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Abstract. 
Energy situation in Malawi is continuing facing critical challenges to satisfy the existing demand. However, energy consumption and energy conservation studies have been neglected to help overcome this problem. In this paper, electric energy audit was conducted for a commercial building in Mchinji, Malawi, in order to identify energy-saving opportunities. The study employed a mixed method research which involved a series of surveys, observation, data collection, and analysis. The current energy consumption was determined and compared with the proposed energy consumption after replacing some equipment. The proposed system saved up to 33.46% of energy. The study also suggested behavior change towards energy saving. Additionally, an alternative energy system was also suggested. Thus, the HOMER software was employed to design, optimize, and analyze a solar-battery-grid-connected energy system. The proposed system has a simple payback period of 9.8 years. The system’s cost of energy was estimated as 0.0372 $/kWh, and the capital cost was $ 150,887.

1. Introduction
Global energy consumption is constantly increasing resulting in high rates of gas emissions and global warming [1]. Alternative energy resources such as renewable sources can help to reduce the carbon content in the atmosphere thereby overcoming the global warming problem [2, 3]. Most developed countries are investing in energy-efficient technologies to reduce energy losses in order to ensure constant energy availability [4]. Industries consume about 30 to 70% of the total global energy consumption [5]. The International Energy Agency (IEA) had indicated that energy demand in the building industry would grow by about 50% in 2050 in relation to 2013 if no extra controls are applied [6]. Energy auditing is a systematic approach for energy management in order to ensure efficient use of energy with economic consideration. This approach includes aspects of the process, operation modification, conversion energy losses, load management, and investment in energy-efficient technologies [7]. Studies have shown that energy consumption in industries can be reduced by improving energy efficiency. Energy audit is the best way of evaluating energy-saving potential and develops a plan of action to achieve a clean and sustainable industrial process. Worldwide reports have indicated that 25 to 35% of energy can be saved in commercial buildings [8, 9]. This huge amount of energy can be utilized by other users including households without access to electricity.
Several countries are introducing policies to address climate challenges while trying to satisfying the demand for energy. One of the policies includes low-energy buildings. For instance, European Union came up with a “nearly-zero-energy building” (nZEB) policy, while the United States introduced “net-zero-energy buildings” (NZEB). China also introduced similar policies [10, 11].
Zero-energy building is defined as a building with zero net energy consumption. Thus, annual energy consumption by the building is approximately equal to the amount of renewable energy generated on the site [12]. This implies that the grid supplies electricity when there is no renewable power and the building export power back to the grid when there is excess generation. This mode of selling electricity can be made possible through a Feed-In Tariff program [13]. In [14], the author emphasized that all actors need to respond and adapt to progress made on low-energy-building (LEB). This is because LEB has new characteristics in relation to technology, economy, and other related aspects.
Africa has over 600 million people without access to electricity with inefficient, old, and secondhand technologies from developed countries. This largely affects energy development, access, and utilization to the entire population [15]. Malawi compared to other Southern African Development Community (SADC) countries has the lowest electricity access rate. The country with a population of over 18 million has an electrification rate of 12.7% mostly in cities. Rural and urban electrification is estimated at 3.9% and 48.7%, respectively [16]. Malawi Government through Electricity Supply Commission of Malawi (ESCOM) conducted an energy-efficient survey across the country. The survey showed that most households use inefficient appliances. The quick response to this survey was the free distribution of energy saver bulbs to all electricity users in order to reduce energy consumption [17].
As of 2020, Malawi has no direct energy efficiency policy but rather it has action plans implemented. Malawi government is carrying out energy-efficient projects that include the use of solar water heaters in a public building, distribution of energy saver bulbs, encouraging high energy-efficient appliances on the market, and also providing civic education to people. Another action plan is that the government established national energy-efficient and renewable energy committees to ensure that industries are using high energy-efficient technologies [17]. Additionally, the government of Malawi removed other taxes on solar energy technology importation [18].
