cost segregation analysis on commercial
buildings. Building upon the established BIM model, the next step is to identify the spe-
cific building type and assign appropriate values of Unit of Property (UoP) and MACRS
Property Class for cost segregation.
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3.2. Workflow for Cost Segregation Study

To conduct an effective cost segregation analysis, accurate identification of the prop-
erty’s type and function is crucial. The case study in this paper focuses on commercial con-
struction, encompassing various categories such as restaurants, banks, hospitals, schools,
office buildings, department stores, and others. Each property type possesses distinct
characteristics that influence the classification and allocation of depreciable components.
Thus, determining the precise type and function of the property is essential in assigning
the appropriate UoP and property class to facilitate the analysis process. The Internal
Revenue Service (IRS) provides definitions for building costs, distinguishing between
the cost of the overall building structure and each individually defined building system.
The entire building, along with its structural components, constitutes a single property
class. Additionally, eight specific building systems are considered separate UoPs having
varying property classes. Any improvements made to these systems must be depreciated
accordingly. The specific building systems are shown in Figure 2.

HVAC System
» Motors, compressors, boilers, furnaces,
* pipes, ducts and radiators

Plumbing System
« Pipes, drains, valves
« Sinks, bathtubs, toilets
« Site utility equipment

* Wiring, outlets, and site utility equipment
« Junction boxes, lighting fixtures, and connectors
Escalators
« All the equipment and systems in installation and operation of escalators

Elevators
« All the equipment and systems in the installation and operation of elevators

Fire Protection
+ Alarm Systems
» Sensing devices
« Computer controls
« Sprinklers and associated piping and controls
* Emergency lighting and signage
Security System
* Window and door locks
» Security cameras, monitors and recorders
+ Motion detectors, lighting and alarm systems

« Pipes and equipment for gas distribution in buildings

Figure 2. Building Systems with separate UoP.

Notably, the naming of depreciable property is primarily determined by the provisions
of Sections 1245 and 1250. Section 1245 property refers to depreciable property that is either
(1) personal property (tangible and intangible) or (2) other tangible property (excluding
buildings and their structural components) used as an integral part of manufacturing,
production, extraction, or the provision of transportation, communications, electrical energy,
gas, water, or sewage disposal services. MACRS is used for the most tangible depreciable
property placed in service after 31 December 1986. Under MACRS, the eligible property’s
cost is recovered over a specified period of 3, 5, 7, 10, 15, 20, 27.5, 31.5, or 39.0 years. The
classes of depreciable property are defined in accordance with Internal Revenue Code
Sections 1245 and 1250, as well as the Asset Depreciation Range (ADR) class life as of
1 January 1986.
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3.3. Cost Segregation Workflow in Autodesk Revit

The building type used to perform cost segregation comes under the category of office
buildings. To facilitate this process, a comprehensive database is developed, comprising
the UoP and its corresponding MACRS Property Class under the standardized data tool
for Revit. Through this tool, UoP and its equivalent property are assigned to building
components in Revit. The database used is presented in Table 1. These classifications play
a pivotal role in accurately allocating the MARCS Property Class to the relevant building
elements while considering the associated depreciation timeline.

Table 1. Database used to perform cost segregation in Revit.

Unit of Property Description Property Class/Asset Life
100 Site Improvements 15
110 Paving & Surfacing 15
200 Curb/Sidewalks 15
540 Storm Sewer System 15
544 Site Fire Protection System 39
550 Site Gas Distribution System 39
910 Site Lighting 15
1240 Gate/Fences/Enclosures 15
1350 Fountain 5
1360 Flagpoles 15
1380 Identity Signs 5
1430 Landscaping/Irrigation 15
1470 Retaining Walls 15

