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« Coal fired electricity generation with a total capacity of 1700 GW
account for 41% of electricity generation worldwide.

« Responsible for over 28% of global CO2 emissions

* Responsible for global warming and associated with devastating
public health and environmental impacts.

« Several coal user countries have been working on their nationl plans
to kick in global efforts to reduce CO2 emisions from their electricity
generation sectors through development and deployment of HELE
coal fired power generation technologies.
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Table 1. HELE technologies: Low heating value (LHV) based efficiency improvements, intensity factors and fuel
consumption [19].

Efficiency rate CO, intensity Coal Steam
(% net LHYV basis) consumption temperature
A-USC 45-50% 670-740 CO, /kWh | 290-320g/kWh 700 °C
USC Up to 45% 740-800 CO, /kWh | 320-340g/kWh 600 °C
SC Up to 42% 800-880CO,/kWh | 340-380g/kWh | Approx.
550 °C-600 °C
Subcritical | Up to 38% =880 CO,/kWh >380g/kWh <550 °C
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The 2DS Scenario
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Note: Carbon capture is integrated with HELE coal-fired units to minimise coal consumption and CO, abatement cost.
Figure. 1 Electricity generation from different coal-fired power technologies 4

in the 2DS
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« Coal is the largest source of
electricity generation. ASEAN Member Countries

» Installed capacity to increase
around 160 GW by 2040

« Coal generation will overtake
gas by 2040.

« Coal will provide 40% of
electricity generation by 2040.

 There is a regional
understanding among ASEAN
nations that growing use of
coal will necessitate a HELE INDONESTA
technology energy pathway.
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The Challenge and Motivation
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HELE coal-fired technologies are expensive to build. NEHEQEILE

High cost is the main restriction element for large scale deployment.
Subcritical technology have been traditionally preferred due to their
low upfront costs and shorter lead time.

It is highly likely that project developers end up accepting lower
efficiency and poor emission rates from sub-critical coal fired
technology.

To decarbonize electricity sector by 2050 under 2DS, subcritical
pants need to be completely phased out by 2050.

Following 2020, more efficient CCS and HELE coal fired power
plants are to be employed.

IEA thus recommends national energy plans and policies to rapidly
phase out construction and deployment of subcritical stations .

Progress on current deployment of HELE coal fuelled facilities is
slow and subcritical units are still being deployed.
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Methodology
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« The LCOE metric considers project’s overall expected lifetime costs
(including construction, fuel, financing, maintenance, insurance,
taxes, and incentives), which are then divided by project’s lifetime
expected power output (kWh).

« THE LCOE ins US$ per megawatt-hour(US$/MWh) is calculated

CAPEX x FCR+O&M,,.,
LCOE — + 0 & Mva: iable
CF %8760 |

+Hf

uel

x HR+R. xC,
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Levelized cost of electricity
(LCOE) generation

CAPEXXFCRJrO&MﬁM
LCOE = CF w3760 +0&M,_... +Hﬁwl x HR+R. xC,
T x

FCR is the fixed charge rate (US$/MWh), or in other words, the amount of revenue per
dollar of investment required that must be collected annually from customers to pay the
carrying charges on the investment;

CAPEX is the capital expenditure. There are no publicly available CAPEX data sets for
ASEAN countries. For our analysis, these figures are therefore replaced with engineering,
procurement and construction (EPC) costs in which other costs may incur additionally
such as land cost, cost of any additional emission controls, and other financing cost;
O&M,,, isthe fixed operation and maintenance (O&M) cost (US$/MWh);

CF is the capacity factor. It is a fraction between 0 and 1 representing the total generation of
a plant as proportion to its nameplate capacity;

8760 is the number of hours in a year;

O&M is variable O&M cost (US$/MWh);

var iable

I1,,, isthe fuel price (US$/G] (US$/MMBtu));

