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Abstract

:

This paper analyzes the intelligent use of time-varying electrical load via developing efficient energy utilization patterns using demand-side management (DSM) strategies. This approach helps distribution utilities decrease maximum demand and electrical energy billing costs. A case study of DSM implementation of electric energy utility for an educational building Alagappa Chettiar Government College of Engineering and Technology (ACGCET) campus was simulated. The new optimum energy load model was established for peak and off-peak periods from the system’s existing load profile using peak clipping and load shifting DSM techniques. The result reflects a significant reduction in maximum demand from 189 kW to 170 kW and a reduction in annual electricity billing cost from $11,340 to $10,200 (approximately 10%) in the upgraded system. This work highlights the importance of time of day (TOD) tariff structure consumers that aid reduction in their distribution system’s maximum demand and demand charges.
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1. Introduction


The rising energy demands of further population and industrial growth, shortage of fuel for power plants, and increasing costs of electrical energy require a more advanced, secure power system structure all over the world for economic growth [1] and satisfaction of energy consumers as well as conceiving innovative technologies [2]. This leads to a higher value of energy required to supply the needs of industrial, commercial, and all other categories of end-user [3]. Like in most of the countries, India also encourages the initiate energy efficiency activities (Energy conservation Act 2001) based on Japan’s Energy Conservation (EC) Guidelines through Bureau of Energy Efficiency (BEE), which is an agency of the Indian Minister of Energy. Activities carried out to prepare EC guidelines are (i) performance audits and sectoral study reports, (ii) original equipment manufacturers, (iii) industries, (iv) sectoral experts, (v) stakeholder consultations with industries and industry associations, and (vi) secondary sources such as relevant websites. It provides direction for the preparation of its own “Energy Management planning Handbook” for the efficient operation of various types of energy consumer such as commercial, industrial, and educational institute buildings. The main components of the guidelines are management and control; it plays a vital role in the energy conservation process in India [4]. As result of the follow-up to these guidelines, the actual power deficit was reduced from 0.6% to 0.5% for the financial year 2019–2020, and the peak power deficit was reduced from 0.8% to 0.7%, as reported by the Central Electricity Authority (CEA) [5]. Figure 1 shows the present Indian Energy scenario: power generation and peak demand deficit. In this scenario, to further reduce the deficit like other developing countries, a simple and cheap alternative is essential to provide reliable electricity service and to attain the objective of becoming a nation of surplus electricity for the growth of a country’s economy [6].



The continued growth and development of new power plants in particular of renewable energy plant units can minimize the gap between supply and demand. However, the integration of renewable electricity generation systems in most countries is impossible because of resource restrictions like wind, solar radiation, and storage capacity or local geographical limitation for energy harvesting [7,8]. To control this status, a well-developed form of a power management system is essential to provide for the continued supply and trade of electricity in a country. The power management system is classified into two main categories such as supply-side management and demand-side management (DSM) [9]. The first one focuses on enhancing the operating efficiency of electricity production, transmission and distribution. A mainly efficient generation of energy at a minimum cost, by meeting the energy demand without adding a new plant, decreases the impact on the environment by operating the electricity system efficiently [10]. On the other hand, DSM deal with consumers/utilities load levels and usage models and it is insensitive to external factors. Therefore, for the past few decades, many countries decided to implement energy conservation activities mainly through the DSM approach in addition with other simple approaches such as using energy-efficient equipment/appliances, smart power strips, and setting up a programmable or intelligent thermostat in various types of consumers by giving contributions in electricity bill tariffs and offer energy motivation programs that help make energy efficiency a more affordable and easy model [11]. Among these, a lot of research focused on the DSM approach in terms of load control techniques, economical benefits, effects on various kinds of consumers, role in the electricity market, impact on the power system reliability, etc. [12,13,14,15]. It is implemented with exciting outcomes in different countries. DSM is has been demonstrated as an essential strategy to achieve energy conservation and to reduce emissions in many studies in China [16]. It also plays a leading role in real-time electricity markets to balance power, maintain security, and keep electricity grids safe and reliable as shown in a study in North America [17] and others in Gulf countries [18,19]. The demand side response approach is further classified into two main categories: time- and incentive-based programs [20]. Time-based programs are intended for monitoring power consumption during peak hours. At the same time, incentive programs are managed by utilities and the provision of incentives for consumers.



