Ship Energy Performance Framework
Case Study: Onboard Carbon Capture system for a

Very Large Gas Carrier

Tier 3: Improvement Investigation

CASE

ABS received many requests from shipowners to provide decision support for onboard carbon capture systems
(OCCS) if future greenhouse gas (GHG) regulations account for carbon capture.

A shipowner requested ABS to compare a base vessel using heavy fuel oil (HFO) to alternative OCCS
scenarios with 80 percent and 50 percent nominal capture rates, considering capital expenditure (CAPEX) and
operating expenditure (OPEX) for system and regulatory compliance costs.

METHODOLOGY

ABS carries out life-cycle cost analysis (LCCA) by applying proprietary tools based on the methods in the
National Institute of Standards and Technology Handbook 135. The LCCA is based on cash flows, such as

CAPEX, additional energy, fuel price, regulatory compliance cost and annual maintenance, to quantify the
economic feasibility and desirability of the two scenarios under consideration.

DELIVERABLES
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Net Present Cumulative Cost:

Sensitivity analysis: CAPEX Difference vs. HFO costs:
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NET PRESENT CUMULATIVE COSTS
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OCCS 80% Capture Rate

Cost of Scenario
$15,890,500 | $13,390,500 | $12,390,500 | $11,640,500 | $10,140,500 | $ 9,390,500 | $ 8,390,500 | $ 5,890,500

$ 150 7.54 6.70 6.34 6.07 5.45 5.13

$ 250 7.93 7.08 6.71 6.42 5.82 5.49 5.05

$ 350 8.31 7.46 7.10 6.82 6.21 5.89 5.42

$ 450 8.72 7.87 7.50 7.22 6.62 6.30 5.85
e $ 550 9.14 8.29 7.94 7.65 7.06 6.73 6.28 4.97
E $ 650 9.57 8.74 8.37 8.10 7.50 7.19 6.74 5.43
‘8 $ 750 10.04 9.20 8.84 8.56 7.99 7.66 7.23 5.98
C] $ 850 10.47 9.67 9.32 9.05 8.46 8.16 7.73 6.49

$ 950 10.94 10.16 9.82 9.54 8.98 8.67 8.25 7.07

$ 1,050 11.44 10.63 10.30 10.06 9.49 9.20 8.79 7.63

$ 1,150 11.97 11.14 10.80 10.55 10.04 9.75 9.34 8.22

$ 1,250 12.57 11.68 11.34 11.08 10.55 10.29 9.92 8.83

$ 1,350 13.24 12.29 11.91 11.64 11.10 10.83 10.46 9.44

OCCS 50% Capture Rate
Cost of Scenario
$15,590,500 | $13,090,500 | $12,090,500 | $11,340,500 | $ 9,840,500 | $ 9,090,500 | $ 8,090,500 | $ 5,590,500

$ 150 9.08 8.16 7.81 7.56 7.04 6.74 6.31 5.01

$ 250 9.49 8.52 8.14 7.87 7.34 7.07 6.65 5.38

$ 350 9.95 8.90 8.51 8.22 7.65 7.38 7.01 5.79

$ 450 10.47 9.34 8.91 8.60 7.99 7.71 7.33 6.20
- $ 550 11.04 9.82 9.37 9.02 8.39 8.07 7.67 6.58
E $ 650 11.70 10.38 9.87 9.52 8.81 8.48 8.04 7.00
‘8 $ 750 12.45 11.01 10.46 10.06 9.30 8.93 8.47 7.36
E] $ 850 13.30 11.73 11.13 10.70 9.86 9.46 8.94 7.75

$ 950 14.31 12.57 11.91 11.44 10.51 10.06 9.50 8.19

$ 1,050 15.50 13.55 12.82 12.29 11.27 10.78 10.14 8.70

$ 1,150 16.96 14.72 13.89 13.30 12.16 11.62 10.91 9.29

$ 1,250 16.17 15.21 14.53 13.23 12.62 11.82 9.98

$ 1,350 18.02 16.87 16.05 14.54 13.83 12.92 10.84
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Sensitivity analysis: CAPEX Difference vs. CO, — Discharge Cost:

OCCS 80% Capture Rate

Cost of Scenario
$15,890,500 | $13,390,500 | $12,390,500 | $11,640,500 | $10,140,500 | $ 9,390,500 | $ 8,390,500 | $ 5,890,500

$

$ 25 3.83
[ $ 50 4.59 3.93
% $ 75 5.65 4.88 4.56 4.32 3.82
§- $ 100 7.08 6.24 5.89 5.60 5.02 4.71 4.29
§ $ 125 8.88 8.04 7.66 7.38 6.78 6.45 6.02 4.69
[ $ 150 11.01 10.22 9.88 9.60 9.04 8.73 8.31 7.12
g_ $ 175 13.95 12.91 12.52 12.22 11.64 11.36 10.98 10.01
S $ 200 17.87 17.22 16.74 15.82 15.38 14.80 13.43
o [$ 225
© |s 250

$ 275

$ 300

OCCS 50% Capture Rate

Cost of Scenario
$15,590,500 | $13,090,500 | $12,090,500 | $11,340,500 | $ 9,840,500 | $ 9,090,500 | $ 8,090,500 | $ 5,590,500

$ - 5.17 4.44 4.14 3.91

$ 25 5.94 5.13 4.79 4.54
- $ 50 6.78 6.01 5.63 5.35
2 [s 75 7.72 6.97 6.62 6.35
§- $ 100 8.92 8.02 7.69 7.43 6.92 6.60 6.19 4.87
§ $ 125 10.68 9.52 9.07 8.76 8.14 7.84 7.45 6.34
@ $ 150 13.51 11.89 11.29 10.84 9.97 9.57 9.04 7.82
2 |s 175 19.06 16.32 15.33 14.63 13.30 12.67 11.86 9.98
8 $ 200 18.54 14.78
S |$ 225
© s 250

$ 275

$ 300

CONCLUSION AND RECOMMENDATIONS

The LCCA studies are vessel-specific due to the definition of the vessel's operational profile and
design-based parameters.

Sensitivity scenarios are required to capture uncertainties.

An additional composite boiler is needed to provide the additional steam required for OCCS without
generating additional emissions from boiler use.

While the OCCS nominal capture rates were given as 80 percent and 50 percent, the analysis showed
that the net (actual) capture rates were 58.9 percent and 41.9 percent on average, respectively. This is
due to the additional consumption for capture and liquefaction.

Assuming that the net capture rates can be achieved and that the future regulations accept carbon
capture as a solution for the reduction of GHG intensity and therefore compliance, the payback periods
appear to be 7.0 and 8.5 years, respectively.

Due to the additional consumption required by the system, an increase in the cost of fuel will delay the
payback. Similarly, increasing the CAPEX will also delay the payback of the investment.

If the CO, discharge cost (per metric tonne of captured CO,) is above $200, then the installation of
OCCS will not be desirable.
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