HR is the heat rate (GJ/MWh (MMBtu/MWh));
R, is the emission rate (ton/MWh); and

THE UNIVERSITY OF

NEWCASTLE

"USTRALIA


https://www.google.com/imgres?imgurl=https%3A%2F%2Fd3136b1o0oysf5.cloudfront.net%2Forganisers%2F207184%2F6qimSoI1NEWuVivH-Pur-A_500_500_Max.jpg&imgrefurl=https%3A%2F%2Fwww.stickytickets.com.au%2Fuonglobal%2Fdetails&docid=afy6o9c-zEzJLM&tbnid=yMjLgKvFknE7_M%3A&vet=10ahUKEwjS8bfciI3mAhXNSH0KHepvBpIQMwhLKAEwAQ..i&w=500&h=482&bih=654&biw=1536&q=newcastle%20logo%20UON&ved=0ahUKEwjS8bfciI3mAhXNSH0KHepvBpIQMwhLKAEwAQ&iact=mrc&uact=8

The four scenarios

« Scenario 1 (Base Scenario)

« Assumes no future for carbon pricing and no controls over NOx and SOx
emissions in Southeast Asia.

« LCOE analysis is simply based on base plant EPC, O&M, fuel costs, and
financing costs.

« Scenario 2 (Climate change mitigation scenario)

« We assume a small price of US$ 10/ton as a shadow price on carbon for the
achievement of low emissions to help limit global mean temperature under
2DS.

« Scenario 3 (Pollution Control Scenario)
« This scenario adds the cost of deSOx and deNOx facilities to the respective
coal-fired plants in our analysis.

« Scenario 4 (Climate change mitigation and pollution control scenario)
« Under this scenario, the costs of deSOx and NOx facilities and carbon
pricing are thus integrated in the overall costs of coal-fired plants.



Assumptions

Table 2. HHV based coal-fired power plant efficiencies and heat rates.

Efficiency rate Heat Rate of fuel
(% net HHYV basis ) [Btu/kWh] (HHV basis)
A-USC 47% 7259.57 [Btu/kWh]
usc 42% 8123.81 [Btu/kWh]
SC 39% 8748.72 [Btu/kWh]
Subcritical 35% 9748.57 [Btu/kWh]
Table 3. General assumptions for cost benefit analysis.
Values Remarks
Capacity 1,000 MW
Operation 20, 25 years For cash flow purposes
Operation rate 80%
Plant
Thermal 47%(A-USC), 42% (USC), 39% HHYV based values. A 3% decrease
efficiencies (5C), 35%(subcritical) in thermal efficiency is assumed.
Annual 7,008 GWh
generation
_ 4,000 kcal/Kg or equivalently
Heating value 05 656 Btu/Kg
Coal
specifications CO , emission Based on IPCC 2006 default

S

1.43 kg- CO , /kg coal

emission for stationary combustion
in the energy sector [31]. 10




Assumptions

Table 4. L.COE breakdown costs.

EPC
Base plant O&M
Fuel cost
EPC
LCOE deSOx O&M
deNOx Additional fuel cost
Financing Interest Rate of Return (IRR)
CO, Carbon

10
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Results
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SCENARIO 1 - BASE SCENARIO

SUS50/Ton (25 Yrs) SUS50/Ton (20 Yrs) m SUS80/Ton (25 Yrs) m SUSB0/Ton (20 Yrs) m SUS100/Ton (25 Yrs) m SUS100/Ton (20 Yrs)
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$US50/Ton (25 Yrs) 47 48 5 5.2
$US50/Ton (20 Yrs) 5.1 5.2 54 55

m SUSB0/Ton (25 Yrs) 5.7 6.1 63 6.5

m SUS80/Ton (20 Yrs) 6.1 6.5 67 6.8

m SUS100/Ton (25 Yrs) 6.5 7 72 74

m SUS100/Ton (20 Yrs) 6.9 7.4 75 7.7

Figure 3. Scenario 1 Sensitivity Analysis of LCOE for different coal prices and economic life span of the
subcritical and HELE plants.
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SCENARIO 2 - CLIMATE CHANGE MITIGATION SCENARIO
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SUS50/Ton (25 Yrs) 6 6.33 6.55 68

m SUS50/Ton (20 Yrs) 6.4 6.73 6.95 7.2

m SUS80/Ton (25 Yrs) 6.9 7.43 7.65 7.9

W SUS80/Ton (20 Yrs) 7.3 7.83 8.05 8.2

m SUS100/Ton (25 Yrs) 7.7 843 8.65 88

m SUS100/Ton (20 Yrs) 81 8.73 8.95 9.2

Figure 4. Scenario 2 Sensitivity Analysis of LCOE for different coal prices and economic life span of the
subcritical and HELE plants.
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SCENARIO 3 - POLLUTION CONTROL SCENARIO

