[image: Изображение выглядит как текст, Шрифт, снимок экрана, Графика

Автоматически созданное описание] 
JOINT DEVELOPMENT OF CONSTRUCTION PRACTICES, TECHNOLOGIES AND TOOLS

ANALYTICAL REPORT
PREPARATORY STAGE OF NUCLEAR POWER PLANT CONSTRUCTION
ANALYSIS OF THE CREATION OF TEMPORARY CONSTRUCTION INFRASTRUCTURE TO ACCOMMODATE LARGE WORKFORCE CONTINGENTS (10,000+ PEOPLE) ON LARGE-SCALE CONSTRUCTION PROJECTS OVER THE PAST FIVE YEARS
1. Summary
Large-scale, world-class construction projects, characterized by significant capital intensity and complexity, increasingly require the creation of large temporary housing camps (THCs) to accommodate tens of thousands of workers. Over the past five years, there has been a steady increase in the scale and complexity of such THCs, transforming them from simple temporary shelters into fully-fledged, comprehensively managed mini-cities. This transformation is driven by both the remoteness of many megaprojects and the need to attract large workforces, often from different regions and countries.
Key trends in the development of VZhG include the widespread adoption of modular technologies and lightweight thin-walled steel structures (LSTS), which allow for faster construction, ensure quality control, and adapt solutions to harsh climatic conditions. Financial models for VZhG construction range from direct client financing to complex public-private partnership (PPP) schemes and DBFO (design-build-finance-operate) contracts, demonstrating a strategic approach to outsourcing these non-core functions for developers.
The sustainability of supply chains for materials and components for VZhG is becoming increasingly important, especially when implementing projects in remote regions. Global manufacturers, particularly those from China, are increasingly important, offering competitive solutions in terms of cost and production scale. However, dependence on a single source of supply carries risks, making multi-sourcing strategies relevant.
The logistics of delivering modules and materials to sites is becoming critical, especially in hard-to-reach areas such as the Arctic or the desert regions of the Middle East. Transportation challenges directly impact the design choices and overall strategy for building a VZhG. At the same time, compliance with international worker welfare standards, such as the International Finance Corporation (IFC) Performance Standards, is becoming an essential requirement, impacting the project's reputation and its attractiveness to international financing and skilled labor.
This report provides a detailed analysis of these aspects, based on case studies of major construction projects and the activities of leading global HVAC solution providers.
2. Global landscape of large temporary housing communities (THC) (last 5 years)
Over the past five years (approximately from 2019 to 2024/2025), the global construction market has witnessed the implementation of a number of unprecedentedly large-scale projects requiring the mobilization of massive labor resources and, as a result, the creation of temporary housing camps (THCs) with a capacity of 10,000 people or more. The main drivers for the creation of such large THCs are the geographic remoteness of construction sites from existing settlements, a shortage of skilled labor at the local level, which requires the involvement of migrants, and the sheer scale and duration of the projects. 1 Analysis shows that such THCs are primarily concentrated in regions with active investments in new infrastructure, resource extraction, or the implementation of ambitious development plans.
Key projects and their VZhG:
· NEOM Project, Saudi Arabia: This futuristic megaproject envisions a 30,000-person construction village with the potential to expand to over 100,000. 4 Contracts to build the Construction Village have been awarded to Al-Tamimi Group and SATCO, who will also operate the facilities for 10 years. 4 Engineering Consultants Group (ECG) is designing five NCVs. 6 Alfanar is developing five sustainable housing complexes for over 50,000 residents using relocatable modular units. 8 Moddsys is developing a 33,000-person village using 1,364 modules. 10 Red Sea International has been awarded the contract to build a worker camp at the Trojena Dam project. 12 The scale of the NEOM project and the long-term contracts for the operation of the VZhG (10 years) indicate that these facilities are viewed not simply as temporary housing, but as full-fledged infrastructure units requiring professional management and compliance with high standards, including IFC standards. 4 Modular construction is widely used. 8
· Red Sea Project (Red Sea Global), Saudi Arabia: This major tourism project is creating the Turtle Bay village, designed to accommodate 6,000 people currently and up to 14,000 eventually, including workers, staff, and management. 17 Off -site fabrication and modular construction technologies are being used extensively in construction. 17 A separate "Construction Village" is designed to initially accommodate 10,000 workers (contracted by ARCCO-Speedhouse and Al Majal Al Arabi Group) with the potential to expand to accommodate an additional 25,000 people. 15 Here, too, an emphasis is placed on prefabricated and modular construction. Maani Gulf is collaborating with Al-Majal Al-Arabi on a lightweight steel framing camp for 5,000 workers. 21 GS Housing supplied flat-pack container homes for the Shebara Workers' Camp. 22 These examples demonstrate the phased development of VZhG, the focus on modularity and prefabrication to ensure speed and environmental friendliness, and the involvement of specialist contractors.
· Tengiz Future Growth Project (FGP-WPMP), Kazakhstan: The project's peak workforce reached 53,000 people. 23 To accommodate them, large camps were built, such as Orken, with 5,000 modern, high-quality rooms (general contractor ISKER Group) 24 and Shanyrak. The main FGP-WPMP project utilized modules manufactured in Kazakhstan, South Korea, and Italy. 23 The extreme scale of the project in a remote and climatically challenging location highlights the logistical challenges for both the production modules and the camps, which were built to international standards.
· Yamal LNG Project, Sabetta, Russia (Arctic): The peak construction workforce on site was estimated at 11,000–12,000. 25 Some sources mention a camp for 30,000 people , 26 which may refer to the total phased population or the combined capacity of the various facilities. Velesstroy built a 1,500-person camp for Vinci. 28 The main LNG plant made extensive use of modular designs. 29 Chinese companies were involved in the fabrication of modules for the LNG plant. 32 This project demonstrates the challenges of construction in Arctic conditions, the high reliance on modularity for the main production (which implies similar needs for housing), and the involvement of international contractors and suppliers. Project financing included Chinese banks. 34
· Amur Gas Processing Plant (GPP), Svobodny, Russia: DORCE constructed a work camp for 17,250 people using the Prefabricated Modular Steel Building system. 35 The project client is Gazprom. 36 The peak workforce during the GPP construction reached 35,000 people; a permanent residential community for 5,000 residents is also under construction. 36 This case study demonstrates the construction of a large-scale VGZ by an international specialist contractor (DORCE) using modular steel systems in harsh climatic conditions.
