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Wind propulsion systems: moving beyond an energy efficiency business case 

Impact of regulation on the wind propulsion business case 

To date, the business case for wind propulsion has been assessed on the same basis as 
that of energy efficiency technologies: a large upfront investment which must be recouped 
over a number of years through reduced fuel consumption and thus lower fuel bills. When 
based on a (relatively cheap) fossil fuel, it can take 5-10 years to earn back the initial 
capital expenditure. However, with the EU’s recently introduced maritime regulation and 
the IMO’s proposed Net Zero Framework, any commercial assessment of wind propulsion 
needs to be reframed.  

A fuel standard—which sets an annual target for the emissions intensity of the energy used 
by a ship—is integral to both the EU and IMO policy frameworks. Both fuel standards 
recognise (either directly or indirectly) wind propulsion as a zero emission energy source. 
This means that, as well as reducing overall fuel consumption (which is likely to include 
increasing volumes of more expensive alternative lower emission fuels), wind propulsion 
systems can also contribute to the reduction in the average emissions intensity of a ship.  

The overall impact of wind propulsion depends on the compliance strategy adopted and 
the relative exposure to either or both of these regulatory regimes. 

Assessing wind propulsion under a range of compliance strategies 

Wind propulsion has been incorporated into a total cost of operation (TCO) model to assess 
the interaction with EU policies (FuelEU Maritime and the EU ETS) and the IMO’s proposed 
Net Zero Framework. The latter was originally intended to come into force in 2028 but 
adoption was delayed in October 2025 and is now uncertain. Its inclusion in the TCO 
modelling has been based on the draft guidelines. 

A number of scenarios have been developed to assess alternative strategies for compliance 
with these measures and to illustrate the impact of wind propulsion on those strategies. 
Four fuels (LSFO, LNG, bio-MGO and e-ammonia) have been utilised across these scenarios 
and the assumptions applied reflects a low gas / rising biofuel / falling e-fuel price outlook 
and so serve to illustrate the interaction of wind propulsion with fuels of varying emissions 
intensity and abatement cost over the period to 2050. 

Benefits of wind propulsion under different regulatory scenarios 

Due to the dual function of wind propulsion under a fuel standard (a reduction in emission 
intensity and overall fuel consumption), exposure to IMO and EU policies (both individually 
and in combination) result in cost savings that materially improve the business case for 
wind propulsion. However, the impact differs based on the regulatory scenario modelled: 

1. IMO’s proposed Net Zero Framework: This is a more complex two-tier fuel standard 
with different penalties applied to non-compliance with each target. As a result, there 
could be situations where near-term cost savings from wind propulsion are volatile but 
in the long run, cost savings will follow a similar trajectory to the abatement cost curve 
of the alternative fuel or penalties being displaced. Additionally, the analysis suggests 
there could be a net benefit to the IMO if it supports the installation of wind propulsion 
through the proposed reward mechanism for zero (or near zero) emission fuels and 
energy sources when the wind propulsion is used in conjunction with fuels that also 
are claiming that reward. 

2. IMO plus EU policies: Depending on the strategy employed, a ship that operates 
under the IMO’s proposed Net Zero Framework with full exposure to the EU could be 
exposed to two additional liabilities. The first is the high cost for non-compliance with 
the EU’s fuel standard which can heavily penalise any approach that involves the use 
of fossil fuels and penalties to comply with the IMO’s fuel standard. The second is the 
EU ETS which also increases the overall cost of any approach involving fossil fuels. The 
addition of wind propulsion will be positive in almost all instances and can generate 
large savings for higher cost approaches, although this may not be enough to bring 
overall costs down to the level of alternative approaches which do not use fossil fuels. 

3. EU policies only: In the absence of the IMO’s fuel standard dictating the emission 
intensity trajectories and the value derived from overcompliance, the addition of wind 
propulsion could have two key outcomes. Firstly, it could potentially bring the attained 
emission intensity of a ship below the FuelEU Maritime target for a 5-year period. 
Secondly, the surplus credits generated through overcompliance would enable the 
marginal CAPEX associated with wind propulsion to be pooled across a larger number 
of ships. 
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Recap of the IMO’s proposed Net Zero Framework (NZF) and EU regulations (FuelEU Maritime and EU ETS) 
A fuel standard forms the central tenet of both the EU’s FuelEU Maritime regulation and 
the IMO’s proposed Net Zero Framework (NZF), obliging ships over 5,000 gross tonnes to 
reduce the well-to-wake emissions intensity (also called GHG fuel intensity or GFI) of the 
fuel or energy used. However, there are fundamental differences in how the EU and IMO 
have structured their fuel standards and assigned penalties for non-compliance. 

From the start of 2025, ships which sail to and from EEA (EU plus Norway and Iceland) 
ports have been subject to FuelEU Maritime. This applies to 100% of the energy used on 
voyages between and while at berth in EEA ports, and 50% of the energy used on voyages 
to and from ports outside the EEA. The EU’s fuel standard follows a stepped trajectory with 
the emissions intensity target reducing every five years. Ships that over comply with the 
GFI generate surplus credits which can be pooled or traded with non-compliant ships or 
banked for future use. Limited borrowing against future credits is also allowed. 