Malawi’s electricity demand is rapidly increasing due to change in lifestyle due to civilization. However, the country has abundant solar energy resource which is currently being underutilized. A solar PV system connected to the grid is preferable as compared to a standalone PV system because of the limited availability of solar energy [19]. On-grid solar PV system boosts the capacity of network and improves reliability [20, 21]. Additionally, onsite energy generations increase the overall efficiency of the system [22]. On-grid system with a battery can be ideal for Malawi because of frequent power outages [23].
2. Literature Review
In [24], the author carried out a preliminary and detailed audit of the aluminum industry in Chennai, India. The survey identified energy-saving opportunities and suggested restructuring of single line diagram (SLD) of electrical wiring and replacement of lighting and fans. If these recommendations were implemented, the industry can save 29.54% of power consumption. Chakraborty et al. [25] conducted a detailed study to reduce electrical energy consumption in the complete G+6 building in NIT, Agartala campus. The results showed that the implementation of suggested recommendations can reduce 41.66% and 30.6% of energy consumption and its cost, respectively. The total investment required for implementing the recommendations would be to the extent of Rs. 242,062 with a payback period of 3.15 years for the investment. In [4], the author conducted a physical home energy audit in Phuentsholing, Bhutan, and recommended the replacement of lamps with a compact fluorescent lamp (CFL) resulting in 202.6 kWh saving per day for 200 households (i.e., 41.30%). It was further analyzed that if 24,358 electrified household of Bhutan saves 1.01 units per day then 8,979,576.70 kWh of energy will be saved in a year. The author also suggested that Bhutan should establish a policy framework for energy consumption.
Magdum et al. [26] conducted a brief study of supply system in cooperative Patsanstha by carrying out a detailed energy audit in cooperative Patsanstha Ltd. Premises for systematic methodology specified as per Bureau of Energy Efficiency (BEE). The study showed that the replacement of inefficient equipment is more important because it reduces the gap between generation and demand of energy. The natural daylight usage is most beneficial to reduce energy usage. The building must have windows and doors to archive more sunlight. In [27], the author conducted an energy audit survey of two commercial buildings in Dhaka. It was found out that 8 to 15% of electrical equipment are not efficient and 28 to 45% of electrical energy can be saved in the lighting section. The study also showed that energy audit can be a cost-effective and holistic approach for energy conservation in Bangladesh.
HOMER-based hybrid systems had been studied in various applications. In [28], the author conducted a study of cost analysis of on-grid and off-grid solar PV systems for the Institute of Environmental Engineering and Management, MUET Jamshoro, Pakistan. The results showed that the grid-connected system is technically and economically feasible. Nurunnabi and Roy [29] conducted a study on a PV-wind turbine-grid hybrid system using HOMER for the rural area of Lobon Chora, Khulna, Bangladesh. The simulation results indicated that the grid-connected solar PV and wind turbine hybrid system is economically viable as compared to the traditional hybrid system of solar PV-wind turbine and battery. In [30], the author presented the simulation and optimization study of a stand-alone photovoltaic power system to satisfy desired power needs of an orphanage in Nigeria. The patterns of load consumption within the orphanage were studied and suitably modeled for optimization using the HOMER software. The results showed that solar energy can be a choice for green power solutions in powering orphanages located in remote areas.
The purpose of this paper is to carry out an energy audit and feasibility study of solar PV installation as an action plan for a commercial building in Mchinji, Malawi. The study will also contribute to the existing literature by promoting energy audit in buildings using available auditing approaches in order to reduce energy consumptions and bills. The feasibility study will be carried out through simulation and optimization of solar PV-battery grid-connected system in order to determine the appropriate sizing required for the demand after audit results using HOMERPro.
3. Case Study
Pagwanji is a small commercial multipurpose building situated at Bua trading centre in Mchinji, Malawi. It is approximately 25 km from Mchinji Boma. The building is comprised of shops, printing services, gaming services, paying TV room, Bars, restaurants, and other small business activities. The solar GHI resource and temperature for Mchinji were obtained from NASA’s surface meteorology and solar energy database for a period of 22 years from 1983 to 2005. Table 1 shows daily radiation and clearness index data for Mchinji with annual average daily radiation is 5.79 kWh/m2/day.
Table 1: Daily radiation and clearness index data for Mchinji.
	

		Clearness index	Daily radiation (kWh/m2/day)
	

	January	0.481	5.41
	February	0.502	5.54
	March	0.552	5.72
	April	0.612	5.68
	May	0.664	5.43
	June	0.672	5.11
	July	0.675	5.29
	August	0.669	5.87
	September	0.672	6.65
	October	0.628	6.75
	November	0.573	6.38
	December	0.498	5.61
	



