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Abstract 18 

Background: There are many constraints on the use of fossil fuels and, many 19 

countries have, therefore, conducted research relating to alternative energy 20 

resources to replace conventional fuels. On 31 January 2019, the Vietnamese 21 

Ministry of Finance enacted a preferential policy relating to the installation of 22 

under-50kWp rooftop solar projects. The Central Highlands of Vietnam has a high 23 

potential for solar power generation due to the duration of sunshine it enjoys, and 24 

the development of both rooftops solar and solar farms is appropriate for the 25 

region. The study reported investigated the economic efficiency of smart-grid 26 

rooftop solar electricity systems (SG rooftop PV) in the Central Highlands of 27 

Vietnam in light of the different levels of retail electricity pricing in Vietnam and 28 

mailto:kuaanan.t@psu.ac.th
https://orcid.org/0000-0002-9178-8416


the implementation of a feed-in-tariff system. The research reported in this paper 29 

will be useful for many groups of stakeholders, including electricity consumers 30 

who intend to install rooftop solar panels on their houses, companies who supply 31 

SG rooftop PV, and policymakers, who can use the findings relating to SG 32 

rooftop PV to adjust the retail price of electricity during different periods. 33 

Method: Financial indicators were calculated based on the net present value, 34 

payback period, internal rate of return, and the number of hours of sunshine in the 35 

Central Highlands of Vietnam 36 

Result: The study’s results show that the electricity price level affects the 37 

economic efficiency of SG rooftop PV. In particular, SG rooftop PV installed to 38 

satisfy higher levels of electricity consumption, which attract a higher retail 39 

electricity price, result in greater benefits, especially when domestic electricity 40 

consumption exceeds 400 kWh, at which level the retail electricity price is at the 41 

highest level. In this case, people who install SG rooftop PV and use all the 42 

electricity to satisfy domestic consumption will recoup their investment in only 4 43 

years and thereafter will enjoy free electricity.  44 

Conclusion: All the financial indicators derived from this research show that 45 

people in the Central Highlands of Vietnam can derive benefit from installing SG 46 

rooftop PV, whether they sell all the electricity output to the grid or use the power 47 

output to satisfy their domestic demand.  48 

Keywords: Economic Efficiency, Central Highlands, Solar Power, SG rooftop 49 

PV, Vietnam. 50 

Background 51 

Conventional resources account for the majority of energy consumed by people 52 

throughout the world. According to the World Energy Council, expenditure on power from 53 

conventional resources accounted for over 85 % of the total power generation during the period 54 

2005-2015 [1].  However, there are many constraints in using fossil-fuel resources. Firstly, these 55 

will be exhausted in the future due to the rapidly increasing energy demand [2], and Shafiee and 56 

Topal (2009) forecasted that crude oil stocks would be exhausted in around 35 years from 2005 57 



with natural gas stocks being exhausted in 37 years, whereas coal stocks would be exhausted in 58 

107 years. Therefore, after 2042, coal will be the only fossil fuel available up to 2112 [3]. 59 

Moreover, the burning of fossil fuels is one of the major sources of the emissions which are 60 

causing global warming and climate change [4] and also entails risks for people's health [5]. 61 

Therefore, many countries have conducted research relating to alternative energy resources to 62 

replace conventional fuels [6].  63 

Over 90 % of the electricity in Vietnam is currently generated from hydropower, coal, 64 

and gas, with hydropower occupying 37.6 % of total electricity generation [7]. Hydropower 65 

dams have given people many benefits, including electricity supply, control of floods, and 66 

irrigation of the land. However, the construction of dams can threaten ecosystems [8, 9], and 67 

there are some negative effects on society and the environment. In particular, local people must 68 

uproot themselves from the areas where dams are constructed [10–12]. In Vietnam, the 69 

construction of hydropower dams has necessitated the appropriation of 133,930 hectares of land 70 

and the relocation of over 200,000 people involving the evacuation of 44,557 homes [13]. The 71 

generation capacity of hydropower energy also entails a loss of forests, and deforestation can 72 

reduce river discharge and thus decrease the power-generating capacity [14].  73 

Moreover, the demand for power is growing rapidly and by the year 2035, energy 74 

demand in a business-as-usual scenario in Vietnam will be nearly 2.5 times higher than it was in 75 

2015 [15]. Therefore electricity shortages are likely to happen, particularly in the hot season, 76 

especially from 2020 onwards [16].  77 

The government of Vietnam has therefore shown interest in solar generation, wind 78 

energy, and biomass power and while there is a great potential for wind and biomass-generated 79 

energy, the development of solar power generation facilities is particularly appropriate for 80 

Vietnam and especially so in the Central Highlands and Southern areas [17].  The total duration 81 

of sunshine in the Central Highlands is from 2000 to 2600 hours per year [18], and 1kWp of 82 

solar energy will generate at least 2000kWh electricity per year. The Vietnamese Government 83 

has therefore adopted a policy of encouraging the development of solar energy as well as wind 84 

and biomass energy, and solar power has the second-highest price in the feed-in-tariff (FIT) 85 

system after electricity from the direct combustion of biomass [15].  86 



In addition, the government is also encouraging the construction of solar farms, and 87 

users of rooftop solar panels can sell electricity to the grid at the same FIT price as that paid to 88 

solar farms, 9.35 US Cents/per kWh, with the duration of the current FIT being 20 years [19]. 89 

On 31 January 2019, the Vietnamese Ministry of Finance enacted a preferential policy relating to 90 

the installation of under-50kWp rooftop solar projects. Based on this policy, rooftop-solar-91 

generated electricity is not subject to the levy of special consumption tax, and the personal 92 

income tax and VAT rates are zero if the investment income is less than 100 million VND, with 93 

the personal income tax rate 0.5 %, and VAT rate, 1 % if the investment income is greater than 94 

VND100 million. Further, rooftop solar power projects with a capacity of less than 50kWp are 95 

exempted from the need for an electricity operation license [20].  96 

SG rooftop PVs are common in Vietnam because they are cheaper than off-grid systems, 97 

and users do not have to replace the battery every 2 to 5 years. They are also easy to use in the 98 

Central Highlands because over 95 % of households in this area have grid electricity in their 99 

houses [21]. Moreover, rooftop solar is considered as self-consumption electricity that helps 100 

decrease the dependent on the national grid [22]. 101 

The retail electricity price for residential consumption is divided into six different levels: 102 

0-50kWh, 50-100kWh, 101-200kWh, 201-300kWh, 301-400kWh, and more than 400kWh. The 103 

price increases with the level of electricity consumed, thus, consumers who use more electricity 104 

have to pay a higher price than those who use less electricity. Therefore households that can 105 

generate power by installing a rooftop solar power system can reduce the amount that they pay 106 

every month for electricity not only by reducing the amount of power they consume from the 107 

grid but also by bringing themselves into a lower consumption band attracting a lower price for 108 

the electricity they purchase.  109 

This paper assesses the potential benefits of installing rooftop solar panels based on 110 

three indicators, net present value (NPV), payback period (PBP), and internal rate of return 111 

