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The case study building under analysis in this report is a multi-storey institutional building which consists of a ground floor and a second floor organised around a central circulation space, stair cores and a combination of cellular rooms and big open spaces. The schemes represent a deep-plan scheme with large external wall length, internal corridors and vertically bridged spaces, which are common in much of the twentieth-century school and civic architecture. Although these forms helped in the functional and social needs during the period of construction, they are currently posing big challenges as far as heat loss, light demand and environmental control are concerned.
The energy efficiency of older buildings is usually low due to the fact that they were constructed before the modern insulation requirements, the airtightness acts, and Low-carbon technology became very common. Single or early double glazing, uninsulated walls, uncontrolled ventilation by stairwells and inadequately zoned heating systems are all types of features resulting in excessive heat loss in the winter and overheating in the summer. These inefficiencies are causing many traditional buildings to become costly to maintain and unsustainable in terms of the environment, as climate change raises temperatures and energy prices keep soaring, raising the chance of becoming obsolete.
Energy performance is thus chosen as the area of specialisation of this research study due to its direct relevance to the urgency of the global goals on carbon reduction and net-zero operation of buildings. By increasing energy efficiency, the life of existing buildings can be extended to minimise the requirement to demolish them and to build carbon-intensive constructions. In this regard, past lessons through adapting and upgrading building stock are one of the major strategies of the emerging built environment by making it sustainable.
Building Information Modelling (BIM) offers an efficient platform that can be used to facilitate such a transformation. BIM enables one to create a computerised construction of the building which includes data about geometry, materials, systems and performance. BIM can be used to simulate energy, perform thermal zoning and life-cycle analysis, and test retrofit strategies, optimise energy usage, and track performance over time, all done by BIM. The entire life digital strategy renders BIM a critical resource in the provision of energy-efficient, climate-responsive and future-ready buildings.
[bookmark: _kzm5zhjlx1o2][bookmark: _Toc218255240]Case Study Building Overview
The case study building, which is under analysis in this report, is a multi-storey institutional structure comprising a ground floor and a second floor, as revealed in the architectural drawings that have been provided. The building seems to be organised around a central circulation core which consists of staircases, service shafts and vertical voids and a set of cellular rooms, offices and bigger teaching or activity spaces are dispersed along corridors on both levels (Wu and Wang, 2019). The plan is typical of most educational and public-sector buildings of the middle to late twentieth century, where practical isolation of spaces and simple wayfinding were given more importance than environmental performance.
The plan on the first floor depicts a mixture of big rooms, which might be the classrooms, meetings or recreational spaces, and the small premises that would be enclosed with the possibility of being offices, storage or service spaces. These are linked through long aisles and are entered through several platforms. The second floor is designed in the same way, where the arrangement of rooms is mixed around the major circulation routes and vertical links. Stair core and central atrium or void indicate that the inter-floor air movement could be important, and this may have a strong impact on the heat loss and internal comfort.
In terms of energy performance, the shape and structure of the building pose a number of challenges. The large area of external wall exposes the building to greater heat loss during winter and heat gain during summer (Sacks et al., 2018). The deep-plan layout of most rooms implies that the interior has significant dependence on artificial lighting, even in broad daylight, which raises the electricity usage and heat retention. Moreover, the internal corridors are long, and numerous access points make it more difficult to create proper thermal zoning and avoid overheated or under-heated areas.
The design of the building also implies that it was built at a time when low energy use was not one of the major issues. It will probably have old glazing systems, less insulation in walls and roofs, and inefficient mechanical heating and ventilation systems based on modern standards. These features render the building an appropriate and realistic case study to demonstrate that the introduction of the BIM-based energy performance measures can be introduced into the existing proven building stock to enhance its efficiency, comfort and long-term sustainability.
[bookmark: _j6votn5fal0f][bookmark: _Toc218255241]BIM and Energy Performance
Building Information Modelling (BIM) has revolutionised the manner of designing, analysis, construction and management of buildings by offering a computerised depiction of the physical and functional features of an asset over its life cycle. Regarding the energy performance, BIM serves as a hub where architectural form, material properties, building services, and environmental data are coordinated to stay in one model. With this integration, energy performance can stop being taken as an afterthought, but as an operational decision-maker and design driver.
