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Ulrik Dam Nielsen, Technical University of Denmark, Copenhagen/Denmark, udn@mek.dtu.dk  

 

Abstract 

 

This study assesses the relationship between speed and power of ships, and is based on operational 

data derived from more than 50,000 noon reports retrieved from 88 tankers. The analysis is made with 

a data-driven model based on principles from naval architecture and an econometric framework. The 

model facilitates the determination of a draught- and speed-dependent exponent. It is shown that the 

exponent is significantly lower than 3 at speed intervals below the design speed. The finding of a (much) 

smaller exponent, relative to 3, at low speed intervals is important in the slow steaming debate, since 

slow steaming will not be as good as often stated when the cubic speed-power relationship does not 

hold. On a practical level, the developed method can be used to set a more reliable benchmark in the 

performance monitoring of ships. 

 

1. Introduction 

 

Fuel consumption is typically the major costs of the running expenses in shipping companies; thus profit 

depends on its minimisation. Even more important than maximising profit, is the minimisation of 

emissions in order to make the shipping industry greener and more sustainable. The emissions of most 

concern are CO2, SOx, NOx and particular matters, IMO (2014). Altogether, this has led to vessel 

performance monitoring in order to control the fuel consumption by intervention before the 

performance is too low and therefore unsustainable and unprofitable. 

 

In vessel performance monitoring, ships’ speed-power relationship is key; noticing that, generally, the 

relationship yields the necessary main engine power (MEP) to attain a constant sailing speed under 

given operational conditions. In many cases, it is normal practice to assume that the MEP is proportional 

to speed cubed, equivalent to assume that the exponent equals 3. This assumption relies on the 

hypothesis that the calm-water resistance of a ship, sailing around the design speed, is proportional to 

speed squared, following principles of classical hydrodynamics, e.g. Newman (2017). However, ships 

rarely sail in calm water (no waves) and, furthermore, ships will more than often be sailing at speeds 

(significantly) lower than the design speed. In combination, the cubic speed-power relationship will not 

be a good model for the performance. In fact, analysis of in-service data shows that the exponent 

typically is significantly smaller than 3, Adland et al. (2020), when the sailing speed is in ranges lower 

than the design speed. The consequence of this is that it is difficult to establish a good and reliable 

benchmark in the performance monitoring processes. In addition, and maybe more importantly, the 

effect of reducing speed, when assessing fuel consumption, appears much better than reality is if the 

cubic relationship is used. Fig.1 can be used to illustrate the addressed concerns. In the plot, operational 

data from a large group of tankers, all sister ships, is plotted together with speed-power curves derived 

from towing tank tests of the corresponding parent ship at different draughts. First of all, the plot shows 

that the majority of the operational data is in a speed range not covered by the results from the towing 

tank tests. Secondly, attempting a (mathematical) extrapolation of the speed-power curves will lead to 

a significant underestimation of required power. 

 

This paper presents the main results obtained in the study by Berthelsen and Nielsen (2021). As such, 

the paper outlines the findings made from an analysis of operational data consisting of more than 50,000 

noon reports retrieved from 88 tankers. The data has been cast into a combined econometric and naval 

architectural model, which can be used to assess the speed-power relationship for ships sailing in real 

seaways, accounting for the effect of wind and waves. In a nutshell, the paper brings empirical evidence 

that ships’ main engine power is not proportional to the speed cubed for the lower speed ranges relative 

to the design speed. 

mailto:frber@dfds.com
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Fig.1: Illustration of the operational profile of two sister ships (74,000 DWT) with respect to speed-

through-water, power, and draught compared to the corresponding towing tank curves for 

different draughts. The colour scale (draughts) is the same for noon report data and towing tank 

curves. 