On the other hand, the IMO has proposed a more complex dual-tiered fuel standard with 
two separate GFI trajectories (Base and Direct). All ships are required to meet the lower 
Direct GFI but there are differing penalties (remedial units, or RUs) associated with non-
compliance against these GFI targets. 

IMO NZF and FuelEU fuel standards (proposed and projected targets) 

 

If the attained emissions intensity lies between the Direct and Base GFIs, tier 1 remedial 
units (RU1s) must be purchased (set at $100/tCO2e until 2030; then assumed to rise by 
$10/tCO2e annually in this analysis) to reach the Direct GFI. If the attained emissions 
intensity is above the Base GFI, tier 2 remedial units (RU2s) will be needed (set at 
$380/tCO2e until 2030; also assumed to rise by $10/tCO2e annually) to reach the Base GFI. 

Alternatively, in lieu of RU2s, surplus units (SUs) can be bought from ships which have 
attained an emissions intensity below the Direct GFI. Future SU prices are a key uncertainty 
when assessing alternative compliance approaches. The ceiling for SU prices is set by the 
RU2 cost but market dynamics will drive pricing if the supply of SUs exceeds demand for 
RU2s. In this analysis, the SU price is assumed to track the RU2 cost. 

The EU’s fuel standard is not as steep as the IMO NZF, but the penalty for non-compliance 
is higher (approx. $700/tCO2e). Shipping is also being drawn into the EU ETS and from 
2026, the EU ETS will cover GHG (on a tank-to-wake basis) emissions on the same basis as 
FuelEU Maritime. Lastly, FuelEU Maritime offers marginal support for renewable fuels of 
non-biological origin (RFNBO) until 2033 and the IMO’s NZF indicates zero or near zero 
(ZNZ) fuels will be rewarded (although the mechanism has not yet been defined).  

IMO and EU GFI penalty fees and EU ETS price (proposed and projected values) 
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Guidelines for the IMO’s fuel standard propose a more direct inclusion of wind energy than FuelEU Maritime 

Under a fuel standard, the current function of wind propulsion (i.e. to reduce overall fuel 
consumption) will remain. However, if wind propulsion is recognised as a zero emission 
energy source within the fuel standard, then it can lower the attained emissions intensity of 
a ship and so directly replace a portion of any alternative lower emission fuel needed to 
meet a GFI target, while still reducing overall (fossil plus alternative) fuel consumption. This 
benefit grows increasingly valuable as more expensive alternative fuels are used. 

The EU and IMO have taken different approaches to incorporate wind propulsion into their 
respective fuel standards. In FuelEU Maritime, the energy derived from wind is represented 
by a reward factor which lowers the overall attained emissions intensity calculation (to 
which only fuels and shore power directly contribute): 𝐺𝐹𝐼𝑎𝑡𝑡𝑎𝑖𝑛𝑒𝑑 = 𝑓𝑊𝑖𝑛𝑑 × (𝑊𝑡𝑇𝐹𝑢𝑒𝑙𝑠 + 𝑆ℎ𝑜𝑟𝑒 𝑃𝑜𝑤𝑒𝑟 + 𝑇𝑡𝑊𝐹𝑢𝑒𝑙𝑠 + 𝑆ℎ𝑜𝑟𝑒 𝑃𝑜𝑤𝑒𝑟) 

The reward factor (𝑓𝑊𝑖𝑛𝑑) is based on the ratio of the available effective power of the wind 
propulsion systems (𝑃𝑊𝑖𝑛𝑑) to the propulsive power of the ship (𝑃𝑃𝑟𝑜𝑝) and can fall into one 
of three tranches: 

FuelEU Maritime reward factors for wind propulsion 𝑷𝑾𝒊𝒏𝒅 𝑷𝑷𝒓𝒐𝒑⁄  Reward factor for wind propulsion (𝒇𝑾𝒊𝒏𝒅) 

0.05 0.99 

0.10 0.97 

≥0.15 0.95 

This indirect treatment within the attained emissions intensity calculation will not reflect 
the zero emission energy actually generated by the wind. However, a ratio of 0.10 or above 
will allow a ship running on LSFO to comply with the FuelEU Maritime GFI until 2029 (i.e. a 
lower emission fuel will not be required and some surplus credits will be generated). After 
this (and from the 2025 outset for wind power installations that achieve the lowest ratio), 
the use of wind power will serve a dual function: 1) it will reduce (but not eliminate) the 
proportion of an alternative (lower emission) fuel needed to comply with the fuel standard 
and 2) reduce total (fossil and alternative) fuel consumption. 