The DSM time-based strategies are highly involved in the electricity market for energy efficiency [21,22]. These DSM programs are more common: load shifting, peak clipping, valley filing, load building, and energy conservation programs [23]. These algorithms differ for each utility because these are dependent on the number of customers, the nature of load (commercial building, industrial, or residential), the benefits of this program, and the level of customers’ reaction or satisfaction with the program applied. The few numbers of research suggest that energy conservation in the housing/commercial sector as a result of behavioral change strategies is more rapid than any other intervention. This includes direct feedback for smart meters and indirect feedback to improve billing [24,25]. Furthermore, during the peak period, energy saving through behavioral change ranged from 15.7% to 21.7% [26]. The DSM flexibly manages the changing load profile on the consumer side concerning time and use [27]. As a result, the load profile and supply conditions flattening at a location over the day are easily achieved by maintaining a satisfactory end-user level [28,29,30,31]. The DSM load modeling objective includes load-shaping measures such as peak clipping, valley filling, load shifting, strategic conservation, strategic load growth, and flexible load shape that may change the time model and level of the utility’s profile [32]. A load shifting approach is a form of DSM program that increases the power supply’s reliability in an electricity system [33].



Although it is factual that the DSM is a key strategy for minimizing peak demand, developing countries have taken much less consideration of the development of a suitable strategy for the DSM, because the deployment of DSM presents some challenges and barriers. They are a lack of smart metering, communications infrastructure, control techniques, information technologies, understanding the advantages of the DSM, competitiveness issues in relation to traditional approaches, an increase in the complication of the system’s operation, and inadequate market incentives among these capital costs and lead times for implementation [34,35,36]. Hence, it is preferable to choose the best DSM approach which overcomes the issues. Load sharing and peak clipping energy efficiency programs have the advantages of covering the needs of utilities to maintain a reliable, stable, and efficient electrical network and customers’ needs to maintain their comfort, safety, and unique lifestyle [37]; and where the energy resources are not sufficient to satisfy the load requirements, load shifting or peak clipping may be an appropriate and better method for DSM [38,39]. In this study, load shifting and peak clipping DSM approaches are applied; the first one is the best solution from the point of view of utility companies where customers are encouraged for this by the cheaper tariff in off-peak hours. The second is quite significant in developing countries and a problem with the need to invest in new installations and generation capacities.



In most Indian educational institutes, energy resources are inadequate to meet the needs; in this situation, the impact of DSM on the distribution system is important to ensuring a balance between demand and supply in addition to a reduced electricity bill. With this motivation, the authors analyzed the educational institute of Alagappa Chettiar Government College of Engineering and Technology (ACGCET) campus on how to upgrade the existing energy system through the peak clipping and load shifting DSM methodology. It is analyzed using a simple solver MS-Excel and HOMER (Hybrid Optimization of Multiple Energy Resources) (2.8, HOMER Energy, Boulder, CO 80301 USA) optimization tool [40]. Initially, the daily load profile is measured, and thereafter, the monthly or seasonal load curves are obtained by HOMER to identify and analyze of peak load and off-peak load period, average load, peak load demand in an hour/month/year, then executed by the direct load control. The utility can change the load model by turning off the power supply in an intelligent manner to a specific category of loads (shiftable load) at chosen time intervals. This study offers the benefits of reducing implementation complexity, operational costs, etc., compared to other DSM approaches. The result demonstrates the enhancement of the load factor and the load profile curve of the campus.