SUSS0/Ton (25 Yrs) m SUS50/Ton (20 Yrs) m SUSB0/Ton (25 Yrs)  mSUSB0/Ton (20Yrs) mSUS100/Ton(25Yrs) mSUS100/Ton (20 Yrs)
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m SUS100,Ton (20 Yrs) 76 8 82 84

Figure 5. Scenario 3 Sensitivity Analysis of LCOE for different coal prices and economic life span of the
subcritical and HELE plants.
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SCENARIO 4 - CIMATE CHANGE MITIGATION AND POLLUTION CONTROL

SCENARIO
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m SUS80/Ton (20 Yrs) 74 7.93 8.15 83

= SUS100/Ton (25 Yrs) 7.8 8.43 8.65 89

m SUS100/Ton (20 Yrs) 84 8.83 9.05 93

Figure 6. Scenario 4 Sensitivity Analysis of LCOE for different coal prices and economic life span of the
subcritical and HELE plants.
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SCENARIO 1 - BASE SCENARIO
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Figure 7. Scenario 1 LCOE differences between HELE and subcritical technologies for different coal
prices and economic life span of the plant.
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SCENARIO 2 - CLIMATE CHANGE MITIGATION SCENARIO
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Figure 8. Scenario 2 LCOE differences between HELE and subcritical technologies for different coal
prices and economic life span of the plant.
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SCENARIO 3 - POLLUTION CONTROL SCENARIO
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Figure 9. Scenario 3 LCOE differences between HELE and subcritical technologies for different coal prices
and economic life span of the plant.
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SCENARIO 4 - CIMATE CHANGE MITIGATION AND POLLUTION CONTROL

SCENARIO
SUS50/Ton (25 Yrs) SUS50/Ton (20 Yrs) m SUSB0/Ton (25 Yrs) m SUS80/Ton (20 Yrs)  mSUS100/Ton (25 Yrs)  mSUS100/Ton (20 Yrs)
T
5 ~ ~
> o o
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z
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2 s & . & 2
=2 y 0
8 - R 4 9
S ° o ° i © o
< — -
: I I
A-USC(25vs 20 years plant life cycle) USC (25 vs 20 years plant life cycle) SC (25 vs 20 years plant life cycle)
SUS50/Ton (25 Yrs) 0.37 0.25
SUS50/Ton (20 Yrs) 0.7 0.47 0.25
m SUS80/Ton (25 Yrs) 1 047 0.25
m SUS80/Ton (20 Yrs) 0.9 0.37 0.15
m SUS100/Ton (25 Yrs) 11 0.47 0.25
m SUS100/Ton (20 Yrs) 09 0.47 0.25

Figure 10. Scenario 4 LCOE differences between HELE and subcritical technologies for different coal
prices and economic life span of the plant.
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Conclusion


https://www.google.com/imgres?imgurl=https%3A%2F%2Fd3136b1o0oysf5.cloudfront.net%2Forganisers%2F207184%2F6qimSoI1NEWuVivH-Pur-A_500_500_Max.jpg&imgrefurl=https%3A%2F%2Fwww.stickytickets.com.au%2Fuonglobal%2Fdetails&docid=afy6o9c-zEzJLM&tbnid=yMjLgKvFknE7_M%3A&vet=10ahUKEwjS8bfciI3mAhXNSH0KHepvBpIQMwhLKAEwAQ..i&w=500&h=482&bih=654&biw=1536&q=newcastle%20logo%20UON&ved=0ahUKEwjS8bfciI3mAhXNSH0KHepvBpIQMwhLKAEwAQ&iact=mrc&uact=8

The pollution control scenario (i.e., implementation of carbon pricing policy)
surpasses the other scenarios in displacing subcritical plants sooner than
earlier to pave the way for HELE technologies.

Reduced coal prices and increased life spans benefit both HELE and
subcritical coal-fired power plants.

HELE coal-fired power plants are economically competitive against
subcritical plants.

A-USC coal-fired power plants are the most economically attractive choice
for deployment in Southeast Asia, followed by USC, and SC plants.
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Questions??
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Thank You
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