In contrast to FuelEU Maritime’s proxy reward factor, the IMO’s proposed NZF intends to 
directly incorporate the energy generated by wind propulsion systems as a distinct zero 
emission energy source within the GFI equation itself: 

𝐺𝐹𝐼𝑎𝑡𝑡𝑎𝑖𝑛𝑒𝑑 =  

∑ 𝐸𝐼𝑗 ×  𝐸𝑛𝑒𝑟𝑔𝑦𝑗𝐽𝑗=1  𝐸𝑛𝑒𝑟𝑔𝑦𝑡𝑜𝑡𝑎𝑙  

where 𝐸𝐼𝑗 represents the well-to-wake emissions intensity of an energy source (i.e. 𝐸𝐼𝑊𝑃𝑆 = 0 for 𝐸𝑛𝑒𝑟𝑔𝑦𝑊𝑃𝑆). 

The drafted guidelines have not defined a specific approach for determining the amount of 
energy generated by wind propulsion and the use of modelled and/or measured data 
remain options. However, the guidelines do indicate that the propulsive energy generated 
by wind will be converted into the approximate equivalent amount of energy that would be 
needed to provide the same useful energy culminating in forward thrust from fuel oils. This 
helps to mitigate against a deflation of the denominator in the above equation (and thus an 
inflation in the attained emissions intensity) that would result from the greater conversion 
efficiency of propulsive energy from wind versus the chemical energy contained in fuels. 

A default conversion factor of 0.48 has been suggested for the energy generated by wind 
propulsion systems such that: 𝐸𝑛𝑒𝑟𝑔𝑦𝑡𝑜𝑡𝑎𝑙 = ∑ 𝐸𝑛𝑒𝑟𝑔𝑦𝑗[× 𝑓𝑗]𝑗       where      𝑓𝑊𝑃𝑆 = 10.48 

The IMO NZF’s direct inclusion of the zero emission energy generated by wind propulsion 
into the attained GFI calculation allows for such systems to contribute significantly to 
compliance with the IMO’s fuel standard targets. The table below shows, for a range of fuel 
saving, the year up to which a wind propulsion system can exceed the Base and Direct GFIs 
when used in conjunction with LSFO (with assumed emissions intensity of 91.8gCO2e/MJ): 

Year until which a % saving of LSFO consumption exceeds IMO Base and Direct GFIs 

LSFO fuel saving 2.5% 5.0% 7.5% 10.0% 12.5% 15.0% 17.5% 20.0% 

IMO Base GFI 2028 2029 2030 2030 2031 2031 2032 2033 

IMO Direct GFI No No No No No No 2028 2030 
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The impact of wind propulsion has been tested in isolation and in conjunction with alternative fuels 

In this analysis, the adoption of a wind propulsion system has been tested in isolation (i.e. 
on a ship which is assumed to continue to run on LSFO) and in combination with alternative 
lower emission fuels (bio-MGO, LNG and e-ammonia). The fuel assumptions applied 
(shown in the charts below) reflect a low gas / rising biofuel / falling e-fuel price outlook 
and so serve to illustrate the interaction of wind propulsion with fuels of varying emissions 
intensity and abatement cost over the period to 2050.  

The modelling is based on an Aframax tanker with assumed annual fuel consumption of 
13,600 tonnes of LSFOe with 12,500 tonnes (92%) used while steaming and 1,100 tonnes 
used at berth. The fuel saving from wind propulsion is applied only to the fuel used while 
sailing. The marginal CAPEX for the dual fuel capability needed for the ship to run on LNG 
or ammonia is assumed to be $10m (which is fully amortised over a 20-year period at an 
8% discount rate). The marginal OPEX for dual fuel capability and the wind propulsion 
system is assumed to be 1.25% of the CAPEX per annum. The pilot fuel (LSFO) required for 
the LNG and ammonia dual fuel engine is assumed to be 3% and 12% respectively. 

Total cost of operation (TCO) modelling has been used to determine how wind propulsion 
impacts different approaches to compliance under four regulatory scenarios: 1) a baseline 
business case assessment with no regulation; 2) under the IMO NZF only; 3) under both 
IMO NZF and EU policies; and 4) under EU policies only. 

The TCO model incorporates marginal CAPEX / OPEX, fuel prices and emissions intensities, 
penalty costs (RU1, RU2, FuelEU Maritime and EU ETS), IMO SU revenues and rewards for 
ZNZ fuels, and FuelEU Maritime’s surplus credits (assumed to be pooled) and rewards for 
RFNBOs. The following compliance approaches have been tested with and without a wind 
propulsion system applied: 

4. Penalty TCO: This is represented by ships running only on LSFO and purchasing RU1s 
and RU2s to attain compliance with the IMO Direct GFI. 

5. Base TCO: This is represented by a ship running on LSFO using just enough bio-MGO 
to comply with the Base GFI, with RU1 purchases used to reach the Direct GFI. 

6. Max TCO: This is represented by a ship running on maximum volumes of LNG, bio-
MGO or e-ammonia (assumed to receive ZNZ rewards), with SUs generated when the 
attained emissions intensity is below the Direct GFI, or RU1 / RU2s purchased when 
above. This TCO is also used to assess LNG use under the EU policies only scenario. 

7. FuelEU TCO: Used in the assessment of EU policies only, this is represented by a ship 
running on LSFO using just enough bio-MGO or e-ammonia (assumed to receive 
RFNBO rewards) to comply with the FuelEU Maritime GFI. 