The detailed expected effects of implementing the DSM are:



	
The reduction in energy bills can be achieved compared to the existing billing cost and similar contract and energy price conditions by reducing unnecessary consumption and paying attention to energy consumption behavior on campus;



	
The maximum demand charges can be minimized by reducing the sanctioned peak demand of the electricity supplier;



	
The possibility to avoid the enlargement of the electricity meter and a subsequent increase in the electricity price per kWh can also be optimized;



	
The efficient energy load pattern can derive.






The paper is organized as follows: Section 2 provides the details of the case study and load profile details. Section 3 deals with the methodology used to reduce peak load and load factor for a day/month. Simulation results and discussion are presented in Section 4, and the outcome and conclusions of the work carried out are discussed in Section 5.




2. Case Study Area: ACGCET Campus


The case study was carried out on ACGCET Campus, Karaikudi, where the latitude and longitude are 10.091° N and 78.797° E, respectively. Its location is in the Indian state of Tamilnadu. The power distribution networks of ACGCET Campus consist of a grid line, solar photovoltaic and diesel generator, distribution panels, automatic power factor correction panels, circuit breakers, cables, and loads. The maximum permitted demand on campus is 210 KVA from the Tamilnadu Electricity Board (TNEB). By observing Tamilnadu Generation and Distribution Corporation Limited′s (TANGEDCO-Electricity provider, No 825, Link Rd, Anna Salai, Triplicane, Chennai, Tamil Nadu 600002, India) bill (November 2019) for the ACGCET campus [41], the cost of energy (COE) is $2857 per month, the penalty fee, which includes the maximum demand charge, is $943 per month, and compensation fee for the low power factor per month of approximately $100. The total amount payable is approximately $48,000 per year [42,43]. From this data, it can be seen that the minimization of the energy cost of existing systems is mandatory in this institution. As a result, this work′s focus is to reduce the demand load by reducing energy consumption during peak hours. Thus, the flattening of the load profile and the state of energy saving behavior of the supply of a site during a day is carried out.



2.1. Load Assessment


The ACGCET campus brief infrastructure details and number of courses offered can be found in Table 1. It is well known that the institute′s working days are the only possibility to observe peak loads in relation to public holidays and examination days. As a result, the average working day′s energy meter readings are observed in the month of December 2019 and the typical load consumption pattern of the campus is shown in Figure 2. The average load profile of the campus is approximately 44.46 kW.




2.2. Problem Formulation


Usually peak demand requirement is applied by the end-user to the supply provider according to their load in the campus. In this campus, the requested maximum demand is 210 KVA from TNEB (Tamilnadu Electricity Board-provider) to meet our maximum energy demand of the campus. The rules and regulation of TNEB (supply provider) state that a constant supply equal to 90% of recorded demand affects the tariff of a particular end-user—in this case the campus. Even having a lower amount of recorded demand in the month (as per analysis during the month, it is only 100.92 KVA), TNEB considered only 90% of sanction demand as a demand charge. To address this constraint by reducing the peak and related costs, the most viable solution is to implement the DSM approach to the electrical network. DSM entails the supervision of loads on the utility side concerning the occasion and the amount of use to reduce costs. The system′s total peak greatly reduces and supports the load pattern itself much closer to the regular load consumption pattern. The successful execution of DSM employment provides significant assistance in managing customer demand at the lowest cost of electricity. In the valley filling DSM approach, some controllable devices are required to operate in different times of the day, allowing the effective integration of various renewable sources [44,45] and fossil-based ones [46], including improving the management of other sectors, such as heat [47,48]. The load shifting and peak clipping approach are the best solutions for utility companies. End-users are encouraged to do so through the lower-cost tariff during peak and subsequent risk of congestion [49].





3. Methodology


The DSM analysis method is described in the following subsections. Firstly, DSM is performed using the peak clipping and load shifting technique. In the peak clipping approach, the maximum demand reduction is obtained by the clip of the unwanted load during peak hours. Second, the HOMER software tool, built by NREL (National Renewable Energy Laboratory) for cost effective and reliable microgrids, shows the maximum load reduction and load factor for a day/month.