(IRR) which are important financial indicators that can help people to decide whether or not to 112 

invest in a project. The conditions which render a project acceptable are an NPV greater than 113 

zero or an IRR higher than the discount rate.  A project with a longer PBP is usually associated 114 

with a higher risk to the investors, thus a shorter PBP is preferable [23].  115 



The research reported in this paper will be useful for many groups of stakeholders: 116 

firstly, for electricity consumers who intend to install rooftop solar panels on their house, who 117 

need to understand the benefit of rooftop solar generation, and in particular over how many years 118 

they will recoup their investment and whether their investment over the project lifetime would 119 

match the return by way of the interest they would generate by depositing their money in a bank. 120 

Secondly, companies that supply SG rooftop solar systems can use the findings of the research to 121 

advise people, who are considering installing smart rooftop solar power systems to generate 122 

electricity for their own consumption as well as selling any excess generated to the grid through 123 

the FIT. Finally, policymakers can use the findings relating to SG rooftop solar power to adjust 124 

the retail price of electricity during different periods. 125 

In fact, all residents are affected by the same price of electricity level 126 

consumption whether they operating entirely during the day or night. However, SG 127 

rooftop PV can generate electricity only in the day. Therefore, this research focus only 128 

on the customers who install SG rooftop PV to sell all electricity to the grid or consume 129 

all electricity during the day for specific fields such as individual business households or 130 

families whose production and business activities take place mainly during the day 131 

Literature review 132 

Geographical location of the Central Highlands of Vietnam 133 

There are five provinces in the Central Highlands of Vietnam, namely, Gialai, Kontum, 134 

Daklak, Daknong and Lamdong (Figure 1), which account for 16.5 % of the area and 135 

approximately 6.1 % of the population of Vietnam [24].  As mentioned above, the area has a 136 

high annual sunshine duration, which is suitable for the exploitation of solar energy.  137 

Financial supporting ways from governments toward the power that generated from 138 

rooftop solar electricity systems. 139 

Net-metering (NM) and net-billing (NB) are two groups of supporting ways that many 140 

countries have been applied with the excess electricity from rooftop PV. NM calculates the net 141 

electricity consumption from the national grid and rooftop PV (in kWh), while NB calculates 142 

separately the power from the two parts [25].  143 



The excess power from rooftop PV that feeds to the grid may not be received any 144 

compensation from the government. For example, the Pilot project in Thailand’s 100MW 145 

rooftop PV in 2016, in which the government encouraged people for self-consumption and no 146 

payment for any excess electricity load into the national grid [22]. 147 

Recently, the Vietnamese government has changed the way it deals with electricity 148 

generated from rooftop PV. In 2017, the Vietnamese Government assigned the Electricity Power 149 

Corporation of Vietnam (EVN) to buy electricity from SG rooftop PV based on a net-metering 150 

policy [19]. However, from 20th March 2019, EVN will buy electricity from independent SG 151 

rooftop PV based on a net-billing policy [26].  152 

Smart grid definition  153 

A smart grid (SG)  is known as a smart power/ electrical grid, future grid, intelligent 154 

grid, or inter grid that is an expansion to the electricity grid of the 20th century. The conventional 155 

power grids are usually used to transfer electricity to a vast number of users of customers from a 156 

few central generators. In comparison, the SG makes use of two-way power and information to 157 

build an integrated and distributed advanced energy supply network [27].  158 

In Vietnam, SG development was enacted by the government in 2012 with the decision 159 

1670/QĐ-TTg, October 2012, which encourage the investor into renewable energy and SG. SG 160 

allows two-way powers. Therefore, customers can sell excess electricity from their renewable 161 

energy resources to the grid and buy electricity from the grid [28]. 162 

Smart-grid rooftop solar electricity systems 163 

SG rooftop PV can be installed on the roofs of houses, offices or other commercial or 164 

industrial buildings. In contrast to other types of solar electricity systems, SG rooftop PV offers 165 

a bidirectional exchange, in which, power can be directed either to the customer from the power 166 

utility or in the opposite direction when the customer’s system generates more electricity than 167 

the customer consumes. An SG rooftop PV helps the solar electricity system to operate stably 168 

and smoothly in the following ways: [29].  169 

- When the capacity generated by the system < the customer’s needs, the inverter will 170 

withdraw the power required from the grid  171 



- When the capacity generated by the system = customer’s needs, the power generated 172 

from the rooftop solar electricity system will be used to meet the customer’s requirements. 173 

- When the capacity generated by the system > The customer’s needs, the surplus power 174 

will be sent to the grid  175 

The process of assessing the relationship between power generation and the customer’s 176 

needs, and directing the flow of electricity occurs constantly and automatically without the need 177 

for the user’s intervention. In Vietnam, from July 1st, 2019, the surplus electricity from domestic 178 

solar power systems and the power required from the grid is measured by two-way-meter. 179 

However, customers can sell electricity to EVN at the FIT price of 9.35USD/1kWh 180 

independently of the electricity which they buy from the grid. Based on the recent Decision No. 181 

02/2019/QD-TTg, of the Prime Minister of Vietnam, the former net-metering mechanism has 182 

been replaced by a two-way calculation, whereby, the electricity from SG rooftop PVthat people 183 

sell to the grid and electricity purchased from the grid in times of high consumption, when their 184 

solar power system cannot provide enough electricity to cover their consumption, will be 185 

calculated independently. Moreover, if they so wish, people can sell all the electricity generated 186 

by the system to the grid [26]. In this research, the data was estimated based on two cases, 187 

customers selling all the electricity generated to EVN, or using all the electricity for their 188 

consumption. 189 

Smart grid solar rooftop systems are highly appropriate for the Central Highlands because 95,17 190 

% of households in this area are already connected to the electricity grid [21]. The advantages of 191 

SG rooftop PVare the lower cost of installation and the fact that customers do not have to 192 

replace the battery every 2 to 5 years. Unused solar power can be sold to EVN at a reasonable 193 

price. However, when power outages occur on the grid, the system stops supplying power to the 194 

grid to maintain the safety of the system. 195 

 Economics of solar power ( PV) system 196 

The basic economics of the PV system is related both to the efficiency and the optics. 197 

On markets, PV system often sold by cost per square meter or a cost per watt that may be 198 

generated under peak form of solar lights (cost per watt peak (Wp)), 1kWp=1000Wp. In other 199 

words, Wp is used to predict the electricity generated and to evaluate the performances of the PV 200 



system in an optimum sun condition [30]. For example, rooftop PV with 1kWp will generate a 201 

maximum of 1kWh for one hour in an optimum sun condition. Therefore, if the optimum sun is 202 

5 hours per day, then 1kWp will produce up to 5kWh power.   203 

The equation to change the square meter and cost per watt peak are as following: 204 

 $/Wp=
$ 𝑚2⁄𝜇.1000𝑊𝑝 𝑚2⁄  205 

𝜇:  Solar convert efficiency. 206 

For example, a PV module has 12% efficiency with $400/m2 will cost $3.33/Wp [30].  207 

