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Cardiff Business School has been unsuccessful in lowering energy consumption in the postgraduate facility commercial building. The building has multipurpose facilities enabling the usage of different equipment, including energy-saving and consuming gadgets, making it hard for the engineering maintenance to minimize the energy consumption rate within the commercial building (Javed 2012, p.8). However, the school designed a versatile and sustainable structure that is costly in terms of energy supply and maintenance, making it hard for the engineering team to reduce energy wastage (Javed 2012, p.7). However, the complex design was meant to support the reputation of the school, since the modern learners prefer universities with better and complex looking buildings. To that end, the building is a storey structure with twin skin curtain walls, aiding ventilation as it lowers acoustic interference at the same time. One of the reasons behind the failure in energy cost efficiency is the inadequate understanding of how organizations handle technology such as the lights, heating systems, electrical equipment and other energy-consuming gadgets used in offices (Lambertz 2020, p.345). Reaching an understanding has been hindered by the unclear energy data based on the installed appliances and services, internal conditions, the staff, and the building description, affecting the amount of energy used in the commercial building. Without such data and information, it can be challenging to produce valid and transparent models for predicting and understanding energy use. Also, the building contains flexible teaching spaces, multiple modular offices characterized by fully wired walls to enable the students to charge their phones and computers (Javed 2012, p.8). That makes it necessary to consider ways of saving energy as the number of computers and phones charged daily is not supported by the energy plan of the building. 
The CARBS building has a very complex system, which could pose both financial and maintenance and repair problems over time should correct maintenance not be adhered to.
	Mechanical 
	Use

