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In order to evaluate PV boat design parameters, we collected and evaluated the properties of 150 boats for 
commercial, recreational and private purposes. We evaluated PV boat design problems which lead to 
recommendations for improved designs of PV integrated boats. Among others, the hull choice may vary for different 
situations in which a boat is used; therefore a right hull needs to be selected carefully fitting sailing circumstances. 
From this evaluation followed that PV boats under 10 meters are most feasible to be equipped with preferably low 
weight PV modules of approximately 2kWp for electric propulsion. From our evaluation followed that most boats are 
equipped with PV with a surface area between 5m2 and 10m2 (78%). Boat lengths between 4m and 8m are most 
common (54%). Most boats weigh up to 1000kg (56%). However, a large share of PV boats weighs much more: up to 
85 000kg. Best performing PV boats -when considering speed and electrical efficiency- weigh around 250kg. The 
latter have a weight-to-PV-ratio of around 1:2. In general, we notice under dimensioned PV systems installed on PV 
powered boats. For good performance, PV boats should have a weight-to-engine-ratio between 1:5 and 3:5 and a 
length-to-beam-ratio between 5:1 and 5:2. In order to further increase PV boat performance, a multidisciplinary 
design approach need to be developed which does not only take the PV system’s electrical properties into account, 
but also others, including the PV system’s physical properties. 
Keywords: System Performance, Stand-alone PV Systems, Utilities 
 

 
1 INTRODUCTION 
 

Within the yachting and boating sector in the 
northern parts of The Netherlands the need exists for 
cleaner and greener transportation on the water. In The 
Netherlands, conventional boat propulsion is provided 
with combustion engines with polluting emissions. The 
integration of PV into boats is a new and innovative way 
to generate energy while being on the water. By 
evaluating PV boats worldwide using Industrial Design 
Engineering (IDE) methods, we want to determine the 
key design parameters of PV boats. This should lead to 
an overview of design features for the perfect PV boat 
which can be build good performance, including low 
cost, high maximum speed, sailing duration and 
autonomy. In a joint research with the University of 
Twente (UT) in Enschede and the NHL hogeschool 
(NHL) in Leeuwarden, both in the Netherlands, the 
opportunities of integrated PV in boats are researched. 

Designing and building PV boats is a process which 
depends on many interrelated parameters. In order to 
discover the interrelation between parameters and 
problems which are encountered during design and 
building of PV boats, we researched 3 cases:  

1)  The building of a PV racing boat 
2)  The Frisian Solar Challenge (FSC): world 

championship for PV boats  
3)  PV boats which are build and deployed 

worldwide.  
From this research was concluded that a relation 

between PV boat weight and boat speed exists, which 
should be considered when designing PV boats [1]. 
Following from this conclusion, PV modules which are 
integrated into PV boats should be redesigned to decrease 
module’s weight. This and other factors should lead to 
more effective electric propulsion powered by PV. 
However, reducing boat weight and other factors with 
respect to PV boat design while simultaneously 
increasing the PV system efficiency installed on the boat 
is a balance not described yet. During the research into 
the 3 cases, data of PV powered boats was collected and 

put in a database of (momentarily) 157 PV boats [2]. 
Now, September 2011, more PV boat data, including 
installed PV power, battery capacity, boat length and 
weight, maximum boat speed and autonomy has been 
collected and evaluated for 157 boats. 

During summer, the northern parts of The 
Netherlands show high irradiation, up to 5,7kWh/m2/day 
in June (averaged over 22 years), with maximum 
variations between April and August of 25% [4]. This 
amount of irradiation could provide for approximately 
6.5 kWh/day of electrical energy during the summer 
period, when a boat’s surface of 8m2 is equipped with 
15% efficient PV cells. 
 