Fuel price ($/tonne LSFOe)  Fuel emissions intensity (gCO2e/MJ)  Abatement cost of fuels vs LSFO ($/tCO2e) 
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The effective abatement cost of wind propulsion is sensitive over very short CAPEX payback periods 

The return on investment in wind propulsion has traditionally been assessed as the time 
taken to recoup the upfront capital expenditure through the resulting saving in fuel costs. 
While the economic life of such systems could reach up to 15 years, far shorter payback 
periods are typically sought, especially where the split incentives issue (when the entity 
paying for the installation of energy efficiency technologies does not receive the cost 
benefit of doing so) arises when the charterer rather than the shipowner pays the fuel bill. 

Under the IMO’s NZF, wind propulsion can replace a portion of any lower emission fuel 
used to meet a GFI target and this is likely to improve the business case for such systems, 
particularly if the cost of alternative fuels (or penalties) is high. However, an investment 
decision will still likely require the capital expenditure to be recouped over a shorter period 
than the working life of the wind propulsion system. 

The shorter the payback period, the higher the annualised CAPEX (as seen in the chart on 
the right) that will need to be offset through savings in fuel / penalty costs. The table 
below shows the effective abatement cost for a wind propulsion system on the modelled 
Aframax across a range of fuel savings, upfront CAPEX and payback periods, and 
highlights how sensitive the abatement cost is to the payback period when it is short. 

Annualised CAPEX over a range of payback periods 

 

In the upcoming analysis, the highlighted assumption (wind propulsion system costing $3m 
with fuel saving of 10%) has been applied and the payback period needed to recoup the 
CAPEX has been derived to show how the investment proposition changes over time.

Effective abatement cost ($/tCO2e) of wind propulsion in 2030 for modelled Aframax over a range of CAPEX, fuel (LSFO) savings and payback periods 

Payback period = 1 year  Payback period = 2 years 

Fuel saving 2.5% 5.0% 7.5% 10.0% 12.5% 15.0% 17.5% 20.0% 
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Payback period = 5 years  Payback period = 15 years 
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Business case for wind propulsion in the absence of regulation rests on fossil fuel cost savings 

To provide a baseline to the wind propulsion business case under the different regulatory 
scenarios and compliance approaches modelled, the cost savings achieved and the 
equivalent payback period has first been calculated without any regulation imposed. Under 
this condition, the addition of wind propulsion, with its assumed 10% fuel saving 
(effectively 9.2% when accounting for total fuel consumption), has the following impact: 

1. It reduces the annual volume of fuel used by 9.2% from 13,600 tonnes to 12,350 
tonnes of LSFOe. 

The chart below on the left shows LSFO cost saving for a ship with wind propulsion 
compared to one without. Although the volume of LSFO saved remains constant over the 
period, the cost saving decreases over time as the assumed LSFO price is projected fall. 

The derived payback period shows how long it would take to recoup the upfront CAPEX 
from the fuel cost savings achieved in a given year, less the marginal OPEX (assumed to be 
1.25% of the $3m CAPEX per annum). The calculation is made on the basis that the overall 
cost saving in a given year continues over the duration of the payback period. This metric 
can be viewed as a proxy through which to assess the competitiveness of the wind 
propulsion system business case in response to changes in the total cost savings. 

Costs & cost savings achieved through WPS & derived payback period for CAPEX 

 

Under this baseline scenario, the fall in the price of LSFO from $633/tonne to $500/tonne 
leads to the payback period increasing from 4.0 years to 5.1 years between 2028 and 
2050. 

The chart below on the right shows the same calculation for an LNG dual fuel ship. The 
marginal CAPEX of the dual fuel capability is not reflected in the cost savings as an LNG 
dual fuel ship with wind propulsion is compared to a version without. The fuel price 
assumptions applied project the cost of LNG falling from $508/tonne LSFOe in 2028 to 
$440/tonne LSFOe in 2030, and then remaining at roughly that level until 2050. As LNG is 
assumed to be cheaper than LSFO, the derived payback period for wind propulsion is 
higher, rising from 5.0 years in 2028 to 5.8 years in 2030. 

These calculations represent the traditional business case for wind propulsion, which relies 
on the cost savings achieved through the reduction in (cheap) fossil fuel consumption. 
While the realisable payback period is likely to be shorter than the economic life of the 
wind propulsion system, such timeframes may be deemed too long to justify investment, 
particularly if a shipowner who is not responsible for fuel costs is uncertain that a charter 
rate premium will be received for the installation of such a system. However, regulation can 
materially change the business case for wind propulsion. 

Costs & cost savings achieved through WPS & derived payback period for CAPEX 
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The benefit of using wind propulsion to comply with the IMO NZF scales rapidly over the near term 

This scenario assesses how the use of wind propulsion in isolation interacts with the IMO’s 
proposed NZF, i.e. when installed on a ship only using LSFO and paying RU1 / RU2 costs 
when non-compliant with the Direct / Base GFIs (represented by the Penalty TCO). The 
addition of wind propulsion has two distinct functions under the IMO’s fuel standard: 

1. It reduces the annual volume of LSFO used by 9.2% from 13,600 tonnes to 12,350 
tonnes of LSFO. 

2. It serves as a zero emission energy source which reduces the attained emissions 
intensity of the ship by 9.2% from 91.8 gCO2e/MJ (LSFO) to 83.4 gCO2e/MJ. 

