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1. Executive Summary

In this article, Total Cost of Ownership (TCO) oD YA is compared with that of diesel ferry andstestablished
that solar ferry is economically better than didsety not to mention that environmentally it wihands down. The
story of ADITYA, its particulars, and methodologf/toacking the various costs that is used to araitvehis conclusion
is explained.

2. Story of ADITYA

The State Water Transport Department (SWTD) of leefistps://www.swtd.kerala.gov.inbperates about 100 ferry
boats of different sizes from 75 to 100 passengkrmsver the state. They were all single hulledtbpaither made of
wood or steel, and powered by diesel engine. Ar@01B, they were facing a big issue.

Although air and water pollution is a significamv&donmental problem, that was not the pressinges3he noise and
vibration from diesel engine that make the ridmgjrfor passengers and crew, although importans, med the prime
issue. It was also not the smell of fuel that meideeride uncomfortable. The biggest issue theydatehat time was
the high operating cost that made the boats urigabia.

A typical ferry boat operating across the backwate¥aikom-Thavanakkadavu sector, a distance ofka with
ticket price of only & for the journey, generates about 53®@faily in revenue. However just its energy cost 60
litres of diesel was higher than this figure (ab6i@4R). The direct cost of energy and maintenance i4¢536day.
Along with indirect costs of the crew and overheaflapproximately 3,000 per day, the OPEX was 934day.
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Chart 2.(i). Revenue versus OPEX of diesel ferry

This means that every day the boat ran, the depattinst about 4,645 considering only OPEX. In this context,
SWTD was looking for a solution using solar enetgysolve this problem. Once CUSAT (Cochin Universiff
Science and Technology) team led by Dr. Dileep lifrés submitted the feasibility study for solar yeirr this route ,
the challenge to solve this problem using solaryfevas thrown to public in form of a governmentden We
(www.navaltboats.cojraccepted the challenge to design and build i, lbased on our experience and expertise.

When we did that, many people in the industry anddemia expressed opinion that solar ferry opeyafih
passengers was nearly impossible.
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Image 2.(ii). Extract from comments by experts

It is not surprising that such a view was expressette existing ferry boats are heavy and withhldgag, hence these
cannot be retrofitted with solar-electric proputsid@ hree things were needed to make solar ferrkweirstly, the
weight of the boat needed to be around 17 tonnepaned to 35 tonnes for typical diesel ferries.ddety, along with
weight reduction, the underwater shape was neaxbd bptimised to reduce the drag significantlyhed just 20 kW
motor power is needed instead of 60 kW for diesgids to run at 6 knots with 75 people onboardrdlyy the power
train, consisting of lithium batteries, controllensotors need to be rugged, reliable and maringegra

After a year of design, six months of mould makifiiggen months of construction and three monthtesfs, a total of
three years, ADITYA, |India’s first solar ferry, wasinaugurated on i January, 2017
(http://bwdisrupt.businessworld.in/article/NavAltduaches-ADITYA-and-Gives-India-its-First-Solar-Fesfh5-02-
2017-113019. It was done by Union Minister of Power, Sriy&sh Goyal and Chief Minister of Kerala, Sri. Pagr
Vijayan. In the first year of operation, ADITYA tmaported 365,000 people across backwaters, anellgd\22,500
km without a single drop of fuel thereby saving8® litres of diesel. This eliminated 92.8 tonnésarbon-di-oxide
and 8 tonnes of harmful emissions.

Image 2.(iii). ADITYA alo with diesel ferry atikam jetty

3. About ADITYA

ADITYA is a catamaran ferry boat with GRP (GlassriRerced Plastic also known as FRP (Fibre Reinfdretastic))
hull and aluminium superstructure build under IRssl (Indian Register of Shipping, a member of h#tonal
Association of Classification Societidgtp://www.irclass.orly The vessel particulars are as follows:

Length overall 20.0m

Breadth 7.0m

Breadth, demi hull 1.5m

Depth 1.6m

Draft 0.8m

Complement 75 passenger + 3 crew

Maximum Speed 7.5 knots (14 km/hr)

Solar panel Main system 18 kW (poly-crystalline)
Auxiliary system 2 kW (poly-crystalline)

Batteries Main system 2 x 25 kWh (lithium-ionegiphate)
Auxiliary system 2 x 5 kWh (lead-acid)

Motors AC induction 2 x 20 kW (asynchronous)

Shore charging 2 X 6 KW (32 A three phase conoekti
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The boat has two energy and power train — fromrsaliay, charge controller, battery bank, motorteuler, motor,
thrust bearing, stern gear, propeller. These aetrtally isolated so that an issue in one sysiiees not affect the
other. Apart from this each motor is overpowered 100% so that there is excess power available &d ref
emergency, high water current, or strong wind. ADAToperates at service speed of 6 knots, howewearitgo at 7.5
knots at maximum power under fully load.