Methodology 208 

Calculating the NPV, IRR, and PBP of the rooftop solar system 209 

* NPV 210 

NPV is the present valuation of all cash flows in the future, and NPV is calculated in 211 

order to make investment decisions. The following formula is used to calculate NPV [23]: 212 

 213 𝑁𝑃𝑉 = ∑ 𝐵𝑡−𝐶𝑡(1+𝑅)𝑡𝑛𝑡=1   (1) 214 

 215 

Where: Bt: Benefit at year t 216 

Ct: Cost at year t 217 

R: Discount rate 218 

n: Project lifetime 219 

If NPV>0, the investment is acceptable because the discounted benefit is higher than the 220 

discounted cost, and the project will produce a surplus over the investment. 221 

If NPV<0, the investment is not acceptable because the discounted benefit is lower than 222 

the discounted cost, and the project will produce a loss from the investment. 223 

If NPV=0, the acceptance of the project will depend on the investors’ decision. 224 

* IRR 225 

The IRR is the discount rate that renders the NPV equal to zero. Thus, an investor will 226 

earn a return on investment if the IRR is exceeded when the project operates. 227 



The following formula is used to calculate IRR: 228 

0 = ∑ 𝐵𝑡−𝐶𝑡(1+𝐼𝑅𝑅)𝑡       (2) 229 

If IRR ≥ cost of capital, the project is acceptable but  230 

If IRR < cost of capital, the project is not acceptable. 231 

 To calculate IRR the Microsoft Excel function, IRR (value, [guess]) was used in this 232 

study and the values obtained were incorporated in column Bt-Ct in Tables 5 and 7, with guess 233 

being the option validity (since this was unknown, the guess was assumed to be 10 %) 234 

* PBP 235 

PBP is the amount of time that a project will require to recoup the investment in it from 236 

the income it generates. PBP does not take into account the value of money over time as do NPV 237 

and IRR 238 

A project with a longer PBP is usually associated with a higher risk to the investor. 239 

Cost (Ct), Benefit (Bt), and the discount rate of rooftop solar energy 240 

* Cost 241 

The cost of rooftop solar power includes the installation cost, taxes, and fees.  242 

Ct=C0+tax+ fees    (3) 243 

Where C0: Cost of investment 244 

In cases where people sell the electricity output to the grid, rooftop solar energy is not 245 

subject to the levy of special consumption tax and personal income tax and VAT rates are zero if 246 

the investment income is less than VND 100 million, with the personal income tax rate, 0.5 %, 247 

and VAT, 1 % if the investment income is greater than 100 million VND (equivalent to 248 

USD4,244). Further, rooftop solar power projects with a capacity of less than 50kWp (< 01MW) 249 

are exempted from the requirement for an electricity operation license [20]. 250 

According to Vietnam’s Ministry of Finance Circular 302/2016/TT-BTC, there is no 251 

excise fee on investments with an income below VND100 million. The fee on projects where the 252 

income per year is between VND100 and 299.999 million (equivalent to USD4,244 to 12,732.8) 253 

is VND299,999 (equivalent to USD12.37). On an income of VND300-499,999 million 254 

(equivalent to USD12,732.9 to 21,221.4) the fee is VND500,000 (equivalent to USD21.22), and 255 



for an income of VND500-1000 million (equivalent to USD21,221.5 to 42,443) the fee is 256 

VND1,000,000 (equivalent to USD42.44) [31].  257 

If all the electricity generated is used by the consumers themselves, they will not have to 258 

pay tax or other fees on the value of the electricity generated. Further, the maintenance cost will 259 

be zero during the guarantee period of 12 years [32] or more. The lifetime of a rooftop solar 260 

system is around 25 years, the lifetime of the inverter is around 10 years and the expected 261 

maintenance cost after the guarantee period was also assumed to be zero (see detailed calculation 262 

in Tables 5 and 7). 263 

* Benefit  264 

The benefit is the electricity that is extracted from the system. If people use all the power 265 

output to meet their own electricity needs, the benefit is based on the retail electricity price. If 266 

they sell the electricity output to the grid, the benefit calculation is based on the FIT price of 9.35 267 

US cents/per kWh. 268 

The hours of sunshine in the Central Highlands range from 2000 to 2600 hours per year, with the 269 

sunshine duration being different among years and months. Table 2 shows the sunshine duration 270 

of Daklak Province [33], which is located in the middle of the area and is known as the 271 

metropolis of the Central Highlands [24].  272 

In this study, a low sunshine duration of 2000 hours/per year was chosen when 273 

generating the data used in the analysis to ensure that the output power assumed for SG systems 274 

would be commensurate with the least favorable climatic conditions. Based on that assumption, 275 

the benefits of the rooftop solar energy in the Central Highlands were calculated as follows: 276 

 The hours sunshine per month are at least 2000/12= 166 hours, thus, 1kWp solar 277 

electricity will generate at least 166kWh electricity per month 278 

 On the assumption that the power output will reduce over time, from 100 % to 90 % in 279 

the first ten years and from 90 % to 80 % for the last 15 years [32], the % photo-voltaic 280 

capacity (Bt) in this research was calculated based on 90 % of the maximum electricity 281 

generation capacity for the first ten years and 80% of the maximum for the final 15 years 282 

(see detailed calculation in Table 5). 283 



* Discount rate 284 

The discount rate for the NPV calculation in this study was based on the highest deposit 285 

interest rate at commercial banks in Vietnam in January 2019, 8.6 %. [34].  286 

Retail electricity price 287 

In Vietnam, the electricity price is different among residential, commercial, and 288 

industrial consumers. This study refers only to domestic electricity users, thus, the retail price in 289 

Table 1 was relevant to residential (household) users [35][36][37]. 290 

The cost of electricity to households is based on the level of electricity consumed. The 291 

amount paid every month for electricity is shown in Figure 2. 292 

Survey to suggest policies implication 293 

In this study, a part of the results of the survey on the intention to install SG rooftop 294 

solar power was used to suggest the policy implication for the discussion. A sample of 300 295 

household heads in the Central Highlands was surveyed by the authors from May to July 2019. 296 

None of the households who answered the questionnaire had installed SG rooftop solar systems 297 

on their houses, although their houses’ roofs were suitable for the installation of such a system. 298 

