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Introduction

The electrification of PELAGO was completed in April 2022 with the complete engine and
battery installation and the interim installation of the PVs where 2 24V, 360W each at the stern
and 4 12V, 100W PVs were used instead of a sun awning. As there was no time for local
testing, the Peloponnese tour started immediately. The whole installation proved the
sufficiency of autonomy on the 350NM round trip to Lavrion where maintenance and new PV
installation was carried out over the helm in place of the awning. The two additional 24V,
360W double sided PV's completed the installed solar power source at 1500W. This part of
the investment is the most innovative in trying to ensure the maximum solar energy
absorption area on a sailing yacht and where this type of installation particularly aft of the
stern on such a large surface area is unprecedented. At the same time they are also risky
because they are exposed to the force of the wind, especially on the routes against the
Aegean's high waves and the wind. The risk was well known and was the most intense part of

the experimentation on the adequate solar power supply of a sailing boat.

Indeed the PV support structure behind the stern was destroyed twice to date (Lavrio on land
and the Lavrio - Kea route) and rebuilt twice at Lavrio and Lemnos with strengthening
improvements each time. The current construction with improved element connections is

expected to withstand sailing against 6 Beaufort winds and testing is ongoing.

First test in the Peloponnese Tour

The test trip started on 15/04/2022 from the location of Trizonia in Fokida (38°22195'N
22°4.536'E). After a short stop at Chania in Fokida we moved east towards Nafpaktos where
we stopped for refuelling and filming. That afternoon we set off with favourable winds towards
the lonian Sea. In the early morning hours of 16/04 a short stop for rest was made at a location
near Kyllini (38°2.865'N 21°18.485'E). Until the early morning hours of 17/04 the use of an
engine served only the needs of docking the boat. With the noticeable drop in wind during

the night we operated the engine for 4 hours at 2.58kW resulting in a consumption of 10 kWh



and a noticeable drop in battery voltage from 52.13 V to 40.1 V. The trip continued to Pylos
without the use of an engine. In Pylos, an on-site autopsy of the batteries was performed and
the very low voltage of some elements and the sea swelling of some of them were observed.
It was therefore decided to disconnect the problematic elements and redistribute their wiring.
The trip continued on 19/04 with half the capacity of the batteries (given that their power is
more than twice the engine power while the full battery system has more than four times the
power) and consequently half the autonomy of the vessel (about 10 hours and 35 NM). The
favourable winds continued throughout the trip until the early morning of 21/04 when we
arrived south of Hydra Island ( 36°97.767'N 23°43.387'E). At this point with quite charged
batteries (52.74 V), due to the sunshine of the previous days, and using the electric motor at

low rpm we arrived at the port of Poros where our destination was.

The boat remained in Poros where on 22/4 there was a first presentation of the electric
PELAGO to ferry professionals organised by their association. The vice president and the
cooperating producer from the Tombazi estate were present and directly interested. The
interest of the ferrymen was such that it was decided to hold a second meeting on Easter
Tuesday with the participation of engineer Norbert Bode for a first evaluation of the feasibility
of electrification for each of the three ferries. The PELAGO remained in Poros where it
continued to charge its batteries up to the maximum of 54V where 100% was reached and the

regulator automatically stopped charging.

The meeting and new demonstration of PELAGO took place on Tuesday 26/4 and the
technical data of three boats were recorded in order to calculate the required investment for

each boat.

The following day PELAGO arrived in Lavrio with minimal engine use and was lifted for

maintenance and adjustments before the next Aegean and Italian Rounds.

Conclusions

Analysing the data collected, the failures and the defects that have been identified, the whole
project is considered to be fully viable and suitable for this vessel. The problem encountered

with the accumulators was due to their not being fully charged before starting and was



overcome due to the correct sizing at the study stage. The photovoltaic panels, in
combination with the wind turbine, proved to be sufficient to charge the batteries even on
days with cloud cover and wind speeds of 15 knots. Not being connected to the grid for
charging during the entire 350 nautical mile voyage demonstrates the autonomy that a sailing
vessel can have when combined with PV systems and wind turbines. This makes it viable to
cover long distances without the need for recharging and, above all, without burning fossil

fuels.