· 2022 FIFA World Cup Infrastructure Projects, Qatar: The largest residential camps were built to accommodate workers engaged in the construction of the 2022 World Cup venues. The Barwa Al Baraha (Labor City) complex is designed to accommodate 50,000–53,000 workers and includes 64 three-story residential buildings (G+3). 38 Waseef is managing and operating the complex. 41 More than 60% of the workers were housed in centralized camps near the stadiums. 43 Particular attention was paid to compliance with Worker Welfare Standards. 43 This case stands out for its extremely large scale of accommodation and the increased attention to living standards dictated by international controls. Mixed construction methods were likely used.
· Arctic LNG 2 Project, Russia: The project is subject to US sanctions, which impacts LNG transportation. 48 Chinese companies are actively involved in the production of key components (modules) for the plant. 32 Specific data on the capacity of the work camps and available materials is not available, but the scale of the project implies significant requirements.
· LNG projects in Mozambique (TotalEnergies & ExxonMobil/Eni - Rovuma LNG): At the Afungi site, TotalEnergies' camp provides fully furnished, air-conditioned rooms with private bathrooms, communal areas for dining, recreation, and exercise. Wi-Fi, medical care, and 24-hour emergency assistance are also available. The camps' capacity for 10,000+ people is not specified in these sources, but the Rovuma LNG project, with an annual capacity of 18 million tons, requires a large workforce. This example illustrates a comprehensive approach to providing living conditions and comfort in remote and challenging conditions.
The scale of the workforce involved in modern megaprojects (from 10,000 to over 100,000 people) objectively requires a transition from the creation of basic temporary shelters to the formation of strategically planned, fully functional temporary cities (FTCs). This is confirmed by the examples of NEOM 4 , Red Sea Global 15 , Tengiz FGP 23 , Yamal LNG 25 , Amur Gas Processing Plant 35 , and the 2022 World Cup facilities in Qatar 38 , where extensive infrastructure was created to accommodate personnel, including not only housing but also catering facilities, medical services, leisure facilities, and administrative facilities. 1 The very terminology "Construction Village" or "Residential Community" used in the NEOM and Red Sea 4 projects indicates a transition from basic "camps" to more integrated and permanent temporary settlements. Such scale requires specialized planning, design, construction, and operation, often resulting in separate contracts for the construction of these water supply systems. 4 Thus, global practice demonstrates a clear trend: as the scale and remoteness of projects increase, water supply systems become critical subprojects requiring complex, integrated solutions.
Geographically, the most prominent examples of residential housing developments with a capacity of over 10,000 people over the past five years have been concentrated in regions experiencing massive investment in new infrastructure, resource extraction, or transformative development. These are primarily in the Middle East (Saudi Arabia, Qatar) and remote, resource-rich regions (the Russian Arctic, Kazakhstan). Vision 2030 projects in Saudi Arabia, such as NEOM and Red Sea Global, are generating unprecedented demand for construction labor and, consequently, housing for them. 4 Qatar's preparations for the 2022 FIFA World Cup have led to the creation of giant worker cities, such as Barwa Al Baraha. 38 Large oil and gas projects in remote and often harsh climates, such as Yamal LNG (Russian Arctic) , 25 the Amur Gas Processing Plant (Russia), 35 and the Tengiz FGP (Kazakhstan) , 23 by their nature require the creation of large, self-sufficient worker camps due to the lack of existing local infrastructure and labor force. These projects are often driven by national strategic interests (energy security, economic diversification) and involve significant state or state-backed investment. Thus, the emergence of these super-large LNG projects is not a random phenomenon, but a direct consequence of specific economic and geopolitical factors that concentrate large capital and labor forces in certain regions.
3. Strategic decisions in the creation of temporary residential towns (TRT)
The creation of a VZhG to accommodate 10,000 or more people requires a number of strategic decisions regarding funding models, as well as compliance with regulatory requirements and standards for the welfare and safety of workers.
Financing models:
There are several main approaches to financing the VZhG in large construction projects:
· Client-Funded/Owned: The client (the project developer) directly finances and owns the VZhG. This model provides maximum control but also assumes all financial and operational risks. This approach may be typical for projects where the VZhG is considered an integral part of the overall site infrastructure, such as at some Rosatom State Corporation facilities.
· Contractor/Subcontractor-Provided: Responsibility for providing worker housing rests with the general contractor or specialized subcontractors as part of their contract. In this case, the cost of housing is included in the overall project estimate. Examples include the construction of the Orken settlement at the Tengiz field by ISKER Group 24 or the construction of a camp at the Amur Gas Processing Plant by DORCE .
· Build-Own-Operate (BOO) / Build-Own-Operate-Transfer (BOOT) / Design-Build-Finance-Operate (DBFO) / Public-Private Partnership (PPP) models: These models involve private companies or consortiums financing, designing, constructing, and operating a HPP for a specified period, recouping their investment through payments from the project owner or general contractor. NEOM projects are actively pursuing this approach, awarding DBFO contracts to Al-Tamimi, SATCO 4 , and a consortium including Alfanar, Almutlaq, Nesma, Tamasuk (Al Majal Al Arabi & SATCO) for residential complexes. 8 ADNOC has also engaged partners for DBFO construction of housing for 5,800 employees. 87 Fluence offers BOO services for remote worker settlements. 89 These models allow the transfer of risks and operational burdens from the main project developer to specialized housing providers, which potentially improves the quality and efficiency of housing management. 89
· Developer/Concessionaire Model: In some large development projects (e.g. NEOM, Red Sea Global), the master developer acts as the client, purchasing the services of the VZhG construction from contractors/operators.
