The CO2 and fuel efficiency
of the Sea Ranger Service
sailing work vessels explained
By Dr. Teale Phelps Bondaroff, Wietse van der Werf, August 2019

The Sea Ranger Service uses sailing work vessels for its offshore work.
These vessels, which are primarily powered by the wind, will produce
between 80.4% and 94.6% less CO2 than motorised work vessels of
similar size engaged in similar activities, and the fuel costs may be 82.1%
and 94.3% lower.
This paper details our calculations pertaining to the fuel cost savings and
CO2 emissions reductions resulting from operating a sailing work vessel
as opposed to a motorised one. Throughout 2020, the Sea Rangers will
carry out measurements to validate the exact CO2 output and fuel use
onboard its operational vessel, these calculations serve as a preliminary
validation of the model.

A. Cost-effectiveness
Fuel costs typically represent one of the largest
costs associated with operating a vessel
providing offshore services. Researchers
generally estimate that fuel costs account for as
much as 50-60% of a total ship’s operating costs,
depending on the type of ship and operations in
which it is engaged.1 Given that global marine
fuel prices are predicted to rise significantly in
the upcoming years, 2 operating a sail-powered
work vessel is a highly efficient solution.
When comparing the savings from operating a
sailing work vessel with that of operating a fossil
fuel-powered work vessel, we can hold all other
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The vessel Fantastiko which the Sea Ranger Service will
deploy from October 2019 and is of similar size to Sea
Ranger I, which is still under construction.

factors equal and focus on fuel consumption. Fuel cost does not represent the only cost
difference between these two types of vessels, but other variations cannot be accurately
calculated without operational data.
Estimating the exact fuel consumption of a vessel varies depending on a variety of factors and
conditions, for example vessel size, age, and condition, engine power, vessel speed and gear
configuration, sea state and weather conditions.3
Operation costs of the Sea Ranger vessel
For purposes of calculations, we are using the operational capabilities of the Sea Ranger I, a 22
meter sailing yacht, displacing 31 tonnes. While primary propulsion for this vessel will be
canvass, sailing vessels of this type are equipped with an engine for purposes of navigating in
and around ports, as well as effective navigation in adverse wind conditions, and where
required to accomplish its objectives. Electricity on board the vessel comes from batteries
charged by turbines which generate power whenever the propeller turns (such as when
sailing).
The Sea Ranger I will be equipped with a John Deere 4045TFM50 marine diesel engine. The
engine has an M3 rating, which makes it ideally suited for use in “offshore crew boats, research
boats, short-range ferryboats, and dinner cruise boats,” and is compliant with all relevant
international emissions regulations. 4 We are fortunate that the primary theatre of operation,
the North Sea North Sea is an ideal location to operate a sail powered work boat, as this body
of water has the second highest average annual wind speed in the world, second only to the
Southern Ocean.5
The engine has an hourly fuel consumption of 26.3 L/hour.6 Rotterdam fuel prices for low
sulfur marine gas oil (LSMGO),7 averaged between 1 February 2019 and 31 July 2019 is €481.50/
mt (or €0.43 per litre). 8
The daily average number of hours of engine use is difficult to calculate as engines will
typically be used for entering and exiting port, in adverse conditions, and where necessary to
accomplish tasks. The Sea Ranger I will operate on a 2 week rotation, which means it will need
to enter and exit port every 2 weeks. Each rotation will require one entry and one exist to port,
which we estimate will require 1 hour of engine use each. The vessel will be in operation for
301 days per year (43 weeks), which is roughly 22 rotations.
In addition to engine use in and around port, adverse weather and accomplishing tasks may
required engine use. The typical full power operation of an M3 engine of this sort, as noted by
the manufacturer, is no more than 4 hours out of every 12 hours. While there is potential for
considerable variation in engine use, we can estimate an additional 24 hours of engine use per
2 week rotation. This works out to 26 hours of engine use per 2 week rotation, or 1.86 hours of
engine use per day.
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Calculation
We calculate the daily fuel costs as:
26.3 L/hour x 1.86 hours = 48.92 L/day x €0.43/L = €21.03/day
Thus, the daily fuel costs of the Sea Ranger I can be estimated at €21.03. Given 301 days of
operation per year, this would give the Sea Ranger I an annual fuel cost of €6,330.03. Please
note that this cost does not include lubricants and other engine necessities.
Operation Costs of Equivalent Powered Vessel
We can compare this amount to the fuel costs of an equivalent vessel powered exclusively by
fossil-fuel engine. Given that the Sea Ranger Service model entails delivering a number of
different maritime environmental services, in varying proportions throughout a year of
operation, identifying analogous examples is difficult. As a result, we selected roughly
analogous maritime activities conducted by vessels of a similar size to the proposed Sea
Ranger Service test vessel, for which fuel consumption rates and costs are available, we then
averaged all these numbers to generate a daily fuel cost of fulfilling the maritime services of
the Sea Ranger Service with a fossil-fuel powered vessel.
Please note that for the purposes of the calculations powered vessel propulsion costs are fuel
costs, and do not include other costs associated with maintaining the engine, such as
maintenance, parts, and lubricants. For these calculations, we have used UK fisheries numbers
(days operational and costs) averaged between 2011 and 2012.9 For the purposes of cost
calculation, we are holding all other costs as equal, Sea Ranger Service operations may be
cheaper in other areas as well, further increasing the savings to clients.
Please also note that for purposes of averaging, we are considering these three scenarios to
represent equal parts of the general operation of the Sea Ranger vessel, whereas actual
operations may vary.
Scenario 1: A pot and trap fishing vessel over 12m
We saw the action of circulating between a series of pots or traps, with periods of sailing
interspersed with periods of hauling (requiring the use of specialize equipment), as being
roughly comparably to inspecting wind or seaweed farm installations, and to marine research
including such activities as visiting sites to replace underwater acoustic equipment. The annual
fuel costs of this type of vessel are €52,479, and vessels are typically operational for 171.5 days
per year. This averages out to a daily fuel cost of €306, or 619 litres.
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Scenario 2: Offshore trawler between 10 and 24m
We saw the action of a typical medium trawler operating not too far from shore as roughly
comparable to patrolling an area as part of a monitoring operation, the types of activities
involved in sample collection or wildlife observation as part of a scientific voyage, or visits to
remote installations for inspection. The annual fuel costs of this type of vessel are €35,444,
and vessels are operational for 162 days per year. This averages out to a daily fuel cost of €219,
or 442 litres.
Scenario 3: Demersal trawler over 24m
Demersal trawling entails hauling a large funnel-shaped net along the bottom of the sea bed,
given added drag. This is one of the most fuel intensive forms of fishing practiced in the UK,
second only to pelagic trawling. This represents the most intensive level of activity, and could
be seen as roughly comparable to very intensive habitat restoration efforts. It has been
selected to serve as a rough maximal rate, given the size of the vessels and levels of energy
involved. The annual fuel costs of this type of vessel are €429,733, and vessels are operation
for 207.5 days per year. This averages out to a daily fuel cost of €2,071, or 4184 litres.
While there is considerable disparity between the fuel and cost amounts between the three
scenarios, this reflects the considerable diversity in fuel costs in various fisheries. 10 The third
scenario represents a maximal fuel expenditure scenario and this type of activated would only
constitute a small percentage of the services provided by the Sea Rangers. A such, rather than
simply averaging these fuel usage and expenditures, we instead calculated the comparative
fossil fuel powered vessel using a ratio of 5:5:1 between these three different scenarios.
Likewise, we calculated the annual fuel cost of an equivalent fossil fuel powered vessel using
301 days of operation, rather than the shorter fishing seasons used in the three scenarios. In
the table, the annual fuel costs of the three scenarios reflect the number of days of operation
typical to those fishing seasons, 171.5, 162, and 207.5 respectively.
Under all scenarios, the fuel costs of the Sea Ranger I are considerably lower.
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Table 1: Fuel Consumption, Costs, and Savings
Vessel Type

