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Abstract

Indonesia is one of the countries most vulnerable to disasters, where the destruction of health infrastructure—particularly
surgical facilities—often hampers emergency medical response. During disasters, the sharp increase in patients contrasts
with the limited availability of sterile and functional operating rooms. This study focuses on Aceh as a case study due to
its high disaster exposure and logistical challenges, while proposing a design model adaptable to other hazard-prone
regions. The research adopts a qualitative, evidence-based design (EBD) approach to develop a mobile emergency
operating room (MEOR) that integrates functionality, mobility, and sustainability. The proposed design utilizes a modified
20-foot shipping container equipped with a hydraulic expansion system and an inflatable tent module to enhance
operational flexibility. Supported by interdisciplinary collaboration among architects, engineers, medical professionals,
and disaster specialists, the design emphasizes five key parameters: mobility, modularity, portability, safety, and comfort.
Findings demonstrate that the Surgery on Wheels concept provides a viable and deployable solution for emergency
surgical services in disaster-stricken and remote areas. It offers an environmentally conscious model that supports both
disaster response and public health emergencies such as pandemics, advancing the discourse on resilient and sustainable
healthcare infrastructure in developing regions.
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Introduction

Indonesia is among the most disaster-prone countries globally, experiencing 3,233 recorded disasters in 2023
alone (BNPB, 2023). Over the past two decades, catastrophic events—including the 2004 Aceh Tsunami, the 2006
Yogyakarta and West Sumatra Earthquakes, the 2018 Palu Earthquake and Liquefaction, and the 2023 Cianjur
Earthquake—have repeatedly damaged vital infrastructure, such as hospitals. According to the Ministry of Health
(2022), out of 2,969 disasters from 2020-2024, 445 triggered health crises, including fatalities, injuries, and
destruction of health facilities. In 2019, these crises affected 34 provinces and 236 districts/cities, resulting in 796
fatalities, 2,486 severe injuries, over 1.2 million minor injuries, 465,306 displaced persons, and damage to 251
health facilities. To provide emergency medical care during disasters, portable healthcare facilities are typically
classified as either permanent, self-contained medical units with integrated power and mobility, or as temporary,

modular structures transported separately (Anantyo et al., 2023; Sheerazi et al., 2022).

In many major disasters, Indonesia has relied on emergency tents or temporary buildings constructed with

conventional methods, which are time-consuming and costly to set up (Yoga & Santoso, 2022). This situation
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underscores the urgent need for innovative, adaptive, and responsive healthcare solutions during emergencies,
especially in disaster-prone regions like Indonesia (Anantyo et al.,, 2023). Positioned on the “Ring of Fire,”
Indonesia is highly susceptible to geological disasters—earthquakes, volcanic eruptions, landslides, and
tsunamis—making preparedness essential to reduce casualties and losses (Usman et al., 2024; Yuniartanti, 2021).
The country is also threatened by hydrometeorological disasters such as floods and droughts, highlighting the
necessity for a comprehensive, integrated disaster management system (Haris et al., 2023). Therefore, developing
environmentally friendly and mobile emergency operating rooms, such as “Surgery on Wheels,” is critical to

deliver rapid, effective medical care in remote or disaster-stricken areas (Yoga & Santoso, 2022).

Field hospitals have long been utilized worldwide, but in Indonesia, their importance became especially prominent
during the COVID-19 pandemic. The Indonesian government constructed emergency hospitals, such as the
COVID-19 hospital at the athlete's dormitory, to accommodate patients. The Indonesian National Armed Forces
(TNI) also established rapidly deployable emergency hospitals, which proved invaluable during the pandemic. The
experience demonstrated that prefabricated modular construction methods can reduce setup time and minimize

disruption to the operation of existing hospitals (Chen et al., 2022).

Recent research shows a global shift toward modular, prefabricated, and portable technologies for emergency
medical facilities. Studies utilizing Building Information Modeling (BIM) reveal that modular systems can speed up
construction while enhancing energy efficiency and thermal comfort (Zhang & Sun, 2024). Other research has
introduced Modular Emergency Medical Facilities (MEMF), which prioritize adaptability, spatial flexibility, and
integrated utility systems for emergency scenarios (Jeong & Kim, 2025). Additionally, the Modular Adaptable
Hospital Design (MAHD), rooted in the Open Building Concept (OBC), is regarded as a sustainable strategy for
future medical facility design (Kucan et al., 2024).

Field hospitals in Indonesia are usually static and take considerable time to set up. However, there is growing
interest in developing mobile hospitals, with one such facility already established in North Sumatra. Despite Aceh's
high disaster risk, no mobile health facilities are currently available for emergency situations in the region. The
Aceh Government previously operated an Air Ambulance service from 2014 to 2017, which research showed
could provide much faster patient transfers (Silvalila, 2019). Therefore, ensuring the availability of mobile
healthcare facilities capable of delivering surgical and intensive care services rapidly—especially in disaster-prone

areas like Indonesia—is essential to reduce morbidity and mortality following disasters (Ophiyandri et al., 2023).

Operating rooms are vital during disaster emergencies such as earthquakes, tsunamis, and liquefaction events.
Immediate surgical intervention can mean the difference between life and death, but disasters often damage
existing health infrastructure, hindering access to urgent care. Rapid availability of operating rooms is therefore
essential for life-saving procedures, stabilizing patients, and preventing complications. A mobile, quickly
deployable operating room can greatly improve survival rates and the overall effectiveness of disaster response.
However, there are few designs focused specifically on mobile operating rooms that are rapidly deployable for

disaster situations, and most mobile hospitals in Indonesia remain largely static or slow to deploy.