The increasing use of DBFO/BOO/PPP models for large-scale temporary housing developments (4) indicates a strategic shift by megaproject developers toward de-risking and delegating the complexities associated with creating and managing these large temporary cities to specialized organizations. This ensures focus on the core tasks of the project while leveraging expertise to accommodate workers. Megaprojects are inherently complex and capital-intensive; adding the burden of financing, constructing, and operating a city for 10,000+ people diverts resources and management attention. 91 Specialized companies (e.g., Al-Tamimi, SATCO, Alfanar for NEOM 4 ) can achieve economies of scale and operational efficiencies in camp management that a primary construction developer may not. Long-term operating contracts (e.g., 10 years for the NEOM 4 villages ) mean that these facilities are not simply built and handed over, but require ongoing professional management. This model is consistent with the broader trend of outsourcing non-core activities in large enterprises. Financial commitments (e.g., 21 billion Saudi riyals for NEOM communities 16 ) also make specialized financing instruments attractive. Therefore, the strategic solution is to transfer responsibility for the WHS lifecycle to organizations for which this is a core business, ensuring quality and potentially better cost control in the long term.
Regulatory requirements and welfare standards:
Maintaining living and safety standards is a key factor when creating a VZH.
· IFC Performance Standard 2 (Labor and Working Conditions): This standard is crucial for internationally financed projects. It sets requirements for the quality, safety, living space, and amenities (sanitation, water, lighting, ventilation, food preparation/storage, and medical care) of worker housing. 92 Particular attention is paid to the principles of non-discrimination and freedom of movement/association.
· The IFC/EBRD Good Practice Guidance: Worker Accommodation – Processes and Standards (2009): Provides detailed guidance. 59 Although the document is dated 2009, its principles remain fundamental. More recent IFC PS2 summary slides and IOM checklists also reaffirm these principles. 96
· National labor laws and standards: Compliance is mandatory. Megaprojects often strive for "best international practices," which may exceed local laws, especially under intense international scrutiny (e.g., Worker Welfare Standards for the 2022 World Cup in Qatar 43 ).
· Owner's own standards: Project owners, such as NEOM 4 and Red Sea Global 15 , often set their own high standards, sometimes citing the IFC.
The explicit reference to and adherence to IFC Performance Standards 4 and high internal standards (e.g., Qatar World Cup 44 , NEOM 60 ) for worker accommodation on recent megaprojects reflects a growing understanding that high worker welfare is critical to a project's success, its reputation, and the attraction of international finance and labor. Megaprojects often rely on international financing, which increasingly requires compliance with standards such as IFC PS2. 92 High-profile projects (e.g., Qatar 2022 World Cup 44 ) have faced increased scrutiny of worker conditions, leading to a greater emphasis on their welfare. Attracting and retaining large, skilled, often international, workforces for projects in remote or harsh environments 1 requires ensuring a decent quality of life. Poor conditions lead to low morale, low productivity, and high worker turnover. Detailed amenity lists for projects like NEOM 4 and Red Sea 15 extend beyond basic needs to include extensive recreational and social facilities. Thus, strategic HVAC decisions are increasingly driven not only by cost and logistics, but also by the need to meet or exceed international welfare standards to ensure the project's viability and social license to operate.
4. Element base and typologies of modern workers' towns (MWT)
Modern residential housing complexes for large workforces are complex facilities, incorporating a variety of elements to support the living, working, and recreational needs of personnel. The elements of such towns have evolved significantly from providing basic housing to creating integrated communities.
The main components of the VZhG:
· Residential modules:
· Dormitories for workers (the most common type). 1
· Rooms for one/two people (for engineering and technical staff and management personnel). 28
· Modular blocks, container houses, and prefabricated buildings are widely used. 1
· IFC recommendations include a minimum area per person (4-5.5 m²), separate beds, a limited number of people in a room (2-8 people), storage space, and ventilation. 59
· Administrative buildings: Offices for construction management, meeting rooms, premises for project teams. 134
· Food facilities: Large canteens, kitchens with industrial equipment, storage areas for dry and perishable foods. 1 IFC guidelines contain requirements for food preparation hygiene. 97
· Sanitary and domestic facilities: Sanitary blocks, toilets, showers, laundries. IFC recommendations set standards (one unit per 6-15 people), the availability of hot/cold water, and hygiene requirements .
· Medical institutions: medical centers, emergency rooms, pharmacies. 1
· Recreation and amenities: Sports grounds (cricket, football, basketball, volleyball), gyms, running tracks, swimming pools, cinemas, games rooms, libraries, Internet/Wi-Fi access, multi-purpose halls, mosques. 1
· Security infrastructure: Fencing, access control systems, checkpoints, video surveillance systems. 134
· Engineering support: Electricity supply (often from own generators), water supply (drinking and technical, often with water treatment), sewerage and waste disposal systems (solid household waste, wastewater). 134
· Auxiliary infrastructure: On-site roads, parking lots, material storage areas, workshops. 134
IAEA guidance (generalized from the NPP context, but applicable more broadly) 134 specifies that temporary facilities include administrative buildings, support structures (offices, warehouses, restrooms), contractor areas, parking lots, on-site concrete batching plants, material handling and storage areas, production shops, medical facilities, and testing laboratories. Temporary utilities include gases, compressed air, electricity, equipment fueling, and demineralized water. These IAEA recommendations, while focused on NPPs, form a comprehensive framework for understanding the types of temporary production and support facilities required at any large and complex construction site, and are scalable to the needs of VZhG.
The General Classification of Temporary Buildings and Structures 135 also confirms this set: production (workshops, concrete batching plants), storage (closed, open, canopies), administrative (offices, laboratories), sanitary and welfare (canteens, showers, toilets, first-aid stations), and public (rest areas). These categories generally cover the basic elements applicable to work camps.
The infrastructure of modern large-scale residential housing has evolved significantly from simply providing sleeping accommodations. It now includes a comprehensive set of amenities and services aimed at ensuring the well-being, safety, and productivity of workers, reflecting a more holistic approach to labor management at megaprojects. Examples of projects such as NEOM 4 , Red Sea Global 15 , Yamal LNG 25 , Amur Gas Processing Plant 35 , and Barwa Al Baraha 38 consistently demonstrate the presence of extensive infrastructure: a variety of housing types, large canteens, medical clinics, diverse recreational opportunities (sports, gyms, cinemas), shops, and places of worship. IFC Performance Standard 2 and accompanying guidelines 59 emphasize the importance of not only housing but also quality of life, including adequate space, sanitation, water supply, security, and access to basic services. The significant duration of megaprojects (often many years) and the remoteness of the sites require the creation of self-sufficient and sufficiently comfortable living environments to attract and retain large numbers of workers. 1 The very nomenclature of "Construction Village" or "Residential Complex" 4 implies a more permanent and integrated structure than the traditional "camp." Consequently, the elemental base reflects a strategic investment in human capital, recognizing that worker well-being directly impacts the project's timeliness and quality.