3.1. Demand-Side Management


To manage energy demand for the existing system in the campus DSM approach, two techniques, such as peak clipping and load shifting, are utilized as tools in this case study. Based on hourly and average demand, the peak period was clipped (peal clipping approach), and the end-user determined the load or load that could be shifted (in the load shifting approach).



In this case study, loads are categorized as primary, permanent, and suitable loads and are presented in Figure 3. The power consumptions rating of each load is given in Table 1. The primary load consists of light and fan loads; the permanent load consists of computers. The primary load can be turn-on or turn-off based on the end-user requirement. However, the permanent load requires continuous power with constant power consumption, including computers and server rooms. Shiftable loads are used on time. In the present study, three main devices are considered to be shiftable loads. They are all department laboratories, water well pumps, and air-conditioners. At any period ‘t’, the hourly and average load demand can be computed by the sum of the primary loads (PPL), permanent loads (PPR), and deferrable or shiftable loads PSL. It appears in Equations (1)–(4).





   P  h r _ d e m    t  =  P  P L    t  +  P  P R    t  +  ∑  n = 1  N  [  P  S L  n   t  ∗  X  S L  n   t  ] ,  



(1)






   X  S L  n   t  = B  V  S L  n   t  ∗ B  P  S L  n   t  ,  



(2)






   ∑  n = 1  N   ∑  t = 1   24   [ B  V  S L  n   t  ∗ B  P  S L  n   t  ] = 1 ,  



(3)






   P  a v g _ d e m    t  =    ∑  t = 1   24    P    d e m a n d    t      24   ,  



(4)




where:




	
PPL(t) is the Primary Load;



	
PPR (t) is the Permanent Load;



	
PSL(t) is the Shiftable Load;



	
BVSL(t), BPSL(t) are the Binary Variable;



	
Phr_dem(t) is the Hourly Load;



	
Pavg_dem(t) is the average energy demand;



	
N is the No. of Shiftable Loads.








Using data from the observed hourly/daily load profile, peak hours occurring during the period are recorded. If the hourly energy demand exceeds the average demand, staggered hourly loads are shifted towards off-peak hours based on the end-user′s priorities. At this time, transfer, load to off-peak periods by ON and OFF switching, the channel was denoted by ‘1’ and ‘0’, respectively, in the load shifting DSM approach [50,51]. The system’s shiftable loads depend on the priorities assigned by the end-user based on their requirement characteristics on the campus load as in Table 2. The order of preference is given in Table 3 and Table 4; shifting loads are assigned based on preference by the binary variable shiftable load (BVSL) and binary parameter (BPSL) at a specific time period. In the peak load clipping method, the shiftable load is clipped as per the end-user’s design. The time period of the peak clipping is given in Table 5 for this case study work.



Using this prioritization of loads and subsequent process, the energy demand of the campus with DSM strategy was computed through HOMER tool. The outcomes are evaluated according to the peak load demands. By the peak clipping DSM technique, the maximum value of peak load reduced from 100.92 kW to 90.92 kW, and the average load reduced from 44.46 kW to 43.42 kW. Figure 4 shows the load profile of the system after the peak clipping DSM approach. In the load shifting approach, the deferrable load shifted during the off-peak period such that the maximum peak load was reduced by keeping the same average load. Figure 5 shows the load profile of the existing system after load shifting and is presented in Table 6. It demonstrates that the DSM strategy provides a minimum peak load in comparison to the system without DSM.




3.2. Determination of Monthly Peak Load—HOMER Tool


The HOMER tools can perform a renewable hybrid system analysis based on various sensitive parameters such as technical, economic, and environmental and hybrid system costs. It determines the peak load for a month based on the scaled annual average method. HOMER computes the peak load, saving energy using Equations (5) and (6)—National Renewable Energy Laboratory (NREL) [52]. It calculates the load factor through average load and peak load value.


