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Quantity Take-Off (QTO) is a critical stage in the planning and execution of construction 
projects, particularly in ensuring the accurate and efficient calculation of material requirements. 

QTO methods can be performed using conventional approaches or through Building Information 
Modeling (BIM)-based systems. The use of BIM in the QTO process has proven to enhance time 
efficiency, improve the accuracy of material volume calculations, and facilitate data validation and 
revisions. Case studies on hospital construction projects in Semarang, Samarinda, and Boyolali 

demonstrate that BIM can reduce calculation errors to as little as 1–2% and decrease structural 
costs by up to 9.25%. This is particularly crucial for hospital projects that require high precision 
in structural planning. Moreover, the application of green construction principles and 

environmental impact assessments using the Life Cycle Assessment (LCA) method represent 
strategic approaches to support sustainable development. Despite its advantages, BIM 
implementation still faces significant challenges, including high software licensing costs, a lack 
of skilled professionals, and limited government support. These barriers are commonly found in 

regions such as Bali, Jambi, and various areas in Malaysia. Therefore, to maximize the potential 
of BIM in enhancing efficiency and sustainability in construction projects, a synergy is needed 
between human resource development, government policy, and the standardization of BIM 

practices in the field. 

 

 
INTRODUCTION 
The growing global demand for resilient infrastructure has underscored the need to 
integrate sustainability into construction practices (Zuo & Zhao, 2014). Among various 
types of infrastructure, healthcare buildings—especially hospitals—hold a vital role in 
achieving several Sustainable Development Goals (SDGs), including Good Health and 
Well-being (SDG 3), Industry, Innovation, and Infrastructure (SDG 9), and Sustainable 
Cities and Communities (SDG 11) (Wang et al., 2021). However, hospital construction 
projects often present environmental challenges due to their resource-intensive nature 
and high energy demands, making them critical targets for sustainability interventions 
(Geng et al., 2015). Traditional construction approaches are frequently criticized for being 
inefficient, particularly due to excessive material waste and cost overruns 
(Luangcharoenrat et al., 2019). 
One key factor that influences a project’s cost, schedule, and performance is the accuracy 
of early-stage quantity estimation. Quantity Take-Off (QTO) plays a vital role in this 
phase, yet conventional manual QTO methods are prone to errors and inconsistencies—
especially in complex, large-scale projects such as hospitals (Shen et al., 2010; Kim et al., 
2016). To address these limitations, Building Information Modeling (BIM) has emerged 
as a transformative technology in the construction industry. BIM facilitates enhanced 
collaboration among stakeholders and supports accurate and efficient decision-making 
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throughout the project lifecycle (Succar, 2009). In the context of QTO, BIM allows for 
automated quantity extraction, improving precision, minimizing errors, and significantly 
reducing time spent on manual calculations (Monteiro & Martins, 2013). This study 
explores the potential of BIM-based QTO in hospital structural works as a means to 
support sustainable construction and contribute to the realization of the SDGs 
 

RESEARCH METHOD 
This study applies the literature review method as a way to deepen conceptual 

understanding of a particular subject area by drawing insights from existing research 

(Cooper, 1998). Rather than simply summarizing prior work, this method allows the 

researcher to engage critically with the literature, surfacing underlying assumptions and 

exposing areas that have not yet been fully addressed (Snyder, 2019). One of the key 

strengths of a literature review is its ability to question and critique taken-for-granted 

assumptions that often go unnoticed in academic discussions (Cooper, 1998). It also 

proves useful in identifying inconsistencies or contradictions between different studies, 

which can help sharpen the focus of future research (Snyder, 2019). 

In addition to offering critical insight, a literature review contributes to establishing a 

strong theoretical foundation, connecting current investigations with established 

frameworks and scholarly traditions (Boote & Beile, 2005). Another important function 

of the literature review is to locate areas where studies are missing, limited, or 

underdeveloped, thus, guiding where new contributions can be made (Paré et al., 2015). 

Finally, literature reviews are valuable for clarifying and standardizing key terms, which 

is particularly helpful when working across studies that may use similar language 

differently (Jesson et al., 2011). 