	Rainwater Harvesting
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	Hot Water Electrical Water heaters
	Basins.
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	Heating
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Building engineering services can be delivered in various ways to ensure operational efficiency. That includes the high performance controlled ventilation, high-performance building envelope, and bioclimatic architecture, ensuring the development of energy-efficient buildings (Hou, Zeng, & Xue 2020, p.27). An energy-efficient building is one designed to offer a significantly lower energy need for cooling and heating systems (Sarbu 2021, p.36). While a high performance controlled ventilation promotes heat recovery and mechanical insulation of the building, a high-performance building envelope ensures the avoidance of thermal bridges, development of air-sealed construction, high-performance glazing, and detailed insulation, minimizing the energy wastage within the building structure. 
On the other hand, the bioclimatic architecture as shown in figure 1 ensures that the building has passive solar systems, solar protection, and the desired orientation and shape, lowering the energy consumption rate. According to Qian et al. (2021, p. 95), prudent commercial building designs must have appropriate emergency lighting as a standby system load capacity. Besides, its system and accommodation need to have a cooling system to maximize the performance and plant life of the energy system (Qian et al. (, 2021, p. 96). 
After the building is designed to maximize energy-saving, the engineers must look at the energy sources, the cooling and heating equipment, choosing carefully to identify one that minimizes energy use (Al-Shemmeru and Packer 2021, p.57). At this stage, the carbon reduction buildings designers can opt for the trias energy concept (figure 2), an energy-saving model developed in the Delft University. The model guides the process of energy sustainability by demonstrating how energy-saving systems should be run on the path to environmental protection.
This figure is essential in demonstrating the energy saving mode,.
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As shown above, the model has three levels; level one, which recommends reducing energy demand through the implementation of energy-saving measures, reducing energy wastage. Level two recommends the use of sustainable energy source rather than fossil fuels, reducing energy wastage while protecting the Environment at the same time. The third and lowest level recommends using fossil fuel only when used efficiently to minimize energy wastage. 
 Based on the three principles of the trias energy concept, the building designers can follow the three-step approach to ensure energy-efficient commercial building. 
1. Environmental and Climactic Conditions: The bioclimatic architecture must consider the environmental and climatic conditions, enabling the designers to attain the visual and thermal comfort of the building (Hou, Zeng, & Xue 2020, p.23). Therefore, the design should consider the surrounding climate, enabling them to make better use of the solar energy instead of working against them, as demonstrated in figure 3 below. Two principles often characterize the bioclimatic design. The building's shape must be compact, reducing the surface area in contact with its exterior. That gives the building a better orientation as the interior spaces are arranged based on the heating systems. Second, suitable techniques must be used to the exterior envelopes surrounding, protecting the building from the solar heat. According to Qian et al. (2021, p. 96), a solar heat system collects solar radiation, enabling free lighting and heating systems to save energy. For instance, it protects the building from the sun by shading it and appropriately protecting the building envelope through reflective surfaces and colours (Sarbu 2021, p.33). 
2. Thermal Insulation, a proven technology essential in reducing energy emissions at a low cost to ensure efficient energy use. That can be achieved through a proper installation, ensuring energy conservation in every section of the building envelope, especially on the facades, walls, roof lofts, and ground decks, the most energy-consuming areas of commercial buildings (Al-Shemmeru and Packer 2021, p.54). It is also suitable for boilers and pipes, lowering the rate of energy loss. Like in hot regions, insulation should be developed in cold regions, too, since it would keep the building warm and eliminate the need for heating the rooms, as indicated in figure 4 below.
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According to Hou, Zeng, & Xue (2020, p.23), insulation is a primary component of the walls, enabling the building to achieve a low U value and a high R-value. At this stage, the external walls should be well insulated to a high-value thermal resistance, lowering the rate of heat loss through them, thus increasing the R-value while reducing the U value. For that to occur successfully, the thermal resistance of the insulation product must be kept at an all-time high to prevent the rise in the U value, as demonstrated above. Also, the thickness of the insulator should be kept within tolerable dimensions, increasing the thermal resistance.
3. Airtightness should be controlled to lower the rate of air leakages, airflow through cracks and gaps in the draughts. According to Saint-Gobain (202, p.1), reducing air leakages is crucial in ensuring good air tightness, creating a durable, healthy, comfortable, and controllable building with minimal energy loss. The building designers must therefore work within stringent building regulations for better airtightness and energy efficiency as illustrated in figure 4 above. 
Besides, the CIBSE guide f can be a better option in delivering engineering building services in this scenario. According to Menezes et al. (2013, p. 73), CIBSE guide f would be essential as it demonstrates how to lower the environmental impact, reduce the running cost, and improve the energy performance of buildings. All that can be achieved by designing an energy-efficient building and refurbishing the existing ones, enabling the commercial buildings to be energy-efficient. That shows how valuable energy efficiency is to clients. Based on the CIBSE guide f, an energy-efficient building provides the internal Environment with minimal energy use or cost-effective manner, lowering the cost of maintenance (Menezes et al. 2013, p. 73). Therefore, comfort and energy efficiency are an essential part of buildings as they can be combined with other aspects like sound engineering, as set out in most CIBSE guides. The guide f is often a primary target for building service engineers, taking a holistic approach to operating and designing structures. Building service engineers rely heavily on the CIBSE guide f especially the design team members like the surveyors and the architects (Menez et al. 2013, p.68) Engineers also depend on the guide for the duties of the property agents, clients, developers, facility managers, and energy managers, making the engineering building service delivery a much-organized process. 