  Δ k W g r o s s = u n i t s × R L F ×         k W   u n i t       b a s e   −       k W   u n i t       e e     × D F × C F ×   1 + H V A C d   ,  



(5)






  Δ k W h g r o s s = u n i t s × R L F ×         k W   u n i t       b a s e   −       k W   u n i t       e e     × F L H ×   1 + H V A C d   .  



(6)







	
ΔkWgross is the Gross demand savings;



	
Units indicate units of measure installed in the program;



	
RLF refers to the rated load factor;



	
kW/unit is the unit demand of measure;



	
DF represents the diversity factor;



	
CF is the coincidence factor;



	
FLH is the full load hours;



	
HVACd is for HVAC system interaction factor for demand.






In HOMER, to add randomness to the load data to make it more realistic, the random variability data are day to day and time step. First, it compiles the annual load data based on daily load profiles [53,54]. Then, it goes through that time series, and in each time step, it multiplies the value of that time step by a perturbation factor  α , given in Equation (7):


  α = 1 +  δ d  +  δ  t s   ,  



(7)




where,



	
   δ d    indicates the daily perturbation value;






	
   δ  t s     represents time stepperturbation value;








4. Results and Discussion


This section discusses the possibilities of inefficient load clipping/shifting in the real-time system and the importance of the load factor. Using pre-analysis of the load profile data per day, the peak hours occurring time period is identified. During this period, shift load to off-peak periods by ON and OFF switching in a smart manner following the prioritization, the sequence was denoted by ‘1’ and ‘0’, respectively, in the load shifting DSM technique. The system’s shiftable loads depend on the end-user’s priorities and are clearly explained in Section 3. Similarly, in the peak load clipping method, the shiftable load is clipped as per the end-user’s design. Mostly, the peak load source in the afternoon session of this institute can be clipped or shifted to the morning session by the below three possibilities (uses shiftable load) to control the maximum demand in peak hours:




	
Altering the laboratory schedule between morning and afternoon sessions;



	
Timer setting of an air-conditioner;



	
Timer setting of water pumps for buildings.








Currently, most of the laboratory classes at this educational institute are conducted in the afternoon session, and there is no timer setting for the air-conditioner and water pumps. Therefore, these three possibilities have a strong influence on reducing the peak load during peak hours. Other options to reduce the peak load are



	
Setting fixed maximum demand in the circuit breaker;



	
Restructuring the entire electrical distribution network and circuit breaker programming;



	
Increasing the renewable energy generation on the campus.






The first two are firmly not recommended from the above three possibilities, and the next one is increasing in renewable energy generation and is partially recommended. However, the main problem of installing a renewable energy plant requires very high capital cost. Therefore, it is concluded that the DSM approach significantly influenced the existing system and reduced peak load, resulting in a reduction in monthly demand charges of about $93. It is represented in Table 6 or before and after the DSM approach, and a reduction in maximum demand is noted [55,56]. The annual cost reduction of the existing energy system after the implementation of the DSM approach is approximately $1140, around 10%, per year in the electricity bill as per the Tamilnadu (a state of Indian Government) Generation, and Distribution Corporation (TANGEDCO) Limited revised tariff rates from the TNERC (Tamilnadu Electricity Regulatory Commission) Tariff Order.



The results also confirmed that the DSM strategy reduces peak load and reduction in the electric bill and prevents the installation of new power plants compared to the system without DSM.



The DSM data response is given to the HOMER tool to calculate the monthly peak load. Figure 6a,b shows the simulation result of the daily load profile improvement in peak clipping and load shifting DSM approaches. The following observations are taken as follows: first, the maximum demand is reduced during peak hours, so that demand charges are definitely reduced, and also the load factor of the system is significantly increased; second, the utility will reschedule its investments (installing the new power source) to meet the load requirements. On top of that, it stimulates the user to consume less power during peak hours. The obtained monthly peak load for both methods is reduced from 189 kW to 170 kW (approximately 10%), around 19 kW for the same amount of daily load utilization (about 1060 kWh/d), which reduces the electricity charge approximately by $95 per month (Figure 7). Seasonal profiles for monthly peak loads for a year, both before and after DSM (peak clipping and load shifting), are obtained using the HOMER tool, which clearly shows that the measured demands of the reduction in peak demand for each month of the year did not exceed the mean values. Thus, a DSM approach is justified, which will lead to a significant reduction in the cost of electricity energy bills per year.



