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Outline of presentation 

•Development of GDP, trade, energy consumption and maritime 
transport 1970 – 2012

•Shipping emissions and legislation
•The climate effect from shipping 
•Hybridization might reduce the environmental problems with low 

power operations
•Assessment of cost as a function of  abatement options in 

maritime emission control areas. 
•Continued use of Heavy Fuel Oil at high seas might maintain the 

cooling effect of shipping and maritime transport





Globalization: fuel consumption in maritime transport has increased 
less than ton-miles, less than tons moved, and less than world trade, 
however the main source of the reduction is economies of scale 

Source: UNCTAD 2014; IEA 2014; Lindstad 2013; Eskeland and Lindstad 2015



Global fleet 2007 – 2012 (IMO 2014 & IMO 2009 GHG Study) 

Number 
of 

vessels 
2007

Number 
of 

vessels 
2012

 Average 
vessel 
size in 

dwt 2007

 Average 
vessel 
size in 

dwt 2012

Design 
Speed 
2007

Design 
Speed 
2012

Average 
Speed  
2007

Average 
Speed  
2012

CO2 2007    
IMO 2009 

GHG-
Study

CO2  
2007 

CO2 
2012 

Change 
in CO2 
2007 - 
2012

ton ton knots knots knots knots ton ton ton %
Dry Bulk 7 523 10 395 52 500 68 600 14.1 14.8 12.2 11.5 170 000 179 000 166 000 -7%
General Cargo 17 280 16 486 4 600 5 300 12.1 12.5 10.0 9.3 93 000 100 000 70 000 -30%
Container 4 398 5 132 34 200 41 600 20.3 21.3 16.3 14.6 241 000 206 000 205 000
Reefer 1 226 1 090 5 400 5 700 16.2 16.2 16.3 13.4 19 000 20 500 18 000 -12%
RoRo & Vehicle 2 410 2 585 7 200 7 600 16.3 16.3 15.0 15.0 42 000 56 000 56 000
OilTanker-mainly crude > 80' dwt 1 569 1 991 176 500 183 500 15.5 15.7 13.8 11.9 91 000 106 000 80 000 -25%
OilTankers-mainly product < 80'dwt 5 390 5 404 9 800 13 300 12.3 12.4 10.6 9.4 54 000 44 000 45 000 2%
Chemicals 3 868 4 935 15 800 18 000 13.4 13.6 12.1 11.1 53 000 58 000 55 000 -5%
LNG & LPG 1 368 1 612 22 800 27 600 14.9 15.6 13.1 12.9 38 000 32 000 50 000 56%
RoPax 2 784 2 867 1 400 1 600 17.9 16.6 13.8 10.7 61 000 46 000 32 000 -30%
Totals Cargo Vessels 47 816 52 497 22 500 30 800 14.1 14.6 12.0 11.1 862 000 847 500 777 000 -8%
Ferry-Pax only 3 019 3 152  100  170 23.5 22.6 18.7 13.8 17 000 19 200 12 000 -38%
Cruise  489  520 3 200 3 700 17.0 17.2 12.5 12.0 19 000 34 000 35 500 4%
Yacht 1 162 1 750  80  170 17.1 16.5 12.6 10.7 2 500 3 300 3 500 6%
Offshore 5 204 6 480 1 600 1 700 13.4 13.8 9.7 8.0 20 000 36 000 28 000 -22%
Service 17 808 18 064  490  540 12.0 12.0 8.7 7.5 52 000 53 600 34 000 -37%
Fishing 23 643 22 130  240  180 11.8 11.5 9.7 7.4 63 000 86 100 51 500 -40%
Other 1 169 3 008 1 100  60 11.3 12.7 8.7 7.3 10 500 15 300 7 500 -51%
Totals Other Vessels 52 494 55 104  480  530 12.9 12.9 10.0 8.1 184 000 247 500 172 000 -31%
Totals All Vessels 100 310 107 601 11 000 15 300 13.5 13.7 10.9 9.5 1046 000 1095 000 949 000 -13%

Vessel type



Key fleet and operational drivers 2007-2012 – Own analysis to 
understand the IMO 2014 GHG study   