The proposed mobile emergency operating room is designed to deliver surgical facilities that can be quickly
deployed during disasters or health crises requiring additional capacity. Its mobility allows medical teams to reach
remote or affected areas, thereby strengthening Aceh’s emergency response for both natural disasters and
disease outbreaks. The design focuses on portability, expandability, environmental sustainability, and prioritizes
mobility, modularity, safety, and comfort for both patients and medical staff. Beyond disaster situations, the
mobile operating room can serve as a backup when hospitals are damaged or overwhelmed, including during
pandemics. This solution aims to enhance health emergency management in a rapid, effective, and accessible

way.
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Despite advances in modular healthcare facility design and the clear need for rapid emergency medical response,
there remains a critical gap: Aceh and similar disaster-prone regions in Indonesia lack mobile, rapidly deployable
operating rooms capable of delivering urgent surgical care after disasters. Existing solutions—such as field
hospitals and emergency tents—are typically static, slow to deploy, and not specifically equipped for immediate
surgical intervention. This highlights the need for innovative, environmentally sustainable, and highly mobile

operating room designs tailored to the unique challenges faced by high-risk areas of Indonesia.

Therefore, the purpose of this study is to identify the optimal design requirements and strategies for developing
a mobile, rapidly deployable, and environmentally friendly emergency operating room—“Surgery on Wheels” —

that can provide effective surgical care during disaster response in Aceh and other high-risk regions of Indonesia.

Methods

Research Design and Evidence-Based Design (EBD) Approach

This study adopts a qualitative, evidence-based design (EBD) approach to develop a mobile emergency operating
room (MEOR) for disaster-prone areas in Aceh, Indonesia. Evidence-based design (EBD) is a research-backed
process that uses data from studies and feedback from users—such as patients, healthcare workers, and local
communities—to create environments that improve safety, efficiency, and well-being for everyone involved. EBD
is especially relevant in Aceh, where frequent disasters, isolated locations, and limited healthcare facilities make
innovative and portable medical solutions essential.

This approach ensures design decisions are based on data and evidence. It draws from literature, expert opinion,
and field experience, rather than relying only on intuition. This bridges theory and practice, supporting the

creation of a mobile hospital that is both operationally viable and responsive to context.

Study Context and Rationale

Aceh’s history of large-scale disasters, including the 2004 Indian Ocean tsunami, has highlighted the region’s
vulnerability. It also shows the urgent need for rapid-response medical infrastructure. During emergencies,
hospitals are often inaccessible due to damaged transportation routes and disrupted energy supplies. A mobile
emergency operating room offers a solution for providing life-saving services after disasters, especially in coastal
and rural areas. This study integrates design innovation with disaster management knowledge, contributing to
architecture and public health preparedness.

Collaborative and Multidisciplinary Framework
This research is founded on an interdisciplinary collaboration that brings together architects, engineers, medical
professionals, and disaster management specialists. Each discipline contributes expertise that collectively informs
the conceptualization and design of the MEOR.

. Architects were responsible for spatial planning, ergonomic layout, environmental control, and aesthetic
coherence while ensuring the effective integration of medical equipment.

. Engineers focused on the systems design, including mechanical, electrical, and structural components, as
well as equipment integration and maintenance protocols.

. Medical professionals contributed critical knowledge on clinical workflows, patient safety, sterilization
standards, and operational efficiency.

. Disaster management specialists ensured that the design incorporated contextual adaptability, scenario

planning, and risk reduction measures relevant to Aceh’s multi-hazard landscape.

This multidisciplinary structure ensured that both the design and research processes were comprehensive,
balancing practical functionality, technical feasibility, and environmental sensitivity. Technical feasibility refers to
the likelihood that the design can be practically realized using existing technologies and resources, while

environmental sensitivity relates to efforts to minimize negative impacts on the surrounding environment.
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Data Collection Methods

Data for this study were collected through a combination of qualitative and field-based approaches. Semi-
structured interviews were conducted with purposively selected doctors and nurses in Aceh to gather in-depth
insights into workflow challenges, safety considerations, and ergonomic needs in both hospital and emergency
settings. These interviews were audio-recorded and transcribed for thematic analysis. In parallel, field studies
were performed to assess the disaster risk profile and topographical characteristics of Aceh, providing crucial
context for spatial planning and structural design of the mobile operating room. This multi-method approach
ensured a comprehensive understanding of both user needs and environmental constraints relevant to the

development of an effective mobile emergency operating room.

Design Process and Stages

The design process for the mobile emergency operating room followed a multi-stage, iterative methodology to
ensure both rigor and practical relevance. It began with the identification and refinement of the design problem
through systematic problem analysis and an extensive review of relevant literature. This foundational stage
established conceptual directions and core design criteria by examining existing gaps in emergency medical
infrastructure and reviewing functional requirements and global precedents for mobile operating environments.

In the second stage, user experiences and operational needs were explored through purposive sampling of
medical practitioners in Aceh. Semi-structured interviews with doctors and nurses were conducted, audio-
recorded, and thematically analyzed to gain insights into workflow challenges, safety concerns, and ergonomic
requirements in both hospital and emergency contexts. Concurrently, field studies examined Aceh’s disaster risk
profile and topography to ensure that spatial planning and structural solutions matched the region’s logistical and
environmental realities.