2010 Substructure 39
2040 Equipment Support 7
2150 Superstructure/Building Enclosure 39
3000 Interior Construction 39
3160 Doors & Windows 39
3210 Sliding Service Windows 5
3490 Removable Wall Coverings 5
3610 Removable Wall Panels 5
3695 Vinyl Composite Tile 5
3700 Carpeting 5
3870 Cabinets/Counters/Millwork 5
4040 Int. Protective Specialties 7
4060 Signs/Directories/Graphics 5
4120 Bathroom Accessories/Equipment 39
4160 Fire Extinguishers/Cabinets 5
4240 Equipment 5
4510 Office Furniture & Fixtures 7
4515 Appliances 5
4560 Window Treatments 5
5000 Domestic Plumbing System 39
5020 Service Equipment Plumbing 7
5030 Break Room Equipment Plumbing 5
5050 Kitchen Equipment Plumbing 5
5440 Sprinkler System 39
6000 Domestic HVAC System 39
6020 Service Equipment System 7
6050 Kitchen Equipment Exhaust 5
6540 Computer Equipment A/C 5
7000 Domestic Electrical System 39
7020 Service Equipment Electrical 7
7030 Break Room Equip Electrical 5
7040 Emergency Generator 5
7050 Kitchen Equipment Electrical 5
7260 Domestic Lighting System 39
7290 Accent Light Fixtures 5




Buildings 2023, 13, 1805

10 0of 18

Table 1. Cont.

Unit of Property Description Property Class/Asset Life
7330 Emergency Battery Pack Lighting 7
7350 Dock Lighting/Electrical 5
7291 Accent Light Fixtures - B 5
7390 Task Lighting 5
7540 Computer Equipment Electrical 5
7560 Office Equipment Electrical 7
7600 Sign Electrical 5
7670 Communication System 7
7710 Audio/Visual System 7
7760 Fire Alarm System 39
7780 Security & Detection System 7
7830 Television System 5

To perform cost segregation on the BIM model in Revit, the research methodology
involves the generation of quantity schedules by incorporating parameters from the
database shown in Table 1. The parameters of property class and unit of property as
per MARCS classification are assigned to building elements. This process provides
a comprehensive overview of the quantities associated with each building element.
Additionally, a formula is devised to automate the calculation of depreciation for each
UoP, enabling the determination of cost segregation for each year. Furthermore, the
research methodology encompasses the calculation of the Net Present Value (NPV),
which facilitates an assessment of the present benefits derived from cost segregation.
These systematic steps aim to rigorously evaluate the feasibility and advantages of
implementing BIM-enabled cost segregation within the context of construction projects.
To validate the research methodology, a case study of a commercial bank building project
is conducted in the subsequent section.

4. Case Study

Case studies serve as a valuable research methodology for validating the idea of
BIM-enabled cost segregation, primarily due to their capacity to offer comprehensive and
detailed insights within a specific context [36]. It has been recognized that case studies are
the predominant method of data collection in various research domains [37]. By selecting a
particular construction project as the case study, researchers are able to thoroughly examine
and explore the feasibility and benefits associated with implementing BIM-enabled cost
segregation in practical applications. This approach facilitates a deep understanding of
the intricacies and complexities involved in utilizing BIM for cost segregation, considering
factors such as the unique characteristics of the building, the specific types of properties
involved, and the corresponding depreciation classes. Through a meticulous analysis of
these factors within the chosen case study, researchers can generate empirical evidence that
supports and refines the underlying theory of BIM-enabled cost segregation. Ultimately,
this contextualized examination enhances comprehension of the advantages, challenges,
and practical implications of employing BIM in cost segregation processes within the
construction industry. This research study demonstrates the applicability of the proposed
cost segregation process by employing a new construction project as a case study. The site
plan of the building is shown in Figure 3.

This project entails the construction of a single-story bank branch, encompassing
a substantial floor area spanning 3516 square feet. The architectural design of the
bank building incorporates various functional spaces, including offices, conference
rooms, a welcoming area lobby, and a dedicated break room. The spatial layout of the
building, illustrating the distribution and arrangement of these internal spaces, is shown
in Figure 4.
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RIVER POINTE DRIVE

S LOOP 336 W

Figure 3. Site Plan of the Bank Building.