 

2. Modelling 

 

2.1. Practical remarks 

 

The reported speed in the noon reports is the GPS speed, i.e. speed-over-ground. In subsequent analyses, 

this speed is corrected for sea current to give the speed-through-water. Throughout the paper, for con-

venience, speed-through-water is referred to just as ‘speed’. Similarly, before the regression modelling, 

reported power measurements are corrected for wind and waves in accordance with ITTC (2017). 

 

2.2. Speed-power relationship 

 

The starting point for the model generation is the simplest power law model describing the relationship 

between power P and speed V: 

 

𝑃 = 𝑥1𝑉
𝑥2           (1) 

 

where x1 and x2 are the unknown variables. x2 is the exponent which is the focal point of this study, and 

it is emphasised that both x1 and x2 must be determined from the analysis of data. The nonlinear model 

is made linear in x2 by a variable transformation using the natural logarithm: 

 

ln(𝑃) = ln(𝑥1) + 𝑥2ln(𝑉)         (2) 

 

As shown subsequently, the model can be extended in order to take other relevant variables into account. 

First, however, note that in practice, the model is given by: 

 

[
 
 
 
 
ln(𝑃1)
ln(𝑃2)
ln(𝑃3)

⋮
ln(𝑃𝑛)]

 
 
 
 

=

[
 
 
 
 
1ln(𝑉1)
1ln(𝑉2)
1ln(𝑉3)

⋮
1ln(𝑉𝑛) ]

 
 
 
 

[
ln(𝑥1)

𝑥2
]        (3) 

 

when a set of corresponding observations {Pi, Vi}, i = 1, 2,⋯, n exists from n noon reports. This means 

that the unknown coefficients x1, x2 can be easily determined by formulating a least-squares problem. 

 

The simple model is the basis for an extended model that take the draught and speed-dependency of the 

exponent into account. The simple model is therefore gradually extended. 
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As realised from speed-power curves, e.g. Fig.1, the ballast curve (smallest draught) and scantling curve 

(largest draught) will generally differ relatively much. It is therefore sensible to introduce the draught 

as an independent parameter in the model: 

 

ln(𝑃) = ln(𝑥1) + 𝑥2 ln(𝑉) + 𝑥3𝑇        (4) 

 

noticing that T is the mean of the reported fore and aft draughts. This extended model, with draught as 

a parameter, implies that speed-power curves at different draughts will be parallel but shifted when 

studied in a log-log plot. Qualitatively speaking, draught is thus an additive effect. In order to take into 

account that speed-power curves obtained from towing tank tests are not parallel in log-log domain, an 

interaction term is introduced, since the exponent x2 must be dependent on the draught: 

 

ln(𝑃) = ln(𝑥1) + 𝑥2 ln(𝑉) + 𝑥3𝑇 + 𝑥4 ln(𝑉) 𝑇       (5) 

 

Rewriting, it is seen that the exponent now depends on the draught, too: 

 

𝑃 = 𝑥1𝑉
(𝑥2+𝑥4𝑇) exp(𝑥3𝑇)         (6) 

 

A speed-dependent exponent is introduced through piecewise linear regression. This is done by 

introducing a dummy variable Vd assigning the noon reports to different speed intervals, hence 

introducing a “breakpoint” Bp separating different speed intervals. As an example, the speed-power 

regression model with one breakpoint reads: 

 

ln(𝑃) = ln(𝑥1) + 𝑥2 ln(𝑉) + 𝑥3𝑇 + 𝑥4 ln(𝑉) 𝑇 + 𝑥5(ln(𝑉) − 𝐵𝑝)𝑉𝑑    (7) 

 

where the breakpoint(s) will be determined from the data in question (see later). 

 

3. Noon report data 

 

The dataset contains noon reports and speed-power curves from model tests for 88 ships divided into 

15 vessel groups. All the ships are tankers, and all the data is from the same shipping company. Roughly, 

the noon reports cover a five-year period (2016–2020) with vessels operating worldwide. In total, 

51,826 filtered noon reports are available. (Different filtering rules are applied. The “raw” data set 

contains 53,017 noon reports.) Each vessel group consists of between 2 and 13 sister vessels. In order 

to work with these vessels and vessel groups and, at the same time, keep them anonymous, a naming 

convention has been introduced, e.g. TXXX-YY where XXX indicates the deadweight and YY 

indicates the number of vessels in each vessel group. This means that T035-03 is a 35,000 DWT vessel 

group consisting of 3 vessels. 

