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	The primary aim of this study is to advance an institutional building toward net-zero energy through strategic energy management. This research specifically targets reduced electricity use and maximized energy efficiency. Inefficient lighting and fans were replaced with high- efficiency alternatives. RET Screen software modeled energy consumption and predicted cost savings. Results demonstrate significant electricity and cost reductions after system upgrades, with measurable gains in overall energy performance. These outcomes confirm that retrofitting electrical equipment is a cost-effective, practical strategy to pursue net-zero energy and curtail institutional energy demand.
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1. Introduction
Globally, buildings contribute to nearly 30% of total energy consumption and over 50% of overall electricity demand. [1] Research indicates that the buildings of Pakistan are inefficient and consume energy at around 40- 50%, while exceeding the international standards, due to poor insulation and an inefficient system. Solutions to this problem include retrofitting and passive design techniques that can reduce the energy use by 25-35% while reducing thermal comfort. [2] Research shows that the poor culture of energy conservation in the public organization, even with employee awareness. Electricity usage unchanged over six years reflects a disconnect between implementation and awareness. Regular training and educational initiatives can help to encourage energy- saving practices. [3] NZEBs utilize high-efficiency technologies, passive design strategies, and smart building management systems to reduce energy consumption. In a Brazilian case study, adding a photovoltaic system and efficiency measures moved it towards NZEBs and PEB levels and reduced CO2 emissions by 14.8 tons annually. [4] [5] In Pakistan, nearly half of the total energy, around 47%, is used by residential buildings, which emphasizes their significant role in energy demand. [6] Institutional buildings in Pakistan, such as universities, offices, and hospitals, significantly influence energy consumption. Research on retrofitting, such as in a mid-rise university building, reveals that upgrading insulation and glazing can lower energy use by about 23%.[7] NZEBs are designed using both passive strategies, such as orientation, ventilation, and daylight utilization, and active strategies, such as a renewable energy system and energy-efficient equipment.[8]Conducting energy audits in institutional buildings, particularly universities, helps identify common energy-saving opportunities, such as using more daylight, minimizing appliance usage duration, and adopting energy-efficient lighting, resulting in notable electricity savings.[9]NZEBs offer a major environmental advantage by reducing carbon emissions in the building sector. They operate efficiently and fulfil their energy demand through on-site renewable generation, reducing reliance on fossil fuels. [10] Smart building technologies and energy management tools enable continuous monitoring and control of energy consumption, enhancing operational efficiency while reducing energy usage and expenses. [1] Net-Zero Energy Buildings combine high-efficiency systems, passive design techniques, and smart management to reduce energy use. By using natural elements such as sunlight and ambient temperature for lightning and heating, the need for non- renewable energy sources is reduced. [4] The environmental advantages of NZEBs are closely linked with the Sustainable Development Goals, especially climate action and clean energy. In countries like Pakistan and tropical regions, expanding the use of renewable energy plays a key role in achieving national sustainability goals and reducing costs.[1]In a similar study of a solar- powered NZEB shopping mall in Pakistan, it was shown that electricity cost could be reduced by 27% and a payback period of 2.66 years, while generating surplus energy that could be fed back into the grid.[11] RET Screen is a popular tool used for assessing the feasibility of a renewable energy system and energy efficiency options in buildings. It provides the capability of system sizing, performance evaluation, and detailed analysis of energy output, emission, and economic feasibility for sustainable projects. [12] The software is broadly applied in educational and clean energy programs, making it a reliable tool for evaluating building energy performance and sustainability. [13]

2. Methodology
The methodology employed for this research was a case study, utilizing a real building and involving data collection, simulations, and analysis. The University of Engineering and Technology Lahore sub campus, Rachna College of Engineering and Technology, is shown in “Fig. 1” in the city of Pakistan, Gujranwala (geographic coordinates: 32.361113,74.207944). The building is constructed with an area of 6000m2, which includes the classes, labs, examination hall, and library. [14] [15]

[image: ]Figure 1: UET Lahore sub campus, RCET Gujranwala

To carry out the study the methodology is divided into three steps:
· Modeling and simulation
· Energy management system
· [bookmark: A.Data_Collection:]Energy performance indicator