DWT 
Capacity 
increase 
at equal  
speeds 
2007-
2012  

Emission 
change  
due to 

reduced 
sea 

speeds

Emission 
change  
due to 
EOS  

Emission  
Change 
due to  
change 
of fleet  

mix 

Change 
in CO2 
per ton 

nm 2007 
- 2012

Change 
in CO2 if 
operated 
at design 

speed 
2007 - 
2012

2007 2012 2007 2012 2007 2012 2007 2012

ton

Dry Bulk 52 500 68 600 16 000 20 000 39.0% 41.7% 81% -12% -8.5% 10.4 8.4 -19% 1%

General Cargo 4 600 5 300 2 400 2 300 5.9% 4.8% 2% -14% -4.6% 36.5 30.0 -18% 2%

Container 34 200 41 600 7 500 9 000 18.3% 18.8% 42% -20% -6.3% 30.5 23.0 -25% 3%

Reefer 5 400 5 700  250  225 0.6% 0.5% -6% -32% -1.8% 121.2 80.4 -34% -2%

RoRo 7 200 7 600  500  550 1.2% 1.1% 13% 0% -1.8% 101.6 99.8 -2% -2%
OilTanker-mainly 
crude > 80' dwt

176 500 183 500 9 500 10 000 23.2% 20.8% 32% -26% -1.3% 10.9 8.0 -27% 1%

OilTankers-mainly 
product < 80'dwt

9 800 13 300 1 700 2 000 4.1% 4.2% 36% -21% -9.7% 31.4 22.3 -29% -9% (1)

Chemicals 15 800 18 000 1 900 2 300 4.6% 4.8% 45% -15% -4.2% 30.0 24.3 -19% -1%

LNG & LPG 22 800 27 600 1 100 1 500 2.7% 3.1% 43% -3% -6.2% 36.6 33.4 -9% 3%

RoPax 1 400 1 600  150  125 0.4% 0.3% 18% -40% -4.3% 439.2 252.8 -42% -18% (2)

Totals Cargo Vessels 22 500 30 800 41 000 48 000 100% 100% 50% -16% -5.5% -4.5% 20.7 16.2 -25%

(1) 35 % increase in size    (2) 25 % decrease of average speed

Vessel type

Gram/ton nmBillion ton nm

 Average vessel 
size in dwt Freight work 

Market share 
of freight 

work  

CO2 - per ton 
nm  



Shipping represents a significant share of the 
global NOx and the SOx emissions

− Measured in million ton
− CO2 1 050 (2007) – 950 (2012)  
−NOx       25 (2007) – 19 (2012)  
− SO2 15 (2007) – 11 (2012)

− Measured as % of global total 
−NOx       12.5% (2007) – 15% (2012)  
− SO2 7%     (2007) – 13% (2012) 
− CO2 3.3% (2007) – 2.7%(2012)

Sources - IMO 2009 GHG study: and IMO 2014 GHG study
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Basic Combustion engine – and input and output when engine
is adjusted to produce power without any focus on emissions 

Source: Input figures and drawing from Man B & W, animation from wikipedia.org

Exhaust gas
75.8%   N2

13.0%    O2

5.35%   H2O
94.15%  in Subtotal

5.2%  CO2

0.25% NOx = 22 g/kwh (Tier 1 =17)
0.15 % SO2

0.045 % HC
0.015 % CO
5.66 % in Subtotal

BC - Black Carbon 
PM2.5 - Particles 
Other 
0.19 % in Subtotal 

Air
8.5  kg/kWh
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79% N2
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1    g/kWh

97% HC
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0.5% S
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175  g/kWh
97% HC
3%   S

Work

Heat 
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Current Emissions regulation (MARPOL annex VI)

•Current emissions regulations provide limits for SOx and NOx, for 
health and environmental reasons (Tier I,II,III) , Sulphur ECA and 
for CO2 to mitigate global warming (EEDI)  

•Counterintuitively, the NOx and the SOx emissions mitigate
against global warming , while the unregulated emissions, i.e. BC 
and CH4 contribute to global warming. 

