April 28, 2017
From 
Dr. K. Srinivas Reddy

Professor

Department of Mechanical Engineering

IIT Madras, India
To

Editor-in-Chief

Energies
Dear Sir,
Please find here with attached our revised manuscript entitled “Techno-Economic Investigation of Solar Powered Electric Auto-rickshaw for Sustainable Transport System” (Manuscript ID: energies-191484) for publication in Energies journal. In this paper, a solar powered electric auto rickshaw suitable for Indian conditions is developed based on techno-economic analysis and also expresses its observations on mitigation of environmental pollutants. We have revised the manuscript, based on the comments made by the reviewers. Accordingly, we have uploaded a copy of the manuscript marked with all the changes made during the revision process. 
We would like to take this opportunity to express our sincere thanks to the reviewers who identified areas of our manuscript that needed corrections or modification. Appended to this letter is our point-by-point response to the comments raised by the reviewers. As you notice, we agreed with all the comments raised by the reviewers. 

I hope that the revised manuscript is accepted for publication in Journal. I look forward to hearing from you.
Thanking you,
Sincerely Yours

            (K. S. Reddy)
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Manuscript ID: energies-191484
Type of manuscript: Article
Title: Techno-Economic Investigation of Solar Powered Electric Auto-rickshaw for Sustainable Transport System
Authors: K S  Reddy *, Aravindhan S, Tapas K Mallick
Reviewer #1

Comments: 

Overall this is a good technical paper. Suggestions are to make clear in the conclusions and abstract, the limitations, if any on range and utility of the vehicle due to use of solar energy on both sunny days and cloudy days. Was battery charging used during raining season and if so how much and how often. There is some mention of this in section 3.2, but it should be quantified. Also, past tense should be used for reporting results.

Author's Response: 

The authors thank the reviewer for his valuable comments. As suggested by the reviewer, the performance of vehicle on sunny and cloudy days are clearly mentioned in the abstract and conclusion of the revised manuscript. The charging characteristics of the battery during rainy and cloudy days are studied and it is found that 3 kWh/day of electricity from the grid was used for charging the vehicle during monsoon season. This Information is mentioned in section 3.2 of the revised manuscript. The authors have checked the entire manuscript for grammatical and other typographical mistakes and necessary corrections have been incorporated in the revised manuscript.

Reviewer #2

Comments: 

In this article the authors study the charging existing electric vehicles using solar PV technology for Indian conditions. They conduct an interesting and comprehensive study in which they expose different aspects such as vehicle performance analysis, an environmental analysis, and lastly financial and socio-economic analysis.

The document contains a good background, the experimental methodology is consistent, and discussion on the experimental results are well argued.

The document is well structured, it's clear and concise, and allows a very fluid reading.

The topic of the article may be of interest to readers as it deals with a case of adaptation of photovoltaic technology to an electric vehicle and its impact on the mobile fleet of a country such as India.

Author's Response: 

The authors thank the reviewer for his valuable comments.

Reviewer #3
The authors thank the reviewer for his valuable comments.

Please do not leave blank spaces between sections and sub-sections, e.g. 1 and 1.1., 2 and 2/2.1
The spacing between the sections and the subsections and also the certain typographical mistakes pointed out by reviewers has been corrected in the revised manuscript

Authors indicate that global dependence on fossil fuels are increasing in the automotive sector. Can authors provide a reference to support this sentence? 
The necessary reference is added in the revised manuscript (line 32) to support the sentence. The International Energy Outlook 2016 (IEO2016) says that petroleum-based fuel consumption by light-duty vehicles in India is expected to grow by 7.7%/year, accounting for 51% of the total increase in transportation energy use.

Mistake in line 50, 2,50,00 -> 250,000 
The required correction is carried out in the revised manuscript.
Can authors further research and indicate how has been the growing of auto-rickshaw sales in the last ten years? That is to analyze if the trend is growing or decreasing. Please add it to the paper. 
The necessary reference is added in the revised manuscript (line 52). The yearly report by National Data Sharing and Accessibility Policy (NDSAP) shows an increasing trend in the registration of new auto rickshaws every year over a decade. This rising trend confirms rickshaws are the suitable means for electrification because of their low-speed application and use as local transportation.