Ei
HH
Ei
__
o
A
E

R
S HHE e R

Image 3.(i). System diagram of one side

The battery system meets very high standards eftysafvhich is essential for public transportatidine battery is
approved by DNV-GL as per DNVGL-CP-0418 and DNVGG0339. It is tested as per IEC 62133:2012 starsdard
The battery meets IP56 ingress protection and éméilation system is designed for lifecycle at @piexg temperature
higher than 30 degrees by monitoring charge andoailing by PLC (Programmable Logic Controller).

The boat has three levels of safety, assigned asNi¥,Lland N3. These are parameters in motor, lyatbed other
critical systems in the boat. N1 indicates the llevleich are just information that do not need antian but indicates
that we are approaching level N2. The next levdicates the state which triggers automatic slowdowwmotors or
some action. The final level, N3, is when the eysts shutdown to protect critical equipment.

ADITYA, being catamaran, has high margin of stapilit meets all stability criteria for inland veds even when
overloaded with 200 passengers. In addition the batisfies damage stability requirements for singpmpartment
damage. There are submerged bilge pumps instafiedlliwater-tight compartments (ten of them) whiefll
automatically start pumping out water when ther@nisngress.

The boat is remotely monitored to ensure high gaéatd reliability. Apart from monitoring all the gmaneters
necessary to check performance using automatig¢deg 4.2), other critical parts like battery is mamed on cell
level. Even trouble shooting can be done remotely.

ADITYA operates across the backwaters from moriingM to evening 7 PM and takes twenty two tripsiyddtach
trip is about 2.8 km ride and takes 13-15 minutegethding on speed, which is around 6 knots. Theré¢haee diesel
ferries operating in the same route. The boat spabdut 5-7 minutes in a jetty for passenger engbiark and there
are three longer breaks for tea and lunch for the/c

4. Process

4.1. Manual log

A log book is maintained by the crew to note dowrttee important parameters for every trip. Someapaeters are
taken at the beginning and end of the trip. For leattery SOC (State of Charge), motor temperathedtery
temperature. Some other parameters are taken amitipoint of the journey during steady course, lkalar
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production, motor consumption, motor RPM and bpaiesl. At the end of the day battery SOC is notddrbeshore
charging is connected and after completion it sueed that battery is fully charged.
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Image 4.(i). Manual log sample

Each operating day is one page in the log bookiratttk first year it has 347 pages of operatingdat

4.2. Automatic log

ADITYA has the one of best features among inlanddes i.e., automatic data transfer to the clousgese About one
hundred forty parameters in the boat are monitanethe central computer of the boat. Every minditis data is
transferred to the cloud server using internetgmem the boat. The energy curve, 4.(iv), is masiag the automatic
data.

4.3. Grid cost

The grid cost was calculated by taking the cogtafer from electricity bill of the shore chargiracility. Since the
power is utilized for jetty and office lighting, dhamount of power consumed is taken from the ensrgter in the
boat. This is about 61% of the total consumptiontofal of 13,030 units was consumed in the boay jet which
7,969 units was used by the boat (61%). At R&hit, this comes to total energy coséR2,235 for the whole year.

44. Diesel cost
The diesel cost has been rising since Jan 201@wiolg the global crude oil rise. The average adstiesel for the

first year of operation is 60.&llitre (source:https://www.mypetrolprice.cor/

45, Daily Propulsion Ener gy
The daily consumption by propulsion motor is tratke the automatic log. The actual consumptionrestdion for 22
trips, and number of trips is plotted below.
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4.(ii). No. of trips and Energy consumption daily
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In the first year, for 347 days of operation, tiverage consumption comes to 71.4 kWh. Once it jgséed for 22
trips, the average consumption comes to 72.8 kWhdpg. The low consumption are days with calm conditions
whereas higher are days with adverse weather emtumind, and waves.