The demand for speed, quality control, and the ability to deploy in remote/harsh environments makes modular and prefabricated construction the dominant element base for buildings and structures in VZhG. Numerous project examples clearly point to the use of modular or prefabricated methods for worker accommodation: NEOM 8 , the Red Sea project, the Amur Gas Processing Plant 35. Manufacturers specializing in worker camps (e.g., DORCE 35 , Red Sea International 13 , ATCO 103 , Civeo 140 , Portakabin 110 , Chinese manufacturers such as Wellcamp, K-Home, GS Housing 22 ) actively promote modular and prefabricated systems. The mentioned advantages meet the needs of large VZhG: speed of construction 56 , quality control in a factory environment 101 , suitability for remote/harsh environments 1 and scalability. 56 Thus, the “element base” from the point of view of physical structures is overwhelmingly characterized by these modern construction methods.
5. Construction technologies for large-scale temporary housing
The choice of construction technologies for high-rise buildings with a capacity of 10,000 or more people is dictated by the need for rapid construction, ensuring adequate quality, and adaptability to operating conditions, especially in remote and climatically challenging areas. The dominant trend is the use of off-site construction technologies, such as modular structures and light steel framing, as well as their hybrid forms.
Modular construction:
This technology involves the production of large building elements or parts in a factory setting, followed by delivery to the construction site and assembly.
· Volumetric Modules: These are fully prefabricated, three-dimensional units (e.g., living spaces, bathrooms) that are transported to the site and assembled using cranes. This method ensures maximum construction speed and a high level of quality control. 11 A major player in this market is CIMC MBS. 102 Moddsys also uses volumetric modules. 10
· Flat-Pack / Panelized Systems: Building components (walls, floors, roofs) are manufactured in a factory as panels and assembled on-site. This ensures efficient transportation. 22 GS Housing is a prominent provider of such systems. 22 K-Home also offers container - style panel homes.
· The advantages of modular construction include speed of installation, reduced labor costs on site, improved quality control (in the factory), reduced waste, less dependence on weather conditions, and the ability to be relocated/repurposed. 56 IAEA document NP-T-2.5 134 discusses modularization for nuclear power plants, and these advantages generally apply to VGG as well.
Light gauge steel structures (LSTS / LGSF):
· Features: Using cold-formed galvanized steel sections to create the supporting frame, LSTCs offer a high strength-to-weight ratio, manufacturing precision, design flexibility, and are 100% recyclable .
· Advantages for VZhG: Quick assembly, suitability for remote/complex sites (lightweight construction), durability in harsh climates (with proper treatment and cladding), resistance to pests and rot. 127
· LSTCs are used by companies such as Maani Gulf for NEOM 21 , EPACK Prefab 155 and Dorce 127
Combined solutions: Hybrid systems of LSTC and modules:
· Technical approaches: LSTC as the primary frame for modular units (volumetric or panel) or LSTC for larger public buildings (canteens, recreation halls) in combination with modular residential units. LSTC can be used for walls, floors, and rafter trusses within modules or as independent frames .
· Advantages: Combines the structural efficiency and lightness of LSTC with the speed and completeness of modular units. Provides design flexibility and optimized material use. Particularly effective for multi- story modular buildings.
· Examples: Although direct examples of large-scale (10,000+) hybrid LSTC-modular HRC systems with this specific combined terminology are not described in detail in the presented materials, the capabilities of LSTC 127 and modular construction 11 are well documented for such applications. Red Sea International mentions the use of cold-rolled steel studs (a component of LSTC) in its hot-rolled steel modular system. 112
Traditional construction methods (concrete, masonry):
· They can be used for larger auxiliary buildings, foundations, or in cases where local materials and labor are abundant and speed is not a critical factor. The three-story buildings (G+3) of the Barwa Al Baraha complex 38 are likely traditional concrete structures, possibly with the use of precast elements. 39
· Challenges: Slower pace, high labor intensity on site, weather dependent, higher waste. 150
The overwhelming trend in large-scale HGV construction, particularly in remote or challenging environments, is the adoption of off-site construction methods such as modular, panel (including flat-pack), and LGSF, or hybrids thereof. This is driven by the pressing need for rapid deployment, quality control, and the ability to scale to accommodate tens of thousands of workers. Megaprojects have aggressive timelines. 151 Traditional construction is often too slow. 150 Modular/LSF technologies offer significant time savings (30-70% faster). 118 Prefabrication provides higher and more consistent quality control compared to on-site work, especially in harsh climates. 101 Remote locations often experience a shortage of skilled labor and resources, making prefabricated solutions more viable. 3 LGSF are lightweight and easier to transport to such sites. 148 Scalability is critical for projects with fluctuating labor force sizes; modular systems allow for the phased addition of capacity. 56 Examples of projects such as NEOM, Red Sea, and the Amur Gas Processing Plant clearly indicate the use of modular/prefabricated methods. 8 Consequently, the choice of construction technology is strategically dictated by the scale, location, and timeframe of the project, with a clear preference for off-site solutions.
Although "modular" is a broad term, LGSF is increasingly becoming a critical base structural technology for many types of modular units (especially panelized and some volumetric units), chosen for its strength-to-weight ratio, precision, and suitability for factory fabrication and rapid on-site assembly. LGSF provides high structural strength at a lower weight than traditional steel or concrete, reducing foundation requirements and facilitating the transportation/handling of modules. 127 CNC machining of LGSF components ensures high precision, which is vital for modular assembly, where components must fit together perfectly. 127 LGSF is compatible with a variety of cladding and insulation materials suitable for harsh climates. 112 Their use in panelized systems (walls, floors, roofs) is common , 148 which can then be assembled into 3D-printed modules or used in hybrid structures. Red Sea International, for example, uses cold-rolled steel framing (LSF) in its modular buildings. The advantages of LSTC (speed, cost-effectiveness, durability) are ideal for the construction of large-scale temporary camps. Thus , LSTC is not just an alternative, but often an integral part of the "modular" solutions offered by many manufacturers for workers' camps.