The fact that BIM can facilitate energy simulation and performance evaluation at design and retrofit phases can be seen as one of the most important benefits of this technology. BIM models may be connected with the energy analysis program like IES, Revit Insight or Green Building Studio, which allows testing the geometry, the orientation of the building, its glazing, insulation rates, and internal gain levels under the various climate conditions (Watts, 2016). This is because the designers will know the heating and cooling loads, availability of daylight and carbon emission before any physical alterations in the building. In the case of existing buildings, this is especially useful since it allows comparing various options on refurbishment digitally and minimises financial risk and improves decision accuracy.
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Figure 1: BIM for Energy Performance
(Source: Self-Created)
The concept of thermal zoning is also supported by BIM, and it is necessary to manage energy efficiently. BIM makes heating, cooling and ventilation systems more precise by separating the building into areas that are divided according to the use, occupancy schedule and solar exposure. This does not happen with the usual situation that occurs in old buildings, where a big space of buildings is heated or cooled without the need, resulting in wastage of energy. Detailed information about materials and construction assemblies can also be placed in the digital model, making it possible to calculate the accuracy of the heat loss through walls, roofs and windows.
In addition to design and retrofit, BIM has further added value within building operations. BIM can be used as a digital twin of the actual building in combination with sensors, smart meters and Internet of Things (IoT) devices (Groak, 1992). The model can be connected to live data of temperature, energy use and occupancy, and the facility managers can see where there is inefficiency and fix faults and optimise the system performance in real time. During its life cycle, the building can be supported in data-driven maintenance prediction and refurbishment planning by this approach.
Within the framework of climate change and net-zero goals, BIM offers a very important instrument to minimise the carbon footprint of the current building stock. With the provision of detailed energy modelling, scenario testing and performance monitoring, BIM allows for making sure that enhancements in insulation, glazing, ventilation and renewable energy systems produce quantifiable and long-term benefits. This data-driven, whole-life design would put BIM at the centre of designing resilient buildings that are energy efficient and future-proof.
[bookmark: _rjfseoouw6du][bookmark: _Toc218255242]Existing Energy Performance Problems
The discussion of the current ground and second-floor plans reveals a number of innate energy performance issues that are very common with older institutional structures. The building is massive, with wide exposure to the external temperature changes on the outer walls of the two levels. During winter, this would result in high loss of heat through poorly insulated facades, whereas during summer, it is a source of overheating because of the solar gains. It is also tricky to accomplish uniform airtightness because of the long perimeter and numerous external openings that enable uncontrolled air infiltration that further adds to heating and cooling needs.
The internal plan depicted in the plans is typified by long corridors and cellular rooms in a row. These corridors are thermal bridges, where the heat is carried out of occupied areas and in many cases, permanent heating is necessary to ensure that the areas are comfortable. Meanwhile, a significant portion of the rooms is in the heart of the plan, without outside windows and walls (Bryan, 2010). This means that these spaces are getting minimal natural daylight and have to use extensive electric lighting that consumes more electricity and adds unwanted internal heat gain, which has to be provided by some means, such as ventilation or cooling.
The cores of the vertical circulation, the stairwells and the lift shafts involve other energy losses. These are the vertical chimneys that facilitate the stack effect, whereby the warm air ascends and escapes through the upper levels, triggering cold air to come into the building via the lower levels. This free flow of air causes imbalanced temperatures throughout the floors and increases the burden on heating systems. These losses cannot be easily controlled in the traditional building designs without the use of modern air-tight lobbies or pressure control.
Lack of effective thermal zoning is also another significant problem. The plans propose that common corridors are used to serve rooms that have varied functions, occupancy and sunlight exposure, probably by using shared heating and ventilation. This implies that the low-occupancy spaces might be heated up to the same extent as the regularly occupied rooms, which creates an issue of energy wastage. Equally, high-solar-gain rooms can end up overheating, and other shady rooms cool, making these rooms uncomfortable as well as inefficient.
Last but not least, the old-fashioned mechanical systems of the building also decrease the energy performance. The aged boilers, the inefficient ventilation systems and the control technologies cannot dynamically react to the variation in occupancy or weather (Brand, 1994). The above factors result in high energy consumption in the operations, higher carbon emission and high chances of obsolescence in buildings in the long run unless measures are undertaken to improve them.
Table 1: Existing Energy Performance Problems
	Building Feature
	Current Condition (from Plans)
	Energy Performance Problem
	Impact on Sustainability