4.6. Daily Solar Production
The daily solar power generation is tracked ingb®matic log. It varies from extremely low valwemhaximum of 66
kwh.
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4.(iii). Solar production daily

The average daily solar production in the propulsaoray (18 kW) is 42.8 kWh for the whole year. Shiclude the
three months of monsoon (Jun-Aug) where the avesteqyes to 38 kWh. For an 18 kW system, the energguxced is
lower than expected, around 60 kWh. This is becaysihe mid part of the lunch break on most dalys,lattery is
full and in the second part of the break thereoispace to store the energy from the sun at itk peaer. This can be
solved with a larger battery bank, say 80 kwh. €heere few days with practically not much sun whmbstly
occurred during monsoon.

The boat needs about 70 units (kWh) of energy fopplsion to perform 22 trips in the day. The belohart shows
energy curve of the boat on a typical day. FronD&k®/h, 100% battery SOC (yellow) based on consumnphy
motor (orange) and production from sun (blue), ihery SOC goes down during the break, howevemde again
reached full charge by midpoint of the lunch break.
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4.(iv). Energy curve

4.7. Daily Battery SOC and Grid
The battery size for ADITYA is designed for averagmny day. Hence in most days there is nho neethdoge the
battery from shore during daytime. In the belowrthtéhere are two SOC — observed and real. Therekdds the
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reading in the display in the boat which computesgercentage leaving 10% as reserve. So the @alis slightly
more.

Real SOC = (Observed SOC x 45+ 5)/50
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Chart 4.(v) — Observed and Real SOC

The lithium batteries are designed to go to SOQG%. If one sees the state of charge in the one pe&dod, the
average is 58%. This means that the battery vgtllianger, over seven years.

At the end of each day operation, the batterieschaeged to 100% using grid power. This is the gneost of the
solar ferry. From Table 4.1, we have got the enexgt as 7.8%/unit. Hence the daily cost of energy can be ptbtte
During the monsoon period from June to Octobegtid consumption is high.
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Chart 4.(vi) — Energy Cost

The spread of the grid energy consumption ranga frery low to¥428 and the average for the whole year is
%179. This is very low compared ¥®,041. for diesel ferry.

5. Economic

5.1. Framework

When economics of a ferry boat is assessed thersvarapproaches. The first approach is to askeswtal cost and
see the returns based on the revenue from passemtgre the ticket that can be charged and occypainthe boat
becomes important. This approach is used by atprin&estor in such a project.

The second approach is used by transport depatmérare the ferry is usually a public service ardfifability is not
important. Here the operating cost should be calvbserevenues from passenger tickets. Also compaiietween
multiple options can be taken from a cost side.eHbée second approach is taken and the total dostvioership
(TCO) is taken for both options.

IEEE India Info. Vol. 13 No. 3 Jul - Sep 2018 Page 43




There are four parts in TCO. They are:
1. CAPEX
2. OPEX
3. Recycling Cost

5.2. CAPEX

This is the initial cost of owning the boat. Thestof ADITYA wasZ1.95 Cr (At 2013 tender price. Five years later,
in 2018 such a boat would be 3 Cr.). A diesel fevith similar capacity (75 passenger), build undreiclass (or any
other IACS (International Association of Classifica Societies) member class) was aro@hd Cr. This is based on
adjusting for size and specifications from a simbaat of 100 passenger capacity, build under Es;lawarded to
Praga Marine by SWTD fc¥1.9 Cr (2016).

5.3. OPEX
In the total cost of operating the boat, theretaree broad cost groups:
i. Energy

ii. Maintenance
iii. Crew and overheads

In the first year the boat operated for 347 dayss Was lower because there were six days of matbicle strike and
three hartals — a total of nine days lost. Therotlige days were used for maintenance. We profe@tdays operating
days going forward.

5.3.(i) Energy cost

A typical ferry boat operating across the backwatevaikom-Thavanakkadavu sector, a distance ofkth8 charges
only 4 rupees for the journey one side. Each &etabout 13-15 minutes (at speed of 10-12 km¥hi).operates
from 7 AM to 7 PM, taking 22 trips, and having sciint time for passenger embarkation and breakrew, it
would need about 100 litres of diesel (at 10 Ifigs

It is the cost of fuel for running the boat andsystems i.e., running both main and auxiliary eegi For a solar ferry,
without any fuel onboard, the energy cost is thet ob grid used to charge battery. From Sec. #8sélar ferry, the
total energy consumption is 7,969 units and enept wast62,235. This energy cost is expected to incread/mt
every year with increase in grid cost.