[image: ]Figure 2: Methodology use for Analysis
















2.1 Data Collection
We collect data on energy use and equipment details at the university campus through an energy audit study. A lux meter is used for measuring illumination level, and a tachometer is used to calculate the speeds of the fans. The software used for the data collection is RET Screen expert.
[bookmark: B.Modeling_and_Simulation:]
2.2 Modeling and Simulation:
RET Screen is software created by the Canadian government that assists in technical and financial feasibility studies of various types of projects based on benchmarking, such as energy efficiency actions, renewable energy projects, and many others. It can be used to evaluate the energy production (or savings), life cycle costs, and greenhouse gas emission reduction for residential, commercial, institutional, and industrial buildings.[13]The scenarios proposed in Table 1, with techniques and technologies to increase energy efficiency in the case study simulated with RET screen (version 9.1), were chosen due to the high energy consumption because lights and fans use old technology, and we replaced the old technology with new technology.

Table 1: Simulated scenarios
	Scenario
	Energy efficiency action (EEA)

	1
	Replace all the fluorescent lamps with high-output LED lamps.

	2
	Replace all the inefficient fans with the efficient fans.


[bookmark: C.Cost_analysis:]
2.3 Cost analysis
This case study focuses on saving costs, especially in fuel and energy consumption. Data on fuel and energy usage were collected from previous records and operational reports. The collected data was analyzed to identify areas where cost savings could be achieved. Based on the analysis, recommendations were made to reduce fuel and energy costs effectively.
[bookmark: D.GHG_Emission_reduction:]
2.4 GHG Emission reduction
To meet the target of reduction of GHG emissions, the model calculates the annual reduction in GHG emissions. The calculation depends on the emission factor of both the base case and the proposed case, as well as on the annual end-use energy delivered. Data will be entered based on the GHG emissions, and the model calculates the annual reduction in GHG emissions when the base case system is displaced with the proposed case system. Table 2 shows the emission factor and conversion efficiency values.

Table 2: Emission factor and conversion efficiency
	Fuel type
	CO2 emission factor (kg/GJ)
	CH4 emission factor (kg/GJ)
	N2O emission factor (kg/GJ)
	Fuel convers ion efficiency %

	Coal
	94.6
	0.002
	0.0030
	35%

	Natural gas
	56.1
	0.0030
	0.0010
	45%

	#6 oil
	77.4
	0.0030
	0.0020
	30%

	Diesel(#2oil)
	74.1
	0.0020
	0.0020
	30%



[bookmark: E.A_Standardized_Energy_Management_Syste]2.4.1 Standardized Energy Management System ISO 50001
To achieve the target in a university campus for the improvement of energy performance and reducing the energy consumption to meet the international standard of ISO 50001. Using this technique reduces the environmental impact and carbon emissions. Following these standards, we take action against climate change.

3. Result and Discussion
[bookmark: III.RESULT_AND_DISCUSSION][bookmark: A.Analysis_of_Lighting_System_Classroom_]3.1 Analysis of Lighting System 
3.1.1 Classroom lighting baseline
The current system consists of daylight fluorescent tube lamps specifically the PHILIPS model FL 40W/54-765. Each lamp has an efficiency of 62.5 lm/W and consumes 40 watts of electricity. Each fixture contains one lamp, and miscellaneous losses of 12% resulting in an effective electricity load of 52 watts per fixture. The required illumination level was 500 lux. eight fixtures are needed in total eight lamps are installed.
[bookmark: Retrofitting_of_Classroom:]
3.1.2 Retrofitting of Classroom
In the proposed scenario, the selected model is the PHILIPS 22W865T8 AU, which has an efficiency of 100 lm/W and consumes 22 watts per lamp. Each fixture contains one lamp, and miscellaneous losses of 5% were accounted for, resulting in an effective electricity load of 27 watts per fixture. To maintain the required illumination level of 500 lux, ten fixtures are needed. A total of ten lamps will be installed, and the illumination level variance remains at 3.8% the annual energy consumption in the base case was 911 kWh, whereas under the proposed LED system, it is reduced to 591 kWh. Table 3 and “Fig. 4” demonstrates the results discussed below, comparing the base case and the proposed case in this study.

