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Scope  
•Examine the practice of slow steaming from 
various angles 

•Outline some fundamentals 

•Analyse the main trade-offs 

•Present some decision models   

•Present some examples so as to highlight the 
main issues that are at play 
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• +SOME YET UNPUBLISHED STUFF 
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Speed taxonomy paper (2013) 
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Speed taxonomy paper 

Purpose  
 

•What has been done in 
this area? 

 

•42 papers reviewed 

1st cut 
 

•Non-emissions related 
(circa 1981) 

 

•Emissions-related (circa 
2009) 
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How many? 
 

•1981-2013 (32 years): 42 papers 

 

•2013-2014 (<2 years): ? 
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•≥21 new publications in 2013 and 2014 alone 
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Topics 

include 
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Latest citation 
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Ship speed 

• Has always been important 

 

• Increasingly important in 
recent years 

 

• Economic considerations 

• Operational considerations 

• Environmental considerations 

• Environmental 
considerations 
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Rationale 

•Need to optimize 
ship economic 
performance in 
these difficult times 
(high bunker prices 
and low freight 
rates)  

•Important 
byproduct: reduce 
emissions 

 

 

•---> Slow steaming 
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*Psaraftis, H.N. and C.A. Kontovas (2009), “CO2 Emissions Statistics for the World Commercial Fleet”, WMU Journal of Maritime 
Affairs, 8:1, pp. 1-25.  
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Speed reduction 
•An obvious way to reduce emissions 

 

•Killing 3 birds with one stone? 

 

•Pay less for fuel 

•Reduce CO2 (and other) emissions 

•Help sustain a volatile market 

 

 

•Win-win-win? 
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Is it always win-win? 
•NOT NECESSARILY! 

 

•Adding more ships to maintain same throughput 
will entail a cost 

•Delaying cargo delivery will increase (in transit) 
inventory costs 

•Shrinking fleet supply may increase freight rates 

•Ships going slower may shift cargo to other 
modes, possibly increasing overall CO2 

•Building more ships to match throughput will 
increase CO2 due to shipbuilding and scrapping! 
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Dual targetting 

•OPERATIONAL 

 

•Operate existing 
ships at reduced 
speed (derate 
engines) 

•Slow steaming kits 

 

•STRATEGIC 
(DESIGN) 

 

•Design new ships 
that cannot go very 
fast (have smaller 
engines) 
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How much slower? 

•From 20-25 knots, go 
down to 14-18 

 

•New Maersk 18,000 TEU 
ships: 17.8 knots 

 

 

•Project ULYSSES:  

 Go 5-6 knots! 
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Maersk 3E: 18,000 TEU 
• Economy of scale, Energy efficiency and Environmentally improved 

performance 
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3E is green 
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In many OR/MS maritime models 

•Speed is NOT a decision variable 

•Speed is only an IMPLICIT input 

 

•(implicit in the sense that it is implied by other 
explicit inputs, eg times between ports) 

 

•its potential impact on model outputs can only 
be considered indirectly 
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NOT including speed as a 
decision variable 

 

 

•May in some cases remove flexibility in 
the overall decision making process. 

•May render fixed-speed solutions 
subobtimal.  
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EXAMPLES 

•There are several fixed-speed models in 
the literature that include  

–port capacity constraints,  

–berth occupancy constraints,  

– time window or other constraints that preclude the 
simultaneous service of more than a given number of 
vessels 

–disruption scenarios that call for remedial action 

•Better solutions to these problems could 
conceivably be obtained if ship speed was 
allowed to vary  
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Shipping market behavior 
 

•If state of the market is up, ships tend to speed 
up, else they slow steam 

•If bunker prices are up, ships tend to slow 
steam, else they go faster. 

 

•(Intuitively) the ratio of (bunker price/freight 
rate) seems to be an important parameter 
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Some fundamentals 
 

• Ships do NOT trade at predetermined speeds! 

• Those who pay for the fuel will choose an optimal 

speed as a function of  basically 2 things: 

 

– (a) bunker price, and  

– (b) the state of the market and specifically the spot rate  
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Who pays for the fuel? 
 

• the ship owner if the ship is in the spot market 

on a voyage charter 

• the charterer if the ship is on a time or bareboat 

charter 

 

 

 



02/06/2014 27 ROUTE 2014 

Who and what 
 

•who is the speed optimizer? 

 

•what is being optimized? 

 

 

•owner in spot market: Max profit 

•time charterer: Min cost 
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Fundamentals ii 

•Even though the owner’s and time charterer’s 

speed optimization problems may seem at first 

glance different, for a given ship the optimal 

speed (and hence fuel consumption) is in both 

cases the same.  

