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ABSTRACT 

 

 

 

SOLAR PHOTOVOLTAIC POWER PLANT OPTIMIZATION 

UNDER 

NET ENERGY METERING (NEM) SCHEME 

 

 

 

LEE CHEE LEONG 

 

 

 

Net Energy Metering include energy generation, and energy storage. 

Renewable energy is mostly inconsistent. Renewable energy management 

optimization is important. This research created a program simulation on how the 

variable combination such as the size of BESS (Battery energy storage system), the 

size of solar panel, the percentage of peak shaving, DOD and so on to achieve the 

highest saving, highest ROI and highest IRR. This report discusses peak shaving 

with using the simulation program. Microsoft Excel VBA was used during this 

research. The load profile of the energy of University Tunku Abdul Rahman’s KB 
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building was used as a case study in this research. There are 16 charts showing 

different condition with different variable’s value and researcher found that highest 

ROI doesn’t give the highest saving. A lot of variables required in order to calculate 

the efficiency of NEM. This research simulation program is able to give the user a 

very clear picture of the design of the NEM. It shows the size of the solar pv system, 

the capacity of BESS (Battery Energy Storage System), saving per month, ROI, IRR, 

investor capital, loan and a lot of financial parameters a banker may need to judge if 

the investment worth. As result from the simulation, 60% depth of DOD (depth of 

discharge) of BESS will achieve the highest saving gain. 
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ABBREVIATION 

 

E   Energy 

P  Power 

L  lifespan of cycle 

K   Constant 

Q  Constant 

DOD  Deep of discharge in percentage 

PV  Present Value 

FV  Future value  

Yr index  Year index.  
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Definitions 

1. “Solar capacity” means the capacity of the solar panel in terms of power rating with 

the unit of kW. Eg. 20 kW. 

2. “BESS” stand for battery energy storage system. 

3. “BESS capacity” means the capacity of the BESS in terms of energy with the unit of 

kWh. E.g. 100 kWh. 

4. “DOD” means the depth of discharge of the BESS system in terms of percentage. 10% 

means the BESS discharge 10% energy from the total energy it contains. 

5. “Upper p” means the energy level where will be shaved from the maximum energy 

consumption per 5 minutes interval. 

6. “Lower p” means the energy level where the system will still draw the power from 

the utilities company although the load level is low. This is to charge up the BESS. 

7. “TNB Tariff” means the different tariff defined by TNB. Eg. A is for residential 

while B is for commercial. 

8. “TNB buying rate” means the rate offer by TNB to buy the surplus energy from the 

consumer. 

9. "Monthly saving" means the costs saving measured in monetary term denominated in 

RM  

10. “Break Even point” means the number of months the investment needed in order to 

achieve break even. 

11. “Grand total 20 years” means the total gain after 20 years of the investment. This 

amount of gain was calculated based on present value. 

12. “Earn/ Capital Ratio” means the total gain (income – expenses – capital) divided by 

the capital. All monetary value calculated to present value. 
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13. “Solar Performance index” is a constant directly reflect the efficiency of the solar 

panel. Different latitude and longitude on earth will need different solar performance 

index. 

14. “Peak point of kWh per 5 mins” means largest energy consumption in that particular 

five minutes. 

15. “Peak/Off Peak” is the criteria that applied to certain electricity tariff of TNB. 

Some tariff doesn’t apply peak/off peak. “PEAK PERIOD” means the period 

between 0800 hours and 2200 hours (TNB_Berhad, 2006). “OFF-PEAK 

PERIOD” means the period between 2200 hours and 0800 hours. 

16. “Kilowatts of maximum demand” for any month shall be deemed to be twice the 

largest number of kilowatt-hours supplied during any consecutive thirty minutes 

in that month. (TNB_Berhad, 2006) 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER  

 

1. INTRODUCTION 

A traditional grid is where the utilities company build a power network 

and transfer the energy from the power plant to consumer. This old business 

model are centric to utilities rather than consumers (Sajjad, et al., 10-13 June 

2015). However, when renewable energy becomes relatively important to the 

earth especially to counter the climate change nowadays, engineers are 

required to create a method to apply the renewable energy within the current 

grid, this is part of the idea of smart grid. The advent of new technology and 

steep fall in the cost of photovoltaic (PV) systems has rendered feed-in-tariff 

(FIT) scheme obsolete (Dutta, et al., 2016). Net energy metering (NEM) is 

gradually superseding the former as it promotes the growth of mini solar 

generations at every house (Dutta, et al., 2016). Net metering is a policy 

proposed to promote the generation of power from small renewable systems. 