Table 3: Classroom Lighting System
	Cases
	Zone
	Lux
	Lamp type
	Illumination level variance(%)

	Base case
	library
	300
	Fl 40wl/54-765
	

	Proposed case
	library
	300
	26w 840T5 HK
	2.6%




[bookmark: Library_Lighting_baseline:]3.1.3 Library Lighting baseline
The base case consists of daylight fluorescent tube lamps. Specifically, the PHILIPS model FL 40W/54-765. Each lamp has an efficiency of 62.5 lm/W and consumes 40 watts of electricity. And miscellaneous losses of 12% were considered, resulting in an effective electricity load of 52 watts per fixture. The recommended illumination level for the library is 300 lux. 46 fixtures are installed, whereas the suggested number of fixtures is 52. A total of 46 lamps are installed.
[bookmark: Retrofitting_of_Library:]
3.1.4 Retrofitting of Library
The selected model is the PHILIPS 26W840T5 HK, which has an efficiency of 150 lm/W approximately 2.4 times higher than the current fluorescent lamps. Each lamp consumes 26 watts of electricity. And miscellaneous losses of 5% were accounted for, resulting in an effective electricity load of 31 watts per fixture. To maintain the recommended illumination level of 300 lux, 33 fixtures are required. A total of 33 lamps will be installed, and the illumination variance remains at 2.6%. Table 4 and “Fig. 4” demonstrates the results discussed below, comparing the base case and the proposed case in this study.
[bookmark: Important_Observation:]
3.1.5 Important Observation
In the library, 46 fixtures were installed in the base case, while the proposed LED retrofit requires only 33 fixtures. The LED retrofit results in an energy savings of 2,998 kWh annually, which corresponds to a reduction of 57.2% compared to the base case.

Table 4: Library Lighting System
	Cases
	Zone
	Lux
	Lamp type
	Illumination level variance(%)

	Base case
	Class room
	500
	Fl 40wl/54-765
	

	Proposed case
	Class room
	500
	22w 865T8 AU
	3.8%



3.1.6 Overview
A total of 250 fans were identified across classrooms, the library, and common areas of the campus. The fans operate for approximately 2,555 hours per year. These units function with a constant airflow pattern.		
[bookmark: Overview:][bookmark: B.Analysis_of_FAN_System_Assessment_of_B]
3.2 Analysis of FAN system
3.2.1 Assessment of Base Case Fan System
In the base case, GFC SS-18 model fans are installed. These fans use standard-efficiency motors with a full-load rating of 80 watts. The motors operate at a load factor of 44%, meaning they run at 44% of their full capacity. Resulting in a motor shaft power of 35.2 watts. The fan assembly includes a forward-curved fan with an efficiency of 65%. The fan load at full airflow is 22.9 watts. The annual electricity consumption per fan has been calculated.
[bookmark: Proposed_Case_Fan_System:]
3.2.2 Proposed Case Fan System
In the proposed case, high-efficiency fans of the GFC INV-T-FA-30 model are recommended. These fans have a full-load capacity of 45 watts, which is 44% lower than the base case (80 W). The motors operate at a load factor of 53%, higher than the base case value of 44%. Under these conditions, the motor efficiency is 88.7%, an improvement over the base case efficiency of 75.6%. The motor shaft power is 23.8 watts, which is 32% lower than the base case value of 35.2W. The fan assembly uses an airfoil fan with an efficiency of 96%, 31% higher than the base case efficiency of 65%. The fan load at full airflow remains 22.9 watts, equal to the base case. Table 5 and “Fig. 4” demonstrates the comparison between the base case and proposed case. Also, Table 5 and “Fig. 3” demonstrates the total energy savings from fans.

Table 5: FAN ENERGY SAVING
	Description
	Value

	Base case energy consumption
	29,162KWh/year

	proposed case energy consumption
	16,915KWh/year

	Gross annual energy savings
	12,247KWh/year

	Percentage energy saving
	42%



Figure 3: Energy Savings from light and fans
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[image: ]Figure 4: Energy savings for different sections