The flattening of the load profiles not only reduced the maximum demand, but also improved the load factor. The improvement of the load factor of the profile enables better use of the energy of the system. The load factor (LF) is obtained through average load and the maximum load in a given time period and is reported in Equation (7). The higher value of LF indicates that the load uses the electric system more efficiently.


  L F =   A v e r a g e   L o a d   P e a k   L o a d   .  



(8)







The average load can be calculated using Equation (4). The load factor is obtained through daily and monthly load profile curves of the existing energy system, before and after the DSM approach, and is compared in Figure 8 and Figure 9. Table 7 shows that the average load demand is 44, and the peak demand is 90.92 kW for the daily load profile. Consequently, the load factor is increased by about 1.5%, taking into account the daily load profile and by 3.8% for the monthly load profile [57,58,59,60,61]. It is confirmed that increasing the load factor enhances the energy efficiency measures on campus.



Furthermore, Figure 10 shows a comparison of the DSM approaches in the campus’ daily load curve. It is observed that the peak load is 90.92 kW, and the average loads of peak clipping and load shifting approaches are 43.42 kW and 44.46 kW, respectively. It clearly shows that the load shifting DSM approach gives a slightly better result as compared to the peak clipping technique while maintaining a satisfactory level of reliability. This change can be monitored by measurement and verification techniques in buildings [62].



It should be noted that the maximum demand period occurs roughly in 8–12% of the load profile and consumes approximately 8% more than the normal value of the total power of the system. Hence, installing a new power plant to satisfy this requirement is too expensive. The DSM approach was an effective solution to this issue. In the annual cost comparison of the existing energy system before and after implementing the DSM approach, approximately $1140 was saved per year on the electricity bill.



The overall benefits provided by DSM in the institute included an economic and technical point of view—avoiding the capital cost for installing a new power plant to meet out the maximum demand, efficient utilization of devices during peak hours, low-cost energy during energy consumption in off-peak periods, reduced electricity bill cost, up-gradation of the existing system, as well as improved system flexibility and balance.




5. Conclusions


In India, energy extraction from resources is insufficient to meet the current load demand; in this situation, the impact of DSM on the distribution network is analyzed. In this work, our DSM analysis was performed using peak clipping and load shifting technique in the case study location (ACGCET Campus, India) power utilization network. Using this approach, the load pattern was modified by clipping or changing shiftable load from peak time to non-peak time with a simple solver. Further, these DSM approaches’ benefits are no need for smart metering, information, and communication infrastructure, the less complexity of system operation, and minimum cost of implementation. This case study strategy has reduced the peak load demand and demand charges, which are performed using the HOMER simulation tool. At this campus, peak demand was reduced from 210 KVA to 190 KVA, or approximately 20 KVA, after implementing the DSM technique. By the energy supplier’s standards, the maximum demand charge is $5 per KVA, resulting in a reduction in the demand fee per month of approximately $95. In this investigation, several benefits can be obtained. Moreover, the objectives achieved with the proposed work are listed below:




	(i)

	
Reduced the institute’s annual electricity consumption by 10% by sorting out the peaks shaved into the annual energy consumption;




	(ii)

	
The approximate cost saved from the maximum demand is $95 per month (for annual cost saved is the cost of the demand charge in $/kW * Energy saved * 12 = $1140);




	(iii)

	
The load factor of the energy network of the institute is increased up to 1.5% per day and 3.5% per month;




	(iv)

	
Indirectly, greenhouse gas emissions (CO2) are reduced due to the shaving of peak demand energy. It is around 207.48 kg per annum (0.91 kg/kWh × 228 kWh) in India considering its Power Grid emission factor.