RESULTS AND DISCUSSION 
A. BIM-Based QTO in Structural Works 

The Quantity Take-Off (QTO) method is a vital stage in the planning and execution of 
construction projects, particularly in ensuring that material requirements can be 
calculated precisely and efficiently (Mattern et al., 2018). In general, QTO involves 
calculating the dimensions of building materials, such as volume, length, area, width, 
and so on. In its application to structural work, QTO can be categorized into two methods: 
the conventional method and the Building Information Modeling (BIM)-based method 
(Magfirona et al., 2023). 
BIM offers various advantages in the QTO process. Building Information Modeling (BIM) 
technology enables the simulation of construction projects in three dimensions (3D), 
providing accurate building visualization and facilitating data validation and revision 
(Apriansyah, 2021). Moreover, BIM allows for the automation of material volume 
calculations, which directly saves time and minimizes the potential for calculation errors. 
As a result, the accuracy of measurements is significantly higher compared to the 
conventional method (Lestari et al., 2021; Rugas et al., 2024). 
Furthermore, QTO is a crucial process in construction project management as it is directly 
related to estimating material requirements. The results of QTO serve as the foundation 
for preparing project cost estimates or the Bill of Quantities (BoQ). Therefore, accuracy in 
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the QTO process greatly determines the effectiveness and efficiency of material usage 
and plays a key role in controlling the overall construction project costs (Sadad & 
Noviantoro, 2024). 

B. Application of BIM QTO in Hospital Construction 
The application of Building Information Modeling (BIM) in the Quantity Take-Off (QTO) 
process for hospital construction has proven to enhance both efficiency and accuracy in 
estimating structural work volumes. This is particularly crucial as hospitals are complex 
and vital public buildings that require precise structural planning and accurate material 
calculations. Through BIM technology, material quantity calculations can be performed 
automatically based on integrated 3D models, thereby reducing errors from manual 
measurements and accelerating the validation and revision process (Kusumaningroem & 
Gondokusumo, 2023). 
The effectiveness of BIM in QTO is also reflected in a case study of a hospital project in 
Semarang, which showed a significant difference of up to 10% between manual QTO 
results and those using BIM, with the BIM method demonstrating more consistent and 
efficient outcomes (Irawan et al., 2023). Similarly, in the case of an eye hospital project in 
Samarinda, the discrepancy in structural material calculations such as concrete and 
reinforcement between manual and BIM methods was only around 1–2%, indicating a 
high level of accuracy in BIM-based QTO (Handayani et al., 2021). 
Comparable findings were also observed in a surgical hospital building project, where 
the use of BIM led to material efficiency of 1.67% for concrete and 3.32% for reinforcement 
(Retno Asih et al., 2022). In addition to quantitative efficiency, the success of BIM-QTO 
implementation is also supported by factors such as data interoperability between 
models and the completeness of the Bill of Quantities (BoQ), which have been shown to 
improve overall structural cost performance (Meisaroh et al., 2021). Furthermore, in the 
case study of RSUD Boyolali, the implementation of 5D BIM using Cubicost software 
resulted in a 9.25% reduction in structural costs, highlighting the tangible potential of 
BIM technology in supporting budget management for healthcare facility construction 
(Saputra et al., 2024). 
 

 
Figure 1. Efficiency Gains Using BIM-Based QTO in Hospital Project 

Source: Personal Data, 2025 
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The following chart efficiency gains using BIM-based methods in the Quantity Take-Off 
(QTO) process across several hospital projects. The graph illustrates that the BIM method 
offers higher efficiency and accuracy compared to the manual approach, particularly in 
the RSUD Boyolali project, which recorded cost savings of up to 9.25%. 

C. BIM Contribution to Sustainable Construction 
With the rapid development of the construction industry in Indonesia, a sustainable 
development approach is needed to reduce negative impacts on the environment. One 
strategic solution that can be implemented is the concept of green construction, which 
emphasizes energy efficiency, the use of environmentally friendly materials, and 
improved waste management (Majid, 2023; Mahardika et al., 2025). This concept not only 
focuses on resource efficiency but also incorporates principles of environmental 
preservation, material regeneration in line with the circular economy concept, energy 
savings, and the application of eco-friendly technologies. 
In line with this, green building has become a crucial approach in supporting low-carbon 
development. This is pursued through policies and programs that focus on improving 
the efficiency of energy, water, and eco-friendly material use, while also encouraging the 
adoption of low-carbon technologies in the construction sector (Adi & Andriyani, 2023). 
To support such sustainable development efforts, environmental assessments through 
the Life Cycle Assessment (LCA) method are essential, as they provide a comprehensive 
evaluation of environmental impacts from the beginning to the end of a building's life 
cycle. 
In addition, social and economic impact analyses must also be considered due to their 
relevance to holistic sustainability aspects. This process involves identifying key 
environmental impact indicators such as carbon emissions, natural resource utilization, 
and construction waste management systems. The analysis is conducted 
comprehensively across the pre-construction, construction, and operational or post-
construction phases (Kimsan, 2023). Furthermore, the application of Green Lean 
Construction (GLC) principles in construction projects is considered to offer significant 
benefits, including improved resource efficiency, reduced environmental impact, and 
enhanced quality and effectiveness of the construction process itself (Irmawaty et al., 
2025). 