6. Material supply chains and procurement strategies
The efficient production of large-scale reinforced concrete structures directly depends on the reliability and flexibility of supply chains for key materials and components, especially when using modular technologies and light steel framing.
Key materials for reinforced concrete structures based on modules/LSTC:
· Steel: Hot rolled steel for main module frames (e.g. Red Sea International 112 ), light gauge steel structures (LSTS) made of cold formed galvanized section for frame systems. 127
· Insulation panels: Sandwich panels with insulation made of expanded polystyrene (EPS), mineral wool (Rockwool), polyurethane (PU) for thermal and sound insulation. 22 Critically important for harsh climatic conditions (desert heat, Arctic cold).
· Facing/finishing materials: Cement-bonded particle boards, PVC panels, aluminum composite panels, plaster facades, TPO roofing membranes. 112
· Interior components: Doors, windows (often PVC or aluminum, double glazed), flooring (vinyl, plywood, cement-bonded particle board), plumbing, basic furniture. 14
Supply chain resilience:
· Multi-Sourcing: Diversifying suppliers of critical materials (steel, insulation) is essential to reduce risks associated with geopolitical issues, natural disasters, or supplier bankruptcy. 174 This applies to both raw materials and prefabricated components.
· Regional Hubs and Nearshoring: For very large projects, establishing regional supply centers or encouraging local manufacturing (if possible) can reduce transportation costs and delivery times. 174
· Strategic stockpiling: For items with long lead times or materials with unstable prices/availability, strategic stockpiling may be considered. 177
· Supplier Screening and Collaboration: Strong relationships and thorough supplier screening, including their financial stability and production capacity, are essential. 175 Collaborative planning with key suppliers is essential. 175
· Challenge: Remote locations (Arctic, deserts) exacerbate supply chain vulnerability. 3
China's role in supply chains:
· China is a major global producer of steel, light gauge steel framing equipment, and prefabricated modular components. 22 Many international projects purchase modules or components from China (e.g., modules for Yamal LNG 32 ).
· Advantages: Cost competitiveness, large production capacity. 179
· Risks: Geopolitical tensions, tariffs, long delivery times/delivery interruptions, quality control issues due to poor management. 186 In 32 , delays in the delivery of Chinese modules for Arctic LNG 2 were noted due to sanctions.
The successful and timely delivery of large-scale LNG projects is highly dependent on the reliability of supply chains for key materials such as steel, insulation, and specialized components. The trend toward modular/prefabricated construction shifts some manufacturing off-site but introduces new logistical complexities and reliance on component suppliers, making multisourcing and strategic partnerships vital. Megaprojects often have tight deadlines; material delays can have a cascading effect. 149 Remote locations (Arctic, deserts) make just-in-time delivery difficult and expensive, increasing vulnerability to disruptions. 3 Global events (pandemics, geopolitical tensions) have exposed supply chain vulnerabilities. 174 Case study 32 shows how sanctions contributed to the delay of Chinese modules for Arctic LNG 2. Key materials such as steel can be subject to price volatility and limited availability. Modular construction relies on a supply chain of raw materials, subcomponents, and final module assembly. 149 Strategies such as diversification, regional hubs, and close collaboration with suppliers 174 are crucial to mitigating these risks in the supply of VGG. Thus, a proactive and resilient supply chain strategy is not just an operational detail, but a strategic imperative for large VGG projects.
Chinese manufacturers play a significant role in the global supply chain of prefabricated and modular components, offering scale and cost advantages. However, overreliance on a single geographic source such as China, particularly for critical components, can create significant risks related to geopolitical factors, trade policies, and unforeseen disruptions. China dominates manufacturing, including steel and prefabricated buildings. 22 Large projects such as Yamal LNG have purchased significant volumes of modules from China. 30 Advantages in labor costs and scale make Chinese suppliers attractive. 186 However, as shown in 32 , sanctions have impacted the supply of Chinese modules for Arctic LNG 2, highlighting the geopolitical risks. 186 It is also noted that raw material bases and infrastructure outside of China may be less developed, potentially leading to delays in diversifying supplies from China. Therefore, while utilizing Chinese manufacturing capacity may be beneficial, a balanced sourcing strategy that includes alternative suppliers and regions is critical to the sustainability of the VGI material supply chain.
7. The Role of Chinese Manufacturers in Worker Accommodation Solutions
Chinese manufacturers are playing an increasingly prominent role in the global market for temporary housing camps, offering a wide range of solutions from standard modules to complete turnkey camps. Their competitiveness is driven by their scale of production, cost, and accumulated experience in implementing large-scale projects both domestically and internationally.
Review of large and reliable Chinese manufacturers:
· CSCEC (China State Construction Engineering Corporation): One of the world's largest construction and investment holding companies. Offers modular integrated structures (MiC) with Concrete MiC, Steel MiC, and X-expansion Module systems. It has experience building housing, schools, hospitals, and hotels. Notable projects include the Huapichang Hutong No. 8 reconstruction (C-MiC), the SS M518 affordable housing project in Hong Kong (steel modules), and the Bay Area ICC International Hotel in Shenzhen (steel modules). The company promotes the concept of "building a good home," focused on high productivity and service quality.