4. Materials and Methods
The study employed a mixed methods research which involved a series of surveys, observation, data collection, and analysis. Questionnaire was used to find out behavior pattern on the energy use such as switching off appliances that are not in use. The rated power of all appliances was recorded, and the estimated time of operations was also recorded for further analysis of the system. Energy consumption for each appliance was calculated and their associated costs. Similarly, after recommendations of appliance replacement and behavior change, energy consumption and their associated costs were calculated. The two scenarios were analyzed for a recommendation of possible action. Finally, the HOMER software was used to design, optimize, and analyze the energy requirements of the proposed appliances in the building.
4.1. Modeling of the System Using HOMER
The HOMER software is one of the best modeling tools of hybrid renewable energy systems. The software is used in designing, simulating, and analyzing hybrid renewable energy systems. The software is applied in grid-connected or off-grid hybrid systems [31]. HOMER software also performs powerful optimization in relation to the cost of various energy project scenarios which allows minimization of cost [28]. Additionally, the software performs sensitivity analysis of the hybrid system. The mix contained in HOMER includes combined heat and power, conventional generators, wind turbines, solar PV, batteries, fuel cells, hydropower, biomass, and other inputs. The HOMER software does optimization of the key performance indicators of the hybrid power system as net present cost (NPC), fuel cost, operation cost, and cost of energy (COE) of the hybrid [32].
4.2. Solar Photovoltaic Systems
A Monocrystalline Silicon solar PV and model number BSM500M-96 cost $0.26/Watt in China. A panel has a rated power of 500 W and an efficiency of 19.51%. Thus, 1 kW costs $ 260 and module lifetime is 25 years [33]. However, considering shipping and other logistic cost up to landlocked country, Malawi, the capital cost of 1 kW generic flat plate was pegged at $ 950 with operation and maintenance cost of $ 1 per year. The replacement cost was pegged at $ 800 per kW. A derating factor of 90% was also considered for the solar module.
4.3. Grid System
Power outages in Malawi are more frequent making a very important parameter in designing of grid-connected system. The monthly average number of outages and average duration of outage in Malawi were 7.4 and 3.6 hours, respectively [23]. Thus, in HOMER, the mean outage frequency was set at 88.8 per year, while the mean repair time was 3.6 hours for the software to determine random outages. The cost of energy on grid for household use in Malawi as of December 2020 was 0.13 $/kWh [34].
4.4. Battery
Power backup system is very important for unreliable grid since solar is an intermittent source of energy. Thus, the battery becomes useful during cloudy days and at night when the grid is down. Yichen from China manufactures batteries with model number CE,MSDS,Rohs. Lithium iron phosphate with nominal voltage and maximum capacity of 3.2 V and 206 Ah, respectively, costs $ 125 per battery [35]. Therefore, the cost of generic 1 kWh Lead Acid battery in HOMER was considered as $ 200 to reach Malawi, while the operation and maintenance coat for each battery was pegged at $ 1 per year, respectively. Battery life also depends on its depth of discharge (DoD); hence, DoD was set at 60%.
4.5. System Converter
Techfire inverter with model number VE1012 is manufactured in China. 800 W inverter costs $ 117 with input and output voltage of 12 V and 220 V, respectively. Inverter efficiency is 97 to 99% [36]. However, for this system to reach Malawi, a 1 kW generic system converter was considered with efficiencies of inverter and rectifier of 97%. The converter lifetime was set at 15 years. The capital cost of 1 kW system converter was pegged at $ 200, while the replacement cost was $ 140. The operation and maintenance cost for a 1 kW converter was set at $ 4 per year which is 2% of capital cost. Figure 1 shows the summary of the entire methodology for the study.




			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
				
					
				
					
				
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
				
					
				
					
				
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
				
				
					
				
				
					
				
			
		
			
				
					
				
					
				
			
		
			
			
			
			
			
			
			
			
			
			
		
			
				
					
				
					
				
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
				
					
				
					
				
			
		
			
			
			
			
		
			
				
					
				
					
				
			
		
			
			
			
		
			
				
					
				
					
				
			
		
			
			
			
			
			
			
			
			
			
			
			
		Figure 1: Summary of methodology for the study.