The CIBSE guide is also essential for building service engineers as it offers them a chance to achieve energy efficiency more uniformly, saving money and time (Birch et al. 2020, p.306). The guide refers readers to detailed guidance such as the action energy programs and the carbon trust, holding back on covering the process energy methods in detail to avoid confusion among service engineers in commercial buildings like the CARBS (Birch et al. 2020, p.308). Therefore, it promotes a holistic approach to the building design by demonstrating a solid interaction between lighting, cooling and heating systems, building envelope, enabling the engineers to consider the overall design before individual measure implementations. 
The  guide also shows that the energy-efficient buildings in the United Kingdom consume almost half of the energy used in the country (Livermore, 2020, p.231). According to Livermore (2020, p.234), building professionals must understand that it is their responsibility to lower the energy consumption through good practice. That means that they must improve on their skills, especially in developing energy-efficient buildings, saving the country from experience high cost in energy supply and maintenance.
 Some of the current practice in ensuring the development of energy-efficient buildings is based on improved building operation and designs, creation of good working Environment including lower carbon dioxide emissions (Levermore 2020, p.237). That also includes minimal consumption of finite fossil fuels, enabling the buildings to rely mainly on the renewable energy source, lowering the rate of energy wastage in the commercial building in the institution (Livermore 2020, p.251). The guide, therefore, illustrates how significant energy efficiency is to the critical performance measures of a building, especially under the environmental management systems (EMS), adding to the buildings market value (Birch et al. 2020, p.303). That is because energy efficiency is often seen as an essential benefit by development design engineers, enabling the agents to reduce the energy bills by at least 25 per cent for commercial buildings, demonstrating the amount of savings that comes with energy-efficient buildings (Birch et al. 2020, 308). The Guide suggests that the savings can be more significant for the new and refurbished structures. That is because the new energy-efficient buildings consume approximately fifty per cent less energy than similar old buildings, showing the need for refurbishment of the old ones (Livermore 2020, p.251). 
Through schematic diagrams, the building facilities management team is able to easily identify heat/cooling components, and their locations in the building and where they service. Unfortunately, many of the files supplied for review during this paper were unusable due to poor quality images. This could cause problems with correct identification of  by the circuit elements, demonstrating how their functions relate, ensuring a cost-effective energy flow and use in the building. According to Suamir et al. (2021, p.20), a schematic diagram is a precious troubleshooting method of identifying the parallel or the series components, illustrating how they can be connected to ensure a cost-effective way of supplying energy the commercial building CARBS as shown in figure 4 above. Based on the schematics, the arrangement of the switches, contact fuses, and logic gates must be improved to ensure the free flow of energy without unnecessary blockings, ensuring a maximum energy-efficient system to sustain the whole commercial building (Suamir et al. 2021, p.23). Besides, the schematics must include adequate inductors, capacitors, and resistors, ensuring a cost-effective energy supply based on the high number of switches and sockets in the building, lowering the rate of energy use in the CARBS commercial building as shown in figure 3 above. That is because schematic diagrams must be kept simple to foster ease of understanding without having to access the physical location of the structure. That would enable engineers from different locations to assess the building, enabling them to offer feedback for improvements. Therefore, the schematic diagram would ensure the building engineers' services are done correctly, minimizing the cost of improvements in future. That is why schematics of buildings must only focus on how the electric components connect to bring about an adequate flow of power, showing the contacts and switches as shown in the Cardiff electric system. 
Besides the guide above, engineering building services can also be delivered through BSRIA (Building Services Research and Information Association). According to Birch et al. (2020, 305), its a member-based association and a non-profit distribution program known for promoting knowledge and offering specialist services to the building and construction service stakeholders. That can be ensured through the BSRIA soft landings, referring to a process describing the responsibilities, roles, and activities carried out in the building development over its six project stages. The stages often range from the inception of the construction to the briefing, which usually takes three years to ensure a fully functional and energy-saving structure (Jin et al. 2020, p. 78). Soft landings deliver better building services by enabling the engineers to set the requirements and objects at the inception of the construction, making every service organized and easy to follow. It also helps the engineers remain focused throughout the project and beyond, lowering the number of burdens the delivery team may face in engineering building service delivery. Hence it acts as a complement to the processes in place, allowing the delivery team to highlight the on hand activities, ensuring they keep the success criteria of the clients. 
The six project stages under BSRIA include inception and briefing, design, construction, pre-handover, initial aftercare, and the POE and the extended aftercare (Jin et al. 2020, p. 78). 
1. Inception and Briefing: ensures that soft landings establish the client's success criteria and requirement, as mentioned earlier. It does that by enabling the constructors or the engineering building service team to commit the engineers joining the construction and the design teams, acting as their guide. The inception and briefing phase of BSRIA also enable the engineers to advise the team on how the responsibilities should be allocated and carried out, especially under the ongoing reviews of the building design, in this CARBS case, the anticipated performance, enabling the whole team to come together and prepare the soft landings remaining activities. 