Findings from these phases were synthesized to develop practical design knowledge and technical guidelines. The
research team translated these insights into detailed specifications and parameters for the prototype,
emphasizing sustainable technologies such as solar energy systems and modular waste management. This
collaborative and multidisciplinary approach ensured the design addressed functional, medical, and
environmental needs, while maintaining flexibility for deployment in post-disaster scenarios. Data triangulation
across literature, interviews, and field observations strengthened the credibility and robustness of the findings.

The final stage focused on evaluation and validation through structured focus group discussions with healthcare
professionals, engineers, and disaster response specialists, all selected for their direct experience and expertise.
Feedback was systematically analyzed using thematic analysis and incorporated into iterative design revisions.
Ethical approval for all interviews and discussions was obtained from the relevant institutional review board, and
informed consent was secured from all participants. This process resulted in a validated prototype that integrates
empirical evidence, expert judgment, and user-based evaluation, directly supporting the study’s research
purpose: to develop an effective, context-sensitive, and sustainable mobile emergency operating room for

disaster-prone regions like Aceh.

Ethical Considerations and Data Validation

All interviews and group discussions were conducted with informed consent and ethical approval. Data
triangulation improved the credibility of findings by combining literature, interviews, and field observations. This
evaluation also served as participatory validation, letting experts review and refine design outcomes.

Results

Structural Framework and Container Design
The mobile operating room design uses a standard 20-foot shipping container as its base. These containers have
external dimensions of 6.058 meters (20 feet) in length, 2.438 meters (8 feet) in width, and 2.591 meters (8.5
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feet) in height. Using shipping containers provides high mobility, modularity, and rapid deployment. These

features are especially important in emergency responses, such as in post-disaster regions in Aceh.

Previous studies have shown that standard shipping containers can be efficiently converted into treatment rooms,
operating theaters, laboratories, or isolation units. This allows large-scale facilities to be built quickly and with
little manpower (Gao et al., 2022; Hazra et al., 2020). A relevant example is the Smart Pod, which is also based on
an 8'x20’ container. It can be transported in its original form and then expanded into a 400 ft> medical facility.
The Smart Pod contains a negative-pressure isolation room, a vaccination area with optimized ventilation, and

disability-friendly access that complies with ADA standards (Petrova et al., 2021).

This modular concept supports flexibility and efficiency in healthcare delivery. Community-based clinics,
temporary laboratories, and mobile diagnostic units have used similar systems successfully. These examples show
that containerized facilities suit rural and remote areas (Arsyad Bahar et al., 2021). Therefore, a standard 20-foot
container provides a durable, sustainable base for mobile medical operations. It supports preparedness, flexibility,

and rapid deployment in disaster-prone areas. Figure 1 shows the container and vehicle integration.

Vehicle Integration and Mobility Concept

¥

(a) (b)
Figure 1. Container and vehicle for the mobile operating room: (a) 20-foot container; (b) Ural NEXT vehicle.
Source: Author’s work (2024).

Figure 1 illustrates the two key components of the Surgery on Wheels design:

1. the medical container and

2. thetransport vehicle.

The container serves as a portable emergency operating room. The vehicle, an off-road truck, drives mobility and
enables access to remote or damaged areas after disasters. This setup allows rapid relocation and flexible
deployment. It fits the study’s goal of reaching isolated communities in Aceh and other disaster-prone areas.

The design focuses on three main principles: mobility, modularity, and portability. Using a modular container on
a vehicle, the Surgery on Wheels unit delivers emergency surgical services with minimal environmental impact.
It's sustainable and reusable structure supports this. Figure 2 shows the expandable design developed to meet
these goals.
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(a) (b)

Figure 2. The expandable container (a) before being expanded (b) after being expanded
Source: Author’s work (2024)

Expandable Design and Hydraulic Support System
Figure 2 shows a hydraulic expansion system. This allows the container to unfold and stabilize on uneven terrain.

The figure displays the container mounted on a vehicle (1) and expanded with hydraulic supports (2).

This system ensures structural stability, safety, and comfort during medical operations, even on irregular surfaces.
Once in place, the compact container transforms into a complete operating theater. It is equipped for sterilization,
surgery, and postoperative care. The hydraulic system improves safety by reducing vibration and keeping the

structure level.

These features reflect the principles of mobility and modularity. They enable quick setup, efficient emergency
response, and adaptability to Aceh’s tough geography and disaster conditions. Together, they form the Surgery
on Wheels concept, which is both environmentally friendly and practical. Figure 3 shows the unit’s internal

circulation system.

FIGURE EXPLANATION

’—) utility room
operation room

Wisterile room
transition room
doctor room
pre-op room
post-op care room
—3» patient circulation
—> paramedic circulation

Figure 3. Circulation map for patients and paramedics
Source: Author’s work (2024).
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Circulation Layout and Infection Control
Figure 3 shows the internal circulation flow of patients (brown line) and staff (blue line) in the mobile facility. The
design uses one-way flow and spatial zoning. This setup is essential for preventing cross-contamination among

clean, semi-contaminated, and contaminated areas.