· CIMC Modular Building Systems (MBS): A division of CIMC Group with over 20 years of experience and projects in more than 20 countries. Specializing in steel-frame modular buildings that integrate building envelopes, engineering systems (MEP), and finishes. Claims 90% prefabrication of modules. It holds certifications for the UK, Australia, New Zealand, USA, China, Hong Kong, Iceland, and Norway, as well as ISO 9001, ISO 14001, and OHSAS 18001 certifications. Production capacity is over 5,000 modules per year. Examples of projects: Earth Hotel Riyadh (Saudi Arabia, the company's first hotel project in the region) 162 , City University of Hong Kong student residence (the world's largest modular student housing project) 163 , T-Loft@Lok Wo temporary housing project in Hong Kong 163 , citizenM hotels (USA). 163 CIMC MBS is actively involved in international projects, supplying modular solutions for hotels, housing, and data centers. 102
· Wellcamp (Guangdong Wellcamp Steel Structure & Modular Housing CO., LTD): More than 19 years of experience, 100% export-oriented factory. Products: prefabricated houses (K-type and T-type), container houses (flat-pack, folding, sliding), steel structures. Supplies to more than 60 countries. Production capacity is 500,000 square meters per year. Specializes in camps: for military personnel, custom projects, for the mining industry, agriculture, construction, for refugees. Projects in the Philippines, California, Hawaii, Costa Rica, New Zealand, the Arctic, desert regions are mentioned. 101
· K-Home (Henan K-home Steel Structure Co., Ltd): More than 15 years of experience. Products: container houses (prefabricated, flat-pack, folding, sliding), K-type/T-type prefabricated houses, steel structures. ISO, CE, SGS certificates. Projects in more than 50 countries. Specialization: worker housing, offices, camps, schools, medical facilities. Project examples: worker's camp in the Philippines, container school in Kenya, camp construction in Mali, student housing in Indonesia, worker accommodation in Singapore, housing for a cement plant in Algeria, container hotel in Ethiopia. 98
· GS Housing (Guangdong GS Camp Modular House Co., Ltd / Global Housing Technology): Founded in 2001. Products: Flat-pack container houses (standard, for workers, prefabricated camps, toilets, guard posts), houses for resettlers, prefabricated houses, modular houses, steel structures. Projects: Work camp for the Red Sea project in Saudi Arabia (Shebara - flat-pack offices/dormitories, container-type toilets/showers, canteen). 22 Supplier for the NEOM camp project in Saudi Arabia (relocatable modular buildings for 95,000 residents). 63 There is a mention of a project to accommodate 10,000 people (video, details are limited). 122
· Chengdong (Beijing Chengdong International Modular Housing Corporation): Founded in 1998. Products: prefabricated homes, modular homes, LGSF homes, mobile homes, container homes. Hundreds of projects in more than 41 countries. Capacity: 6,000 square meters per day. Specialization: engineering camps (road/bridge, railway, civil engineering, hydraulic construction), mining, education/commercial. In 2013, entered into a partnership with Algeco Scotsman. 102
· DORCE Prefabricated Building & Construction Industry Trade Inc. (Turkey, but with significant international projects, including Russia): Uses prefabricated modular steel building systems and light gauge steel framing. Constructed a 17,250-person camp for the Amur Gas Processing Plant (35) and a 7,000-person camp for the Sakhalin-1 (Chaivo) project for Shell/ExxonMobil. 54 Has experience working in harsh climates.
Product quality, durability and suitability for residential use:
Chinese manufacturers of modular and prefabricated buildings exhibit varying levels of quality, which largely depends on the specific manufacturer, the technologies and materials used, and customer requirements. Large, established companies, such as CSCEC and CIMC MBS, often emphasize compliance with international standards and certifications (e.g., ISO, CE, approvals for the US, European, and Australian markets). They use steel frames ( including light gauge steel framing) and sandwich panels with various insulation materials (polystyrene foam, mineral wool, polyurethane), providing the necessary thermal and acoustic insulation, which is critical for residential buildings, especially in harsh climates. 14
The claimed durability of modular buildings from leading Chinese manufacturers can reach 20 years or more, while the steel structures are resistant to pests, rot, and deformation. 22 The use of high-quality finishing materials and modern engineering systems (electrical, plumbing, ventilation) helps create comfortable living conditions. For example, GS Housing uses graphene powder electrostatic spraying for frames and non-combustible Class A sandwich panels for a project in the Red Sea. 22 K -Home emphasizes the use of 2.5 mm thick galvanized steel frames and high-quality insulating materials for the roof and floor.
The suitability for residential use is confirmed by projects implemented not only for work campuses, but also for student dormitories, hotels, and even permanent housing. 104 However, as with any manufacturer, ensuring proper quality requires careful supplier selection, clearly defined technical requirements, and quality control at all stages—from design and production to on-site installation.
Chinese manufacturers such as CIMC MBS, CSCEC, Wellcamp, K-Home, and GS Housing possess significant production capacity, enabling them to fulfill large orders of thousands of modules or tens or hundreds of thousands of square meters of housing within tight deadlines. 98 This makes them attractive partners for megaprojects requiring rapid deployment of HVAC systems. Their international experience, spanning dozens of countries in diverse climates (from the Arctic to deserts and the tropics), attests to the adaptability of their solutions. 22
The quality of products from Chinese manufacturers can vary. Large companies focused on exports and international projects (e.g., CIMC MBS, CSCEC) often claim compliance with international standards (ISO, ASTM, EN) and obtain the necessary certifications for their target markets. 115 They use modern technologies, including BIM design and automated production lines for light gauge steel framing and modules, which contribute to increased precision and quality. 127 Materials such as galvanized steel, sandwich panels with efficient insulation (mineral wool, polyurethane), and high-quality windows and doors ensure durability and living comfort comparable to traditional buildings, especially when it comes to high-standard temporary housing. 14 The use of light gauge steel framing in combination with modular technologies allows for the creation of lightweight yet durable structures that are resistant to seismic loads and extreme weather conditions, which is important for residential buildings in challenging regions. 127
Thus, products from leading Chinese manufacturers, with proper quality control and compliance with customer specifications, are fully suitable for creating comfortable and safe living spaces within the framework of the VZhG.
8. Comparative analysis: Chinese manufacturers of VZhG and other world leaders
When selecting a solution provider for large-scale gas turbine installations, customers are faced with a wide range of offerings from Chinese and other international companies. Comparisons of these players should be based on a range of criteria, including cost, quality, technologies used, implementation speed, certifications, and logistics experience in challenging environments.
Major Chinese manufacturers (CSCEC, CIMC MBS, Wellcamp, K-Home, GS Housing, Chengdong, DORCE – although DORCE is Turkish, its large-scale projects in Russia and the use of similar technologies allow it to be included in comparison with Chinese ones in some respects):
· Cost: Often more competitive in price due to economies of scale, lower labor costs in China (although this factor is changing), and optimized raw material supply chains. 186 They offer both low-cost and higher-end solutions depending on requirements.