 

As the very initial step, before analysing the noon reports, they are populated with hindcast data describ-

ing sea current, wind, and wave conditions. Specifically, the hindcast data assigned to the noon reports 

is a weighted average of the conditions during the duration of the single noon report by use of AIS data. 

 

All data has been retrieved by COACH Solutions, https://coachsolutions.com/, that kindly provided the 

data to the authors. COACH Solutions also prepared the initial merge of hindcast data to the noon 

reports, including the subsequent correction of power accounting for environmental effects (wind, 

waves, sea current). 

 

4. Results 

 

4.1. Descriptive statistics 

 

In order to give an overview of all the noon report data, descriptive statistics have been prepared. As 

the data set is comprehensive, with many vessel groups with large numbers of vessels within, the 

https://coachsolutions.com/
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presented statistics will just be a glimpse of the larger picture. The vessel group T050-12 is considered 

somewhat representative and will be covered in the following. 

 

 
Fig.2: Descriptive statistics for the vessel group T050-12 

 

Vessel group T050-12 has many vessels with many noon reports for each vessel. This can be seen in 

Fig.2 where the number of reports and reporting periods are shown. The vessels were not reporting 

every day due to port stays, idle periods, drydocking, etc. The draught and speed distributions can also 

be seen for all 12 vessels. It is seen that the vessels sail mostly at 2-3 draughts where the first is a ballast 

draught at around 7.5 m and the two others are laden draught(s) at around 11-11.5 m which agrees with 

the design draught Td = 11.0 m. The draught distribution can be seen for every single vessel in Fig.3 

which shows that the vessels have individual draught distributions that agree well with the draught 

distribution for the group as a whole (cf. Fig.2). 

 

 
Fig.3: Draught distributions for all vessels in T050-12 

 

A similar observation is seen from the speed distribution in Fig.4 which shows that the vessels primarily 

sail at 12–13 kn. Overall it can be concluded that the vessels operate relatively similar with regard to 

draught and speed which means that similar levels of power are expected for the vessels. 
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Fig.4: Draught distributions for all vessels in T050-12 

 

4.2. Draught-dependent speed-power model 

 

Initially, Eq.(5) is used for each and every vessel to determine the exponent when this is dependent on 

draught but not speed.  

 

Table I gives the exponents for all vessels at ballast (Tb), design (Td) and scantling (Ts) draughts. The 

exponent is determined for the single vessel in a group, but the exponent is also determined when the 

model, cf. Eq.(5), considers noon reports for all vessels collectively in a given vessel group (denoted 

by “Group”). To emphasize, this means that the exponent for the individual vessel groups is not an 

average of the vessel specific exponents of ships in a given group but independently modelled on all 

ship-specific data from the given group. This way, the regression is based on much more data, which 

makes its outcome more reliable. The group-wise regression is justified by the descriptive statistics 

presented earlier, where it was observed that the vessels within given groups are sailing with relatively 

similar draught, speed and power. The exponents of the individual groups were included in Table I, and 

they are presented graphically in Fig.7. 

 

 
Fig.5: Exponents as determined from the draught-dependent model, cf. Eq.(5), for the single vessel 

groups considered at three draughts (ballast, design, scantling). The dashed lines indicate the 

average exponent, for a given draught, over all vessel groups. The year of construction is 

indicated for each group at the top of the plot. 