•From an environmental viewpoint one of the challenges with the 
current IMO legislation is that it assumes medium to high power 
operations under test bench conditions



Global Warming Potential – CO2 eq.

•Since the impact of each emission species depends strongly on 
where a vessel operates, region-specific Global Warming 
Potential (GWP) characterizations are needed to more accurately 
quantify the climate impact of each emission species. 

•Emission metrics such as GWP, with emission impacts expressed 
as "CO2 equivalents" have become the common currency to 
benchmark and communicate the relative and absolute 
contributions to climate change of emissions of different 
substances (Shine, 2009). 

•The GWP integrates radiative forcing from a pulse up to the 
chosen time horizon which in a sense constitutes a memory of 
the earlier short lived forces.

•GWP is usually integrated over 20, 100 or 500 years consistent 



The climate effects from shipping arise from

•CO2 including CO which has a warming effect
•CH4 which has a warming effect 
•BC which has a warming effect
•N2O which has a warming effect
•NOx, which results in the production of tropospheric O3 (positive 

RF) and a reduction of ambient CH4, which has a cooling effect
•SOx (sulphate particles) which has a cooling effect
•OC which has a cooling effect
•Formation or change in low-level clouds which has a cooling 

effect 
Source: Source:, IPCC 2013.  FIFTH ASSESSMENT REPORT OF THE INTERGOVERNMENTAL 
PANEL ON CLIMATE CHANGE. www.ippc.ch; IMO 2009 GHG study 



Global Warming Potential (kg-CO2-equivalents) 

Emission type CO2 BC CH4 CO N2O NOx SO2 OC

GWP20 World factors 1 1200 85 5.4 264 -15.9 -141 -240
GWP20 Arctic factors 1 6200 85 5.4 264 -31 -47 -151
GWP100 World factors 1 345 30 1.8 265 -11.6 -38 -69
GWP100 Arctic factors 1 1700 30 1.8 265 -25 -13 -43

Source:, IPCC 2013.  FIFTH ASSESSMENT REPORT OF THE INTERGOVERNMENTAL 
PANEL ON CLIMATE CHANGE. www.ippc.ch



Hybridization is one option to 
partly solve the 
environmental problem with
low power operations

Source: Lindstad, H., Sandaas, S. 2014 Emission and Fuel Reduction for Offshore Support Vessels 
through Hybrid Technology. SNAME  Convention, Conference proceedings, Houston, Oct. 2014.



CO2 eq. emissions
North Sea & Gulf of Mexico versus Arctic 

Source: Lindstad, H., Sandaas, S. 2014 Emission and Fuel Reduction for Offshore Support Vessels 
through Hybrid Technology. SNAME  Convention, Conference proceedings, Houston, Oct. 2014.



Assessment of cost as a function of abatement options 
in maritime emission control areas  
(Accepted For publication in Transportation Research Part D)

Haakon Lindstad1 , Inge Sandaas2, Anders H. Strømman3

1Norwegian Marine Technology Research Institute (MARINTEK), Trondheim, Norway
2United European Car Carriers (UECC), Oslo, Norway
3Norwegian University of Science and Technology (NTNU), Trondheim, Norway

ABSTRACT
This paper assesses cost as a function of abatement options in maritime emission control 
areas (ECA). The first regulation of air pollutions from ships which came into effect in the late 
1990's was not strict and could easily be met. However the present requirement (2015) for 
reduction of Sulphur content for all vessels, in combination with the required reduction of 
nitrogen and carbon emissions for new-built vessels, is an economic and technical challenge 
for the shipping industry. Additional complexity is added by the fact that the strictest nitrogen 
regulations are applicable only for new-built vessels from 2016 onwards which shall enter US 
or Canadian waters. This study indicates that there is no single answer to what is the best 
abatement option, but rather that the best option will be a function of engine size, annual 
fuel consumption in the ECA and the foreseen future fuel prices.  However a low oil price, 
favors the options with the lowest capex, i.e. Marine Gas Oil (MGO) or Light Fuel Oil (LFO), 
while a high oil price makes the solutions which requires higher capex more attractive.