· Quality and Technology:
· Leading companies (CIMC MBS, CSCEC) are investing in R&D, modern production lines, BIM design and robotics. 11
· Steel modular structures, light gauge steel framing and hybrid systems are actively used. 8
· Quality may vary; careful supplier selection and quality control are essential. Some companies have international certifications (ISO, CE, SGS) and experience working with developed country standards. 98
· Speed: High production and installation speed thanks to prefabrication and optimized processes. 56
· Logistics and International Experience: Extensive experience delivering to various regions of the world, including remote and complex locations (Africa, the Middle East, South America, Asia). 22 Availability of in-house or partner logistics facilities.
Major international (Western) suppliers (e.g. Algeco, ATCO, Red Sea International, Portakabin, Civeo, Target Hospitality):
· Cost: Generally higher than Chinese counterparts due to higher labor costs in home countries, strict standards, and potentially more expensive materials. 196
· Quality and Technology:
· High quality standards, often confirmed by strict European (EN) or North American (ASTM, ICC) certifications. 157 Algeco, for example, partners with Chengdong to access Chinese production facilities while maintaining its standards. 123
· Advanced modular technologies, including solutions for extreme conditions (e.g., Arctic or desert camps ATCO, Civeo). 103
· Red Sea International uses hot-rolled steel frames and cold-rolled steel (LSTC) wall studs in its multi-level modular buildings, offering solutions for harsh climates. 13
· Portakabin is known for its high-quality portable and modular buildings with long warranties and certifications (BBA, KOMO, ISO). 110
· Speed: Fast deployment speed thanks to established processes and modularity, but may be dependent on capacity utilization and logistics.
· Logistics and International Experience: Extensive global market experience, including complex projects in the oil and gas, mining, and humanitarian sectors. Civeo manages tens of thousands of rooms in Canada and Australia. Algeco has a global presence and experience in remote locations. ATCO also has significant experience in creating worker camps for large industrial projects.
Comparison criteria and conclusions:
· Project scale and required capacity: For projects with accommodation needs of 10,000+ people or more, Chinese manufacturers such as GS Housing (announced project for 10,000 people 122 , delivered to NEOM for 95,000 residents 63 ), CIMC MBS (largest student dormitory 163 ), and DORCE (camp for 17,250 people 35 ) demonstrate the ability to handle very large volumes. Western companies such as Civeo (manages over 40,000 rooms 143 ) also have experience with large projects, often through the management of multiple camps or large villages (for example, in the Canadian oil sands or the mining regions of Australia).
· Lead times: Chinese companies often claim shorter production and delivery times due to their vast production capacity and flexibility. 186 However, logistics to remote regions can offset this advantage. Western companies with localized production or well-established logistics can offer comparable speeds for specific regions.
· Quality and Standards Requirements (Including IFC): Western suppliers are traditionally associated with stricter adherence to international quality and safety standards (EN, ASTM, ISO, IFC). However, leading Chinese exporters are increasingly seeking international certifications and adapting their products to customer requirements. 98 The NEOM and Red Sea projects, which also include Chinese suppliers (e.g., GS Housing for NEOM 63 ), require compliance with IFC standards. 4
· Technologies (LSTC Modules): Both Chinese and Western companies are actively using modular technologies and LSTC. Chinese manufacturers of LSTC equipment (e.g., UNBAK 127 ) and modules offer a wide range of solutions. Western companies, such as Red Sea International, also integrate LSTC into their modular steel systems. 112 The choice often depends on the specific design, load requirements, and climatic conditions.
· Experience in challenging environments (remoteness, climate): Companies with experience in the Arctic (e.g. DORCE in Sakhalin and the Amur GPP 35 , suppliers to Yamal LNG), the deserts of the Middle East (many Chinese and Western companies on the NEOM, Red Sea projects) or other remote regions (Civeo, ATCO in Canada and Australia) have an advantage in understanding the logistical and operational challenges.
· Flexibility and customization: The ability to adapt standard solutions to specific project requirements (layout, equipment, climate control) is an important factor. Many manufacturers, both Chinese (Wellcamp, K-Home 98 ) and Western, offer customized solutions.
· After-sales service and camp management: Some suppliers (e.g. ATCO, Civeo, Red Sea International 14 ) offer comprehensive services including camp management, catering, maintenance, which may be critical for the customer.
Overall, the choice between Chinese and other international suppliers is not straightforward. Chinese companies can offer significant cost and speed advantages for large-scale orders of standard modules. However, when high quality requirements, specific technologies, compliance with strict international standards, and the need for comprehensive management of the gas turbine plant in challenging conditions are required, Western companies with a proven reputation and experience may be preferable, despite the potentially higher cost. A key factor is the supplier's ability to ensure not only the delivery of structures but also their compliance with specified specifications throughout their entire service life, as well as efficient logistics and on-site support. For megaprojects, a hybrid approach combining global component sourcing with the use of local or international specialized contractors for the construction and operation of the gas turbine plant is often optimal.
9. The criticality of transportation to the deployment site and its impact on the strategy for creating the VZhG
Transporting materials and modules to the temporary housing camp (THC) deployment site is one of the most critical factors, significantly impacting the overall construction strategy, especially for large-scale projects in remote or hard-to-reach regions. Logistical challenges directly impact the choice of construction technologies, implementation timelines, costs, and even the structure of supply chains.
Factors determining the criticality of transportation:
· Remoteness and site accessibility: Construction of gas pipelines for megaprojects is often carried out in regions with underdeveloped transportation infrastructure—in deserts (the Middle East), Arctic zones (Russia), high-altitude or sparsely populated areas. 3 The lack of high-quality roads, railways, or ports significantly complicates delivery. Sometimes, temporary roads or specialized transport (all-terrain vehicles, barges, aircraft) are required. 2
· Cargo volume and weight: A 10,000+ person residential complex requires thousands of tons of building materials, modules, equipment, and components. Large modules, despite their advantages in installation speed, pose particular transportation challenges due to their size and weight .