MOTORSANT

TRAVEL DISTANCE: 750"

Figure 4. Floor plan of the bank building.
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The bank property falls under a 39-year depreciation schedule, although certain
specific items qualify for accelerated depreciation periods of 5, 7, and 15 years. The BIM
model of the bank was developed using the as-built drawings in Revit as shown in Figure 5.
Subsequently, the property units within the model are identified and defined based on
their functional use, physical characteristics, and other relevant criteria. During the model
development phase, information from contract documents such as drawings, specifications,
and cost-related data was utilized to increase the level of detail of the BIM model. The
capitalized cost summary of direct and indirect expenses is shown in Tables 2 and 3.

T W R T D ~

e, W N 2 o

Figure 5. BIM model of the building.

Table 2. Capitalized cost summary of the project.

Task Performed Direct Contract Indirect Contract Final Contract
(USD) (USD) (USD)
Site Work 118,183 17,801 135,984
Concrete 165,361 - 165,361
Masonry 39,452 - 39,452
Metals 69,198 - 69,198
Wood & Plastics 56,887 -— 56,887
Thermal & Moisture 94,469 - 94,469
Doors & Windows 71,356 648 72,004
Finishes 163,568 -—- 163,568
Specialties 7009 - 7009
Appliance 2373 -—- 2373
Plumbing 51,986 -—- 51,986
Electrical 121,938 40,646 162,584
HVAC 90,181 - 90,181
Change Orders (13,826) -— (13,826)
Additional Costs 197,349 -—- 197,349
Direct Cost Subtotal: 1,235,484 59,095 1,294,579
Project Indirect Cost Subtotal: 205,015
Total Project Costs 1,499,594

During the development of the BIM model, a comprehensive analysis of the building

components is carried out to generate detailed quantity take-offs. This process involves uti-
lizing the information within the BIM model to accurately assess the quantities associated
with each element. As a result of this analysis, a total of 34 UoPs have been critically identi-
fied. Furthermore, a schedule has been formulated for each UoP, facilitating a systematic
approach to cost segregation.
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Table 3. Summary of indirect project cost.

Indirect Cost (USD)
Task Performed
Contract Cost Project Cost
Supervision & Project Management 33,510
Temporary Controls 9323
Dumpster 7280
Testing Lab 5500
Surveying 3235
Cleaning 2854
Insurance 11,670
Permit 2966
Performance & Payment Bonds 15,350
Demolition 2104
SWPPP 2 4651 -—-
Pest Control 755
Architect 84,178
Legal Fees 14,486
Geotechnical Survey 3954
Civil Engineering 13,150 ---
Title Insurance 7581
Survey 271
Conduit & Wire 40,646 -
Branch Re-Key 648 -
Total Indirect Costs 59,095 205,017

The classification of the building components has led to the identification of property
classes spanning 5 years, 7 years, 15 years, and 39 years. This classification enables
the identification of components that qualify for different depreciation periods. Upon
conducting the analysis, the assets of the bank building were carefully assessed, leading
to the identification of specific assets categorized under Section 1245 as personal property,
land improvements, and real property. Figure 6 illustrates the depreciation of building
items belonging to the 5-year property class. According to the MACRS, these components
are depreciated over a period of 6 years. Notably, the building consists of 19 distinct
elements falling within the 5-year property class. To streamline the cost segregation process
for these elements, a multi-category schedule has been created in Revit, consolidating the
various building items. In Revit, Equation (1) is utilized to calculate the depreciation of
each building component based on its assigned property class.