5. Results and Discussion
Energy auditing as a key of improving energy efficiency can be divided into two main groups: improving energy saving of energy sources and improving energy saving at the production or usage level [37]. The study showed that some of the behaviors can lead to energy wastage in a commercial building. For instance, lights were observed to be in use during the day and sometimes the building manager forgot to switch off security lights. It was also observed that the building was poorly designed to ensure maximum utilization of light during the day. Additionally, the building’s windows are not well positioned to ensure the natural flow of air in order to reduce energy consumption due to fans. These observations can be solved through the use of automated control systems such as daylight and motion sensors. Furthermore, it is important to civic educate building users to change behavior towards saving energy such as switch off appliances not in use and ensuring that all electric appliances or equipment are switched off when leaving the building premises after work or business. The building design can also be modified to fit low-energy building characteristics.
The building’s energy use patterns were studied by estimating the time of operation of each appliance to find daily energy use with respect to rated power. However, a refrigerator labelled 120 W cannot continuously draw 120 W. For instance, a 228-liter fridge consumes 312 kWh per year. Thus, the approximate daily energy consumption for 4 refrigerators is 3.4 kWh. Table 2 shows all appliances used in the building with their corresponding energy consumption.
Table 2: Current energy use for the building.
	

	Appliance	Power rating (W)	Quantity	Connected load (W)	Operating time (h)	Daily energy (kWh)
	

	Refrigerator	120	4	480	24	3.4
	Fan	75	7	525	6	3.15
	Air conditioners	1800	5	9000	5	45
	Printers	1200	3	3600	6	21.6
	32 TV	120	4	480	7	3.36
	Internet router	5	3	15	10	0.15
	Computers	100	5	500	7	3.5
	CCTV cameras	15	9	135	12	1.62
	Kettles	1200	4	4800	1	4.8
	Rice cookers	1200	2	2400	0.75	1.8
	Laminator	1300	3	3900	2	7.8
	Emergency bulbs	6	12	78	12	0.936
	Incandescent bulbs	60	15	900	8	7.2
	    Total energy need in a day	104.316
	    Total energy need in a month (31 days)	3233.796
	    Total energy need in a year (365 days)	38075.34
	



Energy auditing exercise proposed replacement of some appliances with more efficient ones. Some of the equipment recommended for replacement include fans, air conditioners, printers, TV, computers, laminators, and lighting. Table 3 gives a summary of equipment in the building if recommendations are followed. It also shows their approximate daily energy consumption for the building.
Table 3: Recommended energy use for the building.
	

	Appliance	Power rating (W)	Quantity	Connected load (W)	Operating time (h)	Daily energy (kWh)
	

	Refrigerator	120	4	480	24	3.4
	Fan	50	7	350	6	2.1
	Air conditioners	1500	5	7500	5	37.5
	Printers	500	3	1500	6	9
	32 TV	55	4	220	7	1.54
	Internet router	3	3	9	10	0.09
	Laptop	50	5	250	7	1.75
	CCTV cameras	6	9	54	12	0.648
	Kettles	1000	4	4000	1	4
	Rice cookers	1200	2	2400	0.75	1.8
	Laminator	600	3	1800	2	3.6
	Emergency bulbs	6	12	72	12	0.864
	Florescent tube	26	15	390	8	3.12
	    Total energy need in a day	69.412
	    Total energy need in a month (31 days)	2151.772
	    Total energy need in a year (365 days)	25335.38
	



Selected appliances were chosen to compare daily energy saving. It was noted that the air conditioner consumes more energy for the entire building. Significant energy savings were observed in the air conditioner, printer, laminator, and lighting. Figure 2 shows a comparison between current and proposed energy consumption for selected appliances and their significant contribution towards energy saving for the building.




			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
		
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		Figure 2: Comparing energy saving of selected appliances.


Energy saving for the entire building was also analyzed, and it was noted that the entire building can save about 33.46% of energy. Figure 3 depicts the proportional use of energy for the current energy system with respect to proposed energy use. Table 4 shows the list of recommended appliances with their corresponding prices at market in Malawi Figure 3.




			
			
		
			
			
			
		
			
			
			
		
			
				
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
			
			
				
				
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
					
				
			
		Figure 3: Recommended versus current energy use.


Table 4: Cost of recommended appliances (US$1 equal to MKW 785).
	

	Appliance	Number of equipment	Unit cost of appliance (MKW)	Total cost of appliances (MKW)
	

	Refrigerator	4	300000	1200000
	Fan	7	25000	175000
	Air conditioners	5	450000	2250000
	Printers	3	550000	1650000
	32 TV	4	200000	800000
	Internet router	3	35000	105000
	Laptop	5	250000	1250000
	CCTV cameras	9	90000	810000
	Kettles	4	12000	48000
	Rice cookers	2	35000	70000
	Laminator	3	35000	105000
	Emergency bulbs	12	15000	180000
	Fluorescent tube	15	2500	37500
	    Total expenditure	8680500
	