Under net metering, a system owner receives retail credit for all the electricity 

they generate when they produce more electricity than they consume during 

any given billing period (Hossain & Iqbal, 2014). 
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1.1 Objective 

The objective of this project is to study solar power plant optimization 

methods under the new net energy metering scheme that is proposed by 

Sustainable Energy Development Authority (SEDA) of Malaysia. This scheme 

encourages self-consumption of energy for the owner (either residential, 

commercial or community). The surplus energy can be sold to TNB at a rate.  

 

This project will consider the optimum plant configuration and design 

to maximize the advantage under this scheme. Various scenarios will be 

considered in this case study. Storage may be incorporated depends on 

conditions as well as price. Levelized cost of electricity (LCOE) and owner's 

profit are two performance indicator. This study will be carried out mainly 

using Microsoft Excel, or programming languages, such as VBA. Some basic 

experiments or measurement will be carried out in order to gather useful 

information for the optimization process. In this project, UTAR Sungai long 

campus Block KB will be used as a case study. 
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1.2 Problem Statement 

NEM scheme is what SEDA will commence to after the last FIT in the 

past few years. However, how to manage the usage so that the end user can 

gain the maximum advantage is always a question at this moment. Factory 

user use a lot of energy during the weekday, probably more than what they can 

generate. However there will have extra energy generated during the weekend 

when the factory is not in operation. So there is two way for the unconsumed 

energy, store it in battery or sell it to the utility by input the power to the grid. 

Of course, store it in the battery will be a good way to help to reduce the 

maximum demand but the battery cost a price. Also, sell it back to the utility 

will save the battery price but the factory will need to pay for the maximum 

demand when they need.  

Energy storage in battery required professional and precise calculations. 

Battery efficiency varies with different DOD, operating temperature, charge in 

rate, discharge rate and so on.   
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CHAPTER  

 

2. LITERATURE REVIEW 

Net metering is a key enabling factor for smart (mini) grids. Energy 

demand for the individual apartments and common areas is calculated using 

the daily energy consumption behavior of occupants for typical days of each 

month of the year. (Sajjad, et al., 10-13 June 2015) 

In the user-centric model, the consumers will be transformed into a 

prosumer with generation and control capabilities, able to change the flow of 

both energy and money. This transformation requires attraction of distributed 

private investment. It is also crucial to overcome some fears of the distributors 

and to create better equilibrium between the distributors and the users. (Sajjad, 

et al., 10-13 June 2015). 

 

2.1 BESS 

BESS is an abbreviation of battery energy storage system. The battery 

energy storage system (BESS) can be used to reduce this peak demand and 

thus reduce the plant’s electricity bill by discharging a stored energy during 

load peaks (Oudalov, et al., 2007) (see Figure 5)   
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Figure 1 Load peak shaving by battery energy storage system 

 (Oudalov, et al., 2007) 

 

2.2 Battery type 

Deep-cycle, lead-acid batteries have been employed in renewable 

energy and reliably used in off-grid applications globally for decades. In the 

consideration of cost, typical deep cycle lead acid batteries cost about half as 

much as lithium-ion (Zipp, 21 August 2015). Ignoring other ageing effects, the 

total energy throughput is fixed so that one cycle of 100% DOD is roughly 

equivalent to 2 cycles at 50% DOD and 10 cycles at 10% DOD and 100 cycles 

at 1% DOD (see Figure 2 Deep cycle lead acid lifecycle versus Depth of 

Discharge) (Woodbank Communications Ltd, 2005).  
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Figure 2 Deep cycle lead acid lifecycle versus Depth of Discharge 

(Woodbank Communications Ltd, 2005) 

 

 

 2.3 Peak shaving 

Peak shaving means shave the load profile from mountain shape to flat 

during. Peak power usage will create maximum demand and usually utilities 

company charge consumer a maximum demand charge other than the kWh 

energy charge. Utilities Company defines a peak and off peak hour according 

to the usage of the consumer. Usually, peak/off peak (refer to definition part) 

rate applied to the large customer in industrial and commercial. The method of 

calculation of electricity by utilities might vary by different territory. However, 

the way of electricity fees calculations are about the same all around the world. 