 

Fig.5 reveals that the exponent is significantly lower than 3 for all studied vessel groups. It is seen that 

the value is in general decreasing with increasing draught for the individual vessel group. Thus, the 

exponent depends on draught but for some of the vessel groups there are less dependency, e.g. T050-

12. As noticed from Table I, some vessels are “outliers” compared to the group-wise result, because too 
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little data is available for the particular vessels; for instance, this is the case for Vessel 01 in T050-09 

which has only 30 noon reports, and Vessel 01 in T105-02 that has just two ballast noon reports. Fig.5 

shows that there is no size dependency, as the plot reveals no trend in the data, noticing that deadweight 

increases going from left to right on the x-axis. Similarly, when comparing with the year of construction 

(indicated at the top of the plot), no age dependency is observed for the exponent. 

 

Table I: Specification of the exponent for all single vessels at ballast (Tb), design (Td), and scantling (Ts) 

draughts; emphasizing that the simple model expressed by Eq.(5) is studied. The result when consider-

ing all the vessels, collectively, in the group is also included. 

 
The application of the simple model shows that the exponent cannot generally be assumed to be 3. 

Taking the vessel group T050-12 as an example, the simple regression model is plotted together with 

the noon reports and speed-power curves from model test in Fig.6, where the noon reports have been 

grouped based on draught for clarity. Clearly, the regression model does not capture the relationship for 

the higher speeds, but it does for the bulk of the noon reports; noticing that about 75–90% of the reported 

Vessel Tb Td Ts 

T035-03 

V01 1.79 1.83 1.85 

V02 1.19 1.66 1.95 

V03 2.54 2.05 1.74 

Group 2.24 1.95 1.77 

T039-06 

V01 2.02 1.54 1.22 

V02 2.35 1.95 1.68 

V03 1.85 1.66 1.53 

V04 2.23 1.80 1.51 

V05 2.13 1.85 1.66 

V06 2.37 1.45 0.84 

Group 2.17 1.72 1.42 

T050-04 

V01 1.76 2.39 2.71 

V02 1.52 2.12 2.42 

V03 1.85 2.25 2.44 

V04 1.52 1.40 1.33 

Group 1.70 1.77 1.80 

T050-09 

V01 3.46 2.37 1.88 

V02 1.91 1.38 1.14 

V03 2.04 1.42 1.14 

V04 2.23 1.35 0.96 

V05 1.21 1.38 1.46 

V06 1.92 1.56 1.40 

V07 2.32 1.47 1.09 

V08 1.74 1.19 0.95 

V09 1.78 1.73 1.70 

Group 1.98 1.43 1.19 

T050-10 

V01 1.94 1.91 1.89 

V02 2.51 1.83 1.42 

V03 2.19 1.72 1.44 

V04 1.70 1.87 1.98 

V05 1.68 1.99 2.17 

V06 1.94 2.41 2.69 

V07 1.57 1.86 2.05 

V08 1.54 2.17 2.55 

V09 2.19 2.25 2.28 

V10 1.49 1.93 2.20 

Group 1.89 1.97 2.02 

 

Vessel Tb Td Ts 

T050-12 

V01 1.73 1.27 1.01 

V02 2.11 1.93 1.82 

V03 2.30 2.45 2.54 

V04 2.59 2.89 3.06 

V05 1.79 1.80 1.81 

V06 1.58 2.31 2.72 

V07 1.72 2.27 2.58 

V08 2.44 1.88 1.56 

V09 1.74 2.28 2.59 

V10 1.62 1.34 1.18 

V11 0.94 1.38 1.63 

V12 1.59 1.73 1.81 

Group 1.81 1.82 1.83 

T053-13 

V01 1.04 1.34 1.46 

V02 1.84 1.92 1.95 

V03 1.55 2.85 3.40 

V04 1.52 1.00 0.79 

V05 1.25 0.95 0.83 

V06 1.41 1.15 1.04 

V07 2.23 1.53 1.24 

V08 1.18 1.42 1.51 

V09 0.88 0.95 0.98 

V10 1.41 1.17 1.07 

V11 1.33 0.80 0.57 

V12 2.73 2.33 2.16 

V13 1.44 1.02 0.84 

Group 1.33 1.11 1.02 

T074-02 

V01 2.30 0.66 0.35 

V02 2.30 1.65 1.52 

Group 2.22 0.97 0.73 

T074-04 

V01 2.31 1.64 1.36 

V02 2.25 1.61 1.34 

V03 2.06 2.00 1.98 

V04 2.62 2.35 2.23 

Group 2.31 1.79 1.56 

 