	External walls & façade
	Large external wall area across both floors
	High heat loss in winter and excessive solar gain in summer
	Increased heating and cooling demand, higher carbon emissions

	Windows & glazing
	Large glazed areas with deep internal rooms
	Poor insulation and uneven daylight distribution
	Increased energy use for lighting and thermal control

	Internal corridors
	Long corridors linking multiple rooms
	Act as thermal bridges and require continuous heating
	Wasted energy and inefficient space conditioning

	Stair cores & vertical voids
	Open stairwells connecting floors
	The stack effect causes warm air to escape upwards
	Heat loss and unstable indoor temperatures

	Room layout
	Mix of cellular rooms and large spaces
	Difficult to apply effective thermal zoning
	Overheating in some areas and wasted heating in others

	Building depth
	Deep-plan layout
	Low natural daylight in internal spaces
	Higher electricity consumption for lighting

	Ventilation paths
	Uncontrolled air movement via doors and stairs
	Air leakage and loss of conditioned air
	Reduced indoor comfort and increased energy costs

	Heating & services
	Likely centralised, outdated systems
	Limited ability to respond to occupancy and climate
	Inefficient energy use and higher operational emissions



[bookmark: _ckg1xwz1wq38][bookmark: _Toc218255243]Proposed BIM-Based Energy Performance Improvements
Building Information Modelling (BIM) was utilised as a unified design and assessment tool to work out the case study building energy performance. Digitally altering the ground and second floor plans, BIM made it possible to simulate the fabric and passive interventions as well as the services and renewable ones in coordinated and measurable ways in accordance with the modern sustainable construction practice (Sacks et al., 2018).
Fabric Improvements
The principles of fabric-first were also taken seriously in order to decrease the energy demand in its operations. BIM was used to specify and test improved insulated wall constructions using the low conductivity and the vapour-permeable layers to not only improve thermal resistance, but also retain breathability. The units were modelled with a high-performance, low-emissivity, and triple and double-glazed with the aim of minimising heat loss so that they could control heat gained in the environment. The digital increase of the insulation thickness of the roof allowed to compare the thermal performance of the roof in different situations. Notably, BIM was a design way to identify and address thermal bridges at junctions, including floor slabs, facade interfaces, and window reveals, to prevent the occurrence of unintentional heat transfer and the threat of condensation. The analysis of the case study building highlights the inherent energy inefficiencies commonly found in mid- to late-twentieth-century institutional structures. Its deep-plan configuration, extensive external wall exposure, inadequate insulation, outdated glazing, and uncontrolled ventilation collectively result in significant heat loss, excessive artificial lighting demand and poor overall environmental performance. These conditions not only undermine occupant comfort but also contribute to rising operational costs and increased carbon emissions—factors that, if unaddressed, risk rendering such buildings environmentally and functionally obsolete.

Passive Design
The passive design techniques were incorporated by applying the analysis of BIM-led orientation, daylighting, and natural ventilation. Position and size of the windows were optimised in order to compromise the daylight permeation with heat conservation and unnecessary use of artificial lighting was minimised. The shading devices were designed and realised in the form of solar shades in order to reduce overheating in hot summer seasons and allow desirable winter sunlight to reach the buildings. Core stair and circulation were modified to accommodate stack ventilation which allowed free natural escape of warm air. Zoning of building was done within the BIM framework into the thermal zones using occupancy pattern and intensity of use to enable better control of comfort and reduce unnecessary energy expenditures.
Building Services
The energy-efficient building services were used as part of the BIM model to substitute the conventional buildings. Air-source heat pumps were defined as the main heating system, which will have less carbon release and better efficiency. Mechanical Ventilation with Heat Recovery (MVHR) was digitally controlled in order to salvage the waste heat of exhaust gas. The BIM environment had smart controls and sensors that dynamically regulated the demand for temperature, occupancy, and lighting. The introduction of LED lighting systems that are connected to daylight sensors meant that the artificial lighting is only used when necessary.
Renewable Integration
The roof level became integrated with renewable technologies due to the feasibility analysis done by means of BIM. The panels were pixelated with photovoltaic panels facing as much as possible sunlight direction, and BIM-modelled their power output based on the amount of sunlight gathered per year and estimated the solar energy harnessed each year. It has added battery storage to help with load balancing and the reduction of peak demand. Renewable inclusion in the BIM setting allowed forecasting the performance and optimising the lifecycle by matching energy generation and demand of operations (Wu & Wang, 2019).
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Figure 2: Ground and second floor plan
(Source: draw.io)
Initial plans of the ground and second floors were redrawn digitally in a BIM environment to incorporate energy-performance improvement mechanisms without sacrificing the functioning spatial planning. The revised strategies are used to show how the measurement of energy efficiency can be organised spatially without interfering with the usability.
They added thermal zones to the two floors according to occupancy rates and the type of activity to enable heating and ventilation control. The identification of service zones was done to locate MVHR units, heat pump distribution systems, and smart control infrastructure to enhance the accessibility of maintenance and operational efficiency. Sensationally smart sensor locations were made strategic in circulation areas, teaching spaces, and shared environments to provide environmental control.
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Figure 3: Roof-level energy optimisation
(Source: draw.io)
As per Li et al., (2020), Photovoltaic locations were noted in BIM for Roofs and green roof initiatives, which increased insulating component performance, decreased stormwater flow and increased habitat for Biodiversity; improved glass types for daylighting; and the addition of shading devices on the southern elevations for heat mitigation.
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Figure 4: Modified floor plan
(Source: draw.io)
All these measures resulted in a decrease in the energy requirements by minimising the heat loss, managing the solar gain, and increasing the efficiency of ventilation. BIM allowed the visualisation and performance of each intervention on a real-time basis, and the design decisions were not prescriptive. This contrast between original and modified plans shows that the process of creating plans using BIM facilitates the integration of energy optimisation by designing the spaces, structures, and service coordination (Sacks et al., 2018).
Table 2: BIM-Driven Modifications to Floor Plans
	Design Element
	Ground Floor Modification
	Second Floor Modification
	Energy Performance Benefit

