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According to research (Yin et al., 2019), The architecture, engineering, and construction sector is progressively adopting off-site construction (OSC) due to its various benefits for project clients, such as enhanced design visualisation, improved data exchange, minimised construction waste, increased productivity, and improved product quality. To improve the quality, time, and cost efficiency of OSC projects, as-built data is collected and integrated with as-designed information in BIM for project management objectives. In studies concerning as-built information collecting, there is a pronounced emphasis on the quality control and evaluation of prefabricated components. Building envelopes serve as the outermost shells of structures. It functions as a barrier between the interior and the exterior. The building and its contents are intended to be maintained and protected by this meticulously engineered system. This encompasses the regulation of temperature and humidity, the preservation of structural integrity, and the establishment of air pressure boundaries. The foundation, wall assembly, roofing systems, glazing, doors and any other penetrations are all included in the building envelope. The building envelope's intended functionality is contingent upon the interrelationships and compatibility of these components (Energyeducation.ca, 2018). In conjunction with innovative construction methods, the development of a safe and functional building entails a thorough review of its fire safety and building services. Building services are critical systems integrated into structures to provide safety, efficiency, functionality, and comfort. These services encompass a varied assortment of elements, including lighting, fire safety systems, plumbing, and heating, ventilation, and air conditioning (HVAC) (Designing Buildings, 2013). The integration of intelligent buildings and building services represents a significant advancement in modern facility management and construction. This integration combines many building systems to provide a responsive, efficient, and unified environment. It is essential to recognise that intelligent and smart buildings include comparable attributes, such as energy efficiency, internet connection, and the incorporation of IoT devices (McDonald, 2023). To optimise sustainability, it is necessary to reduce the carbon footprint and enhance resource efficiency. Numerous critical factors must be considered when selecting building services for sustainable development to reduce environmental impact and improve efficiency. These concerns encompass a variety of architectural design and functionality aspects, with a particular emphasis on the creation of healthier interior environments, resource conservation, and the reduction of energy consumption (Routledge & CRC Press, n.d.).
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Research by Goodier and Gibb (2007) indicates that, despite increasing interest in offsite building, the United Kingdom remains behind similar economies in the adoption of offsite and other modern methods of construction (MMC). This growing interest stems from two sources. Initially, there was an increase in the demand for housing, especially low-occupancy residences. The government is intensifying pressure to replicate the industrial sector, notwithstanding its differences from building.  
Off-site construction is categorised into various stages according to the degree of work executed away from the construction site (Kamali and Hewage, 2016), which can be further displayed in Figure 1: 
· Component subassembly: In industrial settings, minor pieces are assembled, such as windows.
· Non-volumetric preassembly: Components are integrated in factory settings to form non-volumetric units before their installation at building sites, such as cladding panels.
· Volumetric preassembly: Components are built in factory settings and organised into volumetric units (i.e., units that encompass useable area) before being installed at building sites. Internally, units are often fully constructed, such as toilet pods. 
· Modular construction: In manufacturing settings, components are integrated to produce fully finished modules. A multitude of components is employed to fabricate whole structures.
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[bookmark: _Toc185013518]Figure 1: Categories of Offsite Construction (Salama, 2018)
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Although modular construction is quick, it is not the most suitable choice due to the site's location. Nonetheless, a panelized building approach has certain advantages. Panels are manufactured in a regulated environment, ensuring improved quality control and reducing the likelihood of mistakes or flaws commonly linked to on-site building techniques. Moreover, panelized construction is typically more economical than traditional techniques, as it reduces labour expenses and minimises material waste.  This approach significantly decreases building time. Manufacturing may occur simultaneously with site preparation as panels are constructed off-site. The project timetable is expedited due to the swift and effective installation of the panels upon their arrival at the site (Farhadi, 2024). An ideal example of employing panelized construction is the integration of a ventilated façade system, as seen in the pictures below. The complexity attained using this method would be challenging to reproduce with conventional building techniques. Utilising off-site panelized construction maintains the integrity of window openings, guaranteeing optimum air sealing and weather tightness (DuPont, n.d.).