This layout follows modern medical architecture standards focused on infection control. Research shows that
one-way circulation designs greatly reduce nosocomial infection risks (Xiong et al., 2021). Including sterile rooms
and transition zones between operating and supporting areas improves workflow efficiency. Staff can enter

without crossing patient pathways.

Presterl et al. (2023) highlight that separate flows are crucial for future hospital designs. Guo et al. (2025) found
that multi-zone ventilation systems, which separate clean and contaminated airflow, help balance infection
prevention and energy efficiency. Fanelli et al. (2024) add that room isolation and spatial zoning are vital in
intensive care settings to prevent the spread of pathogens. Salonen et al. (2023) affirm that environmental design,
including circulation flow and spatial separation, is key for infection prevention. The spatial and ventilation setup

shown in Figure 3 puts evidence-based infection control principles into practice in a compact mobile facility.

Table 1. Essential Equipment and Technical Specifications of the Mobile Operating Room

Equipment

Function

Dimensions

Power / Utility Requirements

Operating Table

Patient Monitor

Surgical Lights

Electrosurgical Unit

(ESU)

Oximeter

ECG Machine

Supports the patient
during surgery and
allows for adjustable
positioning

Monitors vital signs,

including heart rate,

blood pressure, Sp0,,
and respiration

Provides bright, shadow-
free illumination of the

surgical field

Cuts and coagulates
tissue using high-
frequency electrical

current

Measures blood oxygen
saturation (SpO,)

Monitors cardiac

electrical activity

180 cm (L) x 60 cm
(W); supports up to
200 kg

35-45 cm (L) x 35—
45 cm (H) x 5-10
cm (D)

Light head
diameter 59-69
cm; depth of field
90-100 cm

Compact console

35-45 cm (L) x 35—
45 cm (H) x 5-10
cm (D)

Portable: 35—45 cm
(L) x 35—-45 cm (H)
x 5-10 cm (D)

Electro-hydraulic; mains AC 220-
240V, 50 Hz; electronic controls;

stainless steel frame; no battery

AC 220V, 50 Hz; rechargeable
battery backup; automatic switch

to battery during power loss

<65 W at 24V DC; AC 220-240V,
50 Hz; LED source with >30,000

hours lifespan

100-240 V AC, 50/60 Hz; up to
550 W (max HF 1600 W); foot
pedal control; monopolar: 350 W
cut, 200 W coagulation

AC 220V, 50 Hz; rechargeable
battery; portable operation

AC 220V, 50 Hz; may include
battery backup
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Drager Primus Delivers anesthesia
(Anesthesia Machine) gases and provides

patient ventilation

UV Lamp Sterilizer Sterilizes the air and

surfaces using ultraviolet

radiation
Digital Clock Assists with procedural
timekeeping
Thermohygrometer Measures temperature

and humidity in the

operating room

Approx. 80 cm (L) x
76 cm (W) x 85 cm

(H)

Ceiling-mounted

fixture

Wall-mounted or
tabletop (~30 cm
diameter)

Handheld or wall-
mounted (10-20

cm)

220-240V AC, 50 Hz, 3-phase;
gas supply (O, air, N,0); optional
battery backup; noise ~60 dBA

AC 220V, 50 Hz; 15-40 W

(depending on model)

Low power consumption; AC or
battery operated

Battery powered or low-voltage

AC; minimal power use

Equipment and Functional Layout

Table 1 lists the main equipment needed for a mobile operating room. Essential items include an operating table,

patient monitor, surgical lights, ESU, oximeter, ECG machine, anesthesia unit (Drager Primus), UV sterilizer, digital

clock, and thermohygrometer. Each item is chosen for compactness, reliability, and energy efficiency. This ensures

operational readiness, even in the field.

APPLICATION.

LAYOUT

Layout

1. Hydraulic System 5. Operating Table
2. Container door 6. Dragger

3. Wastafel 7. Trolley

4. Operating 8. Operating lamp
Room door

9. IV Line Stand

. Electricity

12. Battery and Waste

10. Medical gas storage

Figure 4. Layout of medical equipment and supporting equipment of operating room

Source: Author’s work (2024)

The internal layout in Figure 4 emphasizes spatial efficiency and zones for clean and contaminated areas. The

operating table sits at the center for optimal access. Supporting components—medical gas storage, power
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systems, and waste disposal units—are kept away from the sterile area. A handwashing sink at the entrance helps

with hygiene compliance. The arrangement supports ergonomic workflow and avoids cross-contamination.

This design matches recent research on the importance of linear circulation, modular zoning, and ergonomic
layout in mobile or temporary hospitals. These features enhance efficiency and infection prevention (Bright et al.,
2020; Nnaji et al., 2022; Shakeel et al., 2021; Tabadkani et al., 2023).

Design Parameters and Performance Evaluation
Five parameters define the Surgery on Wheels prototype’s performance:

1. Mobility — The unit is easy to deploy and transport across Aceh’s varied terrains. Its small size means it can
move quickly to disaster sites and support emergency healthcare access.

2. Modularity — The design has reconfigurable compartments that serve various needs, such as surgical,
diagnostic, or postoperative space. This flexibility meets changing medical demands.

3. Portability — The medical components, like surgical tables, lights, and sterilization units, are lightweight and
portable. This enables quick setup or takedown without losing function.

4. Safety — The design stays stable even on uneven ground or during aftershocks. Hydraulic supports and shock-
resistant structures enhance safety. Dedicated ventilation and contamination control systems maintain
sterility.