The survey consists of 2 parts, part 1 with questions related to factors affecting the intention to 299 

install the system, and the question of the binary dependent variable, and one question about the 300 

household's suggestion for promoting the development of SG rooftop solar. Part 2 covers 301 

demographic questions of the households. However, in this study, the results obtained from the 302 

question of household's suggestion for SG rooftop solar promotion and levels of electricity 303 

consumption was applied. The question and answers were as follows.  304 

1) Would you please recommend the Vietnamese Government to enhance SG rooftop 305 

solar beside the FIT 9.35 US cent? 306 

□  Support 10% installed cost   307 

□  Support 20% installed cost  308 

□  Support 30% installed cost   309 

□  Recommend commercial banks to give preferential rate loans 310 

□  Give 5 million VND bonus for people who install the system 311 

Other……………………………………………………………………………… 312 



2) Level of electricity consumption? 313 

□ From 0-50kWh   □ From51-100kWh  □ From 101-200kWh314 

 □ From 201-300kWh    □ From 301-400kWh   □ Over 400 kWh 315 

Estimating the kWp rooftop solar energy capacity appropriate for each level of electricity 316 

consumption 317 

As mentioned above, a sunshine duration of 2000 hours/per year was applied in deriving the data 318 

for this study. On that basis, the electricity output from a 1kWp rooftop solar power system 319 

would be 2000kWh per year (equivalent to 166.67kWh per month). The kWp rooftop solar 320 

energy appropriate for each level of electricity consumption was therefore calculated as follows. 321 𝑘𝑊𝑝 𝑅𝑜𝑜𝑓𝑡𝑜𝑝 𝑆𝑜𝑙𝑎𝑟 𝐸𝑛𝑒𝑟𝑔𝑦 =  𝐿𝑒𝑣𝑒𝑙 𝑜𝑓 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑃𝑒𝑟 𝑀𝑜𝑛𝑡ℎ166,67   (4) 322 

The cost of installing the system was based on the price quoted for high-quality 323 

household SG rooftop PV, as quoted by companies who supply them in Vietnam. The lifetime of 324 

an inverter is only 10 years, and the inverter would thus need to be replaced during the lifetime 325 

of the SG rooftop PV. The cost of replacing the inverter was, therefore, taken into consideration. 326 

A breakdown of the cost of the SG rooftop PV and the inverter is shown in Table 3.  327 

The quoted installation cost of a rooftop solar system in Vietnam ranged between 328 

USD850 and over 1200 per kWp. In this research, the cost of USD1200 per kWp was adopted. 329 

This high initial level of cost for the system and inverter was adopted to ensure that in 330 

establishing the economic performance of SG rooftop PV, households could be expected to 331 

choose high-quality equipment and also to replace the inverter every 10 years’ use. Based on 332 

equation (4), the monthly cost of electricity and the kWp of a SG rooftop PV appropriate for 333 

each level of electricity consumption, the installation cost including the cost of replacing the 334 

inverter is illustrated in Table 4 for each level of electricity consumption shown in Figure 1 335 

Results 336 

Because SG rooftop PV generate power only in the day, thus, the calculations in this 337 

section  is true only with the residents who sell all electricity to the grid or use all electricity in 338 

the daily time. 339 

 Estimated NPV, IRR, and PBP for each level of electricity consumption where all electricity 340 



output is used for domestic consumption 341 

When all the electricity output from a rooftop solar power system is used to satisfy 342 

domestic consumption, as shown in Table 4, the kWp of the rooftop solar power system can be 343 

estimated based on the level of electricity consumption, and the cost of electricity will represent 344 

the benefit derived from the system. In this scenario, the consumer does not have to pay tax. 345 

However, the inverter will have a maximum life of 10 years, thus the cost will be enhanced by 346 

the cost of the inverter (NB there is no battery) every 10 years’ use. On that basis, the cost-347 

benefit analysis for the first level of electricity consumption (50kWh) is as shown in Table 5, 348 

where the capacity of the system installed is 0.3kWp, with an installation cost of USD360 the 349 

cost of electricity is USD 3.9 per month and the cost of replacing the inverter every 10 years is 350 

111USD; the NPV, IRR, and PBP appear in Table 6. 351 

As mentioned above, the efficiency of a rooftop solar power system decreases over time. 352 

Therefore, the benefit (Bt) every year for the first ten years can be estimated based on 90 % of 353 

the cost of electricity every month multiplied by 12, with the same calculation incorporating a 354 

figure of 80 % for the last 15 years. 355 

Bt (level 1-first ten years) = 3.9*12*90% = USD42.12 per year 356 

Bt (level 1-last 15 years) = 3.9*12*80% = USD37.44 per year 357 

(This calculation is based on the lifetime of a rooftop solar system being around 25 years 358 

with the expectation that the maintenance cost both during and after the guarantee period will be 359 

zero. The inverter will be replaced in year 10 and year 20 of the system). 360 

Based on the estimate in Table 5, the economic efficiency of a 0.3kWp rooftop solar 361 

system appropriate for the first level of electricity consumption (50kWp) with a discount rate of 362 

8.6 % is as follows: 363 𝑁𝑃𝑉 = ∑ 𝐵𝑡−𝐶𝑡(1+𝑅)𝑡𝑛𝑡=1  = USD9.12 364 

To determine the payback period, as can be seen from Table 5, the accumulated Bt-Ct is 365 

greater than zero in the 12th year of the project, which means that the initial investment can be 366 

recouped after the first 11 years of operating the system. 367 



The IRR was calculated using the Microsoft Excel, IRR (value, [guess]) function based 368 

on the values in column Bt-Ct of Table 5 with a guess based on the option validity (since this 369 

was unknown, guess was assumed to be 10 %). From that calculation, the IRR is 9.04 % per year 370 

The same calculations were conducted for other levels of electricity consumption, and 371 

the resulting financial indicators are shown in Table 6 and illustrated in Figures 3 a, b, and c.  372 

It is therefore clear that people should invest in SG rooftop PV at all six levels of 373 

electricity consumption because the NPV is greater than zero and the IRR is greater than the 374 

discount rate. Moreover,  the higher kWp required to satisfy higher levels of electricity 375 

consumption will bring more benefits than those accruing to consumers using less electricity. An 376 

SG solar power system with a capacity of 3.33 kWp has a PBP of only 4 years, while that of a 377 

system appropriate for the first level of electricity consumption is 11 years. The IRR increases 378 

from 9.04 % to 23.66 % between levels 1 and 6, and the NPV also increases from USD9.12 to 379 

USD2,618.86, respectively. 380 

These scenarios assume that all the electricity generated is used for domestic 381 

consumption, and the electricity price level has a significant effect on the economic efficiency of 382 

SG rooftop solar power systems.  383 

Financial indicators for each level of electricity consumption based on the sale of power at the 384 

FIT price. 385 

According to Decision No. 02/2019/QD/TTg, of the Prime Minister of Vietnam, the electricity 386 

generated from solar power cells can be sold independently to the grid. If it is assumed that all 387 

the electricity generated from a rooftop solar power system is sold to the grid, the Bt is the 388 

revenue that people derive by selling the electricity output to the grid at the FIT price of 9.35 US 389 

Cents per kWh. 390 

In this scenario, in a similar way to that dealt with in the case of people using all the 391 

electricity generated for domestic consumption, the lifetime of a rooftop solar system was taken 392 

to be 25 years, and the maintenance cost was assumed to be zero, but in this case, people have to 393 

pay both tax and an excise fee. Thus: 394 

Cost per year: 395 

Ct = C0 + Tax + Fee     (3) 396 



where C0: Total cost of investment 397 

However, only when the revenue from the power output (Bt) exceeds VND100 million 398 

(equivalent to USD4,244) per year, will people have to pay 0.5 % personal income tax, 1 % 399 