In a diesel ferry, energy cost is the dominant.cobe daily fuel consumption is 100 litres and ftesel price of
%60.41, the daily energy co®6,041 (at Rs. 60.41 per litre -- average price @néta for year 2017). For first year this
was321,02,429. The diesel price is also expected tease at 5% every year.

5.3.(ii) Maintenance cost

These are all the cost to maintain the boat opmraki There are three kind of maintenance activitye first type is
exclusively for diesel engines. This include replaent of consumables like lube oil and filters adl s engine
overhaul charges — both of which are regularly dewery 45 days for diesel ferries. For solar femythout any

engines, this is not there. On an average the prante cost is about 3% for lube oil and 7% fderl and engine
overhaul of fuel cost. The total is ab&@04 per day. In the first year this w&3,10,243.

The second type is the cost of replacing the hattells. The propulsion battery has a warrantyiaf fears. However
based on the battery discharge level (Sec. 4.€)réplacement cycle for the battery would be sexears. It is
important to note that at this time, the storageacéy of the battery is expected to be 80% ofriée one, and not that
it becomes unusable. The replacement cost of tieisexpected to b&25 lakhs at the current price. This would be
lower considering the annual reduction in pricditbfum cells due to increased adoption of electgbicles.

The third type is cost of replacing or repairingm@@ed parts, equipment and cost of maintainingotheg in good
condition. It is assumed that this is similar intbboats and hence not considered.

5.3.(iii) Crew and overheads

These are the cost of maintaining the crew as aslhe overheads of the head office for boat ojperaFor these
kinds of boats three crew members are needed t@tepeSince these are similar in both kinds of §otitis is not
considered for comparison.

5.4. Recycling Cost

Most passenger ferries are designed for twentysyégis not prudent to design ferry systems fargler period since
by then a far better technology would have comerable replacemenit the end of its life, there is@cycling cost,
but the residual value of materials and equipmenhé boat may be higher than this and hence théaght be a net
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positive value of the boat. The batteries are reclyby the manufacturer as per the EU guidelinéshé end of its life
the recycling cost of the boat is insignificant.

5.5. Finance Cost

To factor the time value of money, the differenaénitial cost between the boats is financed and Elvithe same is
taken as finance cost for solar ferry. The interatt is assumed at is at 12% although Kerala govent has lower
cost. The cost difference &5 lakhs (Sec 5.2) need to be financed. After fitenawe can see that in 36 months (3
years), with an EMI of 1.49 lakhs and annual cds€17.94 lakhs this difference in cost can be repaltk total
finance cost for th&45 lakhs i£53.81 lakhs. After this period, it is huge saviegsry year.

5.6. TCO
Summarising the calculation, we can see that ilifégycle of twenty years, the TCO comparison is:
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Chart 5.(i) — TCO of Solar ferry (CAPEX, Energy toéSnance cost, Battery replacement cost) and TEOiesel
ferry (CAPEX, Energy cost, Maintenance cost) ihl&k

Solar Ferry X274.4 lakhs
Diesel Ferry X914.7 lakhs
The cost of diesel ferry is three times more thendolar ferry.

6. Conclusion

From the above calculations one can easily concthde ADITYA solar ferry is far more economical tha diesel
ferry. It is for this reason SWTD has ordered threere solar ferries for public transport. They haleeady
announced plans to phase out all their diesel loagslar in the next five years.
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building large solar passenger ferries. Apart fume solar with no fuel on board, for applications
that needs higher speed, longer range, or heawigocthey have hybrid solutions. The first
tourism double deck ferry, 100 passenger capawit, air conditioning is under construction and
expected to be delivered end of this financial (284.8-19).

New robot can harvest cropsin 24 secs, claim resear chers

Researchers have developed a harvesting robot pewegesigned to operate in a single stem row éngppystem.
Preliminary test results claimed that by using meercially available modified crop, the robot camvest ripe fruit in 24
seconds with a success rate of 62%. The teamisati@dditional research is required to increaseepess work speed and
success rate.
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