5. Comfortability — The interior design focuses on ergonomic space, proper lighting and ventilation, and

temperature control. This benefits both patient comfort and staff performance.

The Surgery on Wheels design shows how evidence-based architecture can create a functional, sustainable, and
mobile emergency medical facility for Aceh’s post-disaster needs. By integrating modularity, infection control,
and ergonomic workflow, it serves as a rapid-response surgical unit for various emergencies while maintaining
medical standards.

Discussion

Design Integration and Functional Synergy

The Surgery on Wheels prototype uses expandable containers and inflatable tents to meet the needs of rapid
medical deployment in disaster areas. The expandable container offers a stable and sterile setting for surgery.
The inflatable tent adds flexibility and can handle overflow patient care. This combined approach follows

Evidence-Based Design (EBD), basing design and engineering decisions on research and operational needs.

Expandable containers were chosen for their durability, ISO-standard sizing, and compatibility with HVAC, HEPA
filtration, and medical gas systems. These features are essential for maintaining sterility and safety in surgery.
Studies show Modular Integrated Construction (MiC) can reduce construction time and enable flexible use of
space. The rapid setup of COVID-19 hospitals in China proves that modular systems work for emergency
healthcare.

Inflatable tents are lightweight and deploy quickly. Their simple transport and setup suit early disaster response,
especially where roads are blocked. Budiyanto et al. (2024) showed that a 6x9 m? tent with a 3,600 W solar system
can power key equipment for up to twenty patients. Budiyanto et al. (2022) also built solar prototypes for isolation
units, supporting off-grid healthcare. In Surgery on Wheels, the container provides a sterile workspace, and the

tent increases capacity and flexibility.

Implementation Challenges and Operational Feasibility

Despite the hybrid design’s flexibility, real-world challenges remain. Logistics are a key issue. A 20-foot container
needs heavy vehicles and good roads, which are often unavailable after disasters. Mugisha et al. (2024) suggest
phased deployment: first use inflatable tents for triage, then add container operating rooms as roads reopen. This

matches common humanitarian logistics strategies.
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Maintenance and technical sustainability are other issues. Containers with positive-pressure and HEPA filters need
trained staff for calibration and filter changes. Inflatable tents may suffer from humidity, UV, and wear, especially
in the tropics. Solar systems add more complexity; batteries and inverters must be inspected and replaced

regularly for long-term use (Budiyanto et al., 2024).

Cost also limits scalability. Modular building shortens timelines, but medical upgrades, HVAC, and renewable
energy are expensive. Sheerazi et al. (2025) point out that mobile health units improve access, but cost—benefit

studies are needed. Success depends on good design, governance, funding, and long-term upkeep.

Operational readiness is key. A mobile operating room must deliver full surgical care with proper resuscitation
and anesthesia tools. It needs secure communication for coordination during emergencies (Lin et al., 2023;

McQueen & Kucik, 2020). These factors maintain patient safety and staff efficiency.

Design Implications for Disaster-Resilient Healthcare

The Surgery on Wheels model unites design and medical function in tough settings. Good spatial planning is vital
for efficiency and infection control. Zoning and careful layout reduce crowding and cross-contamination while
keeping equipment accessible. Brambilla et al. (2022) find that linear layouts and clear zones improve workflow
and response. Tzur Bitan et al. (2020) stress that emergency equipment should be simple and fail-safe, easing
demand on users during stress. Adaptability is key to disaster resilience. The design fits Aceh’s varied risks, such
as earthquakes, tsunamis, and floods. Structural reinforcement and shock-resistance keep the unit working after

shocks. Its modular setup lets it be reconfigured for triage, surgery, or recovery as needs change.

The design is rated by five factors: mobility, modularity, portability, safety, and comfort. Mobility uses compact
containers and off-road vehicles (Khan et al., 2020). Modularity allows a flexible layout and adding tents (X. Chen
etal., 2020). Portability comes from lightweight gear and hydraulic lifts (Teodorescu et al., 2022). Safety is ensured
with HEPA filters, UV cleaning, and sterile zones (Rowinski & Von Schreeb, 2021). Comfort, often missed in field
units, is provided by ergonomic design, good light, and ventilation for patients and staff (Kumar & Bowman, 2022).

The Surgery on Wheels project shows how evidence-based design can shape disaster-ready healthcare. Though
challenges in logistics, cost, and upkeep remain, the mix of modular architecture, green energy, and user-centered
design sets an example. Further study should test the model in humid tropics, analyze long-term costs, and
improve renewable energy to ensure lasting use. Combining adaptive architecture with clinical care can

strengthen healthcare in regions like Aceh, which face ongoing environmental risks.