	Thermal Zoning
	“Zoned by occupancy and use”
	“Zoned by teaching and circulation areas”
	“Reduces unnecessary heating and cooling”

	Service Zones
	“MVHR and heat pump distribution areas”
	“Vertical service coordination”
	“Improves system efficiency and maintenance”

	Shading and Glazing
	“Optimised glazing layout”
	“Solar shading to façades”
	“Controls solar gain and daylight use”

	Smart Controls
	“Sensors in shared spaces”
	“Sensors in teaching areas”
	“Enhances responsive energy management”
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Operational Energy Performance
Building Information Modelling (BIM) allows the assessment of the operational energy requirements to be considered in a comprehensive way during the lifetime of the building (Xu et al., 2021). In the adapted design, the energy use on operation was minimised by improving the fabric insulation, efficient building services, and on-site production of renewable energy sources. Energy simulations made in BIM have measured the heating, cooling, ventilation and lighting loads, which can compare performance between the baseline and optimised performance. The decision-based method is supported by this technical approach and minimises carbon emissions in the operation over time.
Embodied Carbon Assessment
Embodied carbon assessment: BIM also allows that material specification to connect with environmental product data. This allows pre-assessing the carbon-intensive aspects, including structural elements, facade systems, and finishes. Reduced-carbon material substitutes can thus be chosen, without affecting performance. It has a digital model that enhances transparency and accountability to ensure the embodied carbon effects are factored into operational energy reduction.
Against this backdrop, Building Information Modelling (BIM) emerges as a transformative tool capable of redefining how existing buildings are assessed, upgraded and managed. By allowing integration of geometric, material and operational data within a single digital environment, BIM enables precise energy modelling, thermal zoning, life-cycle analysis and performance monitoring. This capacity to simulate and evaluate multiple retrofit scenarios before physical interventions greatly improves decision-making, reduces risk and ensures that selected strategies deliver measurable energy and carbon reductions. Furthermore, when extended into building operation through a digital-twin approach, BIM supports real-time optimisation and long-term sustainability.
Maintenance and Refurbishment
During operations of the building, BIM serves as a database of information about the assets, such as the service life, maintenance plans and the life cycles. It provides an opportunity to plan proactive maintenance in time, decreases material wastage, and decreases carbon emissions that come with planned refurbishment. The incorporation of the performance data will enable the energy efficiency measures to be an effective long-term effort.
End-of-Life Considerations
At the end-of-life stage, BIM aids in sustainable deconstruction, documenting materials, assemblies and potential to recycle. Contrary to the conventional two-dimensional drawings, BIM has the capability of centralising the life-cycle energy and carbon information in one digital model, which enables continuity of information. This combined strategy promotes the long-term sustainability performance and helps in the responsible management of assets (Bryan, 2010).
Table 3: BIM-Supported Life-Cycle Energy and Carbon Impacts
	Life-Cycle Stage
	BIM Application
	Energy and Carbon Benefit