Vessel Tb Td Ts 

T075-02 

V01 2.25 1.09 0.56 

V02 2.12 1.79 1.64 

Group 2.10 1.59 1.35 

T075-04 

V01 2.53 1.61 1.43 

V02 2.48 1.39 1.19 

Group 2.50 1.50 1.32 

T075-05 

V01 1.84 1.64 1.55 

V02 2.81 2.06 1.71 

V03 1.58 1.72 1.78 

V04 2.26 1.88 1.70 

V05 2.20 1.69 1.45 

Group 1.97 1.82 1.75 

T075-08 

V01 1.49 1.06 0.86 

V02 1.59 1.64 1.66 

V03 2.35 2.03 1.88 

V04 1.62 1.25 1.09 

V05 2.02 1.48 1.23 

V06 2.11 1.34 0.98 

V07 2.38 2.09 1.96 

V08 2.79 1.77 1.31 

Group 1.99 1.38 1.10 

T105-02 

V01 -2.21 2.07 2.40 

V02 1.82 1.16 1.11 

Group 1.83 1.19 1.13 

T110-06 

V01 2.21 2.17 2.15 

V02 1.91 1.83 1.81 

V03 2.01 1.45 1.31 

V04 1.97 1.48 1.36 

V05 2.38 1.46 1.23 

V06 2.49 1.86 1.70 

Group 2.13 1.74 1.64 
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speeds generally are in the range 11–13 kn. It is appreciated (“confirmed”) that the model test curves 

follow the steeper path exhibited by the noon reports at the higher speeds. 

 
Fig.6: Speed-power curves [full lines] based on Eq.(5), plotted together with the draught-grouped noon 

report data [circles]. The corresponding curves from towing tank tests are also shown [dashed 

lines]. 

 

4.3 Speed- and draught-dependent speed-power model 

 

The extended model, as expressed by Eq.(7), considers the exponent to also be dependent on speed. In 

practice, depending on the studied vessel group, a number of speed-breakpoints is set. In current 

implementation, the MATLAB function findchangepts is used to determine the breakpoints, based 

on the speed-sorted noon reports. Thus, modelling by Eq.(7) is made in the individual intervals limited 

by the respective breakpoints.  

 

In the following, the resulting speed-power curves at the ballast, the design and the scantling draughts 

are computed, thus enabling a comparison with the curves from towing tank tests. Note that it is possible 

to model and compute speed-power curves at any given draught with the regression model. Specifically, 

for T050-12 the speed-power curve as a function of draught T and speed V is modelled as: 

 

ln(𝑃) = ln(𝑥1) + 𝑥2 ln(𝑉) + 𝑥3𝑇 + 𝑥4 ln(𝑉) 𝑇 + 𝑥5(ln(𝑉) − 10.8)𝑉𝑑,1 + 

𝑥6(ln(𝑉) − 12.4)𝑉𝑑,2 + 𝑥7(ln(𝑉) − 13.2)𝑉𝑑,3      (8) 

 

with the coefficients x1 = 4.117, x2 = 1.294, x3 = 0.066, x4 = -0.003, x5 = 0.827, x6 = 0.010, and x7 = 

1.333. The dummy variables Vd,i are defined as 

 

𝑉𝑑,1 = {
0,if𝑉 ≤ 10.8kn
1,if𝑉 > 10.8kn

          (9) 

 

𝑉𝑑,2 = {
0,if𝑉 ≤ 12.4kn
1,if𝑉 > 12.4kn

         (10) 