2. Design:, where the engineers bring together the project team, allowing them to review the insights from different projects to inform how the engineering service is to be delivered. That would enable them to end up with a realistic structure, saving energy and maintenance cost as required in the United Kingdom buildings (Samarakkody, perera, and Pallivaguru, 2020, p.1-13). Therefore, the design stage ensures the teams agree on the monitoring, metering, and energy strategies. It also allows them to have a better approach to commissioning, ensuring they identify regular items for the relevant tenders. Finally, in this stage, the engineers are expected to review the maintainability and usability of the system, allowing them to recognize the checks as they install the final equipment in the building.
3. Construction: where the soft landings call for the team to understand the project's success criteria. According to De Paula & Melhado (2021, p.3), the construction phase requires the facility manager, together with the buildings' representatives' representatives, to get directly or closely involved in the project, enabling them to understand better the decisions involving the management and operation of the engineering building service delivery. 
4. Pre-Handover, enabling the engineering building service operators to understand the system and its interfaces before the commercial activities in the building begin (De Paula and Melhado 2021, p.7). That involves revisiting the outputs, ensuring the suggested activities are done correctly, improving the functionality of the building to lower the cost of maintenance. The pre-handover stage also ensures the BMS (Buildings Management System) is the way the client objected or, even better, improving the overall experience on using the commercial structure for the purposes it was built. That includes data storage, energy monitoring, and energy data reconciliation, ensuring the systems is functioning as intended. 
5. Initial aftercare, requiring the project team to reside on the commercial building for a while, enabling them to identify any issues and problems that may emerge (Kirwan and Rogers 2020 p. 17). That would give them a chance to improve on them before the commercial activities begin, eliminating the need to work on the issues while the building is under commercial activities, inconveniencing the occupants. Therefore, the engineers are expected to adjust the system where necessary, enabling them to deliver a perfect structure. 
6. Aftercare, one to three years extension after the care period characterized by less monitoring and support than the aftercare period (Kirwan and Rogers 2020 p. 24). During this stage, the engineering building team is expected to confirm that the energy monitoring is in place, enabling them to carry out a post-occupancy evaluation often done for one year. However, the activity should be repeated for a one-year interval to culminate into a project review after thirty-six months. That shows how the various engineering building services can be delivered through different methods. 
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Facility maintenance and operation of commercial buildings entails a broad spectrum of services, processes, competencies, and tools, ensuring the building environment perform efficiently the way it was initially constructed and designed. The building maintenance should be organized to ensure the everyday running of the facility, such as the equipment and systems, enabling users to perform effectively.  Therefore, the maintenance and operations should be combined into a common term O&M since a building like the CARBS cannot operate at peak effectively without proper maintenance (Bortolini and Borcada 2020, p.11). The two should therefore be approached as one, enabling organized maintenance in the following areas of the structure:
1. The Real Property invention (RPI) provides a synopsis of the needed system, enabling the maintenance of the inventory of the organization's physical assets. It also enables managing the assets, ensuring effective engineering services in the case study building, CARBS. Second, it is essential to have computerized maintenance management systems (CMMS) (Villa et al. 2021, p.39). A computerized maintenance system would enable easy tracking of the maintenance of the building as it contains the description of practices and procedures to track costs and assets functionality in commercial buildings. Besides, computerized systems projects are repetitive as they continuously handle emergency activities; it also handles planned and preventive activities at much lower costs, enabling low energy consumptions during engineering building maintenance of the Cardiff business schools new building. 
2.  Organized maintenance of engineering building services should have computer-aided facility management, also known as space planning technology. They include the IWS, BIM, CMM, among others, promoting low-cost engineering building maintenance. Besides, such buildings should also have O&M manuals as it offers the lowest expense in operating and maintaining a commercial building. Villa et al. (2021, p.41) offer high-level relevancy, accuracy, and timeliness; hence cannot be overstated. Therefore, a commercial building like the CARDS would work best with user-friendly O&M manuals as part of the commissioning process. The manuals describe the frequencies, components, tools, methods, and processes involved in organized engineering building service maintenance. 
It would be essential to include janitorial or cleaning, enabling the use of environmentally friendly cleaning equipment by incorporating safer cleaning methods. That would provide a healthy workplace and improved property asset maintenance, making the building fit for commercial use (Yousefli et al. 2020, p.77). That would include appropriate cleaning of the exterior surfaces and ground maintenance, essential in the overall facility maintenance programs. That should involve flood management, and other engineering building service maintenance activities. It would also be essential to incorporate the historic building operation and maintenance, a complex method of organizing engineering service maintenance. It involves balancing old equipment while planning on purchasing new ones assumed to be more efficient. This maintenance method ensures that cleaning the delicate surfaces within the building involves the use of less damaging products to the surfaces, creating a proper environment for the occupants of the building, in this case, the staff and the students. 
An in-house maintenance team would also be a better option as they usually have more years of experience within the institution than the outsourced contractors (Yousefli et al. 2020, p.52). They, therefore, offer a higher understanding of the institutions expectations within the building maintenance, making in-house maintenance more viable for the CARBS building. Besides, the knowledge from outsourced teams can be lost when they leave the institution, making them less appropriate for maintaining a commercial building within and a learning institution; instead, the organization should consider the maintenance of engineering services from people within the organization, making it less expensive. 
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Energy audit summary for CARBS, commercial building 
	Thermal systems 
	Electric systems 