Depreciation = if(Property Class = 5, Total Cost x 0.2, if(Property Class = 7,
Total Cost x 0.1429, if(Property Class = 15, Total Cost x 0.05, if(Property @)
Class = 39, Total Cost x (1/39), 0))))

<Multi-Category Schedule>
A B [ = | D | E | F [ 6 | H [ v [ 9 [ k]
Building ltem Unit of Property = Property Class : Direct Cost : Indirect Cost;: TotalCost : D-1 D-2 : D3 . D4 : DS
identity Signs 1380 5 35684 0 $35684 157137 1511419 156851 154111 S4111 52055
Drive-Thru Support 3040 g 8057 1518 $9576 $1915 153084 £1E38 7 ETI0E IR 10E T EEEE T
Glass Panels 3210 5 3693 696 $4389 $878 $1404 $843 $506 $506 $253
Carpeting 3700 5 13354 3835 §i5875 43184 T s5084 $3088 " §i834 IS8 8817
CabinetsiCounters/Hilwork 3870 5 29100 5486 $34585 188917 511068  isee41 §3984 (33984 51992 |
Fire Extinguisher Cabinsts 4180 5 625 [) 635 §i35" " "'5300 §i20 87z §72 535
Bank 4340 5 74435 [} §74435 414888 1833818 I ST4250 T SEET4 T sasTe T §43eT
| Appliance 4515 5 2373 0 $2373 475 $759 456 $273 8273 $137 |
Window Treatments. 4550 5 4380 803 5063 §i013 " 51820 §5727 IS8R ISEE T 8383
Breakroom Plumbing 5050 5 2378 448 52824 ss85 is@nd s542 isazs  isazs  s183
Computer Equipment AJC 6540 5 2839 535 $3374 $675 $1080 $648 $389 $389 $194
Bank Elecirical 7030 g 3374 417 §3831 5367 TSH43 505718303 I8305 T 5153
Breakroom Electrical 7050 5 £09 118 $724 §145 is232 $139 a3 83 542
Decor Light Foctures 7230 5 12833 3383 §i5074 " §3003 " TSa804 §3883 7 S{730 181730 §868
Task Lighting 7390 5 528 74 $1098 §3307 8385 S IEET s s
Computer Equipment Electrical 7540 5 46298 2210 $48508 $9702 $15523 $9314 $5588 $5588 $2794 |
Communication System 7670 5 1831 343 §3764 §4337 " gEgE S48 S s3a T i3
Security LTG & Detection System | 7780 5 1080 0 51090 $218 1349 $209  isi2e  isize 563
Teievision System 7830 5 1081 18 §i70 §3347 857 §3387 SIS I SET
Grand total 243476 17762 S261238  §52248 583596 550158 S30095 S30095 S15047

Figure 6. Cost segregation with 5-year property class.
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Figure 7 illustrates the cost segregation analysis conducted on building elements
with a property class of 7 years and only one item falls under this specific property class.
According to the MARCS classification, building items with property classes of 5 and
7 years are categorized as personal property. On the other hand, building items with a
property class of 15 years as shown in Figure 8 are identified as land improvement. The
building elements with a property class of 39 years are shown in Figure 9, which includes
all the structural components of the building.

<Multi-Category Schedule=

A B | C p | e | F | 6] & [ o] 3] k] L [ m]|] N

Building ftem ¢ Unit of Property | Property Class : Direct Cost | Indirect Cost | TotalCost: D-1 | D2 | D-3 D-4 DS ! D& i D7 D-8
J5ion Electrical 17600 7 1354 1255 '$1609 5230 13394 5281 3201 3144 15144 5144 572 I
rrand total 1354 255 51608 S230  $394 S281  S201  S144 S144  S144 72 I

Figure 7. Cost segregation with 7-year property class.

<Mutti-Category Schedule>

A B (£ D 3 F G H | J K L M N 0 P Q R §

Building tem Unit of Property | Property Class ; Direct Cost ; Indirect Cost | Total Cost | D-1 D-2 D-3 D-4 D-5 D6 ; D7 : D6 ; 08 i D10 i D11 ;D-1215; D-16