This study confirms the value of Evidence-Based Design (EBD) for disaster-region healthcare. Every decision was
based on solid data, including fieldwork, expert interviews, and modular design research. The hybrid approach—
using both containers and tents—shows how adaptive, research-backed design supports care in tough situations.
Beyond technical results, the study adds to disaster resilience theory. Flexibility, sustainability, and people-
focused design all work together in mobile healthcare. Resilient systems depend on more than tough buildings;
they must adapt to crises in space, operations, and the environment. The Surgery on Wheels initiative is a useful

model for future EBD projects, showing that real preparedness grows from design, teamwork, and context sense.
Conclusions

The Surgery on Wheels introduces an innovative and modular approach to mobile surgical care for disaster-prone
and remote regions. This design is housed in a modified 20-foot ISO-standard shipping container. It balances
portability, durability, and adaptability. A hydraulic expansion system creates essential pre-operative and post-
operative spaces for efficient internal workflow. The containerized operating room is highly mobile and can be
rapidly transported to disaster-affected areas. It houses all necessary surgical equipment with a flexible internal
layout. Sustainability is ensured through solar energy systems and medical gas storage. This supports partial

energy independence and allows off-grid operation. The concept aligns with global trends in sustainable, disaster-
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resilient healthcare. This evidence-based design shows that modular, self-sufficient healthcare infrastructure
enables rapid deployment, functional efficiency, patient safety, and ergonomic comfort in emergencies. The
Surgery on Wheels concept is a scalable model for humanitarian and disaster-response operations. In the future,
it could incorporate telemedicine, remote diagnostics, and advanced monitoring to expand specialized care and
coordination. Ongoing collaboration among engineers, architects, and healthcare professionals is crucial. This will
help refine the design, maintain clinical standards, and boost the resilience of healthcare systems in disaster-

affected regions.

Acknowledgments

The authors would like to express their sincere gratitude to LPPM Universitas Syiah Kuala for funding this research
(Scheme: Penelitian Asisten Ahli], Grant Number: 510/UN11.2.1/PG.01.03/PTNBH/2024). Special thanks are
also extended to the Educational Hospital of Universitas Syiah Kuala (RSP USK) for providing essential data and
support throughout the study. The collaboration and contributions from all parties were invaluable to the
completion of this work.

References

Anantyo, D. T., Laksmi, Z. Z. A., Kadafi, K. T., Saputro, D. D., Leman, M. M., Aslinar, Nasution, B. B., Puspaningtyas,
N. W., Pohan, F. Z,, Purwana, I. N. A,, Reza, M., Effendy, J. A., Prawira, Y., & Yanuarso, P. B. (2023).
Implementation of Kaiser Permanente hazard vulnerability analysis at Indonesian emergency medical team
field hospital. E3S Web of Conferences, 464, 09001. https://doi.org/10.1051/e3sconf/202346409001

Arsyad Bahar, M., Samudro, H., & Yulianto, A. (2021). The modular structural system as an innovation for
temporary public healthcare project of 4th-year architecture students at UIN Maulana Malik Ibrahim
Malang.

BNPB. (2023). Data informasi bencana Indonesia. https://dibi.bnpb.go.id/

Brambilla, A., Mangili, S., Das, M., Lal, S., & Capolongo, S. (2022). Analysis of functional layout in emergency
departments (ED): Shedding light on the free-standing emergency department (FSED) model. Applied
Sciences, 12(10), 5099. https://doi.org/10.3390/app12105099

Bright, K. S., Charrois, E. M., Mughal, M. K., Wajid, A., McNeil, D., Stuart, S., Hayden, K. A., & Kingston, D. (2020).
Interpersonal psychotherapy to reduce psychological distress in perinatal women: A systematic review.
International ~ Journal  of  Environmental  Research and  Public  Health, 17(22), 8421.
https://doi.org/10.3390/ijerph17228421

Budiyanto, H., Bonifacius, N., & Boedi Setiawan, A. (2024). Green management for disasters using an inflatable
tent prototype with a solar power plant. KnE Social Sciences. https://doi.org/10.18502/kss.v9i29.17255

Budiyanto, H., Bonifacius, N., & Setiawan, A. B. (2022). Inflatable tent for COVID-19 isolation and disaster response
with independent solar energy.

Chen, L., Zhai, C., Wang, L., Hu, X., & Huang, X. (2022a). Modular structure construction progress scenario: A case
study of an emergency hospital to address the COVID-19 pandemic. Sustainability, 14(18), 11243.
https://doi.org/10.3390/su141811243

Chen, L., Zhai, C., Wang, L., Hu, X., & Huang, X. (2022b). Modular structure construction progress scenario: A case
study of an emergency hospital to address the COVID-19 pandemic. Sustainability, 14(18), 11243.
https://doi.org/10.3390/su141811243

Chen, X,, Lu, L., Shi, J., Zhang, X., Fan, H., Fan, B., Qu, B., Lv, Q., & Hou, S. (2020). Application and prospect of a
mobile hospital in disaster response. Disaster Medicine and Public Health Preparedness, 14(3), 377—383.
https://doi.org/10.1017/dmp.2020.113

Fanelli, C., Pistidda, L., Terragni, P., & Pasero, D. (2024). Infection prevention and control strategies according to
the type of multidrug-resistant bacteria and Candida auris in intensive care units: A pragmatic resume
including  pathogens Ro and a cost-effectiveness analysis.  Antibiotics,  13(8), 789.
https://doi.org/10.3390/antibiotics13080789

Gao, M. Z, Chou, Y. H., Chang, Y. Z, Pai, J. Y., Bair, H., Pai, S., & Yu, N. C. (2022). Designing mobile epidemic
prevention medical stations for the COVID-19 pandemic and international medical aid. International Journal