The particularly short time to complete the round trip is coincidental and is due firstly to
particularly favourable winds. Only twice was the wind not favourable, first for a whole day at
the stop at Pylos and secondly south of Hydra. Also the second captain happened to be very
experienced and this allowed continuous sailing 24/24 hours whenever the wind was
favourable. They had budgeted 10 days of unfavourable wind, which is common, and 10 days
of sailing with a stop every night. The 24/24 sailing proved very early the autonomy in the
conditions of the Greek seas where short trips are possible. It remains to prove that the route
to Iltaly, where 24/24 sailing is required for a minimum of 3 days, is also possible with full

autonomy. A charger from the grid will be available in case additional charging is required.



PELAGO summer voyage report

At the end of April, PELAGO completed the 350 NM round of the Peloponnese and was lifted
to perform the improvement and maintenance work that was planned to be done before the
next tests:

1. Control and cleaning of the reef surface and water outlet inlets

2. Changing the stainless steel structure for shading to convert it to a photovoltaic base
which was not easily done in the Trisonia
Assembling the two additional photovoltaic panels 360 W each.
Changing sprayhood
Reassembly of the rudder

Removal of materials of previous use

N o oo os W

Improvement of battery system

This work was mainly completed in the few available days at the end of April and the
beginning of May and in the second week of May. Launching was scheduled for the last days
of June to make the Aegean round in cooperation with the SAILMED team round so that there
would be a number of volunteers and professional skippers to help with the first tests of

PELAGO.

Unfortunately during PELAGO's stay at drydock in Lavrio, apparently due to gale force winds,
the stainless steel structure that supported the two PVs at the rear of the vessel from Trizonia
to Lavrio was damaged, around 10 June as shown by the charging data that were
electronically recorded. The stainless steel structure had to be repaired and PELAGO was
ready and set off for Kea on Saturday night 30 June to avoid the much stronger winds of the

following day.

It turned out during the voyage that the new technique of connecting the stainless steel pipes
with aluminium rivets was inappropriate and while sailing in a 6 Beaufort wind the structure
again disintegrated and eventually fell with the PVs into the sea but the connecting wires held
and the PVs and part of the stainless steel structure were towed to Kea and retrieved/ towed

to PELAGO. As this disaster progressed at a slow pace, it was possible by observation to



determine the weak connection points. This knowledge was used in the next rebuild done in

Lemnos where bolts were used in the connections.

This first summer run of the PELAGO Lavrio Kea on the night of 2 July confirmed the
self-sufficiency of solar powered propulsion. A significant part of the voyage, about 90 min,
against gusty winds was done under sail assisted by the electric motor against 1.5m waves. At
the end of the journey in Kea the 230Ah battery was found to have an 82% energy reserve
and the energy consumed was replenished over the next two days where the boat remained

anchored due to weather conditions.

The route to Andros on 6 July again required the use of the engine at short intervals with use

of stored energy.

Due to difficult weather conditions the next day it was decided that the route to Skyros on
July 8th would be made with a stopover in Psara. Again the total energy consumption turned
out to be small and was immediately made up the next day. The stay in Psara was extended
until 11 due to a storm that devastated Skyros. At Psara the new connection of the battery
system to two 48V 16s in parallel, controlled by two different BMSs, the 123 smart BMS and
the Daly BMS, was completed. This interconnection allows for the possibility of using only one
of the 16s if there is an abnormality in the other.

8-10 saturation

The dual system was successfully tested on the Psara/Skyros route on 11 July and the energy
stored at the end of the route was 85%. During the midday hours of the route an excess of
solar energy was experienced for the first time and the engine was used to reduce the charge

to below 98% 13 saturation

The Skyros - Skopelos route was decided to take place on 14 July, after the historical
retrospective event at the port of Linaria Skyros, where by coincidence the two floating
actions of the electric Aegean Cargo Sailing and the floating Museum of the Greek Revolution
of 1821 met. The three ships of the Floating Museum's action, including the wooden
traditional sailing boat MANIA, which is also the exhibition space, and the two Aegean Cargo
Sailing ships PELAGO and MARINA STAR docked in directly adjacent positions. There was an
opportunity for an exchange of information between the two groups and joint attendance at

the history night on Wednesday 13 July. Prior to sailing on the 14th a meeting was held



between Captain Loucas Gourtsoyannis and Captain Panagiotis Tsakos and historian Maria
Efthymiou. The floating museum team were fully briefed on the electrification of PELAGO. A
symbolic historical gift was given by L.G. to PT., a bottle of olive oil from the Tombazi estate

which was transported under sail and electrified.