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[bookmark: _Toc185013519]Figure 2: Window cross section detailing in a Panelized construction system (DuPont, n.d.)
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[bookmark: _Toc185013520]Figure 3: Example of a Fire safety measures preinstalled in a Panelized construction system (DuPont, n.d.)
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The building envelope serves as a protective barrier, safeguarding the inside from external influences while regulating internal temperatures and energy usage. The design strategies for an efficient building exterior are profoundly affected by climatic variables. In areas prone to extreme weather events, such as hurricanes, earthquakes, or severe storms, it is essential to employ specific designs to ensure occupant safety and structural durability. Coastal regions need impact-resistant windows, reinforced walls, and durable roofing systems to endure severe winds and flying debris (Consultants, 2024).
The incorporation of renewable energy systems, such as solar panels or green roofs, into building envelope design is more vital as sustainability and energy efficiency gain prominence in contemporary architecture. Moreover, the envelope design must account for the costs associated with long-term maintenance and the overall lifecycle. Adopting durable, low-maintenance materials may extend the building envelope's lifetime and minimise the frequency of restorations or replacements, hence enhancing cost-effectiveness and sustainability over time (Consultants, 2024).
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In general, building envelopes can be classified into two types: loose and tight. The selection of envelope type is contingent upon the structure's purpose and the intended performance of the envelope:
1. Loose Building Envelopes: A loose building envelope allows more natural ventilation within the building. This design enhances interior air quality by amplifying natural ventilation, hence reducing the need for artificial ventilation systems. Loose envelopes are often suitable for bigger structures accommodating several inhabitants, since they provide natural ventilation, essential for maintaining a comfortable environment.
Nonetheless, loose envelopes possess certain drawbacks. They are more vulnerable to drafts, which impairs their capacity to manage the internal environment. The absence of management may lead to heightened energy consumption and moisture buildup, thereby elevating the risk of mould and fungus growth (Cornell, 2022).
2. Tight Building Envelopes: In contrast, a tight building envelope aims to be as airtight as possible, hence minimising structural leaks, drafts, and air infiltration. To ensure adequate air exchange, mechanical systems such as ventilation, air conditioning, and ducts are rigorously monitored.
Tight envelopes offer various advantages, including enhanced energy efficiency, decreased energy expenses, and more control over the inside environment. The risk of mould and mildew is diminished by the decrease in moisture buildup. This design prolongs the building's lifespan, protects it from enduring damage, and facilitates maintenance (Cornell, 2022).
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A compact envelope design is typically the most appropriate choice given the site's location, as it provides several benefits (Gedeon, n.d.):
· Moisture Control: In coastal areas characterised by elevated humidity and saline air, watertight enclosures are crucial for the efficient control of moisture and humidity. This protects the structure from moisture-induced damage and suppresses mould growth.
· Energy Efficiency: Coastal areas sometimes experience temperature fluctuations. A tight envelope enhances temperature regulation by decreasing energy usage for heating and ventilation while preserving indoor comfort.
· Salt Air Protection: The encasement effectively reduces the intrusion of corrosive salt-laden air, safeguarding internal components, systems, and coatings from possible harm.
· Wind Resistance: Coastal areas often experience storms and high winds. The security of a structure during severe weather events is ensured by a sturdy envelope that withstands wind-driven rain and air intrusion.