Assessment of cost as a function of abatement options in 
maritime emission control areas 



Existing vessels with 12 000 kW engine

Source: Lindstad, H., Sandaas, I., Strømman, A.H., 2015 Assessment of cost as a function of abatement 
options in maritime emission control areas. Accepted for publication in Transportation Research Part D



New-built vessels with 12 000 kW engine in Sulphur 
and Nitrogen ECA

Source: Lindstad, H., Sandaas, I., Strømman, A.H., 2015 Assessment of cost as a function of  abatement 
options in maritime emission control areas. Accepted for publication in Transportation Research Part D



New-built vessels with 4 000 kW engine in Sulphur and 
Nitrogen ECA

Source: Lindstad, H., Sandaas, I., Strømman, A.H., 2015 Assessment of cost as a function of  abatement 
options in maritime emission control areas. Accepted for publication in Transportation Research Part D



Maritime Shipping and Emissions: A three-layered, damage based approach
Haakon Lindstad1, Gunnar S. Eskeland2 Harilaos Psaraftis3 Inge Sandaas4 Anders H. 
Strømman5

1Norwegian Marine Technology Research Institute (MARINTEK), Trondheim, Norway
2Norwegian School of Finance (NHH), Bergen, Norway
3 Technical University of Denmark, Lyngby, Denmark 
4United European Car Carriers (UECC), Oslo, Norway
5Norwegian University of Science and Technology (NTNU), Trondheim, Norway

ABSTRACT
An important idea is to shift the policy emphasis in ship design from idealized towards 
realistic vessel operating conditions. The traditional approach to reducing shipping 
emissions, based on technical standards, tends to neglect how damages and abatement 
opportunities vary according to location and operative conditions. Since environmental 
policy originates in damages relating to ecosystems, and jurisdictions, a three-layered 
approach is ‘natural’; in port, in coastal areas possibly defining an Emission Constraint 
Area (ECA as in North America or Nordic/Baltic), and open seas, globally. 

Corresponding author: Haakon@marintek.sintef.no

Lindstad, H., Eskeland. G., Psaraftis, H., Sandaas, I., Strømman, A., H., 2015 Maritime Shipping and 
Emissions: A three-layered, damage based approach. Submitted to Ocean Engineering Journal



CO2 eq. based on a 20 year time frame (GWP20) per 1000 
kWh as a function of power, fuel, and operational area



CO2 eq. based on a 100 year time frame (GWP100) per 1000 
kWh as a function of power, fuel, and operational area



Average Global warming impact over 20 and 100-year horizon in kg 
CO2-equivalents per 1000 kWh produced (25 % of distance in ECA)



Annual figures for a 17 000dwt vessel with 7 500 kW engine in 
North Atlantic trades (4000 nm of which 1000nm in ECA) 



It might be that it will be more benefical with the 
following legislation.

1. Batteries, clean fuels or cold ironing in ports
2. Clean fuels  close to land or when extra power is required 

for loading and discharging 
3. Continued use of heavy fuel oil ( HFO 2.7% ) at deep sea 
4. Solutions where NOx  is rather maximized than minimized 

at sea and only minimized close to land and in ports
5. Strict regulation of Black carbon in Artic areas and close 

to glaciers  



Inspiration from the car industry – Our next step will be well
to propeller and not only tank to propeller (Application of LCA)



We have already a good start in this domain

November 2013

April 2011

April 2012

April 2011

May 2014



Cost and emissions reductions through hybrid power options for 
sea going cargo vessels
Power solutions for seagoing vessels have generally been designed and optimized to 
enable operation at maximum economic speeds based on hydrodynamic considerations, 
and in addition that vessels have the required power to be seaworthy and maneuverable 
in rough weather and at any sea state. 

There is no-proven methodology available for calculating minimum power, and in this 
study we make the following assumptions: 

• The current installed power reflects what is power is required for bulkers and tankers 
in survival conditions at high sea states for short periods

• The average required power for a bulker or a tanker at high sea states is 70 % of the 
current installed power.

• At moderate sea states, 30 – 50 % of current installed power is required for achieving 
speeds from cost minimizing and upwards  

• At calm water, 15 %  to 40 % of installed power is required to operate at cost 
minimizing speeds and upwards 
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