The Skyros Skopelos route confirmed the existence of excess electricity used in the electric
motor by increasing the speed of the vessel adding to the wind energy and reducing the
angle of travel relative to the wind direction in high wave conditions. Safety was also
confirmed regarding the possibility of overloading by the automatic intervention of the two
BMS systems. The attached pictures show the repeated over voltage of 3.5 V of one of the 16
battery cells triggering the opening of the charging relay and after a few minutes of
interruption the voltage is reduced, the relay is closed again, charging is repeated and the

increase beyond the setting limit opens the relay again.
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Discharging the batteries during entry into port using an engine usually reduces the charge to
the level of 85% remaining energy and the battery recharges to saturation during the midday

hours of the following day.

The short Skopelos - Alonissos route was completed with no new findings as to the use of the
motor. It was used in a short period of time to cover the lack of wind north of Skopelos where
wind dampening from the Skopelos massif is often observed. (It is a common phenomenon on
almost all islands to have wind dampening in the direction of the island over an area a few
miles from the island. Similarly there is always a wind shadow of the island in the wind
direction from the island to the open sea. Finally steep coasts often generate gusty
downwelling, "Katabatic" winds and rarely upwelling. "Anabatic" winds).

15 Alonnisos saturation

The route Alonnisos Lemnos due to contrary wind conditions was done in three sections :
Alonnisos-Kyra Panagia (Monastery), - Ai Stratis, - Lemnos in three consecutive days 16, 17, 18
July. During the first and third legs of the route, extensive use of the engine was made both to
cover distances due to (relative) apnea and in strong wind conditions to improve both speed
and reduce the angle to the wind and waves that increase it, especially in small boats like
PELAGO. The autonomy of the sailboat's electric propulsion was fully confirmed with a low
consumption of the stored energy and full replenishment of 100% charge the next day or the
day after. In Lemnos, the stainless steel components for the rebuilding of the stern base of the
F/V stern which had been almost completely destroyed on the Lavrio - Kea route were also
received. Also on the same route, one of the two 360W, 24V PV's was lost at sea and its
replacement was delayed due to a shortage in the market. This gave the opportunity to test
the installation of a single PV at the stern connected in series with the two mounted above the
helm as a sun awning (Bimini). This connection reaches the limit of the potential (V) of the
VICTRON 150, 60 charge controller and theoretically improves performance in the morning
and afternoon when the Sun's inclination is reduced. Most importantly, the mechanical stability
of the system is controlled with the new mechanical connectivity so that when in the winter
months a larger PV area is required for autonomy, the safety of the structure has been fully
tested on 1.7m2 PV area before doubling to 3.4m2 (as it was in the start-up from Lavrio). The
rebuild was completed at the port of Myrina Lemnos on 21 July and it was found that the
battery was charged faster to saturation thanks to the correct orientation of the third PV. That

had been temporarily connected so that it could be placed horizontally, in reduced wind and



wave conditions, but this was not possible in hard wind conditions. (See table showing

saturation on 20 July at 19.00).

The 22nd of July Lemnos - Lesvos route was revealing both in meteorological/hydrodynamic
conditions and in the effectiveness of electrification over a long period of time. The wind was
much weaker than the meteorological forecasts with rare gusts to 12 knots, and due to the
long wind shadow of Lemnos, total apnea for 3 hours and insufficient wind for 23 NM ( half the
route), this necessitated the use of the engine for 7 consecutive hours from 11.00 to 19.00. The
sunshine allowed a good power supply from the PVs which totalled this day 4kWh while the
battery was discharged by 5kWh according to the instrument readings. Final result of the day
the batteries were discharged by 20% which was replenished on 23 and 24 July. Due to the
low speed of the boat we experienced for the first time the intensity of the sea current
created by the discharge of the Black Sea through Ellispontos, Propontis and Bosporus. The
deviation of the vessel's course, which normally does not exceed 10 degrees, reached 35
degrees and our estimate is that the current was heading from the northeast with an intensity
of 1 to 1.5 knots. The same route was repeatedly taken in previous years but the strength of
the wind hid the strength of the current. Historically the current is known from the Neolithic
period and the ancient port of Skyros was on the northeastern bank which allowed the return

from the Black Sea by sea current when there was no wind.