A combination of curved glass façades and timber-clad components is a unique aesthetic for a coastal setting. Timber cladding has inherent durability, aesthetic appeal, and environmental benefits, making it particularly suitable for coastal areas. Damp coastal areas provide a risk of fungal deterioration for wood; however, this threat is significantly mitigated when the cladding is properly treated, graded, and placed. Timber cladding provides protection and durability while reducing long-term maintenance costs, so enhancing the building's lifetime and cost-effectiveness (OwenJanClad, 2024).
For improved durability, hardwoods such as Thermal Ayous, Argento, or Thermowood are highly recommended (NORclad Team, 2024). These woods are among the most durable natural materials, demonstrating considerable resistance to decay and degradation. By carefully selecting and treating the timber, the building achieves both longevity and aesthetic appeal, effectively merging use with design in a coastal setting (OwenJanClad, 2024). According to the fire risk guidance in the amended Approved Document B of the Building Regulations, timber cladding is permissible only for residential buildings over 11 meters in height; however, timber may be utilised inside the exterior wall structure for buildings up to 18 meters (WPA, 2022).
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Building services are crucial to a building's design, as they influence the overall objectives and standards to be achieved, along with the dimensions, weights, and placements of significant equipment, the arrangement of vertical service risers, drainage systems, energy sources, and sustainability considerations. This indicates that the integration of building services into the overall architectural design must occur early in the design phase, especially for intricate projects such as hospitals (Designing Buildings, 2013).
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There are numerous attributes to evaluate when selecting an ideal HVAC system for coastal regions. Initially, it will be necessary to acquire a unit that is capable of effectively cooling or heating expansive areas. Secondly, an HVAC system that is energy-efficient can contribute to the extension of the lifespan of your system and the reduction of energy expenses. Third, it is imperative to ensure that all components are adequately secured and insulated to optimize performance and efficiency (Buildops, 2024).
HVAC systems are expected to endure substantial modifications as the maritime industry and regions transition to a more sustainable future. The necessity for improved comfort, environmental responsibility, and energy efficiency will motivate these modifications (Heinen & Hopman, 2024).
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Differing energy requirements and inclinations can be met by HVAC systems that utilise a variety of fuel sources, including natural gas, propane, fuel oil, biofuels, solar energy, and electricity (Poyser, 2024). Generally, most central heating systems may be categorised into one of three principal types. The utility of each item differs, and its effectiveness depends on its placement and link to the rest of the dwelling (Day, 2024). The United Kingdom offers a diverse array of heating systems to meet various preferences and needs. The predominant heating systems in the country are as follows:
1. Boilers: The boiler is the principal element of any central heating system; hence it is often the first focus of attention. An efficient boiler may markedly improve the performance of an inadequate system, but a deficient boiler can incapacitate even the most effective central heating system if its shortcomings are not rectified (Day, 2024). The variety of boilers is illustrated in Figure 4, which is accompanied by brief descriptions to facilitate understanding of this category.
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[bookmark: _Toc185013521]Figure 4: Boilers (Poyser, 2024)
2. Electric Heating: Although gas and electric central heating systems may seem comparable and yield similar core results, they can vary considerably in their operations and subsequent effects (Day, 2024). Electric heating serves as a feasible option for those who produce their own power via solar panels, but it is currently more costly than gas. These systems are predominantly utilised in new structures and residences, offering an eco-friendlier, albeit more expensive alternative to traditional gas heating (Poyser, 2024).
[image: A comparison of electric heating and gas heating
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[bookmark: _Toc185013522]Figure 5: Gas vs Electric (Poyser, 2024)
3. Infrared Heating Systems: Infrared heating is an economical and energy-efficient technology that has recently been used to residential premises in the United Kingdom (Day, 2024). Infrared panels offer economical heating solutions while simultaneously improving the visual appeal of a residence, owing to their variety of stylish designs. These technologies, potentially powered by renewable sources like solar panels, represent a significant progress towards sustainable home heating (Poyser, 2024). This can be further expressed in Figure 6, showed below. 
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[bookmark: _Toc185013523]Figure 6: Infrared Heating System (Poyser, 2024)