· Climate conditions: Extreme weather conditions (severe frosts, heat, rainy seasons, storms) can significantly limit shipping windows and require special measures to protect cargo. 3 For example, on the Yamal LNG project, modules were delivered via the Northern Sea Route using specialized ice-class vessels. 29
· Project Timelines: The tight construction schedules of megaprojects require well-planned and seamless logistics. Any delays in delivery can lead to downtime and increased costs for the entire project.
The impact of transportation on the strategy for the creation of the VZHG:
· Selection of construction technology:
· Modular structures (especially large-volume ones): Require well-planned routes for large-size cargo. In cases of significant transportation constraints, preference may be given to more compact flat-pack modules or panel systems, which take up less space during transport and are assembled on- site .
· LSTC (LGSF): The lightness and compactness of LSTC profiles make them attractive for remote sites, as they reduce transportation costs and requirements for on-site lifting equipment. LSTC panels are also easily transported.
· Traditional materials (concrete, brick): These may be preferable if local raw material sources are available near the site, minimizing the long-distance transportation of heavy materials. However, this is rare for remote megaprojects.
· Planning and phasing of VZhG construction: Logistics constraints may dictate phased construction of VZhG, synchronized with the delivery of batches of modules or materials. This requires precise just-in-time planning or the creation of intermediate storage facilities on-site.
· Supplier Selection and Sourcing Strategy:
· Priority may be given to suppliers capable of providing comprehensive door-to-door logistics or those with experience in a specific region. 108
· Consideration of the possibility of establishing temporary production bases or assembly sites closer to the construction site to reduce the “last mile” of delivery of large modules (for example, production of segments of the internal protective fence at the El Dabaa NPP construction site 202 ).
· Multisourcing not only for materials but also for transportation services to reduce risks.
· Cost of modular construction: Transportation costs can account for a significant portion of the overall cost of modular construction, especially for remote sites. 3 Optimizing logistics is a key factor in cost control. For example, McKinsey & Company notes that additional logistics and factory operations costs complicate the savings equation for modular construction, but there is potential for optimization. 153
· Risk management: The strategy for creating a logistics network should include an assessment of logistics risks (weather conditions, the state of transport routes, customs procedures, reliability of carriers) and the development of mitigation plans. 3
Examples of the impact of logistics:
· The Yamal LNG project utilized the Northern Sea Route and specialized vessels to deliver oversized modules for the main plant. This required significant investment in transport infrastructure (the port of Sabetta) and impacted the construction schedule. Similar challenges were faced with the delivery of components for the LNG plant.
· Projects in Saudi Arabia (NEOM, Red Sea): Although the country is developing its transportation infrastructure 61 , the remoteness of some sites in desert regions requires careful logistics for the delivery of thousands of LNG modules. The use of modular designs, including relocatable modular units 8 , is driven by the desire for speed and reduced environmental impact on site.
· Projects in Africa and other developing regions: Limited infrastructure often makes modular solutions (especially flat-pack or LSTC) the only viable option for rapid deployment of HVAC systems. 100
Thus, logistics is not just a supporting function, but a central element of the strategy for constructing large-scale housing construction projects. Underestimating logistics factors can lead to delays, significant cost increases, and even the impossibility of implementing a personnel accommodation project. An effective logistics strategy, integrated with the selection of construction technologies and suppliers, is critical to the success of any megaproject.
10. Conclusion
An analysis of the creation of temporary housing camps (THCs) for 10,000 or more people on major construction projects over the past five years reveals a number of key trends and strategic imperatives. The scale and complexity of modern megaprojects, particularly in remote and climate-challenged regions, have transformed THCs from simple temporary shelters into complex, manageable infrastructure facilities that play a critical role in the success of the overall project.
Key findings:
1. The evolution of the VZhG: There has been a qualitative leap from base camps to the creation of full-fledged "temporary cities" with developed infrastructure, including not only housing but also a comprehensive complex of administrative, domestic, medical, recreational, and support facilities. This reflects a growing understanding of the direct link between the quality of life of personnel and the effectiveness of the project.
2. The Dominance of Off-Site Construction: Modular technologies (volumetric, panel/flat-pack) and lightweight steel thin-walled structures (LSTS), as well as their hybrid solutions, have become the primary methods for VZG construction. This is driven by requirements for speed of deployment, quality control, scalability, and adaptation to challenging operating conditions.
3. Strategic outsourcing: There is a trend toward transferring the financing, design, construction, and operation of hydroelectric power plants to specialized contractors and operators through DBFO, BOO, or similar partnerships. This allows major developers to focus on core tasks and mitigate risks.
4. The Criticalness of Supply Chains and Logistics: Successful implementation of the VZhG is impossible without reliable and flexible supply chains for materials (steel, insulation panels, components) and efficient transport logistics, especially for remote sites. Multi-sourcing and strategic supply chain planning are becoming key factors.
5. The Growing Role of Chinese Manufacturers: Chinese companies have captured a significant share of the global modular and prefabricated construction market, offering solutions that are competitive in terms of cost and scale. Leading Chinese manufacturers demonstrate improved quality, compliance with international standards, and extensive experience in implementing international projects. However, ensuring quality requires careful supplier selection and quality control.
6. The importance of welfare standards: Compliance with international (e.g., IFC Performance Standard 2) and national standards for workers' working conditions and accommodation is becoming more than just a requirement, but a factor influencing a project's reputation and attracting funding and labor.
7. Combined solutions (LSTC-Modules): The combination of LSTC as a supporting frame with modular elements (volumetric or panel) is a promising approach that allows for the optimization of structure weight, installation speed, and design flexibility.
8. Transport factor: The logistics of delivering modules and materials to remote and hard-to-reach sites is one of the determining factors in choosing design solutions, suppliers, and the overall strategy for creating a VZhG, significantly affecting the timeframe and cost.
Overall, the construction of temporary housing for large workforces has evolved into an independent, high-tech, and strategically important industry within the context of megaprojects. Success in this area requires a comprehensive approach that considers financial, technological, logistical, social, and management aspects. Further development will likely be associated with the deepening industrialization of temporary housing construction, the expanded use of digital technologies (BIM, project management), improved energy efficiency and environmental friendliness of temporary settlements, and increased attention to sustainable development and legacy issues after the completion of the main construction work.
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