181


https://doi.org/10.1051/e3sconf/202346409001
https://dibi.bnpb.go.id/
https://doi.org/10.3390/app12105099
https://doi.org/10.3390/ijerph17228421
https://doi.org/10.18502/kss.v9i29.17255
https://doi.org/10.3390/su141811243
https://doi.org/10.3390/su141811243
https://doi.org/10.1017/dmp.2020.113
https://doi.org/10.3390/antibiotics13080789

https://jurnal.usk.ac.id/IJDM
ISSN: 2527-4341  P-ISSN: 2808-439X, Vol. 8:3, pp 171-184

of Environmental Research and Public Health, 19(16), 9959. https://doi.org/10.3390/ijerph19169959

Guo, M., Zhao, W., Zhang, X., Ai, Z., & Zhang, R. (2025). A multi-zone optimal ventilation strategy for post-
pandemic hospitals: Balancing infection risk and energy efficiency under seasonal-varying respiratory
diseases across climate zones. Buildings, 15(7), 1019. https://doi.org/10.3390/buildings15071019

Haris, N., Furgan, A. C., Kahar, A., & Karim, F. (2023). Disaster risk index on disaster management budgeting:
Indonesia’s  national data set. Jambd: Journal of Disaster Risk Studies, 15(1), 1365.
https://doi.org/10.4102/jamba.v15i1.1365

Hazra, A., Collison, M., Pisano, J., Kumar, M., Oehler, C., & Ridgway, J. P. (2020). Coinfections with SARS-CoV-2 and
other respiratory pathogens. Infection Control and Hospital Epidemiology, 41(10), 1228-1229.
https://doi.org/10.1017/ice.2020.322

Jeong, H., & Kim, S. H. (2025). Derivation of architectural planning elements for sustainable utilization of modular
emergency medical facilities (MEMF). International Journal of Sustainable Building Technology and Urban
Development, 16(2), 268—289. https://doi.org/10.22712/susb.20250017

Kementerian Kesehatan Republik Indonesia. (2022). Rencana aksi kegiatan Pusat Krisis Kesehatan tahun 2020—
2024.

Khan, A., Munir, A., Kaleem, Z., Ullah, F., Bilal, M., Nkenyereye, L., Shah, S., Nguyen, L. D., Riazul Islam, S. M., &
Kwak, K. S. (2020). RDSP: Rapidly deployable wireless ad hoc system for post-disaster management. Sensors,
20(2), 548. https://doi.org/10.3390/s20020548

Kucan, G., Tan, T., Grossmann, D., Graser, K., & Hall, D. M. (2024). Sustainable future-proof healthcare facilities:
Modular and adaptable design approach. Journal of Management in Engineering, 40(6), 04024061.
https://doi.org/10.1061/jmenea.meeng-5942

Kumar, A. R., & Bowman, H. (2022). Understanding the safety and usability of personal vehicles for non-driving
individuals with disabilities and their families/care providers. https://doi.org/10.31979/mti.2022.2110

Lin, Y., Savage, T., Gravel, G., Davidson, J., Tofil, N., Duff, J., & Cheng, A. (2023). Who is the real team leader?
Comparing leadership performance of the team leader and CPR coach during simulated cardiac arrest.
Resuscitation Plus, 14, 100400. https://doi.org/10.1016/j.resplu.2023.100400

Mugisha, N., Uwishema, O., Noureddine, R., Ghanem, L., Manoel, A. Z., & Shariff, S. (2024). Utilization of mobile
surgical units to address surgical needs in remote African communities: A narrative review. BMC Surgery,
24(1), 2596. https://doi.org/10.1186/s12893-024-02596-9

Nnaji, P. T., Morse, H. R., Adukwu, E., & Chidugu-Ogborigbo, R. U. (2022). Sponge—microbial symbiosis and marine
extremozymes: Current issues and prospects. Sustainability, 14(12), 6984.
https://doi.org/10.3390/su14126984

Ophiyandri, T., Kholidasari, I., Sundari, S., & Kaewsaengon, R. (2023). Disaster logistics management in Pasaman
after the 2022 earthquake. E3S Web of Conferences, 464, 03005.
https://doi.org/10.1051/e3sconf/202346403005

Pan, W., & Zhang, Z. (2022). Evaluating modular healthcare facilities for COVID-19 emergency response: A case of
Hong Kong. Buildings, 12(9), 1430. https://doi.org/10.3390/buildings12091430

Petrova, E., Farinholt, T., Joshi, T. P., Moreno, H., Al Mohajer, M., Patel, S. M., Petrosino, J., & Anandasabapathy,
S.(2021). A community-based management of COVID-19 in a mobile container unit. Vaccines, 9(11), 1362.
https://doi.org/10.3390/vaccines9111362

Presterl, E., Diab-Elschahawi, M., Lohfert-Praetorius, C., Gierlinger, S., Wetzlinger, H., & Zingg, W. (2023).
Customising hospitals for the future: A perspective focusing on infection prevention and control. Discover
Health Systems, 2(1), 39. https://doi.org/10.1007/s44250-023-00039-5

Rowinski, A., & von Schreeb, J. (2021). Decontamination of surgical instruments for safe wound care surgeries in
disasters: What are the options? A scoping review. Prehospital and Disaster Medicine, 36(5), 645—-650.
https://doi.org/10.1017/s1049023x2100090x

Salonen, N., Ahonen, M., Sirén, K., Makinen, R., Anttila, V. J., Kivisaari, M., Salonen, K., Pelto-Huikko, A., & Latva,
M. (2023). Methods for infection prevention in the built environment: A mini-review. Frontiers in Built
Environment, 9, 1212920. https://doi.org/10.3389/fbuil.2023.1212920