• In that sense, it makes no difference who is 

paying for the fuel, the owner, the time 

charterer, or the bareboat charterer.  
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• OBJECTIVE: Maximize average per day profits 

• s: spot rate ($/tonne) 

• C: payload (tonnes) 

• p: fuel price ($/tonne) 

• F(v): daily fuel consumption at speed v 

• D: route r-trip distance 

• E: OPEX ($/day) 

Owner problem 
source: Devanney (2010) 
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Time charterer problem 
 

• OBJECTIVE: Minimize average per day costs 

• R: demand requirements (tonnes/day) 

• T: time charter rate ($/day) 
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Role of ratio ρ= p/s  
(fuel price to spot rate) 

•Both problems reduce to: 
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Ratio ρ=p/s  
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Exceptions  
•If ship on voyage charter, speed in laden leg 
may be specified in the charter party agreement 

•That speed may not be equal to the optimal 
speed the owner would choose 

•In this case, there is no optimization involved in 
the laden leg 

 

 

•Time windows on delivery may also implicitly 
determine laden speed 
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Is slow steaming being 
practised today? 
  

OF COURSE! 

•Practically 0 tanker and bulk carrier lay up 

•0.2 mm tons of bulkers laid up out of 564.1 mm 
afloat* 

•2.6 mm tons of tankers out of 440.1 mm tons 
afloat* 
 

*Clarksons Shipping Intelligence Weekly, 2011-06-03, 
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Fuel consumption function 
•MOST MODELS ASSUME 

 

•FC = kV
3

 (cubic) 

•Reasonable approximation in many cases 

 

•Problem: exponent may be >3 for some ships 

•Problem: FC=0 for v=0 

•Problem: FC may depend on payload 
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More general FCs 

 

• FC = (A+BV
n
)Δ

2/3 

  Δ= ship’s displacement 

 

 

• FC =f(V,w) (general) 

 

• Depends on both speed 
V and payload w 
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Gkonis and Psaraftis (2012): 
a 2-level approach  
 

Level 1: speed optimization for single tanker over a defined route 

– Typical ship / trading routes  

– defined scenario (e.g. freight rate levels & bunker prices) 

– Output: laden and ballast leg speeds / emissions  

D A T A

E M I S S I O N S  C A L C U L A T I O N S

( C O 2 ,  N O x ,  S O 2 ,  P M )  

E M I S S I O N S  G R A P H S

T R A D E  R O U T E

F U E L S

C O S T S  -  

F R E I G H T

M A I N  E N G I N E

1 - v e s s e l  

C A L C U L A T I O N S

I N D E X   -  T A B L E  O F  

C O N V E R S I O N S

S P E E D  O P T I M I S E R

E N U M E R A T I O N  

O F  R E S U L T S  -  

O P T I M A L  

S P E E D S
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Gkonis and Psaraftis (2012) cont’d  
 

Level 2: calculation of emissions for a segment of the global tanker fleet 

 does not refer to a specific route / basis: annual tonne*miles 
throughput of the fleet / speeds from Step 1 

 Output: annual emissions / operational aspects (e.g. fuel consumption) 

D A T A

E M I S S I O N S  C A L C U L A T I O N S

( C O 2 ,  N O x ,  S O 2 ,  P M )  

E M I S S I O N S  G R A P H S

T R A D E  R O U T E

F U E L S

M A I N  E N G I N E

F L E E T  

C A L C U L A T I O N S

I N D E X   -  T A B L E  O F  

C O N V E R S I O N S

 

TRADE 
ATTRIBUTE

S 
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2 cases 

 

Case 1:  

 Laden leg speed constrained around (+/- 1 kt) of 
average service speed  

 (speed at ~ 90% MCR) 

 Ballast speed free 

  

Case 2:  

 No operational restrictions imposed on either      
speed (other than technical limits)  
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General trend 
Case 1 (Laden speed restricted, ballast speed 
free):  

   Laden speed > ballast speed 

 

Case 2 (both speeds free):  

   Laden speed < ballast speed 
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Speed differentials, all tanker types 

Ballast sailing slow-steaming (Case 1)
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SENSITIVITY ANALYSES (VLCC)  

 
Impact of higher freight rates   
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SENSITIVITY ANALYSES (VLCC)  

 
Impact of higher freight rates cont’d  
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BASIS: PREVIOUS SIMULATIONS 
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SENSITIVITY ANALYSES (VLCC)  

 
Impact of inventory costs   
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‘IN TRANSIT’ INVENTORY COSTS INCLUDED IN COST EQUATION  
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If inventory costs are 
factored in 
•Generally laden speed goes up 

•Generally does not reach the level of Case 1 
(laden speed restricted) 

 