In relation to current appliances in the building, the annual energy consumption was estimated as 38075.34 kWh. However, the cost of energy in Malawi was 0.13 $/kWh resulting in the total annual cost of energy of $ 4949.79. If the building is fully replaced as advised in Table 3, the building’s annual energy consumption would be estimated as 25335.38 kWh. This implies that the annual cost of energy was estimated as $ 3293.6. Comparing these two scenarios, the annual energy bill savings is $ 1656.19. Considering the current exchange rate of $ 1 equal to MKW 785, simple payback time in years for the new appliances can be computed as follows:

5.1. Energy System Simulation
From the audit results which recommended replacement of some equipment, an alternative energy source was also proposed. Energy demand for the proposed system has a scaled peak load and annual average of 48.3638 kW and 351.250 kWh/d, respectively. Load factor is 0.3026. Figure 4 shows the daily energy demand for the proposed appliances.




			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
		
			
		
			
		
			
		
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
				
				
				
				
				
				
				
				
				
				
			
		
			
				
				
				
				
			
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		Figure 4: Daily energy demand for the proposed appliances.


The proposed hybrid system is comprised of solar, battery, converter, and grid. This system was designed and simulated using the HOMER software. Figure 5 shows the schematic system design for the proposed energy system in the HOMER software.




			
				
					
						
					
				
			
		Figure 5: Schematic diagram of the energy system.


From the simulated results as shown in Figure 6, the system requires 107 batteries of 12 V with an autonomy of 2.93 hours. The simulated solar PV capacity was 159 kW with a system converter of 128 kW. Solar PV system installation will result in reduced energy purchase from the grid. The building will require 33,324 kWh per year which is representing 9.66% of the annual required energy. The proposed system has a simple payback period of 9.8 years. The system’s cost of energy was estimated as 0.0372 $/kWh, and the capital cost was $ 150,887. Figure 7 shows an economic summary of the energy proposed system, while Figure 8 shows the monthly average electricity production for the system.




		Figure 6: Optimization results for the proposed system.






		Figure 7: Economic summary of energy proposed system.






			
		
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
			
			
			
			
			
			
		
			
				
			
				
				
				
				
			
			
				
			
				
				
			
		Figure 8: Monthly average electricity production.


6. Recommendations and Conclusion
Energy auditing has proven to be an effective way of determining energy losses and come up with action plan to conserve energy. This paper has shown that Pagwanji commercial building can save energy up to 33.46% if the building replaces some of the appliances with more efficient ones. Replacement of appliances in the building has a payback time of 6.68 years. This means that saved energy can be available to other electricity users. Additionally, if more companies and buildings can follow this energy conservation technique, then saved energy will also enormously be available for other users. The study also recommended the use of renewable energy. Therefore, a feasibility study was conducted on the possibility of incorporating solar and battery to the existing grid system. The HOMER software was employed to design, optimize, and analyze a solar-battery-grid-connected energy system. The proposed system had a simple payback period of 9.8 years. The system’s cost of energy was estimated as 0.0372 $/kWh, and the capital cost was $ 150,887.
The National Energy Policy (2018) recognized the numerous challenges in the energy sector. Therefore, its overall goal is to provide a guiding framework for increased access to affordable, reliable, sustainable, efficient, and modern energy for all sectors and every person in the country. One of the priority areas for action includes demand-side management issues with the aim of enhancing the efficient and sustainable utilization of energy resources. Therefore, this study is in agreement with the national energy policy for Malawi to reduce energy challenges [38].
Other recommendations include the following:
(i)Civic educating the users on the importance of saving energy and how best they can behave to save it(ii)Employ the use of automated systems such as light and motion sensors to save energy(iii)Refrigerator: avoid running the refrigerators when its empty. Avoid frequent opening of refrigerator doors(iv)Fans and air conditioners: use fans and air coditioners during the time of need only. Switch them off during the night when occupants are in their homes(v)Printers: switch off the printers when printing is done(vi)TV: switch off TVs when not in use for example during the night(vii)Laptops and computers: use the most recent computers which are more energy saving. Use portable Laptops when doing simple tasks
The analysis can be further improved, and the system economy can be determined more precisely if more related data like real-time energy consumption are monitored. It is also necessary to conduct a comparative study to know if the use of solar PV with battery is technically and economically profitable.
Data Availability
Meteorological data for the site was obtained from NASA database using the HOMER software at the following coordinates: Latitude of 13 degrees 48.00 minutes South and Longitude of 32 degrees 53.58 minutes East.
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