4. Hybrid Heat Systems: It offers a versatile option for UK houses facing variable temperatures by integrating electric heat pumps with gas furnaces. These systems adeptly switch between heat sources, use the pump in moderate temperatures and the furnace in extreme cold, to ensure reliable and effective heating according to seasonal variations (Poyser, 2024). By doing so, you would substantially decrease your carbon emissions, therefore aiding in the conservation of our world and the mitigation of disruptive climate change (frogspark, 2019). However, as displayed in the next figure, it has its drawbacks.  
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[bookmark: _Toc185013524]Figure 7: Hybrid Heating System Pros and Cons (Poyser, 2024)
5. Renewable Heating: Renewable heating systems rely on natural resources like sun, wind, and water to create energy. This energy is sometimes referred to as "clean energy." The Renewable Heat Incentive (RHI) is a government initiative that provides financial incentives to homeowners that install a renewable heating system via a heating engineer. This initiative aims to reduce the residence's carbon footprint (Small, 2020). The RHI was a UK government effort aimed at encouraging homes, communities, and enterprises to embrace renewable heat technology while also increasing heat output from renewable sources (Energy Saving Trust, n.d.).
i. Solar Panel Water Heating System: A solar panel system is an additional renewable heating system that is primarily employed by homeowners to generate electricity for the purpose of powering appliances throughout the home, rather than the heating system. Nevertheless, it is feasible to redirect any surplus electricity that has been generated to an immersion heater, which can be used to heat your hot water. It can be implemented in any form of property by utilising energy from the sun (Nu-Heat, 2024).
ii. Heat Pumps: Heat pumps represent the most modern central heating systems, delivering both warmth and ventilation efficiently. These systems are appropriate for diverse UK climates since they function by extracting heat from air, ground, or water sources (Poyser, 2024). Air-source and ground-source heat pumps offer environmentally sustainable and economically viable options for houses, effectively integrating with ecological considerations and modern energy demands. Heat pump systems are particularly suitable for well-insulated houses and locations without access to main gas (Nu-Heat, 2024). While a power source is necessary for the operation of the heat pump, it is more cost-effective than some other systems and may help diminish your carbon footprint by harnessing a renewable, natural heat source (Small, 2020).
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[bookmark: _Toc185013525]Figure 8: Heat Pump Heating System (Poyser, 2024)
iii. Underfloor Heating: Modern underfloor heating systems are especially appropriate for homes situated in areas with moderate winters. This technique directly warms items and surfaces instead of the air, utilising water pipes or electric wires beneath the floor to deliver constant and energy-efficient heat (Poyser, 2024). This is the most efficient heating system to complement a heat pump (Nu-Heat, 2024).
[image: A diagram of a floor heating system
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[bookmark: _Toc185013526]Figure 9: Underfloor Heating System (Poyser, 2024)
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For this project, given its location and the use, A hybrid Heating system utilising both Renewable energy and Infrared heat System is ideal. Integrating solar panels into an infrared heating system may significantly reduce your reliance on traditional energy sources, such as gas or electric facilities. This not only diminishes your carbon impact but also enhances your autonomy from the rising energy costs. Furthermore, the method of capturing sunlight and transforming it into useful energy has grown more economical and attainable due to advancements in solar panel technology and enhanced efficiency (Duchene, 2023). Infrared heating improves indoor air quality by not relying on the outside environment to convey heat. Condensation and moisture are not generated, as this occurrence arises when warm air meets cold air, which does not transpire in this context. They are energy-efficient and may save up to 50% compared to traditional heating systems, mostly owing to their discreet functioning and lack of annual maintenance. The aesthetic appeal and integration of the building within its environment will be further augmented by the stylish depictions of an Infrared Heating system, aligning with the modernity of new constructions in Swansea.