 

𝑉𝑑,1 = {
0,if𝑉 ≤ 13.2kn
1,if𝑉 > 13.2kn

         (11) 

 

which means that the expression, i.e. Eq.(8), contains the more terms, the higher the speed. It is noticed 

that, for V = 14 kn and ballast draught Tb = 7 m, the (“total”) exponent ε, as per Eq.(8), becomes, 

 

𝜀 = 𝑥2 + 7𝑥4 + 𝑥5 + 𝑥6 + 𝑥7 = 3.45        (12) 

 

Thus, the model predicts a result in line with physical expectation; that is, if the speed is around or 

above the design speed, the exponent is, indeed, 3 or larger. 
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Fig.7: Outcome from the draught- and speed-dependent regression model, cf. Eq.(8), plotted together 

with noon reports, towing tank test curve, and the draught-dependent regression model, cf. Eq.(5), 

for T050-12 in ballast conditions. 

 

 
Fig.8: Outcome from the draught- and speed-dependent regression model, cf. Eq.(8), plotted together 

with noon reports, towing tank test curve, and the draught-dependent regression model, cf. Eq.(5), 

for T050-12 in design draught conditions. 

 

In Figs.7 and 8, the draught- and speed-dependent regression model, cf. Eq.(8), is plotted at ballast and 

design draughts, respectively, together with the draught-grouped noon reports; noticing that the vessel 

group T050-12 is considered. The single plots also include the outcome of the simpler regression model, 

cf. Eq.(5), and, in addition, the speed-power curves from towing tank tests. It is seen that the speed-

dependent model estimates the power better at the higher speed intervals compared to the simpler model 

that underestimates the power, see also Fig.6. This observation applies both to the noon-report data and 

the speed-power curves from towing tank tests; emphasising that data from the latter exists only in the 

(high-speed) interval 12–16+ [kn]. Albeit the speed-power curves from the speed-dependent regression 

do not exactly coincide with the towing tank test curves, the set of curves are nearly parallel which 

means that the exponents are relatively close to each other in their numerical values. At lower speed 

intervals the speed-dependent regression model deviates only slightly from the simple model, capturing 

the speed-power relationship in the noon-report data well. 

 

The numerical values of the speed-dependent exponents, as determined for the single vessel groups, are 

presented in Table II. The main observations from the table, including Figs.7 and 8, are the following: 

(a) Only a very few cases reveal an exponent equal to or larger than 3; in most cases, the exponent is 

smaller. (b) Just three out of fifteen exponents at the scantling draught are above 3 at the highest speed 
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interval. These three vessel groups are T050-04, T050-10 and T050-12 which have been shown to be 

very similar. In the ballast condition, for the highest speed interval, seven out of fifteen exponents are 

above 3. (c) For the particular case of T050-12, the exponent is 3.45, 3.44 and 3.43 for the ballast, 

design and scantling conditions, respectively, when the speed is above 13.2 kn. It can be informed that 

the exponents for the towing tank test curves for the same draughts are 3.57, 3.44 and 3.31. (d) 

Generally, the speed-dependent regression, cf. Eq.(8), with two or more speed intervals increases the 

exponent at the high-speed intervals compared to the simpler regression model, cf. Eq.(5), only taking 

draught into account, cf. Table I. At the same time, it is seen that the exponent is significantly higher 

for the ballast draught than for the scantling draught for many of the vessel groups. 

 

Table II: Exponent and speed intervals from the speed-dependent regression model, cf. Eq.(8), for all 

vessel groups at  three draughts: ballast (Tb), design (Td) and scantling (Ts). 