In this report, the electricity tariff by utilities company Tenaga Nasional 
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Berhad of Malaysia will be taken as a case study. The electricity bill consists 

of kWh and also maximum demand (refer to definition). Usually, the latest 

corresponds to the highest power demand during a specific time range and 

often reaches a level of 50% of the plant’s electricity bill (Oudalov, et al., 

2007). 
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CHAPTER  

 

3. MATERIAL AND METHODOLOGY 

This project mainly on creates a comprehensive simulation program to 

determine the changes of the electricity and also the impact to the user after 

the applied of NEM. Table 1 are the key parameters which has been 

considering in the simulation program. 

Table 1 Important Factor 

Factor Units 

Solar size kW 

BESS Capacity kWh 

DOD Depth of discharge % 

Battery storage by cost kWh / RM 

Monthly saving RM 

Building load maximum demand kW  

Break Even Month Month 

Grand total after 20 years RM 

Maximum demand charges RM / kW 

Energy charges per unit RM / kWh 

Lifespan of battery yr 

Earn / Capital ratio - 

BESS Inverter RM 

BESS air conditioner RM 

BESS Renovation cost RM 
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3.1 Schedule of Research Progress 

The total duration of the research of this project was seven weeks 

including the submission of the report. Five weeks was spent to generate the 

simulation program and debug. The arrangement was made to meet up with Dr. 

Lim Boon Han every Wednesday in order to discuss the progress of the 

research. Application of VBA was suggested by Dr. Lim in order to get 

comprehensive data. There is approximately 240, 000 calculations made for 

every Run by clicking on the generate button (See Table 4). 

 

Table 2 shows the work progress of this research.  

Table 2 Work schedule of research. 

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7

Excel formula

Tariff analyze

VBA

Debug

Report writing

Report submission

T
as

k

 

 

 

3.2 Excel Programing with VBA 

The energy load profile of building KB of University Tunku Abdul 

Rahman was used as research material. Load profile was split to 5 minutes per 

interval as shown in chart (see Table 3) 
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Table 3  Energy load calculated every 5 minutes 

 

 

 

 

A five minutes energy consumption was determined with the following 

equation.  

𝐸 =
𝑃

60
× 5 

The unit of energy is kWh. The unit of power is kWh. The power 120.0 

kW shown in Figure 2 above in line with 12:00 AM indicated that the average 

power it consumed from 12:00 AM till 12:05 AM.  

 

 There was quite a number of formulas created to calculate the energy 

when it integrates with solar and BESS. Five sheet were created which is Main, 

Cost_Gain, Financial, Electricity and Energy.  
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3.3 Main Sheet 

Also called program interface. Main sheet contains the most basic thing as 

researcher need to put in for the simulation. E.g. solar capacity, BESS size, DOD, 

upper p, and so on. Table 4 is the Main sheet. Program user just needs to enter the 

solar size, DOD, and upper p, and then click on the “Generate” button. The 

program will then generate the results. Of course, related parameters have to be 

filled in the other sheet before this step. The cell filled with green color are those 

cell needed to be filled by researcher. The rest of the value will be determined by 

formula and VBA by the program such as lower p and BESS capacity and so on. 

BESS will be determined from Electricity sheet base on calculation. 

Main 

Cost_Gain Financial 

Energy 
Electricity 

Figure 3 Block diagram, relations between the 

five excel sheet calculation 
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Table 4 Main Sheet-Program interface 

 

 

 

 

3.4 Cost_Gain Sheet 

This sheet contains the cost and the saving gain with the investment of 

NEM system. It includes solar costing, BESS, expenses and so on. Expenses 

including manpower for maintenance purpose, air-conditioning for BESS, 

labour for regular checking work. Table 5 shows the Cost Gain Sheet. 
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Table 5  Cost _ Gain Sheet 

 

 