The ship with wind propulsion installed has the same level of LSFO cost savings as seen in 
the baseline scenario. However, with wind propulsion, the attained emissions intensity of 
the ship is lower than the IMO’s Base GFI until 2030 (as can be seen in the chart below on 
the left). Between 2028 and 2030, this reduction in emission intensity entirely eliminates 
RU2 costs and avoids some of the RU1 cost. However, from 2031 onwards, the impact of 
wind propulsion on the attained emissions intensity serves only to reduce RU2 costs. As 
RU1s are cheaper than RU2s ($100/tCO2e versus $380/tCO2e), the total cost saving is 
larger from 2031 onwards when the wind propulsion system only displaces RU2s. 

IMO Base & Direct GFIs vs attained emissions intensity without & with WPS 

 

This can be seen in the chart below on the right which shows the difference in each 
component of the TCO between a ship with wind propulsion and one without, plus the 
derived payback period for the $3m CAPEX from the total cost savings achieved in each 
year. Between 2028 to 2030, the overall cost saving from installing wind propulsion scales 
sharply as the volume of RU1s avoided falls and the volume of RU2s eliminated rises. From 
2031 onwards, a constant volume of RU2s are avoided in each year, but as the price is 
projected to rise over this period (by $10/tCO2e per annum), so too do the cost savings. 

The impact of this ramp up in overall cost saving can be seen in the derived payback period 
which falls sharply between 2028 (1.9 years) and 2031 (1.1 years). This illustrates how 
under the IMO’s two-tier fuel standard, wind propulsion could prove a relatively inflexible 
addition to a Base GFI compliance strategy over the near term given fuel savings will not be 
scalable (barring the addition of extra sails or rotors) whereas the volume of an alternative 
fuel can be finessed to meet (but not over comply with) the Base GFI. This indicates that 
demand for wind propulsion may rise once the Base GFI falls below the emissions intensity 
attainable via its use (which is dependent on the realisable fuel saving) as this is when its 
benefit will be maximised. However, given a fuel standard materially improves the wind 
propulsion business case from the outset, and considering the lifespan of such systems, 
there may be less cause to exactly align the timing of installation with the GFI trajectory. 

Costs & cost savings achieved through WPS & derived payback period for CAPEX 
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Wind propulsion reduces the volume and proportion of lower emission fuel needed to hit a GFI target 
The second scenario assessed for the IMO’s NZF involves the Base TCO compliance 
approach that uses just enough volume of low emission fuel in each year to meet the Base 
GFI (and thus avoid costly RU2s). The bio-MGO modelled reflects a drop-in biofuel that 
evolves to deliver compliance as the fuel standard tightens (i.e. its emissions intensity falls 
and its price rises over time). When combined with this compliance approach, the impact of 
wind propulsion differs depending on the period: 

1. From 2028-2030, wind propulsion lowers the attained emissions intensity of the ship 
by 9.2% (i.e. below the Base GFI) and so no bio-MGO needs to be used. Over this 
period, the annual volume of LSFO used is also reduced by 9.2% (from 13,600 tonnes 
to 12,350 tonnes of LSFO) and this reduces the quantity of RU1s that need to be 
purchased (by the same level as seen in the previous scenario). 

2. From 2031 onwards, wind propulsion reduces the volume of bio-MGO that is required 
to meet the Base GFI. As the zero emission energy source provided by wind propulsion 
has a lower emissions intensity than the bio-MGO, the proportion of bio-MGO needed 
to meet the Base GFI is also lower and, as a consequence, more LSFO is used (as can 
be seen in the charts below). 

The cost savings (and thus the CAPEX payback period) that result from wind propulsion 
depend on the emissions intensity and abatement cost of the alternative fuel used. 

The abatement cost of the modelled bio-MGO is lower than the RU2 cost projection and so 
overall savings are slightly lower and the derived payback period slightly higher than the 
previous penalty scenario, but the latter follows a similar trajectory. 

Costs & cost savings achieved through WPS & derived payback period for CAPEX 
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Wind propulsion boosts surplus unit generation when the use of lower emission fuel is maximised 

The third scenario assessed for the IMO’s NZF also utilises bio-MGO, but rather than using 
just enough of the alternative fuel to reach the Base TCO, its use is maximised in order to 
generate SUs (i.e. the Max TCO). Of course, the relative competitiveness of this compliance 
approach versus the Base TCO depends on the SU price, but the addition of wind 
propulsion has the following effects: 

1. It reduces the annual volume of bio-MGO used by 9.2% from 13,600 tonnes to 12,350 
tonnes of LSFOe. 

1. It serves as a zero emission energy source which effectively reduces the emissions 
intensity of the bio-MGO by 9.2%. 

The chart below on the left shows emissions intensity attained by using 100% bio-MGO 
without and with wind propulsion. The number of SUs that can be generated is determined 
by the spread between the attained emissions intensity and Direct GFI. Fewer SUs are 
generated year-on-year as that spread reduces over time. The decrease in the attained 
emissions intensity resulting from the addition of wind propulsion means that a greater 
number of SUs can be generated. Until 2040, the average increase in SUs generated 
through the use of wind propulsion is 6%; this rises to 13% after 2040. 