Vessel Group Speed interval [kn] Exponent [-] No. of NR [-] 

Tb Td Ts 

T035-03      

Interval 1 V ≤ 9.1 1.38 1.13 0.98 208 

Interval 2 9.1 < V ≤ 11.0 3.48 3.23 3.08 223 
Interval 3 11.0 < V ≤ 13.1 1.83 1.58 1.42 1207 

Interval 4 13.1 < V 2.77 2.52 2.37 175 

T039-06      

Interval 1 V ≤ 11.3 1.90 1.34 0.95 1881 

Interval 2 11.3 < V ≤ 12.2 3.26 2.69 2.31 1682 

Interval 3 12.2 < V ≤ 13.2 1.93 1.36 0.98 2310 
Interval 4 13.2 < V 3.38 2.81 2.43 880 

T050-04      

Interval 1 V ≤ 11.9 1.08 1.10 1.11 277 

Interval 2 11.9 < V 3.01 3.04 3.05 799 

T050-09      

Interval 1 V ≤ 10.0 1.46 0.85 0.58 425 

Interval 2 10.0 < V ≤ 11.4 2.50 1.89 1.62 807 
Interval 3 11.4 < V ≤ 13.0 2.23 1.62 1.35 3762 

Interval 4 13.0 < V 1.98 1.37 1.10 1765 

T050-10      

Interval 1 V ≤ 9.8 1.11 1.12 1.12 222 

Interval 2 9.8 < V ≤ 11.8 2.10 2.11 2.11 1239 

Interval 3 11.8 < V ≤ 13.1 2.38 2.39 2.39 2148 
Interval 4 13.1 < V 3.17 3.18 3.19 517 

T050-12      

Interval 1 V ≤ 10.8 1.28 1.27 1.26 570 

Interval 2 10.8 < V ≤ 12.4 2.10 2.09 2.09 2016 

Interval 3 12.4 < V ≤ 13.2 2.11 2.10 2.10 1911 

Interval 4 13.2 < V 3.45 3.44 3.43 862 

T053-13      

Interval 1 V ≤ 10.6 1.05 0.81 0.70 922 

Interval 2 10.6 < V ≤ 12.0 1.63 1.39 1.28 2518 

Interval 3 12.0 < V ≤ 13.2 1.36 1.11 1.00 5192 

Interval 4 13.2 < V 2.11 1.87 1.76 1601 

T074-02      

Interval 1 V ≤ 11.6 1.91 0.57 0.31 490 
Interval 2 11.6 < V 2.76 1.42 1.17 1080 

T074-04      
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Interval 1 V ≤ 11.5 1.85 1.23 0.96 404 

Interval 2 11.5 < V 2.98 2.35 2.08 1528 

T075-02      

Interval 1 V ≤ 10.7 1.09 0.50 0.23 170 

Interval 2 10.7 < V 2.64 2.05 1.78 979 

T075-04      

Interval 1 V ≤ 11.7 2.32 1.18 0.96 626 

Interval 2 11.7 < V 2.93 1.79 1.58 1547 

T075-05      

Interval 1 V ≤ 11.5 1.33 0.81 0.57 460 

Interval 2 11.5 < V 3.28 2.76 2.51 1207 

T075-08      

Interval 1 V ≤ 10.9 1.60 0.93 0.63 711 
Interval 2 10.9 < V ≤ 14.0 2.28 1.61 1.30 3498 

Interval 3 14.0 < V 3.76 3.09 2.79 362 

T110-06      

Interval 1 V ≤ 11.5 1.70 1.20 1.08 504 

Interval 2 11.5 < V ≤ 13.5 2.89 2.40 2.27 1570 

Interval 3 13.5 < V 3.25 2.75 2.63 244 

 

4.4 Overall evaluation 

 

Table III shows the r2 (R-squared) for the two regression models when the models are applied on every 

vessel group. It is seen that both models lead to an r2 value of 0.60–0.80 for most of the vessel groups. 

It is noted that T053-13 is an outlier, with r2 = 0.376 and r2 = 0.381 for the two models, although a lot 

of noon reports are available for this group. The explanation for this odd behaviour is a result of the fact 

that the group consists of older vessels installed with relative large engine power, thus designed to go 

at a higher speed than what they have been actually sailing during the considered reporting period. In 

turn, this means that the performance varies significantly depending on encountered conditions; 

altogether making the outcome of this group much more scattered than what is observed the other vessel 

groups. 