VAT [20], and as noted above, an excise fee each year (USD12.37 for revenue from USD4,244 400 

to 12,732.8 per year, USD21.22 for revenue from USD12,732.9 to 21,221.4 per year, and 401 

USD42.44 for revenue from USD21,221.5 to 42,443).  402 

The Bt, Ct, NPV, IRR, and PBP for a 3.3 kWp solar system appropriate for level-6 403 

electricity consumption (500kWh), the capacity of which is 3.33 kWp, and the installation cost, 404 

USD3,960 with an electricity cost per month of USD56.1 were then calculated. The same 405 

assumptions as were used in the first case were made regarding the efficiency of the system (i.e., 406 

90 % in the first ten years 80 % for the last 15 years [32]. The inverter would also need to be 407 

replaced in year 10 at a cost of 885USD for level-6 electricity consumption.  Therefore, the 408 

benefit each year for the first ten years was estimated at 500kWh multiplied by the FIT price of 409 

9.35 US cents (or USD 0.0935)/per kWh) multiplied by 12 and then multiplied by 90 %, for the 410 

first 10 years, and by 80 %  for the last 15 years as shown below: 411 

Bt (level 6-FIT-first ten years) = 500*0.0935*12*90%= USD504.9 per year 412 

Bt (level 6- FIT- last 15 years) = 500*0.0935*12*80%= USD448.8 per year 413 

The benefit per year in this situation is still well under the threshold of USD 4,244 per 414 

year, and would, therefore, attract no personal income tax, nor VAT [20], and no excise fee. The 415 

calculation is illustrated in Table 7. 416 

In a scenario where all the electricity output is sold to the grid at the FIT price of 9.35 417 

US cents per kWh, the economic efficiency indices for a 3.33kWp rooftop solar system 418 

appropriate for level-6 electricity consumption (500kWp) with a discount rate of 8.6 % is as 419 

follows. 420 𝑁𝑃𝑉 = ∑ 𝐵𝑡−𝐶𝑡(1+𝑅)𝑡𝑛𝑡=1  = USD717.40 421 

To determine the PBP, as shown in Table 7, the accumulated Bt-Ct exceeds zero in the 422 

8th year of the project, which means that the investment in the system is recouped after the first 423 

7 years of the system’s operation. Further, based on Microsoft Excel’s IRR function, the IRR is 424 



11.60 % per year. Similar calculations for all six levels of electricity consumption are shown in 425 

Table 8. 426 

The indicators in Table 8 show that the installation of rooftop solar power systems 427 

appropriate for every level of electricity consumption, with all the electricity output being sold to 428 

the grid, will produce a benefit at all levels. However, the highest level (level 6) entails the 429 

lowest IRR. These indicators are compared in Figures 4 a, b, and c. 430 

It can be seen that there are differences in the SG rooftop solar financial indicators 431 

between using the power output to satisfy domestic consumption and selling it to the grid, 432 

among the six levels of electricity consumption. At levels 1 and 2, the retail price of electricity is 433 

lower than that at higher levels, and therefore people who install SG rooftop solar power systems 434 

and sell all the electricity generated will derive more benefit than by using the electricity for 435 

their consumption. The benefit of the two scenarios is nearly the same at levels 3 and 4, but at 436 

levels 5 and 6, people gain greater benefit by using all the electricity generated to satisfy their 437 

consumption since this will bring much greater benefit than at lower levels of consumption. This 438 

is particularly so at level 6 where the retail electricity price is highest. Households that consume 439 

electricity at level 6 who install an SG rooftop solar power system will recoup their investment 440 

with only a 4-year PBP with an NPV of around three times that derived from the sale of 441 

electricity to EVN. Moreover, the IRR is also higher for level 6 by using all the power generated 442 

for domestic consumption than for all the other levels. 443 

The consumption-based level of the retail price of electricity in Vietnam, therefore, benefits 444 

those who install rooftop solar systems and use higher levels of electricity since they will derive 445 

better economic efficiency from such a system, especially, when the system generates more than 446 

400 kWh electricity per month. However, if consumers who depend on the grid for electricity 447 

consumption use more electricity in the hot season, this will threaten the safety of the electricity 448 

sector. According to EVN (2018), in April, May, June, and July 2018, the number of customers 449 

who used more than 400kWh electricity increased to around 600,000 per month compared to 450 

385,000 customers in March that year [38].  When electricity demand increases suddenly in the 451 

summer months, this can lead to the overloading of the grid in some areas, which represents a 452 

hazardous situation for the electricity grid [39]. Moreover, electricity generation in Vietnam 453 



fluctuates depending on the season because the electricity from hydropower accounts for a very 454 

high percentage of the total electricity generated. This means that the electric supply is not 455 

stable, and fluctuations and power outages frequently occur in the dry summer season [40]. 456 

Recently, this issue has always been resolved every year and the System Average Interruption 457 

Duration Index (SAIDI), which demonstrates the median yearly period of power cuts for each 458 

power buyer, decreased significantly from 2,281 to 1,651 minutes between 2015 and 2016. The 459 

System Average Interruption Frequency Index (SAIFI), which indicates the mean quantity of 460 

electricity outages suffered per buyer in a year, also fell from 13.36 times per buyer in 2015 to 461 

10.6 times per buyer in 2016 [7, 41]. However, there is still instability in Vietnam’s electricity 462 

delivery and consumption because the 500kV electricity line, which underlies the main 463 

electricity network of the country, has to convey an enormous volume of electricity from the 464 

North to the South of Vietnam since the major hydropower plants are located mostly in the 465 

North-West of Vietnam, and the major coal-fired plants are located close to the coal mines in the 466 

North-East of the country with only gas turbines located in the South [42]. Therefore, the 467 

installation of rooftop solar systems is the best means by which people can combat the problem 468 

of unstable electricity supply in the hot season.  469 

Finally, a survey relating to customers’ intention to install SG rooftop solar systems was 470 

conducted as mention in the methodology section. Out of the 300 households who responded,  471 

99 (33 %) wanted to install a rooftop system, whereas 201 households (67 %) did not want to do 472 

so for various reasons, for example, they could not afford the capital cost of installing such a 473 

system. All 300 households consume electricity at level 2 to level 6, in which, a total of 68.7% 474 

belonging to level 3 and level 4. As the analysis of this paper, people can get more benefits from 475 

SG rooftop solar electricity with a high level of electricity consumption (level 3 to level 6). The 476 

customer used electricity as levels 5 and 6 are also high that occupied 10.3% and 4.7% 477 

respectively (Table 9). This report is meaningful if the incentive of government applied to the 478 

right customer and help them used alternative energy resource, reduce power shortage in the hot 479 

season and guarantee the national energy security.  All of the respondents agreed that they would 480 

be willing to install SG rooftop PV and would encourage other people to do so if there were 481 

suitable support from the government, and recommended the forms of support set out in Table 9. 482 