Daily Fuel
Consumption
(litres)

Sea Ranger I

48.9L

Powered Vessel
Scenario 1

Daily Fuel
Cost (€)

Annual Fuel Cost
(€)

Sea Ranger I Fuel
Cost Savings (%)

€21.03

€6,330

-

619L

€306.00

€52,479

87.9%

Powered Vessel
Scenario 2

442L

€219.00

€35,444

82.1%

Powered Vessel
Scenario 3

4184L

€2,071.00

€429,733

98.5%

Powered Vessel
5:5:1 Ratio

862.6L

€370.93

€111,651

94.3%

As a result, we have calculated that the daily fuel cost of operating the Sea Ranger I will likely
be €21.03, resulting in annual fuel costs of €6,330.00. This would make the fuel costs of the
Sea Ranger I between 82.1 and 94.3% lower than the fuel costs of a similar fossil fuel powered
vessel providing similar maritime services.
Increased Engine Use Scenario
Given variable engine use, we calculated the same numbers using double the engine use by
the Sea Ranger I. This, rather than 26 hours per 2 week rotation, we will use 52 hours per 2
week rotation. This averages to 3.71 hours of engine use per day, which is consistent with
manufacturer guidelines for an M3 rated engine.
Thus, we calculate the daily fuel costs as:
26.3 L/hour x 3.71 hours = 97.57 L/day x €0.43/L = €41.96/day.
Thus, the daily fuel costs of the Sea Ranger I can be estimated at €41.96. Given 301 days of
operation per year, this would give the Sea Ranger I an annual fuel cost of €12,628.87.
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Table 2: Fuel Consumption, Costs, and Savings with Increased Use
Vessel Type

Daily Fuel
Consumption
(litres)