Saturation of the battery was achieved on the morning of 25 July. During the Lesvos - Chios
route on the 26th, which was made with a northerly tailwind, a route to the south (180
degrees) was followed initially to avoid the broad wind shadow created by Lesvos. Due to
excess power the engine was used on low power from 10.30 which increased the speed by
about 0.5 knots. When there was a Iull around 13.00, during the period of wind change to
West wind, the engine was used intensively and when the wind returned West and brisk in a
short time the battery was again saturated. On arrival at the port of Oinousses the battery was

again at the 99% level.

The short route from Oinousses to Chios on 27 July was made with a northerly tailwind and
battery saturation conditions. The route Chios - Ikaria on 28 July started at 8.00 with a light
northerly tailwind and continued with a cross westerly wind from 13.00. Excess energy was
used from 10.30 to 14.30 in engine operation to improve speed. During the usage period the
usage schedule indication was a few days self-sufficiency. On arrival the battery was again in

a state close to saturation that was reached the following day.



For the purposes of video recording, PELAGO sailed from Agios Kirykos marina on 30 July
and sailed both under sail and with the motor in highly variable wind conditions from totally
calm to strong katabatic. For the needs of the event in AK. she docked in the main harbour
opposite the old town hall from where she sailed on 1 August. The battery was restored to

saturation.

During the Agios Kirikos - Kokkari Samos route which started with gusty downwinds that
decreased to near apnea the engine was used to continue the course between wind areas.

Saturation was achieved the following day.

The short route from Kokkari to Pythagorion was made on 3 August with little power
consumption by the motor because the wind was generally favourable. During docking
manouvers, the disconnection of the propeller from the shaft was detected. This created
conditions of fuel consumption for towing PELAGO firstly into the harbour and then into the
marina where the repair operations were carried out. The run from the harbour entrance to
the marina entrance was carried out on 4 August under sail to keep fuel consumption to a

minimum. The battery was again at saturation.

Immediately after the fault was rectified, starting in the afternoon of the same day, the trip to
Patmos was made in highly variable wind conditions requiring four hours of motor use when
the PV output was low to zero. Saturation was achieved in the morning and afternoon of 6
August during the route to Leros which was done in a tailwind and with low consumption. The
route to Telendos ( Kalymnos ) was made on 7 August with highly variable wind conditions
from relative calm to strong downwinds and the engine was used to cope with the extreme
conditions. The saturation of the battery was completed the same afternoon. The route from
Telendos to the port of Kalymnos was made in low to very low wind conditions and motor use
for 20% of the route. Battery saturation was completed in the afternoon of the same day and

was maintained during the mooring for two days.

On August 10, the route from Kalymnos port to Telendos Island and Myrties was made with the
aim of presenting the electric PELAGO to the ferrymen of Telendos and exploring the
possibility of disembarking. The short trip was done using the motor for about 30% of the
route due to weak winds. During the small hours of 11 August the wind unexpectedly

increased and the anchor slipped. PELAGO drifted south one NM before the anchor



reattached while the captain slept. The motor was again used at 3kW upwind for the return to
the anchorage with increased anchor chain length for safety. On the morning of 11 August the
battery charge was at 75%. The charge reached 98% at 13.00 and then the approach
manoeuvres for the presentation of PELAGO to the ferrymen of Telendos were carried out

and the charge was not completed to saturation.

The Telendos - Astypalaia route was made on 12 August with a favourable wind and minimal
engine utilisation. During the trip the battery reached saturation. The Astypalaia - Anafi route
was made on 14 August with a westerly headwind ranging from 3 to 5 Beaufort. Due to the
headwind and the periodic lack of sufficient wind against the swell the route almost doubled
in NM and time, for a total of 11 hours. In the middle of the day there were excess power
conditions and for three hours the engine was used, absorbing the excess power of about
700W while the battery remained in a saturated state continuously. Towards the end of the
day the engine was used for 4 hours to meet the need for a faster journey so that arrival at
Anafi could be made in a reasonable time. Battery saturation was achieved the following day

in Santorini.