D. Recent Challenges and Future Potentials 
Various studies have shown that the implementation of Building Information Modeling 
(BIM) in the construction sector still faces significant challenges, both at national and 
regional levels. In Johor, Malaysia, construction stakeholders have identified key barriers 
such as the high cost of software licenses, limited understanding of BIM’s benefits, and a 
lack of government regulations supporting the adoption of this technology (Roseli et al., 
2024). A similar situation is found in Bali, Indonesia, where the adoption rate of BIM 
remains low. This is mainly due to high costs, particularly related to software licensing, 
a shortage of skilled professionals, limited government support, resistance to changes in 
work processes, and the lack of established BIM standards in the field (Megapathi et al., 
2021). 
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Likewise, construction companies in Jambi also encounter comparable obstacles. These 
include limited understanding of BIM and its long-term benefits, insufficient government 
support, high hardware requirements, the expensive cost of BIM licenses, and low market 
or client demand (Azrita et al., 2024). In Malaysia, particularly among small and medium-
sized contractors (SMEs), challenges include lack of experience and skilled labor, low 
user awareness, and fragmentation within the construction industry that slows the 
adoption of BIM for project risk management (Ismail et al., 2022). 
Furthermore, in the context of the quantity surveying profession in Malaysia, although 
awareness of BIM is relatively high, actual implementation remains low. This is due to a 
lack of deep understanding of BIM’s benefits, unclear business value, and limited 
structured training and implementation strategies (Mustapa et al., 2022). In addition, a 
study in Sabah, Malaysia, revealed resistance to shifting from conventional work 
methods, high software costs, and a shortage of competent personnel to operate BIM 
tools. Although the government has provided support through standardization efforts 
and limited financial assistance, these barriers remain major obstacles to the widespread 
adoption of BIM (Jamaludin et al., 2022). 

CONCLUSION 
The findings of this study indicate that the implementation of Building Information 

Modeling (BIM) in Quantity Take-Off (QTO) for structural works—particularly in 

hospital construction—significantly enhances material calculation accuracy, cost 

efficiency, and time effectiveness. Case studies demonstrate up to 9.25% savings in 

structural costs, while also supporting sustainable construction practices through 

reduced waste and optimized resource use. However, implementation challenges such 

as high software licensing costs and a shortage of skilled professionals remain major 

barriers. Future research should focus on strategies to increase BIM adoption, including 

technical training integration and stronger government policy support. These findings 

are expected to encourage practitioners, academics, and policymakers to further explore 

and expand the application of BIM technology in construction projects across Indonesia.                       

REFERENCES  
Adi, T. J. W., & Andriyani, N. (2023). Model dekonstruksi bangunan berkelanjutan 

berbasis “reverse 4D BIM”. PADURAKSA: Jurnal Teknik Sipil Universitas 

Warmadewa, 12(2), 228–234. 

Apriansyah, R. (2021). Implementasi konsep Building Information Modelling (BIM) 

dalam estimasi quantity take off material pekerjaan struktural. 

Asih, W. R., Bayzoni, B., Husni, H. R., & Niken, C. (2022). Perbandingan Quantity Take 

Off (QTO) Material Berbasis Building Information Modeling (BIM) Terhadap 

Metode Konvensional pada Struktur Pelat. Jurnal Rekayasa Sipil dan Desain, 10(4), 

563–574. 

Azrita, N. M., Hidayat, B., & Ophiyandri, T. (2024). The Inhibiting Factors Analysis of 

BIM Implementation in Jambi City’s Construction Companies. CIVED, 11(1), 109–

119. 