Cost build equation  

𝑆𝑜𝑙𝑎𝑟 𝑐𝑜𝑠𝑡 (𝐸7) = 𝑠𝑜𝑙𝑎𝑟 𝑠𝑖𝑧𝑒(𝐸3) × 𝑠𝑜𝑙𝑎𝑟 𝑓𝑎𝑐𝑡𝑜𝑟(𝐵7) 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑐𝑜𝑠𝑡 (𝐸8) = 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑠𝑖𝑧𝑒(𝐸4) × 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑓𝑎𝑐𝑡𝑜𝑟(𝐵8) 
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Battery is the core item in BESS. Battery lifespan always a major element 

to determine the profit and loss. Battery lifespan varies by the operating 

temperature, charging current, discharging current, depth of discharge as well.  

Figure 13 shows a standard lifespan of a lead acid battery at a given temperature 

and discharge rate (Woodbank Communications Ltd, 2005). 

 

Figure 4 Battery lifespan (Woodbank Communications Ltd, 2005) 

The below calculation was made to build a formula for the simulation 

calculation. 

DOD 20% refer to 3300 cycle  

DOD 80 % refer to 675 cycle 

 

L = lifespan of cycle 

K = Constant 

Q = Constant 

DOD = deep of discharge in percentage 
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𝐿 = 𝐾 − 𝑄√𝐷𝑂𝐷 

The above formula will be applied for the DOD from 10% to 40% in 

order to get the lifespan of the battery. Below is the solution. 

3300 = 𝐾 − 𝑄√20 ------1 

675 = 𝐾 − 𝑄√80 ------2 

𝑄 ≈ 587 

𝐾 ≈ 5925 

 

Equation for Battery lifespan   𝐿 = 5925 − 587√𝐷𝑂𝐷 

 

 

Table 6 Lifespan of a battery with different DOD 

DOD % L

20 3300 cycle

25 2990 cycle

30 2710 cycle

35 2452 cycle

40 2212 cycle

45 1987 cycle

50 1774 cycle

55 1572 cycle

60 1378 cycle

65 1192 cycle

70 1014 cycle

75 841 cycle

80 675 cycle  
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3.5 Financial Sheet 

Here conclude the financial proposed method. Period of installment, 

down payment, the loan from bank and etc. Table 7 shows the outlook of the 

sheet. 

Table 7 Financial Sheet Budget 

 

 

Also, the present value of the income and expenses for any given 

month was calculated in financial sheet. As showed in Table 7 and Table 8. 
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Table 8 PV calculation in financial sheet 

 

 

Income FV refers to the income generated from the difference of the 

electricity. When the electricity after NEM being applied is less than the 

previous electricity fees, it is categorized as an income. Income PV is the 

equivalent present value refer to future value, so the capital PV work in the 

same way. Expenses PV will never change due to the expenses in the future 

will increase according to the inflation rate. Below are the formulas  

𝑦𝑒𝑎𝑟 𝑖𝑛𝑑𝑒𝑥 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑛𝑡ℎ

12
 

𝐼𝑛𝑐𝑜𝑚𝑒 𝑃𝑉 = 𝐼𝑛𝑐𝑜𝑚𝑒 𝐹𝑉 ×
1

(1 + 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛)(𝑦𝑒𝑎𝑟 𝑖𝑛𝑑𝑒𝑥)
 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑃𝑉 = 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝐹𝑉 ×
1

(1 + 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛)(𝑦𝑒𝑎𝑟 𝑖𝑛𝑑𝑒𝑥)
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Table 9 Income, expenses and capital 
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3.6 Electricity Sheet 

Electricity sheet comprises the way to calculate the electricity fees. 

Below is the major formula in Table 10,  

𝐵𝐸𝑆𝑆 𝑠𝑖𝑧𝑒 =
𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 𝑜𝑓 𝑘𝑊ℎ 𝐵𝐸𝑆𝑆

𝐷𝑂𝐷
 

 

Table 10 Electricity bill part 1 

 

 

 

 

 



20 

 

Table 11 shows the comparison of regular electricity bill and the 

electricity bill after implementation of NEM system. The original column in 

Table 11 shows regular electricity bill while A column shows the electricity 

fees structure with NEM implementation. 