[Site Improvements 100 15 59589 11234 §70823 133541 (36728 §6055 (35453 54008 4412 iB4179 (34179 54186 54179 (54186 (16728 (82089
JPaving and Surfacing 10 15 45045 igd82 §53537 152677 35086 84577 34122 :83TI0 83335 183159 (33159 33164 83159 (8M64 (312645 :§1579
Kcurbisidewalis 200 15 20075 13785 §23860 51193 (82267 $2040 51837 (31633 (31436 (31408 (51408 (1410 (31408 91410 55636 3704
[Storm Drain 540 15 28227 4758 $29983 151499 (52848 §2564 152309 (32078 (31868 (31769 (1769 SA772 (SA769 772 157082  i38B4
[Site Lighting 810 15 26467 1537 $33834 692 S $2803 152605 (32345 (52106 (519% ($1986 52000 ($19%6 82000 57992 3998
J-andscapping/irigation 1430 15 51139 $51143 152057 (84859 $4373 133938 (33544 (33186 (33017 (S3MT 83023 (SIMT 33023 i$12080 (31508
Israndtutal 229537 33643 $263180  $13159 $25002  $22502 $20265 $18236 $163%6 315526 §15528 $15554 $15526 §$13554 §62163  $7764

Figure 8. Cost segregation with 15-year property class.

<Mutti-Category Schedule=
A ] C ] E F G H I J K L M N 0 P Q R s T
Building tem Unit of Property : Property Class : Direct Cost : Indirect Cost: Total Cost : D-1 D-2 0-3 -4 0-5 06 ¢ D7 D5 0 09 P40 ¢ DM I D425 D16 ID-17to 30
Substructure 2010 3 132485 124978 §157484 {34038 (34033 S4035 (%4033 iS4033 (4033 (34038 (34038 84033 34038 (34038 (316150 154038 (892863
Super Structure 2150 B 216354 140790 §257144 136593 (36593 6593 iSAS93 iSGR93 (A5O3 (36503 (36503 36593 iSASO3 (RSO3 326374 156503 iS151649
Interior Construction 3000 3 156984 128313 §185297 {34781 (E4751 S4751 iS4THY IB47S1 IS4751 iS4791 (S4TS1 (S4751 iS4751 iS47S1 (519005 (84751 iS109278 |
Doors & Windows 3160 B 68311 12879 831190 132082 (52082 52082 (82082 52082 (52082 (82082 (32082 32082 32082 (S2082 (38327 32082 34788
Bathroom Accessories/Equipment 14120 kL] 2124 400 §2524 i8S (%69 %65 %65 i%65 (865 365 365 %65 365 (865 (5250 %65 %1489
Domestic Plumbing System 5000 B 64527 112165 §76692 131966 (51966 §196 (51966 51966 (51966 31966 31966 51066 31966 (31966 (37866 (51966 (345229
Demestic HVAC System 16000 kL] 70342 13262 523604 152144 (5214 S2144 (2144 IS2144 S2144 52144 (32144 ISD144 52144 (Z2144 [3BETS  IS2144 (340305
Domestic Electric System 7000 k] 108083 :20566 §128648 15334 (333 33324 153324 5334 (334 153324 (33324 33324 153324 (B33 (13287 (5334 :57B4B0
Grand total 820211 15335 SO73564 524963 524063 524061 524963 524063 524063 524063 524063 524063 524961 524961 50985] 524963 8574153

Figure 9. Cost segregation with 39-year property class.

This research methodology adopts a meticulous approach by utilizing the BIM model
and relevant equations to assess depreciation for each building component systematically
and accurately. By integrating property classes and leveraging the capabilities of Revit,
this methodology establishes a robust framework for conducting cost segregation analysis
on commercial buildings. The cost segregation outcomes for each property class are
summarized in Table 4.
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Table 4. Cost Segregation Summary.

Property Type Amount (USD)
5-Year Personal Property 260,686
7-Year Personal Property 2164
15-Year Land Improvements 263,180
39-Year Real Property 973,562
Total Project Cost Reviewed $1,499,592

A visual representation of the distribution of cost depreciation over each year is shown
in Figure 10, highlighting the substantial tax deduction opportunities that arise from the
depreciation of personal property, especially in the initial six years, as shown in Figure 11
In the absence of cost segregation, the annual depreciation remains constant at $38,451.
However, the implementation of cost segregation significantly increases the depreciation
amounts, particularly during the first six years, resulting in higher tax deductions. The

authors in [5-7] have also reported similar results while performing cost segregation
analysis on a commercial property.