DSM analysis in the institutional building contributes to the sustainability of the active power distribution network rather than new plant facilities. The satisfactory simulation results confirmed that it might be executed in real-time on the campus. In general, the DSM approach improved the reliability and financial performance of the electrical power system network of the similar campus/network; the most significant points that were studied in this paper are highlighted as follows:




	(i)

	
Encourage better energy management practices for the demand scheduling procedures that target the peak demand reduction in a public educational institution;




	(ii)

	
This work is not only related to the maximum load, but also the average load and energy. These results are more sensible and a comprehensive reflection of DSM impacts on-campus that strengthen positive energy use behaviors;




	(iii)

	
This analysis provides a direct way to learn the implications of the load factor;




	(iv)

	
Save the demand charge bill amount, resources, and environmental damage by avoiding unnecessary over-investment in the peak load generating capacity power plant by the electricity sector.
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Figure 1. Present Indian Energy scenario: power generation and peak demand deficit from 2009–2021 as per the Central Electricity Authority (CEA). 
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Figure 2. Average daily load profile of the case study area. 
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Figure 3. Load assumption for demand-side management (DSM). 
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Figure 4. Peak clipping in daily load profile. 
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Figure 5. Load shifting in daily load profile. 
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Figure 6. Daily Load Profile before and after DSM using HOMER. 
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Figure 7. Monthly maximum demand reduction using Hybrid Optimization of Multiple Energy Resources (HOMER). 
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Figure 8. Seasonal profile before and after DSM using HOMER. 
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Figure 9. Comparison of load factor—before and after DSM from daily and monthly load profile curve. 
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Figure 10. Comparison of DSM approaches in daily load profile curve. 
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Table 1. Courses and Infrastructure details of the campus.
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	UG Programs
	PG Programs
	Blocks
	Classrooms
	Staff Rooms
	Laboratories





	5
	7
	21
	42
	45
	40
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Table 2. Power consumption of the primary, permanent, and shiftable load.
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	Load Types
	Power in kW





	Primary
	10.032



	Permanent
	31.194



	Shiftable load
	147.274
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Table 3. End-user priority for shiftable loads.
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	Shiftable Loads
	Priority





	Laboratories
	I



	Air-conditioner
	II



	Water pump
	III
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Table 4. End-user priority for Laboratories.
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Departments

	
Laboratories

	
Priority






	
All departments

	
Computer Lab

	
I




	
CSE

	
Graphics and Multimedia Lab

	
II




	
Mechanical

	
Mechatronics Lab

	
III




	
CAD lab

	
IV




	
EEE

	
Electrical Machines and Drives lab

	
V
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Table 5. Twenty-five kilowatt load—peak clipped in the afternoon session.
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Time (Hours)

	
Load (kW)




	
From

	
To

	
Before DSM

	
After DSM

	
Difference






	
14

	
15

	
95.7

	
90.7

	
5




	
15

	
16

	
100.922

	
90.922

	
10




	
16

	
17

	
99.212

	
89.212

	
10




	
Total

	
25
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Table 6. Peak clipped 25 kW load shifted from afternoon to morning.
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Time (Hours)

	
Load (kW)




	
From

	
To

	
Before DSM

	
After DSM

	
Difference






	
10

	
11

	
73.607

	
80.607

	
−7




	
11

	
12

	
71.2

	
79.2

	
−8




	
12

	
13

	
68.849

	
78.849

	
−10




	
Total

	
−25
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Table 7. Comparison of average load, peak load, and electricity bill (EB) reduction–before and after DSM.
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Description

	
Average Load (kW)

	
Peak Load (kW)

	
EB Bill (Dollar)




	
Working Day

	
Monthly

	
Working Day

	
Monthly

	
Monthly

	
Annual






	
Before DSM

	

	
44.46

	
32,405

	
100.92

	
189

	
945

	
11,340




	
After DSM

	
Peak clipping

	
43.42

	
31,330

	
90.92

	
170

	
850

	
10,200




	
Load shifting

	
44.46

	
32,405

	
90.92

	
170

	
850

	
10,200
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