 

 

Table 11 Electricity bill part 2 
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3.7 Energy Sheet 

Column P in Table 12 generates the maximum demand of the load 

profile. The bottom of column N shows discharged kWh and charged kWh 

which indicated that the conditions of the BESS after during one full day. 

Discharged kWh smaller than charged kWh indicated that there is surplus 

energy. Surplus energy will be sold back to the utilities company.  

 

Table 12 and Table 13 are the energy sheets which represent the 

energy conditions at midnight and noon respectively. It breaks down the 

energy load profile to 5 minutes interval. The calculation of load has 

mentioned (See Page 9). BESS 1st, 2nd, 3rd and 4th iteration was used to 

determine the lower p with upper p value given. Column P in Table 12 

generates the maximum demand of the load profile. The bottom of column N 

shows discharged kWh and charged kWh which indicated that the conditions 

of the BESS after during one full day. Discharged kWh smaller than charged 

kWh indicated that there is surplus energy. Surplus energy will be sold back to 

the utilities company.  

 

Table 12 Energy calculation with four iterations to obtain lower p value  
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The first row of Table 13 shows from time 9:15 pm to 9:20 pm, solar 

panel generated 10.63 kWh. Load consumed 71.67 kWh. The energy from 

utility company was 71.67 kWh. BESS was charging with solar energy. 

However, when the load was above the upper p value (which is 102.42 kWh in 

this table) the BESS will allocate part of the solar energy to load side so to 

reduce the energy draw from utility company (As shown in the row with blue 

circle). With this method, the maximum demand will be controlled at upper p 

value 102.42 kWh. 

 

Table 13 The management of BESS when the load consume is above 

upper p and or below upper p 

 



23 

 

 

Figure 5 shows an energy graph in a complete day with solar size 200 

kW, BESS 1476 kWh, DOD 66%, upper p 72%, and lower p 11.16%. Energy 

graph was marked with three arrow which indicated three different region for 

user to understand how BESS work to reduce the maximum demand charges.  

Zone A was the lowest energy consumptions period during the day. 

However, the energy draw from TNB was more than the load because this is 

the time for the BESS to charge up for what it had discharged in the previous 

day. 

During Zone B, the energy supplied from TNB was exactly same with 

the load. Solar system (Blue line) was providing energy to the system and the 

solar energy will be used to charge up BESS as shown (Blue line and yellow 

line was overlapping). 

During zone C, load was above the upper p value and BESS was 

triggered to be energy provider. So, in this period, load gets energy from solar 

system, BESS, and also TNB. However, system need to maintain the energy 

supplied from TNB at the desired upper p value, this is where the maximum 

demand reduced.  
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Figure 5 Load profile with integrating with BESS and Solar, 200 kW, 

BESS 1476 kWh, DOD 66%, upper p 72% 

 

CHAPTER 4 

4. Results and Discussion 

NEM simulation takes the parameters from main sheet to generate data. 

During the simulation, four different conditions were simulated which is 20%, 

40%, 60%, and 80% of DOD. Each DOD conditions will have four groups of data 

in order to plot graph. This four groups of data are saving per month, number of 

months to achieve breakeven, total gain after 20 years, and earn / capital ratio 

after 20 years.  

 

In order to let researcher to understand the results in a better way, 4 sets of 

simulations was made. However, only one set of the result being discussed here 

which is saving per month at 20% DOD, number of months to breakeven at 20% 

A 

B 

C 
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DOD, grand total saving after 20 years at 20% DOD, and earn / capital ratio at 20% 

DOD. 

 

4.1 Saving per month at 20% DOD 

Figure15 shows 200 kW solar panel is having the most saving per 

month, the definition of saving here refers to total gain per month minus total 

expenses per month installment per month.  

 

 

Figure 6 Saving per month with 20% DOD 

X-Axis is upper p value which varies from 100% to 73% gradually 

while Y-Axis is the saving per month. 50 kW is having the less saving per 

month. The saving gain from the solar panel is obvious as the larger of solar 

panel create larger energy to decrease the consumption of energy from utilities 

company. The largest saving of 50 kW fall on 92.5% upper p approximately 

while largest saving of 200 kW fall on 86.5% upper p approximately. The 
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saving of yellow line (200 kW) reduces after 86.5% cause by the increase of 

the BESS capacity. When there is a large area to cut out by BESS in order to 

reduce maximum demand. The BESS increase dramatically. The saving from 

maximum demand does not overcome the cost of the BESS. This is the reason 

why the saving per month does not just increase linearly with the reduced of 

upper p.  