The trip from Santorini (Thirasia) to los was made on 18 August with insufficient wind initially
and use of the engine and strong wind approaching los. The battery was almost constantly in
a saturated state. The route from los to Sifnos was made with insufficient wind on 19 August
and the engine was used continuously for at least six hours. The charge level at the end of
the day remained above 80%. On 20 August, a move to Chrysopigi was made using the
engine. The battery charge increased above 90% without reaching saturation. On 21 August
the Sifnos-Serifos route was made again with weak wind and engine use for most of the trip.
Again the battery was discharged to the level of 80%. The route Serifos Syros (Achladi bay)
was done on 22 August again with weak wind and long engine use. On the 23rd again with
weak wind and engine use the PELAGO sailed to Syros where, for reasons of berth
availability, two movements were made between the Syros marina and the quay of the Port
Authority where, exceptionally, the PELAGO was given a berth between two large yachts of

60 and 80 metres. The battery charge level continued to decrease to the 70% level.

On 24 August the sailing to Lavrio took place in rainy and cloudy conditions. Solar charging of
the battery was limited to about 200W far below the charging in sunshine conditions which in
midday hours usually reached 600W. The charging level remained at the 70% level. The trip

to Lavrion was made with sufficient wind and little engine use during 24 August. The route



was extended through much of the night until 3.00 am on 25 August to anchorage at

Sounion.

During the day PELAGO docked at the port of Lavrio where preparations for the next voyage
to ltaly commenced. First intervention was the repair of the Genoa whose sunscreen had
been damaged. Without Genoa and against the southerly wind PELAGO was moved with the
engine to an anchorage because the harbour had no position due to overcrowding of boats.
After the sail was repaired the PELAGO returned to port by coincidence again against the
wind with the engine only. In total the routes from four islands Santorini, los, Sifnos, Syros to
Lavrio due to insufficient wind up to complete apnea were made with heavy use of the engine
for many hours on each route. Cloudy and heavy rain were the conditions of the Syros-Lavrio
route. In addition there was an almost overnight run to Lavrio. During these 8 days the battery
charge never dropped below 70%. But the saturation of the battery was not reached until 31

August at the port of Lavrio.

The full autonomy in the two rounds of the Peloponnese and Aegean in summer conditions
and with no ride beyond 24 hours proved to be complete.
The round trip to Italy was a test of self-reliance in continuous sailing for 3 to 4 hours in

autumn sunshine conditions.

SEction new page

Italy trip report

The voyage started on 2 September 2022 from anchorage at Kato Sounion. The journey to
Aegina was made with sufficient wind and minimal engine use until the north coast at Vaya
where we anchored because the wind decreased and movement would only be possible with
energy consumption, which had to be used sparingly on the long legs of the journey. A
northerly wind forced us on 3 September at 03:00, to continue our course towards the
Corinth Canal. The wind was sufficient throughout the entire route and engine use was
minimal. PELAGO crossed the canal where a reliable speed measurement was made with
exclusive use of the engine in wave-free sea conditions (inside the canal, without sea current

because tidal effects were minimal due to a half moon and with a moderate headwind of 10-15



knots). It was calculated that with a consumption of 2.5 kW a speed of 5 knots in absolute

calm was achieved.

At the exit of the canal there was a NW wind of 4-5 Beaufort which was forecast to continue
throughout the night before the all-day peak on 4 September. It was decided to continue
sailing to Galaxidi to take advantage of the wind. After sunset the wind dropped below the 4
knot limit, while waves on the northern coast of the Peloponnese exceeded 1m. It was

decided to return 1.7 NM with the motor to the port of Kiatos for the overnight stay.

The 25 NM Kiato-Galaxidi route was made on 4 September with conditions of absolute calm
almost the entire distance. Battery discharge was significant at 30%. There a second reliable
speed measurement was achieved where it was calculated that with a consumption of 1.5 kW
the average speed was 4 knots. In Galaxidi samples of Amfissa olives were received for the

Terra Madre Exhibition in Turin.

The trip to Trizonia was made on 5 September with strong wind and little engine use. In
Trizonia a meeting was held with Bode Elektronik on the plans for electrification of ferries in
Trizonia, Poros and Telendos. The plan to develop a range of 30,40,50 kVA electric motors
and plug&play batteries for the future electrification needs of larger vessels with funding from

the Austrian government was also discussed.

The course towards ltaly continued on 6 September with a favourable wind up to the south
bank of Kefalonia. There was a short refuelling stop at Nafpaktos. The route along the
southern coast of Kefalonia was by motor for 5 night hours and arrival at the port of Agia
Pelagia was at sunrise on 7 September. The wind forecast was not favourable for the
departure to ltaly, and so a docking was made at Argostoli Marina. This move was made
solely by wind. At the marina some vessels were surveyed for future auction of the OAAY.
These boats are candidates in the prospect of creating a fleet of electric sailboats for the
needs of transporting products in the Aegean, once they have been converted for

electrification.