	Design
	Energy and carbon simulation
	Optimised low-energy design decisions

	Construction
	Material data integration
	Reduced embodied carbon

	Operation
	Performance monitoring
	Lower operational emissions

	Maintenance
	Asset and service data
	Reduced waste and refurbishment impacts

	End-of-Life
	Deconstruction planning
	Improved recyclability and reuse



[bookmark: _7arx08ga4j3][bookmark: _Toc218255246]Critical Evaluation
Cost Versus Performance
The energy optimisation provided by BIM does deliver elements of performance improvement on a building, but these gains have been found to be typically delivered at the cost of increased initial capital expenditure. High-performance insulation, high-technology glazing, eco-friendly technologies, and smart building services can all can boost the initial spending considerably (Liu, 2025). This puts pressure on the short-term budget constraint and the long-term benefit of long-term operation in most projects. Although BIM supports both life-cycle cost evaluation and justification of investment, the monetary constraint might limit the use of the full potential of energy-efficient solutions, especially in retrofit projects.
Heritage Constraints and Design Limitations
Application of energy performance upgrades is also more problematic in existing and heritage buildings. Principles of conservation and regulatory standards can restrict the modification of the facades, window structures or internal designs. BIM is capable of assisting fragile design coordination, the magnitude of intervention that can be implemented is frequently limited and leads to more half-hearted than optimum energy advances. This is what underscores the necessity to harmonise sustainability objectives, culture, and architecture skills.
Technology Dependence and Data Reliability
The accuracy and quality of the source input data are critical to the success of energy analysis. The benchmarking of the simulation will be influenced by the assumptions contained within the inputs, including occupancy rates, meteorological data, user habits, and other assumptions. Therefore, most energy analyses will produce a "performance gap," which is a variance between the results predicted and those retrieved during actual execution, if inaccurate (incomplete) input data are utilised for simulation purposes. In addition, excessive reliance on nonphysical systems (e.g. digital platforms) places an organisation at a higher risk of cybersecurity breaches, system outages, compatibility issues with software, etc.
Limitations of Digital Simulation
Even though BIM gives extensive opportunities in simulation, digital models cannot support the enjoyment of real-life occupant behaviour. User interaction, the way the process is being operated, and the procedures of maintenance may differ a great deal in terms of energy performance. Using simulated results too much without post-occupancy analysis can hence reduce effectiveness in the long term.
Critical Application of BIM
Nonetheless, BIM is an effective tool in spite of these limitations if it is applied significantly. Its performance will be ensured by its informed professional decision, cross-disciplinary cooperation, and continuous feedback in the form of monitoring and evaluation. BIM can be greatly used in improving sustainable building performance when it is underpinned with sound data management and stakeholder involvement (Watts, 2016). Ultimately, improving the energy performance of existing buildings is essential for meeting contemporary carbon-reduction goals and ensuring the resilience of the built environment. The case study demonstrates that BIM-based strategies provide a practical and effective pathway for enhancing efficiency, extending building life, and aligning older structures with modern sustainability standards. Such data-driven approaches will be fundamental in transitioning current building stock toward a low-carbon, environmentally responsive future.
[bookmark: _vl39k5lbmb7p][bookmark: _Toc218255247]Conclusion
This research paper illustrates that Building Information Modelling (BIM) can be efficiently implemented in improving the level of energy performance of an existing building through a coordinated effort of fabric enhancement, passive design, efficient building services and renewable energy incorporation. Digital adjustment of the ground and second floor plans made it possible to do evidence-based decision-making with a view to providing energy demand reduction measures an opportunity to be tested and optimised before implementation. Consequently, the total amount of energy used in operations and the amount of carbon emitted were decreased by a significant margin throughout the building's life cycle.
The presence of thermal zoning, high-performance materials, intelligent building services, and renewable technologies emphasises the opportunity of BIM to help with the sustainable refurbishment and long-term stability. The way that BIM coordinates design, maximises the life-cycle planning, and the material and performance data is by centralising the three types of data.
[bookmark: _te7eqoz9lv2]Despite the existing obstacles that are related to the cost of initial implementation, the accuracy of data, and the necessity to use digital tools, the results have shown that these issues can be addressed with the help of critical usage, constructive data processing, and continuous performance evaluation. Broadly, BIM can be a useful tool to the positioning of the current building stock to align with the current sustainability targets and keep on offering versatile and energy-saving buildings that can adjust to the future environment requirements and regulations.
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