 

Table III: Resulting r2 values for, respectively, the draught-dependent regression model, cf. Eq.(5), and 

the draught- and speed-dependent regression model, cf. Eq.(8). 

Vessel 
Groups 

r2

 – Eq.(5) 
(“simple” model) 

r2

 – Eq.(8)       
(Extended model) 

No. of NR 

T035-03 0.694 0.704 1813 

T039-06 0.681 0.687 6753 

T050-04 0.662 0.722 1076 

T050-09 0.609 0.616 6759 

T050-10 0.668 0.693 4126 

T050-12 0.652 0.675 5359 

T053-13 0.376 0.381 10233 

T074-02 0.751 0.760 1570 

T074-04 0.776 0.791 1932 

T075-02 0.699 0.716 1149 

T075-04 0.725 0.727 2173 

T075-05 0.719 0.757 1667 

T075-08 0.665 0.678 4571 

T105-02 0.824 - 327 

T110-06 0.790 0.812 2318 
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Overall, the r2 values increase for all vessel groups when the speed-dependent, extended regression 

model is considered. This was noticed also by visual inspection of the plots in Figs.7 and 8. Indeed, the 

piecewise regression model did capture the trend of the NR data, and, at the same time, the modelled 

output matched the towing tank test curves at the higher speed intervals. In fact, although not shown in 

the paper, similar visual observations can be made for the other vessel groups considered in the study. 

 

5. Conclusions 

 

This paper has studied the relationship between attained speed and used power by ships sailing at sea. 

The paper was focused on the exponent of this relationship. A data-driven analysis was made on the 

basis of a model established from principles of naval architecture and an economic framework. 

 

Based on noon report data from 88 tankers in the 35,000–110,000 DWT segment, and the development 

of a draught- and speed-dependent regression model, it can be concluded that the exponent for this 

vessel type is significantly lower than 3 at speed intervals below the design speed. It has been shown 

that the regression model yields results in good agreement with the reported operational data. In a 

context of practical vessel performance monitoring, the study showed that resistance towing tank 

curves, often used as benchmark, cannot blindly be (mathematically) extrapolated to the full operational 

speed range by assuming a constant exponent. In this respect, it is imagined that models, like presented 

in this paper, could be a useful tool to produce more reliable benchmarks in fuel performance 

evaluations if, say, results from towing tank tests are not available or not covering the relevant range of 

sailed speeds. 

 

In the literature, the speed-power exponent is almost always stated to be at least 3, and the International 

Maritime Organization reports, IMO (2014) “to ensure simplicity of analysis, the speed-resistance 

relationship is held as a cubic and no uncertainty is applied”. This gives, erroneously, a good reason for 

slow steaming when the fuel consumption is to be decreased. However, as empirically confirmed by 

this study, neither is the exponent constant nor is it close to 3, when sailing at speed intervals below the 

design speed. Therefore, speed optimization is a better strategy than (blind) speed reduction towards 

more sustainable shipping; somewhat logical and reasonable to experienced performance analysis teams 

but not necessarily to government officers and politicians discussing future regulations of shipping. 

 

It is important to mention that the modelled output, i.e. basically the speed-power exponent, depends 

on the correction of power where account for environmental effects (wind, waves, sea current) is made. 

In the present study, the noon report data was pre-corrected by COACH Solutions before being cast 

into the regression models. While ITTC (2017) is the basis for the correction, in-house details with 

regards to, e.g., computation of the added resistance in waves are not known to the authors. Clearly, the 

level of complexity in the individual correction procedure, notably for waves, can induce uncertainties 

in the final output of the regression model(s). As such, it would be interesting to study, in a future work, 

the sensitivity to the correction of power in the modelled output. 
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