 
2 RESEARCH METHODS 
 

With our research we want to determine the key 
parameters of PV boat design. This is important because 
we notice that PV boats are usually retrofitted with PV 
after they have been designed and built. However, in 
order to integrate PV into boats, we suggest taking the 
PV integration into account in an earlier stage of the 
design process. This should lead to more successful PV 
boats with higher performance. Under performance, we 
state the user needs. These needs lead to various demands 
and wishes, which include maximum speed, time of 
autonomy, person capacity and boat price for costumers. 
In order to determine the key parameters of PV boats, we 
collected data from existing PV boats during the FSC [1]. 
Furthermore, we added new PV boats which have been 
introduced in 2010 and 2011 which were added to the 
database, as result from literature and field research on 
PV boats worldwide. 

From this database of PV boats, properties which 
include PV properties, mechanical properties and 
performance properties are stored. We identified 5 key 
boat types: boats for recreation, private purposes, 
transportation, racing and research. 

Table 1 shows an overview of the PV boat properties 
and their value range. Not for all 157 PV boats, all 
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properties could be filled in. Especially battery capacity 
for most boats is not properly documented, since 
dimensions for capacity are in most occasions given in 
Ampère hour, without nominal Voltage given. 
 
Table I: PV Boat properties 
 
 Property Value range 
 Boat length [m] 2.13—33 
 Boat width [m] 0.91—22.83 
 Maximum draft [m] 0.1—1.2 
 Empty weight [tkg] 0.12—217 
 Full weight [tkg] 0.19—287 
 PV surface [m2] 1.5—536 
 PV power [kWp] 0.15—10 
 PV technology  2.4—108 
 Engine power 0.14—150 
 Number of engines 1,2 
 Engine technology  
 Battery technology 
 Battery capacity 
 Cruise speed [km/h]  3—20 
 Maximum speed [km/h] 4—55 
 Person capacity 1—150 
 Price [€] 9 500—24 000 000 
 
 
3 RESULTS 
 

We have collected and evaluated properties of PV 
boats. The most important properties for PV boats are 
presented in this paper. Not for all 157 boats a complete 
set of properties is available. Some properties however 
(for individual boats) are not clear or unknown. 
Therefore, when properties are compared with each other, 
only boats which contain data for both properties, or 
properties which are taken into the database, are shown.  

 
3.1 PV properties 
 

 
 
Figure 1 Maximum PV power for 119 PV boats 
 

For 119 boats, the boat’s installed PV power could be 
determined and is shown in figure 1. Striking is that boats 
are mostly equipped with a maximum of 2kWp installed 
PV power. In our opinion, boats with such limited 
amount of installed PV power, are not able to sail at their 
top speeds for a long period of time (hours) with common 

PV boat configurations. Nor are the PV modules capable 
of charging the batteries, without taking days to complete 
the charging process. Figure 15 shows a relation between 
good boat performance with respect to sailing duration 
and top speed and installed PV power. 

The most common PV technology used (figure 2) is 
monocrystalline silicium (46%), followed by 
multicrystalline silicium (14%). However, for a large 
share of boats (38%), the PV cell technology used could 
not be determined. The type of PV technology applied in 
PV boats varies from thin film silicium to III-V solar 
cells. 

 
Figure 2 Installed PV technologies 

 
For 60 boats, the PV surface area could be 

determined and is shown in figure 3. In this figure, 3 
boats are left out to increase the readability of the figure. 
These boats have a PV surface area of 65m2, 180m2 and 
536m2. Most boats are fitted with a PV surface area 
between 5m2 and 10m2. The boat with the largest surface 
area (536m2) is called ‘Planet Solar’ (figure 7) and is 
currently sailing around the world. Further information 
about this particular boat can be read under 3.2 
 
3.2 Mechanical properties 
 

 
 
Figure 3 Maximum PV surface for 60 PV boats 
 
Mechanical properties for PV boats have been collected. 
Under mechanical properties are included: boat length, 
boat width and empty weight and PV placement. 
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For 135 boats, the boat length could be determined 
The boat length, which has its peaks between 4m and 8m, 
multiplied with the peaks for boat width (between 2m and 
5m) are consistent with an expected value for PV surface 
area between 5m2 and 10m2 (shown in figure 3). The 
large share of boats with lengths between 4m and 8m is 
caused by the share of racing boats in the database. These 
boats are forced by racing regulations to have a certain 
maximum length. (Longer boats sail more efficiently). 