The largest group of households (39.3%) suggested that 30 % of the initial costs should be 483 

provided by the government, with 27 % of suggesting that the government should arrange 484 

finance through preferential loans from commercial banks. Other methods of encouraging the 485 

installation of SG rooftop PV suggested by the remainder included staggering initial payments 486 

over a period of 3 to 5 years with interest being payable, supporting 50 % of the initial cost, or 487 

providing better information about SG rooftop solar electricity systems.  488 

Discussion 489 

Research limitations  490 

This study calculated the financial indicators of SG rooftop PV for only one customer 491 

group (people using residential solar PV). Therefore, the subsidies mentioned here are applicable 492 

only for that group of customers. Moreover, the study only considered the cases of people using 493 

all the electricity generated for their consumption in the daily time or selling all the electricity 494 

generated to the grid. Future research should study other cases, where a part of the power output 495 

during the day is sold to the grid while at times of higher consumption, e.g., during the evening, 496 

some electricity is bought from the grid.  497 

How to encourage SG rooftop PV development in the area studied 498 

Although the results show that people will obtain a profit from their investment in 499 

rooftop solar electricity systems, the initial cost of rooftop solar systems still presents a barrier 500 

for ordinary people. The Vietnamese Government should, therefore, provide incentives to 501 

encourage people to use renewable energy by installing SG solar rooftop electricity systems.  502 

The Vietnamese government budget comes from many resources such as taxes, fees, the income 503 

of the national company, income from the national resource, and foreign aid. The budget has 504 

been used for many purposes, in which, renewable energy development is one of the purposes of 505 

the government.   506 

At present, the only incentive offered by the Vietnamese Government is the FIT price 507 

(9.35 US cent/kWp). However, increases in the retail electricity price following Decision No 508 

648/QD-BTC of 20 March 2019 may encourage people to find alternative sources of electricity. 509 

Nevertheless, to enhance the development of renewable resources, for instance, through the 510 



installation of rooftop solar panels by domestic users, the researchers suggest that the 511 

government of Vietnam should apply some of the following incentives. 512 

 Exempting people from tax (VAT) when people install SG, off-grid, or hybrid PV 513 

systems and when they sell electricity to the grid. 514 

 Providing preferential interest rate loans for green energy, where the interest rate is 515 

lower than that applying to other loans. 516 

 The government giving a monetary gift (e.g., 5 million VND) when people choose to 517 

install a rooftop solar system on their house. 518 

 Supporting 10-30 % of the initial cost of installation of domestic rooftop solar systems 519 

as well as similar support to companies who install such systems in the same way that 520 

the Indian government has been doing in their PV rooftop program [43]. 521 

On 27 March 2019, EVN held a “Seminar on Promotion of Roof-Top Solar Energy in 522 

Vietnam” in Hanoi [44]. The participants in the seminar included the World Bank, Bank aus 523 

Verantwortung, the Japan International Cooperation Agency, Agence Francaise de 524 

Development, Green Innovation, and Development Centre of Vietnam, SolarBK of Vietnam, 525 

Amplus Solar of India, the Korea Electricity Power Corporation, experts in the energy industry 526 

and members of EVN’s Board of Directors. During the seminar, EVN proposed various means 527 

of encouraging the installation of rooftop solar power systems in some areas with high potential 528 

for generating solar energy. Firstly, EVN suggested that the Vietnamese Government should 529 

support part of the initial cost incurred by households in installing rooftop solar electricity 530 

systems. Secondly, the Ministry of Industry and Trade was requested to promulgate a new 531 

circular relating to the FIT arrangements to replace circular 16 relating to the net-metering 532 

mechanism) [45], to make it clear that EVN can sign electricity contracts with customers based 533 

on decision 02/2019/QD-TTG of the Prime Minister of Vietnam. Moreover, EVN requested 534 

banks, investors, producers, international organizations, and domestic organizations to 535 

participate in the rooftop solar energy market. The hope was expressed that support from all 536 

stakeholders in the Vietnamese electricity market would be forthcoming in the future. 537 

The authors’ opinion about the Vietnamese Government subsidies would be based on the 538 



opinion of people in the Central Highlands. Therefore, in the long term development of energy 539 

in Vietnam, the Vietnamese government should consider those suggestions set out in Table 9 540 

and adjust their policies to encourage people to install SG rooftop PV as an alternative power 541 

resource to minimize the hazards to the electricity grid which result from high levels of 542 

consumption in the hot season in Vietnam. 543 

Conclusions 544 

In conclusion, all the financial indicators derived in this research show that people in the 545 

Central Highlands of Vietnam can derive benefit from installing SG rooftop PV, whether they 546 

sell all the electricity output to the grid or whether they use the power output to satisfy their 547 

domestic demand during the day. Based on the different levels of the retail electricity price 548 

applied to different levels of electricity consumption, SG rooftop PV brings the following 549 

benefits to households in the area: 550 

  The IRR is higher than the discount rate (8.6 %) and ranges from 9.04 % to 23.66 % 551 

(Figure 4a) 552 

  The NPV is greater than zero and ranges from USD9.07 to 2,618.86 (figure 4b) 553 

 The PBP is shorter for higher-level consumers of electricity, where all the electricity 554 

generated is used to satisfy their domestic consumption (Figure 4c).  555 

The differential level of the retail electricity price renders higher levels of electricity 556 

consumption proportionately more expensive than lower levels. However, if people install SG 557 

rooftop PV to satisfy higher levels of electricity consumption, they will derive more benefit from 558 

the power output of the system. In particular, when people’s electricity load is at level 6 (401 to 559 

500kWh), and they install an SG rooftop PV, they will enjoy free electricity after 4 years of 560 

installation.  561 
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TABLES 749 
 750 

Table 1. Retail electricity price for domestic consumption (exclusive of 10 % VAT) 751 
Retail electricity price 

for domestic 

consumption (USD)  

From March 2015 

to 30 November 
2017 [36] 

From 01 December 

2017 to March 
2019 [37] 

From 20 March 

2019 [35] 

Level 1. 0-50kWh 0.063 0.066 0.071 

Level 2. 51-100kWh 0.065 0.068 0.074 

Level 3. 101-200kWh 
0.076 0.079 0.085 

Level 4. 201-300kWh 
0.095 0.099 0.108 

Level 5. 301-400kWh 
0.106 0.111 0.120 

Level 6. 401kWh or 

more 
0.110 0.115 0.124 

The average price  

(exclusive of VAT) 0.069 0.073 0.079 

VAT (%) 10 % 10 % 10 % 

Note: Exchange rate as at 2 March 2019, VND/USD = 23,561 (State Bank of Vietnam, 2019)  752 
 753 

Table 2. Duration of sunshine in Daklak Province, in the Central Highlands 754 
 2010 2015 2016 2017 2018 

TOTAL SUNSHINE 

DURATION (HOURS) 2,498.90 2,880.20 2,433.80 2,291.80 2,431.30 
 January 267.70 296.50 276.70 189.70 221.90 
February 269.70 271.90 214.00 210.70 269.10 
 March 269.90 304.90 305.90 275.50 264.00 
 April 264.60 285.80 277.60 216.70 274.10 
 May 263.70 263.70 219.00 201.80 206.50 
June 243.50 195.50 163.80 223.30 138.80 
 July 193.30 168.30 220.10 124.60 122.90 
 August 162.50 218.90 177.60 201.70 122.50 
September 187.10 195.50 149.50 203.30 188.90 
October 119.00 234.80 134.30 150.70 248.40 
 November 81.70 208.70 191.70 137.00 206.20 
December 176.20 235.70 103.60 156.80 168.00 