IMO Base & Direct GFIs vs attained emissions intensity without & with WPS 

 

The chart below on the right shows the cost savings achieved through the use of wind 
propulsion. In this analysis, the SU price is assumed to match the RU2 price which rises by 
$10/tCO2e per annum from 2031 onwards. This partially offsets the falling number of SUs, 
whether or not wind propulsion is included. 

With the SU price set at its theoretical RU2 price ceiling, the derived payback period for the 
wind propulsion CAPEX is initially lower than in the previous Base TCO scenario (1.4 years 
versus 2.1 years in 2028) as this compliance approach does not result in wind propulsion 
displacing cheap RU1s. However, after 2031, the trajectories of the derived payback period 
in both scenarios roughly align. This indicates that a shipowner or operator seeking to 
adopt this type of overcompliance and SU generation strategy may find the addition of 
wind propulsion to be an attractive proposition, particularly over the near term when the 
ability to enhance SU generation is greater. 

Of course, the cost savings achievable through the use of wind propulsion are exposed to 
the risk of lower SU prices, particularly in the near term (higher SU revenues account for 
28% of the overall cost saving that results from using wind propulsion in 2028). Over time, 
however, the contribution from the enhanced SU revenue falls while that of bio-MGO cost 
savings grows (due to the rising fuel price), reducing exposure to SU price risk.  

Costs & cost savings achieved through WPS & derived payback period for CAPEX 
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Wind propulsion could deliver variable cost savings over near term if combined with low-cost LNG 

The fourth scenario assessed for the IMO’s NZF combines wind propulsion with an LNG 
dual fuel ship. As LNG is assumed to be lower cost than LSFO, the Max TCO compliance 
approach is modelled (i.e. maximum use of LNG, less LSFO pilot fuel). The emissions 
intensity of LNG means that it does not over comply with the Direct GFI (i.e. SUs are not 
generated), but does remain below the Base GFI (i.e. requires purchase of RU1s but avoids 
expensive RU2s) until 2032. Following this, the low-cost LNG subsidises RU1 / RU2 costs 
to deliver a competitive route to compliance during the 2030s (under the fuel and RU price 
assumptions that have been applied). The addition of wind propulsion in this scenario has 
different effects depending on the period: 

1. From 2028-2030, wind propulsion lowers the attained emissions intensity below the 
Direct GFI and so RUs are entirely avoided and SUs are generated. From 2031-2033, 
wind propulsion brings the attained emissions intensity between the Base and Direct 
GFIs and so RU2s are eliminated and RU1s are reduced. From 2034 onwards, wind 
propulsion lowers the attained emissions intensity and so reduces RU2s. 

2. Over the whole period, the overall volume of fuel used is reduced by 9.2%. 

IMO Base & Direct GFIs vs attained emissions intensity without & with WPS 

 

The three distinct periods over which the impact of wind propulsion differs leads to the 
variable cost saving seen below in the chart on the right. Until 2030, the potential for the 
wind propulsion system to generate SUs adds additional revenue which boosts the overall 
cost saving. Between 2031 and 2033, no SUs are generated and as the attained emissions 
intensity sits between the Base and Direct GFIs, the benefit derived from wind propulsion 
(reduced RU1 costs), is muted. From 2034 onwards, the gains from wind propulsion scale 
once again as higher cost RU2s are reduced. The variation in the cost savings delivered by 
wind propulsion are reflected in the derived payback period which starts at 1.4 years in 
2028, rises to 2.9 years in 2031 before falling back to 1.3 years in 2034.  

While a compliance approach focused on maximising LNG use is advantaged when that 
fuel price and penalty costs are low (e.g. if SU prices fall below the RU2 ceiling), the IMO’s 
NZF markedly improves the business case for wind propulsion—as can be seen when 
comparing the payback period shown in the chart below to that derived on page 8. Once 
again, given the longevity of a wind propulsion system and its benefit over the long run, 
any potential near-term variability in cost savings may not delay installation decisions.  

Costs & cost savings achieved through WPS & derived payback period for CAPEX 
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Supporting wind propulsion through ZNZ rewards could result in a net benefit to the IMO 

As a zero emission energy source, wind propulsion has a valid claim to be included within 
the IMO’s ZNZ reward mechanism, although the manner in which it is rewarded will likely 
differ to the approach adopted for ZNZ fuels. A potential counterargument to the inclusion 
of wind propulsion in the ZNZ reward mechanism is that, as the previous analysis suggests, 
the commercial benefit of wind propulsion is considerably improved under a fuel standard 
given its ability to abate emissions intensity at a low cost (and possibly a negative cost 
depending on the period over which the investment is amortised). 