Building Cost Depreciation
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Figure 10. Building cost depreciation each year.
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Figure 11. Comparison of Depreciation with Cost Segregation.
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The analysis focuses on these initial six years as they demonstrate substantial financial
gains that can be realized through tax deductions. Additionally, there is a noteworthy
percentage increase in tax deductions compared to regular depreciation, with figures of
236%, 348%, 255%, 196%, 191%, and 147% for years 1 to 6, respectively. This data under-
scores the significant impact of cost segregation in maximizing tax benefits and optimizing
financial planning for property owners. The benefits derived from cost segregation are
made possible through a comprehensive assessment that enables the identification and
separate depreciation of specific building components, which would not be attainable
without this analysis.

The benefits of cost segregation analysis through BIM are exemplified in Figure 12,
which calculates the Net Present Value (NPV) based on annual depreciation, considering
an interest rate of 8%. The analysis reveals a notable difference in NPV amounting to
$205,523. This surplus in financial resources presents real estate developers and investors
with valuable opportunities for additional investments, ultimately yielding greater ben-
efits. Consequently, these findings emphasize the significance and effectiveness of cost
segregation in maximizing tax advantages for commercial buildings.

$700,000.00 $662,266.92

$600,000.00
$500,000.00
$400,000.00
$300,000.00
$200,000.00
$100,000.00

$0.00

$456,743.98

NPV NPV with Cost
Segregation

Figure 12. Net Present Value (NPV) based on annual depreciation.

The utilization of BIM for cost segregation offers significant advantages by streamlin-
ing the process and conserving time and resources. By leveraging the comprehensive data
and accurate visualization capabilities of BIM, the identification and allocation of deprecia-
ble components can be efficiently performed. This not only ensures a detailed assessment
of assets for cost segregation analysis but also eliminates the need for labor-intensive
manual evaluation and calculations. The integration of BIM-enabled cost segregation
thus presents a valuable opportunity for property owners, construction professionals, tax
advisors, and financial planners to enhance financial outcomes and maximize returns on
their real estate investments.

5. Conclusions

The cost segregation system is a strategic approach employed to reduce tax liabili-
ties by reclassifying real property as personal property and land improvement, thereby
accelerating the tax depreciation of assets. Traditional cost segregation methods have their
limitations of time and cost, prompting the introduction of an automated cost segregation
process in this study, which harnesses the capabilities of BIM. The primary objective of this
novel approach is to optimize and automate the cost segregation of commercial building
projects. This automated BIM-enabled cost segregation process empowers owners of di-
verse commercial properties and assets by facilitating additional cash flow. By effectively
integrating and leveraging cost segregation data from various construction assets, owners
can optimize their financial resources and enhance their overall profitability. This approach
offers a strategic advantage in terms of maximizing tax benefits and increasing the available
funds for investment and operational purposes. This integration offers the potential to
generate increased cash flow for owners with diverse portfolios of commercial properties
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and assets. Through the utilization of BIM, owners can enhance cost optimization and
contractors can leverage it as an additional value proposition during the bidding process.
Consequently, this innovative BIM-enabled cost segregation process shows promising po-
tential in maximizing financial benefits and streamlining operations within the construction
and real estate industry.

Future research endeavors may center on the integration of cost segregation modules
within BIM systems, complemented by asset management tools, to enhance facility and
fiscal management of building components. This integration holds immense potential for
delivering substantial benefits to the construction and real estate industry. By seamlessly
combining cost segregation analysis with robust asset management functionalities, stake-
holders can gain comprehensive insights into the financial aspects of building components
throughout their lifecycle. Moreover, the integration of cost segregation modules with
asset management tools foster efficient tracking, monitoring, and maintenance of assets,
resulting in enhanced facility management practices.
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