[bookmark: _Toc185015855]Intelligent Buildings
Intelligent buildings are structures that enhance operational efficiency and occupant well-being via the use of sophisticated automated technologies. Intelligent and smart buildings share qualities such as energy efficiency, internet connection, and IoT device integration. Automation is a fundamental difference between smart and intelligent buildings. Smart buildings offer interfaces for facility management, whereas intelligent buildings manage operations autonomously. Intelligent buildings provide resources that enhance the productivity, comfort, and efficiency of tenants or employees inside their premises. Intelligent buildings can autonomously operate equipment, whereas smart buildings provide human control over them. Nonetheless, both are intended to serve individuals.

[bookmark: _Toc185015856]Fire Safety
The correlation between fire safety and Intelligent Buildings is significant and diverse, with advanced technology greatly enhancing fire prevention, detection, and response effectiveness. The ability of smart buildings to swiftly react to emergencies is one of its key benefits. Sensors trigger sirens, activate sprinklers, and automatically unlock exits to provide a secure evacuation upon detection of smoke or extreme heat.  The mechanism functions autonomously in intelligent buildings, ensuring that no activity is postponed. Intelligent buildings reduce fire damage and safeguard all occupants by promptly initiating fire safety protocols (Power, 2024). 
Intelligent buildings utilise sensor data to predict equipment malfunctions or maintenance requirements. This proactive approach assists in the reduction of fire hazards that may result from issues such as outdated fire safety equipment or defective electrical wiring. Furthermore, smart buildings facilitate remote monitoring of fire safety systems, which enables building administrators to monitor the status of alarms, fire detectors, and ventilation systems from any location. The primary objective of smart technology is to improve the safety of all occupants. Smart structures are more effectively equipped to prevent and respond to fire emergencies by employing these sophisticated tools (Power, 2024).
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Several best practices must be considered when choosing sustainable materials for building services for this project must be able to reduce environmental impact and enhance efficiency. These practices include several variables related to material choices, such as sourcing and end-of-life considerations:
· Life Cycle Assessment: Assess the environmental effect throughout manufacturing, durability and longevity, and end-of-life recyclability or biodegradability of materials that embody carbon footprint and energy. This technique ensures a thorough comprehension of a material's sustainability over its lifecycle. Emphasise the utilisation of renewable and recyclable materials: 
· Choose materials that are readily recyclable at the end of their lifecycle, including those composed of recycled content, such as recycled steel or glass, or renewable materials like sustainably sourced lumber or bamboo. These solutions reduce the reliance on virgin resources and limit waste.
· Local Sourcing: To mitigate transportation emissions, bolster local economies, and guarantee expedited delivery times, prioritise goods obtained locally. This approach significantly decreases the carbon footprint linked to material transportation.
· Choose materials and equipment that improve the building's overall energy efficiency, including high-performance insulation, energy-efficient HVAC systems, and LED lighting fixtures. Throughout its lifecycle, these options reduce the building's operating energy use.
· Durability and Maintenance: Choose materials that are both durable and adaptable to future modifications. This reduces the need for regular replacements and lessens the total environmental effect.
· Responsible Sourcing: Verify that materials are procured from ethical sources by choosing FSC-certified lumber products, selecting suppliers with environmental certifications (e.g., ISO 14001, EMAS), and validating the chain of custody for goods.
· Building services may significantly enhance the sustainability of construction projects by adopting best practices that minimise environmental impact and foster resource efficiency throughout the building's lifecycle.
[bookmark: _Toc185015858]Conclusion
The integration of modern construction methods, advanced materials, and intelligent building systems guarantees that the suggested design fulfils the client's criteria for a sustainable, unique, and efficient structure. Panelized construction technologies are particularly advantageous given the site’s limitations, providing enhanced quality control, minimised waste, and accelerated deadlines relative to conventional methods. Smart building technologies boost design through remote monitoring, predictive maintenance, and improved safety measures, including sophisticated fire prevention methods. These attributes enhance the building's safety, adaptability, and emergency preparedness. Heating and cooling systems have been meticulously chosen to accommodate the environmental attributes of the site. 
The suggested approach integrates complex construction methods, tight envelope design, and intelligent technologies to create a structure that is durable, energy-efficient, and sustainable, effectively addressing the difficulties of coastal settings while prioritising occupant comfort and safety.
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Can easily produce heat in the winter Two systems require maintenance

Furnace will work automatically in cold weather Higher Installation costs
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RENEWABLE HEATING

HEAT PUMP HEATING SYSTEMS

Functionality
Devices that transfer heat from one
place to another using a small amount
of energy, efficientfor heating and
cooling spaces.

Types

o Alir Source Heat Pumps (ASHP): Transfer heat
between the air inside a building and the air outside.
* Ground Source Heat Pumps (GSHP): Exchange heat
with the ground, utilising ts constant temperature

for heating and cooling.
« Water Source Heat Pumps: Use nearby water
sources to absorb or dissipate heat.
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UNDERFLOOR HEATING SYSTEMS

&

Functionality
Aheating system installed beneath the
floor surface, providing even and efficient
heat distribution throughout a room.

\\

How It Works
Transfers heat directly from the floor to
objects and people in the room, warming
the space uniformly.

@

Types
Hydronic (Wet):

Circulates warm water through a
network of pipes under the floo,typically
‘connected to a boller of renewable
energy source.

Electric (Dry):

Utilises electric wires or mats beneath
the flooring to generate heat. Easier to
Install and used in smaller areas or
retroft projects.
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Tyvek® Breather Membrane Behind Insulation ~ * Tyvek® Breather Membrane on Insulation ~ *
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