Source: [33] 755 
 756 
Table 3. Detailed price quotation per 1kWp for SG rooftop solar generating systems for 757 

households including replacing the inverter, appropriate for each level of electricity consumption 758 
quoted by companies in Vietnam (price/ web address of the company who provide the products) 759 

    Price converted to USD 760 
 Price of 

1kWp SG 

Price of 
300w 
inverter 

Price of 
600w 
inverter 

Price of 
1000w 
inverter 

Price of 
2000w 
inverter 

Price of 
3000w 
inverter 

Price of 
4000w 
inverter 

1 1061 – 
1273 
http://vuph
ong.vn 

80.6 
http://ww
w.pinnang
luongmatt
roi.vn  

123 
https://ww
w.lazada.v
n 
 

282 
http://ww
w.pinnan
gluongm
attroi.vn 

318 
http://www.pi
nnangluongm
attroi.vn 
 

368 
http://ww
w.pinnang
luongmatt
roi.vn 

657 
https://vioa
.com.vn 

2 1018-1273 
https://vogi
asolar.com 

111 
https://die
nsach.com 

80.6 
https://ww
w.sendo.v
n 

200 
http://gia
ongay24
7.com 

393 
https://diensa
ch.com 

316 
https://ww
w.sendo.v
n 

673 
https://dien
sach.com 

3 971 
https://bigk

65.8 
https://ww

75 
https://ww

140 
https://w

331 
https://techwa

289 
https://ww

552 
https://shop

http://vuphong.vn/
http://vuphong.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
https://www.lazada.vn/
https://www.lazada.vn/
https://www.lazada.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
http://www.pinnangluongmattroi.vn/
https://vioa.com.vn/
https://vioa.com.vn/
https://vogiasolar.com/
https://vogiasolar.com/
https://diensach.com/
https://diensach.com/
https://www.sendo.vn/
https://www.sendo.vn/
https://www.sendo.vn/
http://giaongay247.com/
http://giaongay247.com/
http://giaongay247.com/
https://diensach.com/
https://diensach.com/
https://www.sendo.vn/
https://www.sendo.vn/
https://www.sendo.vn/
https://diensach.com/
https://diensach.com/
https://bigk.vn/
https://www.sendo.vn/
https://www.sendo.vn/
https://www.lazada.vn/
https://techway.vn/
https://www.lazada.vn/
https://shopee.vn/


.vn/ w.sendo.v
n 

w.sendo.v
n 

ww.lazad
a.vn 

y.vn w.lazada.v
n 

ee.vn 

4 850 
https://vioa.
com.vn 

86.6 
http://sola
rking.vn 

129 
http://sola
rking.vn 

151 
http://sol
arking.vn 

327 
http://giaonga
y247.com 

360 
http://giao
ngay247.c
om 

885 
http://giaon
gay247.co
m 

5 1061 
https://litha
co.vn 

82.8 
https://tec
hway.vn 

62 
https://sho
pee.vn 

191 
https://w
ww.send
o.vn 

324 
http://nhamay
dienmattroi.c
om 

433 
http://ung
dungdient
u.com 

802 
http://nham
aydienmatt
roi.com 

The cost 
assumption 
used in this 
study   

1200 111 129 282 393 433 885 

Note: VND to USD, exchange rate as at 2 March 2019, VND/USD = 23,561 (State Bank of 761 
Vietnam, 2019) 762 

 763 
Table 4. The size (kWp) of rooftop solar energy systems appropriate for each level of 764 

electricity consumption 765 

1. Level of electricity 

consumption 

Level 1: 
up to 

50kWh 

Level 2: 
up to 

100kWh 

Level 3: 
up to 

200kWh 

Level 4: 
up to 

300kWh 

Level 5: up 

to 400kWh 

 Level 6: 
more than 

401 kWh 
(500kWh) 

2. Electricity cost each 

month (USD) ≤3.9 ≤ 8.0 ≤ 17.4 ≤ 29 ≤ 42.4 ≤ 56.1 

3. Capacity of rooftop 

system for (1) per 

equation 4/166.67 
(rounded up kWp)-  0.3 0.62 1.24 1.85 2.47 3.33 

4. Assumed SG system 

installation cost 

(USD) [(3)* 1200] 360 744 1,488 2,220 2,964 3960 

5. Assumed cost of the 

inverter 

111 129 282 393 433 885 

Source: calculations based on the assumptions set out below and on the electricity cost 766 
appropriate for different level users. 767 
Note: the assumptions adopted were the sunshine duration (Table 2), and a detailed price 768 
quotation per 1kWp for a domestic SG rooftop solar system quoted by companies in Vietnam 769 
(Table 3). A low sunshine duration of 2000 hours/per year and a high system cost were adopted 770 
to ensure that the economic indicators derived would be based on realistic levels of both 771 
sunshine and installation cost rather than average or optimistic levels.  772 
  773 

https://bigk.vn/
https://www.sendo.vn/
https://www.sendo.vn/
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https://www.sendo.vn/
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http://giaongay247.com/
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http://ungdungdientu.com/
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Table 5. Cost-benefit analysis for a SG rooftop PV appropriate for level 1 electricity 774 
consumption 775 

Source: calculations based on the assumptions shown below Table 4 and the level of electricity 776 
cost appropriate for users at this level of consumption. 777 
 778 
Table 6. Financial indicators of SG rooftop PV appropriate for each level of electricity 779 

consumption 780 

1. Grid electricity used 

monthly 

Level 1 

(up to 

50kWh) 

Level 2 

(up to 

100kWh) 

Level 3 

(up to 

200kWh) 

Level 4 

(up to 

300kWh) 

Level 5 
(up to 

400kWh) 

Level 6 
(400kWh: 

401kWh- 
500kWh) 

2. Cost of electricity 

per month (USD) 3.9 8.0 17.4 29 42.4 56.1 

3. Capacity of rooftop 

system for (1) per 
equation 4 /166.67 
(rounded up - kWp)  0.3 0.62 1.24 1.85 2.47 3.33 