That said, there could be a net benefit to the IMO if it does support the installation of wind 
propulsion. This is illustrated through the final scenario assessed under the IMO NZF: the 
addition of wind propulsion to an ammonia dual fuel ship which is running on e-ammonia 
(i.e. Max TCO) to maximise SU revenues and ZNZ rewards. The value of the ZNZ reward 
(shown below in the chart on the right) has been derived as the amount needed in each 
year for the e-ammonia Max TCO to match the LNG Max TCO (without wind propulsion) 
from the previous scenario. The level of ZNZ reward required falls over time as 1) the LNG 
Max TCO approach is exposed to increasing RU2 costs and 2) the price of e-ammonia is 
projected to fall under the fuel assumptions applied. 

Costs & cost savings achieved through WPS & derived payback period for CAPEX 

 

The chart below on the left shows the additional costs and cost savings that result from the 
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Joint exposure to IMO NZF and EU policies heavily penalises penalty approaches to compliance 

The assessment of the impact of wind propulsion under the IMO NZF has also been 
expanded to incorporate exposure to EU policies. As the IMO’s fuel standard is more 
stringent than FuelEU Maritime, the former dictates the emissions intensity target for ships 
adopting a Base TCO approach and determines the outcomes of over-compliance via the 
Max TCO approach. However, where there is potential exposure to penalties (i.e. through 
continuing use of LSFO or LNG), FuelEU Maritime’s far higher penalty cost can significantly 
impair the competitiveness of such approaches. 

All five compliance approaches previously tested (LSFO Penalty TCO, bio-MGO Base TCO, 
bio-MGO Max TCO, LNG Max TCO and rewarded e-ammonia Max TCO) were reassessed 
under the assumption there was also 100% exposure to FuelEU Maritime and the EU ETS. 
The TCOs for each scenario were calculated with and without wind propulsion installed. A 
3-year payback period was used to incorporate the $3m wind propulsion CAPEX into the 
TCO calculation and the system was assumed to qualify for a 0.97 reward factor (which is 
applied to the attained GFI) under FuelEU Maritime. Lastly, the ZNZ reward applied to e-
ammonia is the value derived without wind propulsion (as shown on the previous page). 

The charts on the following page show the TCOs for each compliance approach, without 
and with wind propulsion installed, and the overall cost saving that the system delivers. 
The upper charts show exposure to the IMO NZF only; the lower charts add full exposure 
to FuelEU Maritime and the EU ETS. These TCOs reflect the fuel and RU price assumptions 
applied and so should not be taken as projections of the future cost of compliance; instead, 
the analysis serves to illustrate how wind propulsion can impact different compliance 
approaches under different regulatory conditions. 

The preceding pages detailed where and how wind propulsion reduced costs under the 
IMO NZF and in the upper charts on the next page, the relative benefit delivered by wind 
propulsion across different compliance approaches can now be compared. The LSFO 
Penalty TCO and bio-MGO Base TCO show an initial sharp increase in cost savings as the 
volume of low cost RU1s avoided falls. From 2031 onwards, the saving is largely driven 
either by avoided RU2 costs (LSFO Penalty TCO) or a reduction in the use of a fuel that 
grows increasingly expensive (bio-MGO Base TCO). The latter effect applies to the bio-
MGO Max TCO, though consistently throughout the whole period. As previously seen, the 
cost saving delivered by wind propulsion in the LNG Max TCO scenario is highly variable, 
but that of the rewarded e-ammonia Max TCO is far more consistent, despite this scenario 
having a diverse set of variables (fuel cost, SU revenues and ZNZ rewards). 

When EU policies are incorporated into these five compliance scenarios, a number of 
effects can be immediately seen. Initially, there is a much greater spread in the TCOs and 
this is largely due to the EU ETS. The bio-MGO Max TCO and rewarded e-ammonia Max 
TCO are largely unchanged as the attained emissions intensity remains below the FuelEU 
Maritime GFI and EU ETS costs are only incurred for the pilot fuel. 

Meanwhile, the LSFO Penalty TCO, bio-MGO Base TCO and LNG Max TCO are all higher 
when exposed to EU policies. As fossil fuels are used in all these scenarios, EU ETS costs 
are partially responsible for this increase. In addition, the two approaches which relied 
upon RUs (LSFO and LNG) in the IMO NZF become liable for the more onerous FuelEU 
Maritime penalty once the attained emissions intensity exceeds the FuelEU Maritime GFI. In 
these situations, the addition of wind propulsion can result in large cost savings (compared 
with the IMO NZF only scenario) due to two effects: 

1. The 9.2% reduction in the volume of LSFO or LNG used decreases the amount of 
FuelEU Maritime penalty incurred (as well as the fuel, IMO RU, and EU ETS costs). 

2. The FuelEU Maritime reward factor reduces the attained emissions intensity by 3%. If 
the attained emissions intensity remains above the GFI target, then the FuelEU 
Maritime penalty incurred is reduced. However, the reward offers the greatest benefit 
when it can lower the attained emissions intensity below the GFI target and thus avoid 
the penalty entirely for a five-year period (e.g. a 0.95 reward factor could potentially 
extend LNG’s compliance with the FuelEU fuel standard until the mid-2040s). 