What is word "budding" in line 62? Avoid use of the words like "tremendously" (line 67).
The lines 62 and 67 are rephrased in the revised manuscript.

The literature review fails to analyze what has been done so far concerning the solar auto-rickshaw. The descriptions are very generic. A more detailed, technical state of the art must be conducted clearly stating the exact advances in the SPEAs.
The literature review has been reshaped to analyze the work done till now concerning the solar vehicles. In detail, the knowledge gap and technical advancements in the SPEA have been addressed in section 1.2 of revised manuscript.

Sentence 68-69 is not very clear. What do authors mean by resourcefully here? The solar panels in cars is not only interesting for the developing countries but also for developed ones. Authors should rephrase.
The lines 68 and 69 are rephrased in section 1.2 of the revised manuscript.
Line 88, word speaks here seems not elegant. 
The required correction is carried out in section 1.2 of the revised manuscript.
Mistake when authors refer to figure 3a? Figura 2a is not indicated. Regarding numeration of subsections in page 4 please maintain the the same style (capital letters or not). 
The numbering of figures and subsections are corrected in the revised manuscript.
In equation (4) seems best to reorganize the explanation, wind grad+ rolling resistance + grav force. Please clarify.
The required correction is carried out in section 2.2 (line 162) of the revised manuscript.
In subsection 4 of page 4, this reviewer cannot achieve the same Hcg value provided in the paper (825mm) by computing equation (5). 1022*(19.4/330ªtan(2)) according to the data supplied by the authors. Can authors explain? 
In subsection 4 of page 4 (line 158), the difference in weight WFR - WF is found to be 9.4 kg but it was mentioned mistakenly as 19.4 kg. Thus the value of hCG remains the same. The necessary correction is carried out in section 2.2 of the revised manuscript
In this equation do not use W for wheel base distance. Authors already use W for weight related vars. 
The notation for vehicle’s mass is changed as mv in the line 141 if revised manuscript as suggested by the reviewer.
Why authors use 330 kg as W here and then in table 1 depict 350 for the car? I think the simulations should be redone taken into account the new Hcg and including passenger weights (Average number of passenger riding these autos could be determined in advance).
The vehicle weight mentioned in the manuscript is the summation of the weight of vehicle and driver. Thus the calculations are carried out considering driver weight correspondingly. The vehicle weight in table 1 is modified. Since the hCG value remains the same, the simulations were not carried out separately. The necessary correction is carried out in table 1 of revised manuscript.
The discount rate for India should be 7.75 according to the latest data from CIA world bank (https://www.cia.gov/library/publications/the-world-factbook/rankorder/2207rank.html)

In section 4.2, the interest rate was found out to be 4% by substituting discount rate as 7.75% and inflation rate as 3.81% and financial analysis was carried out. 
The authors have checked the entire manuscript for grammatical and other typographical mistakes and necessary corrections have been incorporated in the revised manuscript.

Reviewer #4
The authors thank the reviewer for his valuable comments. 

The paper presents a design for a solar powered passenger vehicle.

While the development of such a vehicle is of interest and timely given the rise in Ultra Low Carbon Vehicles and the use of renewable energy, it is hard to determine where the novelty lies in this work. The concept of battery electric drive trains is by no means new, neither is the concept of using solar power as a source of energy for transport. If the novelty of the work lies in the approach take to the design then this must be more clearly articulated. Furthermore, there are ambiguities and missing details in terms of how the design process is presented. Specifically:

The design calculations presented in section 2.2 are rather disjoint - there appears to be no logic to the way the different subsections are presented - if there is a pattern here it needs to be made clearer to the reader.
The design parameters discussed in section 2.2 are presented in the following order











The authors have summarized the importance of each design parameter in section 2.2 (Page 5) of the revised manuscript.

Equation 7 is presented to explain how the required size of battery was determined. There are significant details that are needed here to explain how this was used - what are the functional requirements for the vehicle in terms of range, charging time and power output? It would seem that to fully optimise this part of the design the authors would need to consider the proposed use patterns relative to the times when charging is available?