•Daily inv. cost ($/tonne/day) = P*R/365 

     P=CIF value of cargo 

     R: cargo owner’s interest rate 

 

Inventory costs can be important for high-valued 
cargoes 
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Impact on modal choice 

•Mode 1: ship 

 

•Mode 2: land-based 
mode (eg, rail or road) 

 

 

•Ship’s speed reduced 
from V to V-ΔV due to 
slow steaming 
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Multinomial logit model 
•2 modes i=1,2 
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Generalized cost 
•C = p + kt 

 

•p: freight rate 

•t: transit time (door to door) 

•k: unit cargo inventory cost = PR/365 
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Possible modal shifts: 
Tran-siberian railway example 

•  

Brussels, 16/11/2010 50 
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Scenario 
Ships reduce speed due to higher fuel prices and 
fleet overcapacity 

Result: Reduced CO2, less fuel 

 

Side-effects: Inventory costs, potential cargo 
shifts 

 

Question: how much cargo will shift to the railway 
mode? 

 

Reference: Psaraftis and Kontovas (2010) 

 Brussels, 16/11/2010 51 
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Changing proportions 
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Trans-siberian railway cont’d 
 

 

 

•43,000 km  

•FC=7.8 gr CO2/tkm at full speed 

•V = 800 km/day (abt 18 knots) 

•ΔV = 0.3V (reduction to abt 12.6 knots) 

•FC reduced in a quadratic fashion 

•Hauling 150,000 tons of cargo produces 18,000 
tons of CO2 

 

 

•Far East to Europe by boat 
 

 

 

 

Brussels, 16/11/2010 53 
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Trans-siberian railway cont’d 
•  

 

Far East to Europe by rail  

 

•12,000 km (10,000 +2,000) 

•Cargo arrives 26 days earlier  

•Lower inventory costs, depends on value of cargo 

•18 gr CO2/tkm  for electric traction 

•Hauling 150,000 tons of cargo produces 32,000 tons 
of CO2 

 

 

 

 
Brussels, 16/11/2010 54 
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Possible shifts 
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Sulphur Emissions Control Areas: 

SECAs 

•SO2 reduction: high on 

IMO agenda 

•Regional policies 

•Big question: how to 

limit SO2 emissions 

•Various measures 

(cleaner fuel, 

scrubbers) 
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EU new sulphur directive 
 

 

 

•Mandates 0.1% S fuel in SECAs as of 1/1/2015 

•Big problem for competitiveness of Ro/ro 
carriers in Baltic and North Sea 

•May lose traffic to land based modes 

•Some routes become unprofitable and shut down 

•Serious side effects for many other industries 
(forest, mining, etc) 

•Industry is striving to seek solutions 
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Low S-fuel vs scrubber 

Low S-fuel 
•0.1% as of 1.1.2015 

•$876/tonne 

•All of extra costs are 
speed dependent 

•Optimal speed will be 
reduced 

 

 

 

 

 

 

Scrubber 
•Can still burn HFO 
($600/tonne) 

•Very expensive capital 
investment 

•Extra operational cost 
per fuel burned 

•Most of extra costs are 
fixed 

  Same ship will have a different optimal speed in 
each of 2 cases (lower for low-S fuel case) 
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Result (Psaraftis and Kontovas, 2009) 

•A deep sea ship may slow down within a SECA 

to save fuel costs 

 

•If ship speeds up outside the SECA to make up 

for lost time within the SECA, 

 

•This will result in more total emissions (of all 

gases, including SOx) and more total fuel 

spent. 
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Combining speed and routing 
decisions 
 

 

•Psaraftis & Kontovas (2014) 

•Pick up and delivery setting 

 

•Input parameters fuel price, charter rate & value 
of cargo can influence both ship speed and the 
routing decision! 
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Cost components 

 

• Fuel costs  (<--> emissions) 

• FC depends on both speed and payload 

 

• Time charter costs 

 

• In-transit cargo inventory costs 
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Solution by DP 
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Min emissions vs min cost 
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Moreover  

•Sailing the minimum distance route at 
minimum speed may not minimize 
emissions 
 

 

•Paradox? 

•No. This may involve a heavier load profile which 
would result in higher fuel consumption (and 
emissions) overall, even though the route may 
be shorter.  
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Optimal speed vs charter rate 
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Impact of inventory costs 

•Expensive cargoes 
sail faster and induce 
more CO2 
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Conclusions 
•Slow steaming is a key determinant to both 
shipping economics and the environmental 
sustainability of maritime transportation  

•We anticipate that research in this area will 
continue.  

•In particular, we anticipate research in this area 
to increasingly take into account environmental 
considerations. 
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THANK YOU VERY MUCH! 
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