The bio-MGO Base TCO in 2030 highlights a potential outcome from the different way in 
which the IMO NZF and FuelEU Maritime treat wind propulsion. As the former reflects the 
contribution of zero emission energy within the attained emissions intensity, less bio-MGO 
is required to meet the IMO’s Base GFI when wind propulsion is installed. However, the 
reward-adjusted attained emissions intensity calculated under FuelEU Maritime is higher 
than its GFI, meaning that penalties are incurred. The volume of bio-MGO used would need 
to be increased to meet the FuelEU Maritime GFI to avoid this cost. 

So there could be instances where the full benefit of wind propulsion (as realised via the 
manner of its inclusion within the IMO NZF) is curtailed if the ship operates primarily in the 
EU (given FuelEU Maritime’s indirect reward mechanism). However, the window for such an 
occurrence will likely close in the early 2030s, after which, the Base GFI will be low enough 
to ensure that the attained emissions intensity in the EU is below the FuelEU Maritime GFI. 
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  Exposure to IMO NZF only   

TCOs without WPS  TCOs with WPS  Total cost saving that results from WPS 

 

 

 

 

 
  

Exposure to IMO NZF and 100% EU policies 
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Wind propulsion under EU policies in isolation benefits from ability to pool CAPEX through surplus credits
Four scenarios have been tested to assess the impact of wind propulsion (again based on 
$3m CAPEX; 10% fuel saving and a 3-year payback period) under only the EU’s policies: 

1. LSFO Penalty TCO: Similar to scenario used for the IMO NZF, this assesses the 
continued use of LSFO plus FuelEU Maritime penalties (and EU ETS costs). 

2. Bio-MGO FuelEU TCO: Similar to the bio-MGO Base TCO scenario used for the IMO 
NZF, this assumes enough bio-MGO is used to meet the FuelEU Maritime GFI. 

3. LNG Max TCO: This scenario models a ship running entirely on LNG (less pilot fuel) 
and any surplus credits generated when the attained emissions intensity is below the 
FuelEU Maritime GFI are pooled. The TCO represents the average cost across the 
single over-compliant ship (without and with wind propulsion) and the pool of non-
compliant ships assumed to be running on LSFO. All ships attain the FuelEU Maritime 
GFI but the marginal CAPEX and OPEX is averaged across the pool. 

4. E-ammonia (with RFNBO reward) Max TCO: Adopts similar approach as above, but 
an RFNBO reward (which halves the emissions intensity of qualifying fuels until 2033) 
has been applied to the e-ammonia. 

The charts below show the TCOs for each scenario, without and with wind propulsion. The 
stepped FuelEU Maritime GFI is reflected in all TCOs, due to either exposure to the penalty 
(LSFO and, from 2040, LNG) or greater use of an alternative fuel. However, the chart on the 
right showing total cost savings indicates that the use of wind propulsion can generate 
variable outcomes. The charts on the following page break down those cost savings. 

In the LSFO Penalty TCO scenario, cost savings stem from reduced fuel consumption (which 
lowers fuel and penalty costs) and the reward factor (which lower penalty costs), although 
the impact of the latter decays as the gap between the GFI and reward-adjusted attained 
emissions intensity grows. The same applies to the bio-MGO FuelEU TCO scenario, but as 
the volume (and price) of bio-MGO rises and the EU ETS costs fall in line with emissions, 
the benefit derived from wind propulsion grows over time. 

In the LNG and e-ammonia Max TCO scenarios, wind propulsion creates a greater number 
of surplus credits which enables its CAPEX and OPEX to be spread across a larger pool of 
ships. However, LNG Max TCO cost savings fall until 2040 as LNG is being pooled across a 
greater volume of (more expensive) LSFO. After 2040, LNG no longer complies with the GFI 
(even with wind propulsion) and so cost savings grow as penalties and EU ETS costs rise.

TCOs without WPS  TCOs with WPS  Total cost saving that results from WPS 
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LSFO Penalty TCO: Costs & cost savings delivered by WPS  Bio-MGO FuelEU TCO: Costs & cost savings delivered by WPS 

 

 

 

LNG Max TCO: Costs & cost savings delivered by WPS  E-ammonia (with RFNBO reward) Max TCO: Costs & cost savings delivered by WPS 
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About UMAS 

UMAS is an independent commercial consultancy dedicated to catalysing the 
decarbonisation of the shipping industry. With our deep industry expertise, exceptional 
analytical capabilities and state-of-the-art proprietary models, we support our clients in 
navigating the complexities of this transition by providing groundbreaking data, analyses 
and insights. Internationally recognised for our work, UMAS delivers bespoke consultancy 
services to the maritime sector (including owners/operators, charterers, OEMs, and energy 
providers), alongside regulators, governments, and NGOs. 

For more information, please get in touch: enquires@umas.co.uk      www.umas.co.uk 
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