For 83 boats, the boat width could be determined. By 
dividing boat length with the width, the length-to-beam-
ratio (LB ratio) can be determined. This is illustrated in 
figure 4 for most PV boats in the database. This value is 
important and describes the initial stability of the ship. 
Higher LB ratio means higher stability. 
 

 
 
Figure 4 Overview of LB ratios for PV boats. 
 
 From figure 4 follows that most PV boats have a LB 
ratio between 5:1 and 5:2. 
 

 
 
Figure 6 Empty weight 41 PV boats 
 

For 44 boats, the boat’s empty weight in metric tons 
could be determined and is shown in figure 6. In this 
figure, 6 boats are left out to increase the readability of 
the figure. These boats have an empty weight of 25tkg, 
30tkg, 34tkg, 40tkg, 43tkg and 85tkg. The last case, a 
85tkg boats, represents the Planet Solar: an enormous PV 
powered boat which is currently sailing around the world 
only on solar energy [5]. This boat is shown in figure 7. 

 

 
 
Figure 7 Planet Solar, a PV powered boat, currently 
sailing around the world. 
 

 
Figure 8 PV placement for 145 PV boats 
 

For 145 boats, the PV placement could be determined 
and is shown in figure 8. Numbers which are not 
enclosed in brackets are index numbers. 

The following placement topologies correspond with 
the index numbers shown in figure 8: 

- 1: Horizontal PV placement on the roof 
- 2: Horizontal PV placement on the hull 
- 3: Adjustable PV placement 
- 4: Horizontal and tilted PV placement on the 

roof 
- 5: Other placement topologies, including tilted 

placement only on the roof and horizontal 
placement on the roof as well on the hull. 

From figure 8 follows that horizontal PV placement 
on the roof and/or on the hull is most preferred under PV 
boat builders. 

 
3.2 Performance properties 

Maximum speed for 47 boats lies mostly between 
5km/h and 25 km/h (figure 9). Most boats however, have 
a maximum speed around 15 km/h. One exception exists: 
a boat which reaches speeds around 55km/h. Only one 
prototype of this exceptionally fast PV speedboat has 
been produced (figure 10). Maximum speed on itself is 
not a practical value, since it is not known how much 
power is needed to reach this speed and how long, in 
relation to power storage, the maximum speed can be 
maintained. 
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Figure 9 Maximum speed for 55 PV boats 
 

 
 
Figure 10 Czeers MK1. A PV-powered speedboat 
presented in 2007 reaching a top speed of 55km/h. 
 

 
 
Figure 11 Person capacity for 96 PV boats 
 

For 96 boats, the person capacity is shown in figure 
11. Most boats can hold up to 10 persons (63 out of 96 
boats: 66%)). From these 63 boats, 65% can only hold 1 
person, followed by 16% for 2 persons. 

Five categories can be distinguished for PV boats 
(figure 12), which are racing boats (31%), boats to 
transport people (29%), recreational boats (6%), boats 
which are used for private purpose (29%), with or 
without a research character. Finally, for some PV boats 
their purpose is undeterminable (5%). 
 

 
Figure 12 The 5 categories for PV boats 
 

 
 
Figure 13 Determination of PV cell efficiency 
 

The PV cell efficiency can be determined by 
comparing the PV module’s surface area with the 
installed PV power. This is shown in figure 13. As 
illustrated in this figure, PV module efficiencies vary 
between 12% and 20% (PV power divided by PV surface 
area). This suggests the use of c-Si cells and/or a-Si cells. 
In the lower efficiency regions, thin film might be used. 
This is consistent with figure 2. 
 

 
 
Figure 14 Relation between installed PV power and 
Engine power 
 

When the PV power installed on boats (kWp) is 
compared with the installed engine power (kW), it seems 
that engine power is usually much higher than the PV 
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power (figure 14). This does not necessarily mean that 
electrical engines are always loaded with their maximum 
rated power.  

It could also mean that an over dimensioned engine is 
installed in order to reach higher speeds for a short period 
of time when needed. This power is then drawn from 
battery packs. Or the electrical engines performances are 
not matched with the offered electrical power from PV. A 
match between PV power and engine power would be 
desirable. This over dimensioned engine configuration is 
commonly seen in PV boats. Boats with combustion 
engines have over dimensioned combustion engines too. 
 