Whenever there is a lower upper p, it indicates that more maximum 

demand will be chopped off. However, the lower of upper p will generate a 

higher lower p. Chopping off maximum demand need energy. There are only 

two ways, solar and the discharge of BESS. 

Table 14 shows that most of the system give a negative saving after it 

has an upper p which lower than 76%. 
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Table 14 Saving per month value at 20% DOD 

 

 

 

 

 

4.2 Breakeven month at 20% DOD 

Table 15 shows the number of months needed for the NEM investment 

in order to achieve breakeven. As the longest duration set in the simulation 

program was 20 years, so it represent the breakeven will never achieve when 

the value determined was 240. It might fall at 250 or even longer but an 

investment which needs more than 20 years to achieve breakeven will not be 
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the good option usually. Upper p values vary from 100 % gradually with the 

decrease of 1.5% per step. 

 

Table 15 Breakeven month at 20% DOD 

 

 

 

Figure 7 shows the breakeven graph with 20% DOD. X-Axis is upper 

p value decrease gradually from 100% to 83.5%. At upper p value 95.5%,            

100 kW and 50 kW solar having the lowest breakeven point while 200 kW 

having the longest breakeven month. This happens due to maximum demand 

saving is not high enough to cover the solar cost. Various size of solar gave 

different breakeven point. Although the order of breakeven did not follow 
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exactly the size of solar, however the shape of the graph shows that the higher 

solar size will achieve shorter breakeven period.  

 

 

Figure 7 Breakeven month 20%DOD 

  

 

 

 

4.3 Grand total after 20years at 20%DOD 

Table 16 shows the grand total earning after 20 years in the unit 

(RM’000). With compare to saving per month, the 50 kW solar NEM will 

cross X-Axis (zero grand total earning) at around 91% upper p. This indicated 
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that the saving at 91% upper p which is RM 3454 per month is just the 

threshold of the NEM to achieve no lost.  

The maximum saving per month for 50 kW solar fall on 92.5% (See 

Page 27) and also the grand total saving fall on 92.5% upper p. 

 

Table 16 Grand total earning after 20 years at 20% DOD 

 

 

 

Figure 8 shows the graph of the grand total after 20 years with 20% 

DOD. With no doubt, with the higher solar size, it will create higher saving. 

However to determine an investment proposal, a very accurate data and 
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parameter are required. Determine a way to let user obtain highest ROI (return 

of investment) in any type of load profile will be our main objective on this 

project. 

 

 

 

Figure 8  Grand total after 20years with 20% DOD 

 

 

 

 

 



32 

 

4.4 Earn / Capital at 20% DOD 

Table 17 shows the earn/capital ratio. As mentioned above, earn refers 

to the grand total after 20 years. This group of data shows NEM investor about 

what size of the solar and BESS should be used for this load profile in this 

conditions to achieve maximum return with minimum capital.  

100 kW solar will have maximum earn/capital ratio at upper p level 91% 

which is 0.664. This means that investor will gain RM 0.664 with every RM 1 

of investment. 

 

Table 17 Earn/Capital ratio with 20% DOD 
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Figure 9 shows earn/capital ratio. At 97%, the highest ratio is 50 kW 

solar, follow by 100 kW, 150 kW, and 200 kW. However, small solar size 

can’t have a low upper p value. 50 kW’s ratio will drop rapidly right after 

92.5%. 

 

 

Figure 9 Earn/Capital Ratio at 20% DOD 
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4.5 100 kW solar, saving per month with various DOD 

Table 18 shows one solar size, with various upper p versus various 

DOD from 20% to 80%.  

Table 18 100 kW solar, saving per month with various DOD 
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Figure 10 shows that the saving per month does not change linearly 

with the increase of DOD. 60% of DOD gave the highest saving value 

compare to the rest while 80% was just slightly higher that 40%. When DOD 

rate high, it actually shorten the lifespan of the battery, this is the reason why 

the saving did not proportional to the rate of DOD. 