182


https://jurnal.usk.ac.id/IJDM
https://doi.org/10.3390/ijerph19169959
https://doi.org/10.3390/buildings15071019
https://doi.org/10.4102/jamba.v15i1.1365
https://doi.org/10.1017/ice.2020.322
https://doi.org/10.22712/susb.20250017
https://doi.org/10.3390/s20020548
https://doi.org/10.1061/jmenea.meeng-5942
https://doi.org/10.31979/mti.2022.2110
https://doi.org/10.1016/j.resplu.2023.100400
https://doi.org/10.1186/s12893-024-02596-9
https://doi.org/10.3390/su14126984
https://doi.org/10.1051/e3sconf/202346403005
https://doi.org/10.3390/buildings12091430
https://doi.org/10.3390/vaccines9111362
https://doi.org/10.1007/s44250-023-00039-5
https://doi.org/10.1017/s1049023x2100090x
https://doi.org/10.3389/fbuil.2023.1212920

Rahmatika et al.

Shakeel, S., Iffat, W., Qamar, A., Ghuman, F., Yamin, R., Ahmad, N., Ishaqg, S. M., Gajdacs, M., Patel, |., Jamshed, S.,
& Mohamed, A.-L. (2021). Pediatricians’ compliance to the clinical management guidelines for community-
acquired pneumonia in infants and young children in Pakistan. Healthcare, 9(6), 701.
https://doi.org/10.3390/healthcare9060701

Sheerazi, S., Awad, S. A., & von Schreeb, J. (2025). Use of mobile health units in natural disasters: A scoping review.
BMC Health Services Research, 25(1), 12067. https://doi.org/10.1186/s12913-024-12067-9

Sheerazi, S., Awad, S., & von Schreeb, J. (2022). Use of mobile health units in natural disasters: A scoping review.
Prehospital and Disaster Medicine, 37(S2), S88. https://doi.org/10.1017/s1049023x2200187x

Silvalila, M. (2019). Pelayanan ambulan udara di Provinsi Aceh. Ked. N. Med, 2(1).

Tabadkani, A., Nikkhah Dehnavi, A., Mostafavi, F., & Naeini, H. G. (2023). Targeting modular adaptive facade
personalization in a shared office space using fuzzy logic and genetic optimization. Journal of Building
Engineering, 69, 106118. https://doi.org/10.1016/j.jobe.2023.106118

Teodorescu, D. L., Jonnalagedda, S., Rakin, A., Teodorescu, M. H. M., Kenney, M., Greene, J., Bokshan, S,
Mashbari, H., Moten, A., Alser, O., Sinyard, R. D., Dorken-Gallastegi, A., Mahajan, A., Smalley, R. J., Frey, D.,
King, D. R., & Cherian, M. N. (2022). User-centred innovation to advance safe surgery at the point of need:
Report on development of the Surgifield system. BMJ Innovations, 8(4), 317-322.
https://doi.org/10.1136/bmjinnov-2021-000893

Tzur Bitan, D., Grossman-Giron, A., Bloch, Y., Mayer, Y., Shiffman, N., & Mendlovic, S. (2020). Fear of COVID-19
scale: Psychometric characteristics, reliability, and validity in the Israeli population. Psychiatry Research,
289, 113100. https://doi.org/10.1016/|.psychres.2020.113100

Usman, F., Kurniawan, E. B., Fathoni, M., & Rozikin, M. (2024). Tsunami disaster preparedness in Tambakrejo
Village, Sumbermanjing Wetan District, Malang, Indonesia. Evergreen, 11(2), 1182-1189.
https://doi.org/10.5109/7183421

Xiong, L., Sheng, G., Fan, Z. M., Yang, H., Hwang, F. J., & Zhu, B. W. (2021). Environmental design strategies to
decrease the risk of nosocomial infection in medical buildings using a hybrid MCDM model. Journal of
Healthcare Engineering, 2021, 5534607. https://doi.org/10.1155/2021/5534607

Yoga, S., & Santoso, A. (2022). Healthcare supply chain in disaster operations in Indonesia: State of the art. Journal
of Disaster Management Studies, 17(1).

Yuniartanti, R. K. (2021). Konsep penataan ruang kawasan rawan bencana (KRB) tsunami di Kabupaten
Karangasem, Pulau Bali. Journal of Regional and Rural Development Planning, 5(1), 1-14.
https://doi.org/10.29244/jp2wd.2021.5.1.1-14

Zhang, G., & Sun, J. (2024). Research on modular space design of emergency hospitals based on BIM technology
innovation. Buildings, 14(10), 3237. https://doi.org/10.3390/buildings14103237

183


https://doi.org/10.3390/healthcare9060701
https://doi.org/10.1186/s12913-024-12067-9
https://doi.org/10.1017/s1049023x2200187x
https://doi.org/10.1016/j.jobe.2023.106118
https://doi.org/10.1136/bmjinnov-2021-000893
https://doi.org/10.1016/j.psychres.2020.113100
https://doi.org/10.5109/7183421
https://doi.org/10.1155/2021/5534607
https://doi.org/10.29244/jp2wd.2021.5.1.1-14
https://doi.org/10.3390/buildings14103237

https://jurnal.usk.ac.id/IJDM
ISSN: 2527-4341  P-ISSN: 2808-439X, Vol. 8:3, pp 171-184

184


https://jurnal.usk.ac.id/IJDM