3.3 Green-House Gas Emission Reduction Analysis
[bookmark: C.Greenhouse_Gas_Emission_Reduction_Anal]The base grid emission factor for Pakistan (excluding transmission and distribution losses) is 0.409 kgCO₂ per kWh. Additionally, transmission and distribution (T&D) losses of 7% were incorporated, reflecting the average electricity losses in Pakistan’s grid system. After including these losses, the effective emission factor becomes 0.440 kgCO₂ per kWh, which more accurately represents the actual grid emission intensity. As shown in Fig. 5 demonstrates the savings in GHG comparing the base case and the proposed case in this study by adapting various energy efficiency measures. Annual GHG emissions decreased from 15.5 tCO₂ to 8.7 tCO₂. A reduction of 6.8 tCO₂. This represents a 44% decrease in emissions. LED lighting (100–150 lm/W) led to a 54% decrease in annual electricity use, equivalent to 3,318 kWh per year. The analysis was conducted by use “(1)”CO₂ Emission = EC × EF	(1)
Where ‘EC’ is the electrical energy consumption (kwh) and ‘EF’ represents emission factor.[16]

[bookmark: Fuel_cost_saving_and_Simple_Payback:][image: ]Figure 5: GHG Emissions Reduction

3.4 Fuel cost saving and simple Payback:
The economic analysis of all retrofitting is determined based on the payback period. The payback period was calculated for the implementation of all energy-efficient retrofitting measures using “(2)”

PP =Ci/Sa												(2)

Where ‘PP’ is the payback periods in the years, ‘Ci’ is the initial cost (PKR) of energy efficient retrofitting measures, and ‘Sa’ is the resulting annual energy savings (PKR/year).
Energy savings from the retrofitting are the difference between the energy consumption of inefficient and efficient lighting. This can be calculated by using “(3)”

ES = EC^M – EC^E											(3)

Where ‘ES’ is the energy savings, ‘EC^M’ is the energy consumption of the existing (inefficient) system (before retrofitting, ‘M’ stands for ‘Modern’) and ‘EC^E’ is the energy consumption of the efficient system (after retrofitting, ‘E’ stands for ‘Efficient’).[17]

The payback period was 1 year for library lighting, 2 years for classroom lighting, and 1.9 years for fan replacement. Overall, the project generated estimated annual savings of about PKR 311,299, with a simple payback period of 4.9 years, making it a cost-effective and high-return investment. Table 6 demonstrates the results of total fuel cost savings and simple payback period. “Fig. 6” compares the base case and proposed case, and also shows the total energy savings.



Table 6: Total Savings and Payback
	System
	Fuel Cost Savings (PKR)
	Simple Payback (yr)

	Lighting classroom
	6,395
	2.0

	Lighting library
	59,962
	1.0

	Fans
	244,942
	1.9

	Total
	311,299
	4.9



[image: ]Figure 6: Total Energy Savings


[bookmark: IV.CONCLUSION]4. Conclusion
This study presents an energy audit along with a feasibility evaluation carried out at UET Lahore Sub Campus, RCET Gujranwala. The primary aim was to improve energy efficiency by replacing inefficient lighting and fan systems with high-efficiency LED lights and energy-saving fans. The analysis was performed using RET Screen Expert software. The assessment of classroom lighting revealed that switching from 40-watt fluorescent lamps to 22-watt LED lamps lowered annual electricity consumption from 911 kWh to 591 kWh, resulting in an energy saving of about 35%. In the library, 46 conventional fluorescent fixtures were replaced with 33 high-efficiency LED units rated at 150 lm/W. This change reduced yearly energy use from 5,241 kWh to 2,243 kWh, achieving a 57.2% reduction while also decreasing the total number of fixtures required. The most significant improvement was observed in the fan system. Replacing 250 traditional 80- watt fans with 45-watt energy-efficiency models featuring airfoil blades and high motor efficiency (88.7% compared to 75.6%) reduces annual energy consumption from 29,162 kWh to 16,915 kWh. This corresponds to a saving of 12,247 kWh, or roughly 42%. There were also notable Environmental benefits. The transition to LED lighting alone cut annual greenhouse gas emissions from 15.5 tCO₂ to 8.7 tCO₂, a reduction of 6.8 tCO₂ (44%). When a fan upgrade was included, total annual energy savings reached approximately 15,565 kWh. From a financial perspective, the proposed measures were found to be economically feasible. The payback period was estimated at 1 year for library lighting upgrade, 2 years for classroom lighting, and 1.9 years for fan replacement. Overall, the project is expected to generate annual savings of about PKR 311,299, with a simple payback period of 4.9 years, making it a financially attractive and practical investment.
[bookmark: _TOC_250003][bookmark: _TOC_250002][bookmark: _TOC_250001][bookmark: _TOC_250000]
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