The route to the Strait of Messina in Italy started from Argostoli on the morning of 8
September, with a weak wind that allowed the exit from the port and the bay only with sails.
PELAGO then moved with a NW wind in a SW 240 direction. An early attempt was made to

pass into the SW wind zone in the western lonian Sea without crossing the 25 NM wide apnea



zone separating the NW wind zone west of Kefalonia from the broad SW wind zone along
ltaly. In the end, the crossing of the acalmy zone was not avoided and the engine was used
during the night with a 25% battery discharge. In the early morning hours an entry into the SW
wind zone was made using the engine until the wind stabilized above 8kt. Then and
throughout the day and the second night the course was continued exclusively with the wind
and in a long period of stable conditions with wind from 17 to 21 kt and a wave of 1-1.5m with

the tiller tied up for 20 hours and 80 NM.

In the early morning hours of 10 September the wind began to decrease while the waves
remained at a height of 1.5m and the engine had to be used again until before noon a new
NW wind prevailed which gave a fast sailing. During this period PELAGO passed the halfway
point at 120 NM. In the afternoon and early evening hours there was complete calm and the
engine was used at low power (750W) for 4 hours. During the first hours of the night a NW
wind prevailed which allowed a fast course towards the Strait of Messina. But the wind
changes in the Calabria area were not over. Three more periods of strong winds and absolute
calm passed, where the engine had to be used repeatedly for a total of 6 hours. Eventually
the battery discharge reached a very low level of stored energy and the voltage dropped to
48.6V, with five battery cells dropping just below 2.9V. It was decided to stop using the engine
to prevent damage to the batteries. On 12 September PELAGOQO's position was 7 NM from the
shores of Calabria, in a zero wind condition, with 60 cm waves and the batteries at marginal
power. At 9:00 the wind started blowing and gradually increased and PELAGO entered the
southern end of the Skyla and Charybdis (Messina) Strait at about 12:00.

The tidal current was strong two days after the full moon and was northward. Rest after four
consecutive days of sailing and refuelling was necessary, so it was decided to dock at Rigio,

where the battery was partially recharged from the photovoltaic (PV) panels at 52.5 V.

The continuation of the voyage started at 14.30 on 13 September with the aim of not using the
engine at all in the following days in order to recharge the battery. The wind was helpful for
crossing the strait with the strongest current. Besides, the opposite direction of the tidal
current from the south and the northerly wind created a very impressive wave pattern.
Unfortunately, shortly after the exit, the wind dropped to the apnea limit and the engine had to
be used again, even though the battery was at a relatively low level of charge. Throughout the
night 13-14 September with limited power expenditure - about 150 W - the course continued at

a minimum speed of 1 knot and slightly increased when it was possible to take advantage of



the minimum wind. In the morning the wind began to increase steadily, under the influence of
a large SW wind current, originating from the western end of Sicily and carrying northerly air
masses from the east. We continued to sail without an engine and thanks to good sunshine
the charge rose above 53V in the afternoon. Until shortly after midnight the course heading
NW 330 continued unhindered and the Aeolian Islands were overtaken. The natural
lighthouse of Stromboli, shooting red flames every 20 minutes, behind us, showed us that we
were keeping on the right course all night. The change in wind direction forced a change in
sail setting at about 12:30 and again at 5:00 am Thursday the sails were set in a "butterfly"
formation. Throughout the day, the course was continuous with moderate winds and speed.
The engine only had to be used for 30 minutes to overcome a localized stall. The cloudy
weather did not help to quickly charge the battery which slightly exceeded 53V. In contrast,
the wind turbine due to limited wind did not charge the 12V use battery, which had to be
powered by the drive battery with a loss of about 1 kWh.