Daily Fuel
Cost (€)

Annual Fuel Cost
(€)

Sea Ranger I Cost
Savings (%)

Sea Ranger I

97.6L

€41.96

€12,628

-

Powered Vessel
Scenario 1

619L

€306.00

€52,479

75.9%

Powered Vessel
Scenario 2

442L

€219.00

€35,444

64.4%

Powered Vessel
Scenario 3

4184L

€2,071.00

€429,733

97.1%

Powered Vessel
5:5:1 Ratio

862.6L

€370.93

€111,651

88.7%

As a result, we have calculated that the daily fuel cost of operating the Sea Ranger I with
increased engine use will likely be €41.96, resulting in annual fuel costs of €12,628. This would
make the fuel costs of the Sea Ranger I between 64.4% and 88.7% lower than the fuel costs of
a similar fossil fuel powered vessel providing similar maritime services.

B. CO2 saving
The need for reducing the shipping industries
dependence on fossil fuels is pressing. The global
shipping industry is responsible for emitting 938
million tonnes of CO2, approximately 2.8% of annual
global greenhouse gas (GHG) emissions.11
Emissions from fossil fuel powered vessels include
carbon dioxide (CO2), sulfur oxides (SOx), oxides of
nitrogen (NOx), which are GHS, and particulate
matter, which includes black carbon.12
In April of 2018, the International Maritime
Organization (IMO) established the goal of reducing
GHG emissions by at least 50% by 2050 compared
with 2008 levels, with the aim to phase out emissions
entirely.13
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Ship emissions are responsible for approximately
2.8% of annual global greenhouse gas emissions.

The amount of pollutants emitted by a ship is proportional to the fuel consumed by that vessel,
and as a result, the need for reducing the shipping industry’s dependence on fossil fuels is
urgent.14 As a result, “eco-friendly vessels are recognized as a new competitive advantage
because of environmental regulations, fines, and incentives.”15
Calculations
We will use the same fuel consumption rates used in the fuel cost savings calculations in order
to calculate the CO2 emissions of the Sea Ranger I and compare these emissions to those of
powered vessels conducting similar operations. While there is considerably diversity in precise
numbers, we selected a median emissions number with which to calculate the following
numbers, and used the value of 3.082 kg CO2/L.16 Regardless of the level of accuracy of this
value, the relative CO2 emissions for the operation of the Sea Ranger I will remain constant.
Please note that emissions are only being calculated as direct emissions resulting from burning
of fuel for propulsion. These values do not include embodied carbon of equipment and other
materials used, or carbon emissions associated with land-based operations supporting the
vessel (for example, transporting Sea Rangers to the vessel for their rotations).

Table 3: Comparative CO2 Emissions17
Vessel Type

Daily Fuel
Consumption
(litres)

Sea Ranger I

48.9L

Daily
Emissions (kg
CO2/Day)

Annual
Days of
Operation

Annual
Emissions
(metric tonne
CO2/year)

Sea Ranger I
Emissions Saved
(%)

150.71

301

43.36

-

Powered Vessel 619L
Scenario 1

1,907.76

171.5

327.18

86.7%

Powered Vessel 442L
Scenario 2

1,362.24

162

220.68

80.4%

Powered Vessel 4,184L
Scenario 3

12,895.09

207.5

2,669.28

98.4%

Powered Vessel 862.6L
Average

2,658.53

301

800.22

94.6%

The following table compares the emissions resulting from 52 hours of engine use per 2 week
rotation.
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Table 4: Comparative CO2 Emissions with Increased Engine Use18
Vessel Type

Daily Fuel
Consumption
(litres)

Daily
Emissions (kg
CO2/Day)

Annual
Days of
Operation

Annual
Emissions
(metric tonne
CO2/year)

Sea Ranger I
Emissions Saved
(%)

Sea Ranger I

97.6L

300.80

301

90.54

-

Powered Vessel 619L
Scenario 1

1,907.76

171.5

327.18

72.3%

Powered Vessel 442L
Scenario 2

1,362.24

162

220.68

59.0%

Powered Vessel 4,184L
Scenario 3

12,895.09

207.5

2,669.28

96.6%

Powered Vessel 862.6L
Average

2,658.53

301

800.22

88.7%

We estimate that the operation of the Sea Ranger I with increased engine use, will produce
between 59.0% and 88.7% less carbon than a powered vessel engaged in delivering similar
maritime services.

C. Validation
From October 2019 the Sea Ranger Service will start operating the 22.8 meter sailing vessel
Fantastiko which is of similar size to Sea Ranger I (still under construction). Over a period of 6
months we will record engine use and fuel consumption, from which we can calculate
emission output from this vessel. Results will be published in a validation study in March 2020,
followed by a second publication in September 2020. This will enable the Sea Ranger Service
to validate and compare the actual outputs and usage against the calculated numbers in this
paper. For more information, please contact wietse@searangers.org
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