The size of battery required for our application depends on power demand or required power (Pr), operating duration (t), days of autonomy (n) and battery specs such as battery efficiency (ηb), depth of discharge (DOD) and battery voltage (Vb). The charging and discharging characteristics of the battery in real time are discussed in section 3 of revised manuscript. 
Section 3 presents the results of modelling on the proposed design - what has been learned from this? Were the results as expected? How will this impact on what comes next? A conclusion to this section was beneficial?

The results mentioned in section 3 of the revised manuscript discusses the real-time charging and discharging characteristics of the battery. As per reviewer assessment, the impact and conclusion of the analysis are discussed in detail in the revised manuscript.

In section 4.1 an assumption is made regarding on range per kg of fuel - can this assumption be justified? Similarly for the figure of 60 rainy days per year. There are other examples where assumptions appear to be made without explanation being provided - these need to be addressed throughout.

In section 4.1, the average number of rainy days in India is assumed as 60 days based on the data collected online. The necessary reference has been added in the revised manuscript in order to support the assumption. The CO2 emission with respect to unit weight (per kg) and unit quantity (per liter) are calculated and mentioned in the revised manuscript.

The analysis of costing is interesting and hints at a potentially novel analysis but there appears to be no consideration of potentially important factors - e.g. how maintenance costs are estimated, battery capacity degradation and the need for replacement etc - it seems very optimistic to expect the battery to last 20 years.
The operational and maintenance cost is a variable parameter which increases with vehicle mileage and depends on driving patterns. The O&M cost for EV and SPEA is assumed as INR 15,000 and INR 26,000. The O&M cost, which accounts up to 4.5% of its annual income includes the cost of routine maintenance of the vehicle, wear and tear of automotive parts and component replacement costs. Both in EV and SPEA, the component which has to be replaced periodically is the battery. The battery’s life is determined by its number of charge cycles. Since both these vehicles use batteries as the power source, it is assumed to be replaced every 4 years. The maintenance cost of SPEA is higher as the solar PV panels incorporated are subjected to timely maintenance. The fuel cost for EV and SPEA is assumed as INR 20,000 and INR 6,000. The fuel cost for EV is more than SPEA as it utilizes grid power for charging batteries whereas SPEA is charged mostly using solar energy. 
Table 4 makes reference to regenerative braking - was ths considered in the analysis of range?

The regenerative braking is not analyzed in the presented paper but the studies have been underway to incorporate the concept of regenerative braking for this particular type of vehicle. The mechanically operated drum braking system has been used in the vehicle for the current analysis. The necessary correction has been made in table 4. 
The paper makes reference to the conditions and requirements associated with operating in Chennai e.g. Table 7. How generalizable are the results in this context?

As far as the economics of this vehicle is concerned, the calculations based on Chennai is presented. This calculation can be generalized and applied all over India as the auto rickshaw tariff and the prices of gasoline don't change drastically from place to place as shown in the table below. The mentioned data are included in the sub-section 3 of section 4.3 (Page 13) of the revised manuscript. 
Auto fare and gasoline rate at key urban regions of India

	City
	Auto tariff*[1]
	Gasoline Rate*

(Rs./liter)

	
	Minimum fare
	Fare above min. fare (Rs./km)
	

	Chennai
	Rs. 25 – first 2 km
	15.00
	71.16

	Mumbai
	Rs. 15 – first 1 km
	10.00
	74.42

	New Delhi
	Rs. 25 – first 2 km
	8.00
	68.07

	Kolkata
	Rs. 25 – first 2 km
	12.00
	70.66

	Pune
	Rs. 18 - first 1.5 km
	12.31
	71.30

	Ahmedabad
	Rs. 11 - first 1.5 km
	7.50
	70.05

	Bengaluru
	Rs. 25 – first 2 km
	13.00
	73.00


* as on April 2017
1. Auto Fare Calculator | India http://www.taxiautofare.com/Default.aspx (accessed Apr 24, 2017)

 The authors have checked the entire manuscript for grammatical and other typographical mistakes and necessary corrections have been incorporated in the revised manuscript.
Calculation of available solar radiation








Calculation of Height of Centre of Gravity of modified vehicle with support structure





Wind load calculation





Selection of vehicle motor based on power requirement





Calculation of battery capacity





Travelling distance calculation based on power from PV panels