4. Assumed SG 

instalation cost (USD) 
[(3)* 1200] 360 744 1,488 2,220 2,964 3960 

5. Assumed cost of 

replacing inverter 

after 10 years’ use 

111 129 282 393 433 885 

6. The expected financial indicators if all output power used to meet domestic electricity 

consumption based on current EVN retail electricity price 

PBP (years) 11 10 7 7 6 4 

NPV 9.12 75.81 283.88 761.08 1,461.47 2,618.86 

Year Bt (USD) C0 
(USD) Tax 

Excise 

Fee 
Ct Bt-Ct 

Accumulation of Bt-Ct 

1+r^t 

Bt-

Ct/(1+R)^
t 

1 42.12 360 0 0 360 -317.88 -317.88 1.09 -292.71 

2 42.12 0 0 0 0 42.12 -275.76 1.18 35.71 

3 42.12 0 0 0 0 42.12 -233.64 1.28 32.89 

4 42.12 0 0 0 0 42.12 -191.52 1.39 30.28 

5 42.12 0 0 0 0 42.12 -149.40 1.51 27.88 

6 42.12 0 0 0 0 42.12 -107.28 1.64 25.67 

7 42.12 0 0 0 0 42.12 -65.16 1.78 23.64 

8 42.12 0 0 0 0 42.12 -23.04 1.93 21.77 

9 42.12 0 0 0 0 42.12 19.08 2.10 20.05 

10 42.12 111 0 0 0 -68.88 -49.80 2.28 -30.19 

11 37.44 0 0 0 0 37.44 -12.36 2.48 15.11 

12 37.44 0 0 0 0 37.44 25.08 2.69 13.91 

………….................................................................................................................................................. 
20 37.44 111 0 0 0 -73.56 213.60 5.21 -14.13 

21 37.44 0   0  0  37.44 251.04 5.65 6.62 

22 37.44 0  0 0  37.44 288.48 6.14 6.10 

23 37.44 0 0 0 0 37.44 325.92 6.67 5.61 

24 37.44 0 0 0 0 37.44 363.36 7.24 5.17 

25 37.44 0 0 0 0 37.44 400.80 7.87 4.76 

 Sum 9.12 



IRR (%/per year) 9.04 10.69 11.71 14.14 16.46 23.66 

 781 
Source: calculations based on the assumptions set out below Table 4 and the level of electricity 782 
cost appropriate for each level of consumption. 783 
 784 
Table 7. Cost-benefit analysis of an SG rooftop  PV appropriate for level 6 electricity 785 
consumption where all electricity output sold to the grid. 786 

Year 

Bt 
(USD

) 
C0 

(USD) 

Personal 

income tax, 

VAT& 

Excise fee 

Ct Bt-Ct 

Accumulati

on of Bt-

Ct 

1+r^

t 

Bt-

Ct/(1+R) 

^t 

1 504.90 3,960 0 3,960.00 -3,455.10 -3,455.10 1.09 -3181.4 

2 504.90 0 0 0 504.90 -2,950.20 1.18 428.10 

3 504.90 0 0 0 504.90 -2,445.30 1.28 394.20 

4 504.90 0 0 0 504.90 -1,940.40 1.39 362.98 

5 504.90 0 0 0 504.90 -1,435.50 1.51 334.24 

6 504.90 0 0 0 504.90 -930.60 1.64 307.77 

7 504.90 0 0 0 504.90 -425.70 1.78 283.40 

8 504.90 0 0 0 504.90 79.20 1.93 260.96 

9 504.90 0 0 0 504.90 584.10 2.10 240.29 

10 504.90 885 0 0 -380.10 204.00 2.28 -166.57 

11 448.80 0 0 0 448.80 652.80 2.48 181.10 

12 448.80 0 0 0 448.80 1,101.60 2.69 166.76 

13 448.80 0 0 0 448.80 1,550.40 2.92 153.56 

...................................................................................................................... 
20 448.80 885 0 0 436.20 3,807.00 5.21 -83.77 

21 448.80 0 0 0 448.80 4,255.80 5.65 79.36 

22 448.80 0 0 0 448.80 4,704.60 6.14 73.08 

23 448.80 0 0 0 448.80 5,153.40 6.67 67.29 

24 448.80 0 0 0 448.80 5,602.20 7.24 61.96 

25 448.80 0 0 0 448.80 6,051.00 7.87 57.06 

Total    717.40  

 787 
Source: Calculation base on the assumptions set out below Table 4 and the level of electricity 788 
cost appropriate for this level of consumption 789 
 790 

Table 8. Financial indicators for SG rooftop solar PV where all electricity sold to the grid 791 

1. Grid electricity used 

monthly 

Level 1 

(up to 

50kWh) 

Level 2 

(up to 

100kWh) 

Level 3 

(up to 

200kWh) 

Level 4 

(up to 

300kWh) 

Level 5 

(up to 

400kWh) 

Level 6 (more 

than 401kWh) 
500kWh 

2. Cost of electricity 

per month (USD) 3.9 8.0  17.4 29 42.4 56.1 

3. Capacity of rooftop 

system (same as table 

6) 0.3 0.62 1.24 1.85 2.47 3.33 

4. Assumed SG 

instalation cost 

(same as table 6) 360 744 1,488  2,220 2,964  3960 

5. Assumed cost of 111 129 282 393 433 885 



replacing inverter every 

10 year’s use 

       

6. The expected economic indicators if all power output is sold to the grid at the FIT price of 

9.35 US Cents per kWh 

PBP (years) 7 7 7 7 7 7 

NPV 90.7 217.93 420.74 661.07 1,079.45 717.41 

IRR (%/per year) 12.90 13.30 13.20 13.41 14.21 11.6 

Source: calculations based on the assumptions set out under Table 4 and the level of electricity 792 
cost appropriate for each level of consumption. 793 
 794 

Table 9. Level of electricity consumption and recommended forms of support from the 795 
Vietnamese Government 796 

 Number of households Percent 

Level of electricity consumption   

Level 1 (From 0-50 kWh) 0 0 

Level 2 (From 51-100 kWh) 49 16.3 

Level 3 (From 101-200 kWh) 119 39.7 

Level 4 (From 201-300 kWh) 87 29.0 

Level 5 (From 301-400 kWh) 31 10.3 

Level 6 (Over 400 kWh) 14 4.7 

Recommended forms of support from the 

government 
  

Support 10% initial cost 51 17.0 

Support 20% initial cost 29 9.7 

Support 30% initial cost 118 39.3 

Recommend commercial banks to give 
preferential rate loans 

81 27.0 

Give 5 million VND bonus for people who 
install the system 

8 2.7 

Other 13 4.3 

Total 300 100.0 

Source: Survey of 300 households in the Central Highlands of Vietnam about their intention to 797 
install an SG rooftop PV. 798 
 799 
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Figure 4a. IRR comparison of the SG rooftop PV where all electricity output used for 933 
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Figures

Figure 1

Geographical location of the Central Highlands of Vietnam Source: [24]



Figure 2

Cost of electricity for each level of electricity consumption



Figure 3

3a. PBP of SG rooftop PV appropriate for each level of electricity consumption

Figure 4

3b. IRR of SG rooftop PV appropriate for each level of electricity consumption

Figure 5

3c. NPV of SG rooftop PV appropriate for each level of electricity consumption



Figure 6

4a. IRR comparison of the SG rooftop PV where all electricity output used for domestic consumption vs.
all electricity output being sold to the grid.

Figure 7



4b. NPV comparison of the SG rooftop PV where all electricity output used for domestic consumption vs.
all electricity output being sold to the grid.

Figure 8

4c. PBP comparison of SG rooftop PV where all electricity output used for domestic consumption vs. all
electricity output being sold to the grid.