	· Utility rate structure
· Weather effect on the use of the thermal energy
· Types of fuel used
· Distribution of the thermal energy use (process, DHW, heating, etc.)
· Thermal energy use per unit area
· Thermal energy use profile or the building signature
	· Utility rate structures including power factor penalty, demand charges, and energy charges.
· Weather effect on the electrical energy source
· Distribution of electric use energy, including fans, equipment, lighting, cooling, etc.
· Electrical energy use per unit area
· Electrical energy use profile

	Onsite survey
Hot water/ steam for DHW
Hot water or steam for cooling
Hot water or steam for heating
DHW systems
HVAC system type
Construction materials including thermal resistance thickness and type
	HVAC system type
Energy use for water distribution
Energy for air handling
Energy for equipment
Energy for lighting
Energy for cooling
Energy for  heating
Equipment density and type
Lightning type and density.

	Energy use baseline
Standardize the base-case model using metered and utility data.
Develop the base-case model through baselining methods, including detailed and straightforward tools.
Review the control, mechanical, and architectural drawings.

	
Standardize the base-case model by using metered and utility data.
Develop the base-case model through baselining methods, including detailed and straightforward tools.
Review the control, mechanical, and architectural drawings.


	Energy conservation measures

	DHW use reduction
HVAC system retrofit
EMCs
Temperature setback
Boilers or efficient heating systems
Heat exchanges or heat recovery systems
	Temperature set up
EMCs
HVAC system retrofit
Energy-efficient motors
Energy-efficient equipment
Energy-efficient lighting
Power factor improvement
Peak demand shaving, chillers or energy-efficient cooling



The building is currently working well except for a few retrofit adjustments required, including the upgrade for the lightning, and the HVAC, optimizing the structure's performance. That would improve the performance of the building in terms of energy-saving, enabling the construction to minimize the amount spent on energy for commercial purposes.  
However, to recommend a cost-effective building development, the engineers should use cost and value factors throughout the project. According to Putra (2020, p.6), the requirements of a project must be considered through the cost of its life cycle since most buildings are often funded without considering a possible increase in budgets. Besides, considering the extra cost when budgeting would ensure that the budget supports any additional needs that may arise in the project, lowering the amount of money that could be taken away from the cost-efficient budget allocation of the building (Jain et al. 2020, p.349). Second, the engineering team should use economic analysis in evaluating the alternative design, ensuring that the most cost-efficient one is chosen. According to Shevchuk (2020, p.321), facility investment decision in a building project should include future system replacement, maintenance and operation, energy, and cost impacts, ensuring that the buildings cost efficiency is not bargained in the process. Finally, the engineers must also consider the non-quantifiable benefits of the building. That is because most economic models require that the dollar value be placed on all the design aspects, enabling the model analysts to accurate general results (Theiben et al. 2020, p.567). It is often challenging to value all the non-monetary building attributes accurately. 
[bookmark: _Toc75548755]Conclusion

This paper has shown that building engineering services can be delivered in several ways. First, the engineering team can opt for the trias energy concept characterized by high performance controlled ventilation, high-performance building envelope, and bioclimatic architecture, ensuring the development of energy-efficient buildings. It can also be delivered through the CIBSE guide f, enabling the engineering team to demonstrate how to lower the environmental impact, reduce the running cost, and improve the energy performance of buildings. Finally, the services can be delivered through the BSRIA (Building Services Research and Information Association), a member-based association and a non-profit distribution program known for promoting knowledge and offering specialist services to the building and construction service stakeholders. Most importantly a regularly managed asset management program, and BMS.
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