 

 

Figure 10 100 kW solar, saving per month with various DOD 
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4.6 100 kW solar, breakeven month with various DOD  

Table 19 shows 100 kW solar, breakeven with various DOD. Refer to 

89.5%. It will not be surprised with 60% DOD 100 kW solar was actually 

having the shortest breakeven month instead of 80%. With the same reason, 80% 

DOD reduce the battery efficiency and increase the expenses indirectly. 

 

Table 19 100 kW solar, breakeven with various DOD 
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Figure 11 shows the graph of breakeven month with various DOD, 100 

kW. The shortest breakeven observe was 110 month which is quite acceptable 

at this market for solar renewable energy. 

 

Figure 11 100 kW solar, breakeven with various DOD 
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4.7 100 kW solar, grand total with various DOD 

Table 20 shows grand total saving after 20 years with various DOD. 

From row 91.0% upper p, it shows that 60% DOD have highest earning 

compared to the rest.  

 

Table 20 100 kW solar, grand total with various DOD 
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Figure 12 shows the graph of grand total with various DOD. With 100 

kW solar chosen, 60% DOD have the highest gain.  

 

 

 

Figure 12 100 kW solar, grand total with various DOD 
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4.8 100 kW solar, earn/capital with various DOD 

Table 21 shows 100 kW solar, earn/capital ratio. As expected, the 

greatest return of investment fall on 60% DOD of 100 kW solar at upper p 

89.5%.  

 

Table 21 100 kW, earn/capital with various DOD 
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Figure 13 shows the graph 100 kW solar, earn/capital ratio various 

DOD.  

With no doubt, for 100 kW solar, having a BESS which give a 60% 

DOD will be the best way to carry out this NEM program in this building.  

 

 

Figure 13 100 kW solar, earn/capital ratio various DOD 
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CHAPTER  

 

5. Conclusion 

To achieve a very accurate simulation result, complete information and 

profile is important. Price of BESS, solar, renovation cost and etc. Although 

several of DOD has been input to the simulation program to determine the highest 

gain. However, the step of the DOD is too far until the line from the graph does 

not shows too comprehensive.  

Further, the temperature of the working environment of BESS was not 

taking in count. This issue effect the battery performance. Simulation program 

does not cover the temperature due to time constraint. From section 4.5 to 4.8, the 

various of DOD is 20% per step. So this is not fine enough to determine an 

accurate value. This simulation program in excel, per generation data took about 3 

to 4 minutes. So it is important to have a great high speed computer to do the data 

generation. The major variable need to be set to determine the greatest return are 

solar size, and the percentage of DOD.  

Finally, the best NEM system propose for this building in order to achieve 

largest economic gain shows in Table 22. 
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Table 22 NEM system’s parameters which could generate largest gain 
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Appendix A 

 

VBA program 

Sub Macro1() 

' Macro1 Macro 

Dim i As Integer (Define I as integer) 

Dim j As Integer (Define J as integer) 

Dim k As Integer (Define K as integer) 

For k = 0 To 3   

Range("C6").Select 

           ActiveCell.FormulaR1C1 = Cells(35 + 96 * k, 2) 

       'Phase one 

    For j = 4 To 9 

        For i = 31 To 50 

                   Range("C4").Select 

           ActiveCell.FormulaR1C1 = Cells(30, j) 

        

    Range("C7").Select 

               ActiveCell.FormulaR1C1 = Cells(i, 3) 

                    Range("C17").Select 

    Selection.Copy 

                                Cells(i + 96 * k, j).Select 

                    Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, 

SkipBlanks _ 

             :=False, Transpose:=False 

Range("C18").Select 
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    Selection.Copy 

                                Cells(i + 24 + 96 * k, j).Select 

                    Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, 

SkipBlanks _ 

             :=False, Transpose:=False 

 Range("C19").Select 

    Selection.Copy 

                                Cells(i + 48 + 96 * k, j).Select 

                    Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, 

SkipBlanks _ 

             :=False, Transpose:=False      

Range("C20").Select 

    Selection.Copy 

                                Cells(i + 72 + 96 * k, j).Select 

                    Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, 

SkipBlanks _ 

             :=False, Transpose:=False 

    Next i 

    Next j     

    Next k 

       Range("G2").Select 

End Sub 

 

 