 
 
Figure 15 Weight versus PV power 
 

Over dimensioned engines are to reduce noise 
emission by operating the engine at half or quarter speed. 
This is not necessary for electrical engines, since they 
produce much less noise making them suitable for 
operating at their maximum performance for longer 
periods of time. 
 There seems to be no correlation between installed 
PV power and average speed for most PV boats. This is 
illustrated in figure 16. 
 

 
 
Figure 16 Relation between installed PV power and 
average boat speed 
 
 This emphasizes that PV boat design is not primarily 
intended to sail efficiently on PV. Furthermore, relations 
between PV boat weight and installed engine power 

shows also no correlation. This is illustrated in figure 17. 
 
 

 
 
Figure 17 Relation between empty boat weight and 
average boat speed. 
 

 
 
Figure 18 Relation between boat weight and engine 
power 
 
 Although some boats show other weight-to-
enginepower-ratios, on average the ratio is between 1:5 
and 3:5. Although a larger engine with a higher 
maximum load exceeding this ratio isn’t necessarily used 
at all times, such larger engines usually have a higher 
weight also.  
 
 
4 CONCLUSIONS 
 

Most PV boats are equipped with a PV surface area 
between 5m2 and 10m2 (78%). For boat length, 54% is 
between 4m and 8m. This is a high value for the share of 
boats with lengths between 4m and 8m, considering boats 
perform better when their hull is longer. However, this is 
explained due to PV racing boat regulations, which 
prohibit boats to be longer than 8m in the Frisian Solar 
Challenge. Without the share of racing boats, boat 
lengths are almost equally divided with lengths up to 
12m. Boat width varies between mostly 2m and 7m. 
When comparing length-to-beam ratio, the value for most 
boats is around 5:1 and 5:2. Most boats weigh up to 
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1000kg (56%). However, a large share of PV boats 
weighs much more: up to 85 000kg. Best performing PV 
boats when considering speed and electrical efficiency 
weigh around 250kg. The latter have a weight-to-PV-
ratio of around 1:4. A boat with this weight-to-PV-ratio 
seems to perform well in the northern regions of the 
Netherlands. Figure 7 shows a boat which has a weight-
to-PV-ratio of almost 1:1. Since this boat is currently 
sailing around the world, such a weight-to-PV-ratio must 
be therefore feasible. Most boats have maximum speeds 
up to 16km/h. However, we estimate these values are 
only possible for short periods of time. It is also 
estimated that boats which sail in other parts of the world 
can perform well with a lower weight-to-PV-ratio, 
especially if irradiation in such parts of the world is 
higher compared with The Netherlands. 

In general, we notice under dimensioned PV systems 
installed on the PV powered boats which have been 
collected in our database. PV systems are not able to 
power PV boats to perform at their maximum speed for 
longer periods of time. Also, PV-powered boats’ weight 
is too high to efficiently use PV power. This, we already 
established earlier [2]. Furthermore, electrical engines are 
not matched with the PV system. From our evaluation, 
we were not able to determine battery capacity for many 
PV systems on PV boats. This is problematic, since the 
usage of the PV boats is not known either. If boats are 
used only during weekends, a small PV system should be 
able to charge the batteries completely. However, for 
everyday use, we expect poor performance of most PV 
boats. 
The perfect PV boat should have a length-to-beam-ratio 
between 5:1 and 5:2. This especially counts for 
monohulls. Furthermore, weight-to-PV-ratio should be 
under 1:1, preferably around 1:4. The Czeers MK1 shows 
a weight-to-PV-ratio of around 1:2. For better 
performance, a weight-to-enginepower-ratio of 1:20 
should be sufficient to sail with high average speeds 
(around 15km/h) for longer periods of time.  
A new approach in designing PV boats should be 
considered. This approach should emphasize not only on 
the electrical performance of the PV system, as well as 
the physical performance in relation to other disciplines 
which influence the performance of PV boats. Such an 
approach is described by Gorter et al [6]. 
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