The night of 15-16 September started very easily with a 10-14 knot wind from the SW and a
steady course on autopilot at 315°. At midnight we approached an area with gales sending 1.5
m waves and raising the wind to 14 to 18 knots. Before we decided to remove the spinnaker
rod, at about 5.00, the strong wind broke it and we had to remove it by making a special
manoeuvre. The wind then increased to the upper limit of 5 Beaufort and we ended up in an
area of local storms. We managed to get out of the first one but we fell into the second and as
a result the pulley of the mainsail sk

sheet was dismantled. We repaired it while sailing with full mainsail and wind around 18 knots,
with a special sail arrangement. In the meantime the wind turned westerly to 15 knots and we
continued against the wind, at the wind limit to Ponza Island where we arrived around 13.00.
We decided to protect ourselves from the upcoming 2-day storm on the island because there
was not enough time to safely reach the next port of Nettuno in Anzo. Two days of rest in the
storm in a safe shelter followed. The broken spinnaker rod was modified into a shorter one

and the second, spare one, was used after a small modification.

The main battery, despite the partial overcast, continued to charge from 05:00 in the morning
up to 53.2V. The service battery was powered only by the wind turbine which is sufficient to

power about 100W of the two coolers and the autopilot.



Departure from Ponza was at 19:00 on 18 September to take advantage of the strong wind
blowing before the predicted apnea conditions prevailed. Up to the Circe Peninsula there was
a strong wind of up to 6 Beaufort which gradually changed direction and decreased causing a
long delay in the NW course we were aiming for. The course continued at low speed until the
Rome area on the night of 19 September, where course calculations indicated that it was now
impossible to reach the planned destination of La Spezia by the evening of 20 September. It
was decided to end the trip at Porto di Roma and arrive in Turin by rail for the Terra Madre

exhibition on 21 September.

In conclusion, on the Sounio-Rome route, a 1200 mile trip and with a strict sailing schedule,
the self-reliance of PELAGO's combination of sails and solar power was again proven.
However, the following conclusion became apparent: While in summer conditions on the
Aegean round trip, with stops of two days per island, self-reliance is absolute, in autumn
sunshine conditions and a continuous course of a few 24 hours, self-reliance is marginally
achieved and requires lower sailing speeds with the engine in order to save the stored
energy. While the solar energy absorption on the Aegean round trip was 4.5 kWh per day, on

the Sounio-Rome voyage the absorption dropped to 3 kWh while sailing to Rome.

For the above reasons, an upgrade of the PELAGO equipment is considered useful, which will
result in an increase in the installed charging power. This upgrade is estimated to include the

following activities:

-> Installation of a second 400W and 12V wind turbine to reduce the discharge from the
48V system to the 12V system for refrigeration, autopilot, electronics and lighting
needs.

=> Installation of two flexible PVs of total power 800W and dimensions 0.8m x 5.0m. The
installation needs to be done vertically on the "streams" of the PELAGO.

=> Replacement of the 4th PV that was damaged on the route to Kea.

=> Installation of an electric ultrasonic layer avoidance system for plant and animal
fouling, in order to replace the chemical antifouling, keeping the hulls of the vessel
clean at all times and achieving maximum speed at all times.

=> A new hydraulic autopilot of greater longevity and better technology that - by avoiding
the small sideways movements of the existing system - increases the final average

speed of the vessel in the desired direction.



=> |Installation of a 12V-48V power supply system (step up), so that in cases of excess
wind turbine electric power in strong winds the energy is transferred to the 48V drive
battery.

-> Installation of the above and systematic monitoring of the hydrogenation system and
all systems for two months at sea.

=> Completion of the wind, rain and wave splash protection system to enable the

PELAGO to be used in winter conditions.

The return from the port of Rome, Porto di Roma, started on Saturday 1 October with a strong
cross wind which after the first 40 NM changed to a tail wind and up to 23 knots. The battery
had reached saturation only two days before departure because the weather was cloudy and
rainy and on arrival in Rome the battery was at a low level of charge. The engine was only
used for manoeuvres in the port of Rome, where the high wave exit was quite difficult. For this
reason high power was used and the battery showed a minimum of 50V created by the

intense short discharge. It soon returned to full charge during the cruise.

The high swell with a tailwind required constant manual steering during the night hours and
so it was decided to spend the night anchored at Ponza Island. The engine was used only for
harbour manoeuvres. Saturation was achieved early Sunday morning. Due to the strong wind

the wind turbine was sufficient for the power needs of the other loads on board.

On Sunday, October 2, after a series of maintenance work on PELAGO, the course continued
at 14.00 which brought us at sunset to the Ventotene Islands, where it was decided to spend
the night. Again the course was unpowered, even leaving Ponza harbour under sail due to a

favourable wind and plenty of room to manoeuvre.

