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The challenge of maritime 
transport with no carbon 
emissions

The four “best” options for 
achieving net zero as soon as 
possible

Fleet Development by CO2 
technology & the  Shipbuilding 
Scenario
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1. The challenge of maritime 
transport with no carbon 

emissions
DO  NOT UNDRESTIMATE THE SCALE OF THE 

CHALLENGE.
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y = 6E-08x5 - 4E-05x4 + 0.0103x3 - 1.1875x2 + 51.191x + 1648.30
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Freight rates 1741-2022 (MEFI)

1. Wooden sailing ship era 2. Coal powered sea transport 3. Oil powered sea transport

Slide 1. THE CARBON CHALLENGE:  Phase out CO2 without increasing sea transport costs 

VARIABLES
1.Fuel cost
2.Speed
3.Propulsion system
4.Ship size
5.Transport system
6.Communications
7.Automation

1. 1820-1850: coal, paddle steamers, packets and tugs
2. 1850- 1914: iron/steel hulls, propeller, triple expansion engine, steam turbine, cable 
3. 1920-1970: slow speed diesel engine burning oil
4. 1950-70 : big fast bulk and specialised ships, welded Block Construction (HBC), mechanical hatch covers, specialist 

terminals
5. 1957-2000:Containerisation replaces cargo liners & tramps
6. 1960-2020: communications (telex, fax, internet, satellite (1980s)
7. 1960-2020: digital technology:  auto pilot, unmanned engine room, electronic engines, digital control systems, 

emissions measurement
8. 2020-2100: Decarbonisation of sea transport

4. THE 
NEW ERA

THE  CHALLENGE: STOP  FREIGHT COSTS RETURNING TO  PRE-FOSSIS-FUEL LEVEL

THIS CHART SHOWS THE COST OF SEA FREIGHT 
1750-2023 AFTER ADJUSTING FOR INFLATION – 

THE COST FELL BY 95% THANKS TO FOSSIL FUELS
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EXAMPLE: 30 12 MW wind turbines needed to provide 
electricity to produce 400 tonnes a day of green methanol 

(synthesising the methanol & delivery to ship is extra)

Diesel engine burning 
200 TPD of VLSFO at 
$550/tonne costs 
$76/MW hour

Slide 2: Green energy requires big up-front investment and  is expensive
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Slide 3: Electric & battery much more efficient than green fuel & slow 
speed diesel
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• Energy loss for battery driven 
vehicle is only about 25%, but 
internal combustion engines or fuel 
cells loss is  over 70%.

• The big losses for green fuels are: -
1. electrolysis to produce H2 (c.0%)
2. Synthesis of green fuel (?)
3. Engine losses (c. 50%)).
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2. The four “best” options 
for achieving net zero as 

soon as possible
The big problem for investors in the timing and 

limitations of  green technology 
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Slide 3: The four best 
low carbon options?

2. GREEN LIQUID FUELS: Hydrogen, 
Ammonia, green methanol delivered to 

ship: best early option in deep sea trades 
(nuclear reactor later?).

3. HEAVY FUEL OIL & CARBON 
CAPTURE (CCS); use HFO, 
capture CO2 and offload. 

Needs system for using carbon. 
Best retrofit option.

4. DIGITAL TECHNOLOGY & SPEED: 
smarter on-board operations, logistics & 

speed.  Best companies’ option.

w

1. GREEN ELECTRICITY & 
BATTERIES: best option   in 

the short sea trades
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3. Fleet Development -
CO2 technology & the  
Shipbuilding Scenario

HOW WILL THE MARKET HANDLE THE NEW TECHNOLOGY? 
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Slide 4: World Fleet Scenario – a course to zero carbon?
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This model projection illustrates how energy 
source of merchant ships might develop: -
1. Pre-2021 and Post 2020 HFO ships finally 

phased out in 2050. 
2. Fleet of some LNG vessels remains in 2050. 
3. Green fuel available in the mid-2020s and 

develop gradually. 
4. Carbon capture (new & retrofitted) crucial 

gap filler, with systems to handle captured 
carbon (e. g. when bunkering).
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TODAY’S 
FLEET

(pre 2021)
HFO, carbon 

capture 
,speed 

management 

LNG

GREEN 
FUELS

NUCLEAR

HFO 
(post 2021)

CARBON 
CAPTURE 
(HFO/LNG)
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Fast cyclical 
growth of sea 

trade

Over-capacity, 
trade slump & 

1930s depression

Shortage of shipyards 
as post-war global 

trade booms

Shipyard over- 
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long
trade slump
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& shipyard 

capacity cuts

Side 5: Shipbuilding cycles - will play a big part in the green investment program
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Side 6: the cycles are getting longer
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Slide 7: Maritime energy investment scenario 2020-2050
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Source: Martin Stopford 2023 

Green energy scenario illustrates how ship 
investment and CO2 management might 
develop as investors and shipyards adapt, 
including the shipbuilding cycle
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4. Conclusion
In an uncertain world change 

will not be easy!
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Slide 8 Shipbuilding market shares 1902-2023 – in a new technology era 
cooperation needed on green technology, protocols and standards 
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……Dr Martin Stopford,

Maritime Economics for 
Professionals  6 December 2023
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Three climate 
change scenarios

(Trend; Soft; Slump)

Scenario 1
21.4 Bt.

Scenario 2
15.5 Bt.

Scenario 3
11.3 Bt.

Trade Scenario 1: trade grows at 1.9% pa to 21. Bt. in 2050.
Trade Scenario 2: trade grows at 0.8% pa to 15 Bt. Bt. in 2050.  
Trade Scenario 3: trade grows slowly, then  falls to 11.6 Bt. in 
2050.

Slide 12: Sea trade growth rates remain very uncertain –which scenario?

Source: Martin Stopford: August 2022

SCENARIOS JANUARY 2023 – revised to reflect progress of pandemic and changing world economic outlook
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