 
Exploring the Potential of BIM-Based QTO for Hospital Structural Work to Support SDGs through Sustainable Construction 
 

  
Proceeding of International Joint Conference on UNESA 

 
 

6730 - 6 

 

Boote, D. N., & Beile, P. (2005). Scholars before researchers: On the centrality of the 

dissertation literature review in research preparation. Educational Researcher, 34(6), 

3–15. 

Cooper, H. (1998). Synthesizing research: A guide for literature reviews (2nd ed.). Sage 

Publications. 

Geng, Y., Dong, H., Xue, B., & Fu, J. (2015). An overview of energy consumption and 

carbon emissions in the Chinese hospital sector. Energy Policy, 85, 1–8.  

Handayani, A. T., Budiman, E., & Rahman, T. (2024). Penerapan Building Information 

Modelling (BIM) dalam Menghitung Quantity Take Off Material Struktur (Studi 

Kasus: Proyek Gedung Rumah Sakit Mata di Jl. M. Yamin, Kota Samarinda, 

Kalimantan Timur). Teknologi Sipil: Jurnal Ilmu Pengetahuan dan Teknologi, 8(1), 48–

56. 

Irmawaty, I., Hamzah, S., & Abdurrahman, M. A. (2025, June). Green Lean 

Construction: Sinkronisasi antara Efisiensi dan Keberlanjutan. In Prosiding Seminar 

Nasional Teknik Sipil UMS (pp. 110–117). 

Irawan, M. R., & Diredja, N. V. (2023). Analisis Quantity Take Off Struktur Beton 

Bertulang pada Rumah Sakit di Semarang Menggunakan Metode Building 

Information Modeling (BIM). Prosiding FTSP Series, 778–783. 

Ismail, N. A. A., Zulkifli, M. Z. A., Baharuddin, H. E. A., Ismail, W. N. W., & Mustapha, 

A. A. (2022, October). Challenges of adopting building information modelling 

(BIM) technology amongst SME’s contractors in Malaysia. In IOP Conference Series: 

Earth and Environmental Science (Vol. 1067, No. 1, p. 012047). IOP Publishing. 

Jesson, J., Matheson, L., & Lacey, F. (2011). Doing your literature review: Traditional 

and systematic techniques. Sage Publications. 

Kim, K., Kim, H., & Kim, H. (2016). Automated construction cost estimation using BIM-

based quantities. KSCE Journal of Civil Engineering, 20(6), 2348–2357.  

Kimsan, M. (2023). Konstruksi Gedung & Dampak Lingkungan: A Review. STABILITA 

Jurnal Ilmiah Teknik Sipil, 11(3). 

Kusumaningroem, T. T., & Gondokusumo, O. (2023). Comparison of building 

information modeling and conventional methods for concrete and rebar quantity 

take-off. International Journal of Application on Sciences, Technology and Engineering, 
1(2), 674–684. 

Lestari, R. T., Yufrizal, A. H., & Andreas, D. A. (2021). Kelebihan dan Kekurangan BIM 

untuk Estimasi Biaya Berdasarkan Studi Literatur. [Advantages and Disadvantages of 

BIM for Cost Estimation Based on Literature Studies]. 

Luangcharoenrat, C., Intrachooto, S., Peansupap, V., & Sutthinarakorn, W. (2019). 

Factors influencing construction waste generation in building construction: 

Thailand’s perspective. Sustainability, 11(13), 3638.  

Mahardika, D., Dewanti, R. P., & Subagyo, A. (2025). Strategi Green Construction dalam 

Konstruksi Berkelanjutan Untuk Bangunan Gedung Ramah Lingkungan Dan 

Ekonomis di Indonesia. Metta: Jurnal Ilmu Multidisiplin, 5(2), 52–61. 

Magfirona, A., Amar, T. I. B. K., & Failasufa, A. A. M. H. (2023). Analisis Komparasi 

Quantity Take Off Pekerjaan Struktur Berdasarkan Metode Konvensional Dan 



 
Exploring the Potential of BIM-Based QTO for Hospital Structural Work to Support SDGs through Sustainable Construction 
 

  
Proceeding of International Joint Conference on UNESA 

 
 

6730 - 7 

 

Metode BIM Studi Kasus: Perencanaan Omah DW. Jurnal TESLINK: Teknik Sipil 

dan Lingkungan, 5(2), 61–67. 