On Monday 3 October, in the early morning hours, there was no wind and a short visit to the
inhabited island, which, it should be noted, is twinned with lkaria, was organised. When the
light easterly wind started around 12.00 o'clock, a start was made with a day trip target of
Capri or Pompeii beach. The wind remained light for about 4 hours and the engine was used
to speed up the course and stabilise the direction (angle to the wind). The PVs produced up
to 400W during these hours and the battery discharge was limited to 500W. In the early
evening hours and approaching Capri the wind increased to an upper limit of 5 Beaufort. It
was decided to continue the trip overnight to take full advantage of the favourable wind. The

engine was used opportunistically to cross the difficult strait of Capri. The assumption was



also confirmed that the wind turbine is sufficient for the remaining electricity needs of the
vessel when the wind is 4 Beaufort (while overproducing from 5 Beaufort and above). This will

be utilised in the modifications to further improve the electrification system.

On the morning of 4 October the strong head wind continued but it was noted that due to the
south-easterly course the shade of the sails hid the sun and for some hours the propulsion
battery was not charging. At the end of the day we reached the Palinuro cape and it was
decided to continue on course for the next 24 hours to dock at Reggio on Thursday morning
to recharge before leaving for Greece. The course during the night was smooth with a steady

course without the use of an engine.

On the morning of 5 October, however, the wind decreased significantly and it was not
possible to continue the course in a southerly direction due to the presence of a sea
countercurrent and the circular motion of the winds in a counter-clockwise direction. During
the next 24 hours with the use of the motor and minimal wind we proceeded slowly in the
direction of the Aeolian Islands in order to enter the circular wind movement which finally
brought us on the night of 6 October to the port of Messina, at the time when the strong tidal

current - due to the full moon - at 21.00, was in the the South direction.

In the marina, the batteries were charged for the first time from the electricity grid, to test the
new charger received in Turin. Besides, the battery had been 40% discharged in the previous
days and as a precautionary measure, a full recharge was sought before departure for
Greece. On Friday 7 October the Strait was crossed to Reggio to receive cargo from Turin,
repair the Genoa which had traces of tearing (after 13 years of life) and continued charging
until the morning of Saturday 8 October, when the departure for Greece was made, aiming for

Pylos.

The first day of the trip was particularly slow due to very little wind, but we were given the
opportunity to observe the tidal wave phenomenon, which when the reverse motion begins
creates a very energetic low wave. The special ltalian boat recording the phenomenon
passed close by and was sailing continuously in the moving wave area. Towards the end of
the day, the westerly wind pushed us off the coast of Calabria. The following morning the
wind was very weak and in the afternoon the SW wind started which with small changes of
direction pushed us continuously for two 24 hours and 200 NM distance up to 100 NM from

Pylos. There we were met by an extensive formation of storms that forced us to change



course towards Zakynthos. The wind was helpful for the next 20 hours, but required the use

of motor to finally reach Laganas Bay in Zakynthos on 11 October.

The voyage continued on the afternoon of 13 October with auxiliary wind and satisfactory
speed until the following morning when, about opposite Messolonghi, the wind reached 6
Beaufort and by the time PELAGO reached the fishing port of "Alykes" it had completely
destroyed the Genoa. On 17 October after an intensive search a replacement temporary

Genoa was received to continue the journey to Trizonia.

The journey to Trizonia started on 19 October. The wind increased significantly approaching
Rio and it was decided to dock PELAGO at the port of Patras and continue the voyage the
next day. Arrival at Trizonia was in the early hours of the morning of 21 October when the
return was completed.

In conclusion, the experience gained during the journey from Lavrio to Rome was used on the
return journey, so that no mistakes were made in the excessive use of the electric drive and
there was no condition of significant discharge at any stage of the journey. The motor use was
kept to a power of less than 1000 W which is sufficient for 3.5 knots of speed. Approaching
Messina and knowing that there was the possibility of direct charging from the mains,
exceptionally, it was decided to consume 1.5 kW for 5 hours at 4 knots speed to reach the
strait at the time when the tidal current was favourable. It was also an opportunity to test the
charging system for the first time and it proved to be in line with the specification to charge at
500W. The return trip as a whole, both from Rome to Messina and from Rigio to Trizonia,

proved, once again, the autonomy of the PELAGO's drive.