Majid, A. S. (2023). Implementasi Konstruksi Hijau Pada Proyek Engineering 

Procurement Construction Menggunakan Model Assesment Konstruksi Hijau. 

Innovative: Journal Of Social Science Research, 3(2), 3478–3488. 

Mattern, H., Scheffer, M., & König, M. (2018). BIM-based quantity take-off. In Building 

Information Modeling: Technology Foundations and Industry Practice (pp. 383–391). 

Cham: Springer International Publishing.  

Meisaroh, M., Husin, A. E., & Susetyo, B. (2021). Analysis of key success factors using 

RII method on the implementation Building Information Modeling (BIM)-based 

quantity take-off to improve cost performance hospital structure. Solid State 

Technology, 64(2), 3179–3188. 

Megapathi, I. M. A., Putera, I. G. A. A., & Jaya, N. M. (2021). Tingkat Implementasi dan 

Hambatan Adopsi Building Information Modeling pada Pelaku Proyek 

Konstruksi di Bali. Jurnal Spektran, 9(1), 1–11. 

Monteiro, A., & Martins, J. P. (2013). A survey on modeling guidelines for quantity take-

off-oriented BIM-based design. Automation in Construction, 35, 238–253.  

Paré, G., Kitsiou, S., & Jaana, M. (2015). Methods for identifying gaps in technology 

assessment and health-related systematic reviews: A scoping review. International 

Journal of Technology Assessment in Health Care, 31(3), 158–166. 

Roseli, F. A., Abas, N. H., Ibrahim, N. Q., & Ta’at, N. H. M. (2024). Barriers of Building 

Information Modelling (BIM) Implementation: Current Perspectives of 

Construction Stakeholders in Johor, Malaysia. Journal of Civil Engineering, Science & 

Technology, 15, 179–187. 

Rugas, Z., Waluyo, R., & Purwantoro, A. (2024). Analisis Quantity Take Off Dengan 

Metode Building Information Modeling Pada Pekerjaan Struktur Gedung 

Poltekkes Palangka Raya. Jurnal SAINTIS, 24(01), 29–38. 

Sadad, I., & Noviantoro, D. (2024). Implementasi Building Information Modeling (BIM) 

Menggunakan Metode Quantity Take Off Untuk Menentukan Volume Pekerjaan 

Struktur (Studi Kasus: Pembangunan Gedung Perpustakaan Kabupaten 

Pesawaran). Teknika Sains: Jurnal Ilmu Teknik, 9(2), 237–246. 

Saputra, C. G. P. H., Deni, D. P., Alfianarrochmah, I., Kurnianingsih, O., Rahmi, A. T., 

Pratiwi, K. H., ... & Halimah, R. S. N. (2024). Application of 5D Building 

Information Modeling Using Cubicost in Estimating Construction Structure Work 

Costs (Case Study: Emergency Room and Hemodialysis Building at Waras Wiris 

Local General Hospital of Boyolali, Indonesia). Engineering and Applied Science 

Research, 51(3), 276–285. 

Shen, Q., Wu, Y., & Ng, C. W. (2010). Risk assessment for construction joint ventures in 

China. Journal of Construction Engineering and Management, 136(11), 1167–1178. 

Snyder, H. (2019). Literature review as a research methodology: An overview and 

guidelines. Journal of Business Research, 104, 333–339.  

Succar, B. (2009). Building information modelling framework: A research and delivery 

foundation for industry stakeholders. Automation in Construction, 18(3), 357–375.  



 
Exploring the Potential of BIM-Based QTO for Hospital Structural Work to Support SDGs through Sustainable Construction 
 

  
Proceeding of International Joint Conference on UNESA 

 
 

6730 - 8 

 

Syed Jamaludin, S. Z. H., Ismail, N. A. A., Ibrahim, I. H., & Japlun, N. (2022). The 

Emerging Challenges of Adopting BIM in the Construction Industry: Evidence 

from Sabah, Malaysia. Journal of Smart Science and Technology (JSST), 2(1). 

Wang, L., Wang, J., Zhang, Y., & Yuan, Z. (2021). Promoting sustainable development 

goals through green hospital design: A framework. Sustainable Cities and Society, 
64, 102541.  

Zuo, J., & Zhao, Z.-Y. (2014). Green building research–current status and future agenda: 

A review. Renewable and Sustainable Energy Reviews, 30, 271–281.  
 


