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Asia’s race to net-zero: 12.4 trillion
dollars and counting

Asia emits half the world's carbon dioxide, but China, Japan and South
Korea are now embarking on net-zero carbon plans. How much is this
going to cost in terms of new electricity generation capacity? We
estimate $12.4tr for just the transport sector alone. Here's our major
new report in easily accessible sections
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Asia’s race to net-zero carbon: US$12.4 trillion and
counting

China, Japan and South Korea have pledged to achieve net-zero
carbon by the middle of the century. We estimate the capacity
costs for just the transport...
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Asia’s race to net-zero: China

China is the world’s biggest emitter of carbon dioxide. Its
increasingly upper-middle-income economy is becoming a mass
market for technology...
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Asia’s race to net-zero: South Korea

Like Japan, Korea's primary energy demand is heavily reliant on
fossil fuels, with petroleum and other liquids accounting for 43% of
all energy...
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Asia’s race to net-zero: Japan

Japan aims to be net-zero carbon by 2050. Although it's at the
forefront of many technologies, it's made little progress in terms
of...
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Asid’s race to net-zero carbon: $12.4 trillion and
counting

Asia emits half the world's carbon dioxide, but China, Japan and
South Korea are now embarking on net-zero carbon plans. How
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$12.4tr: The cost of greening Asia’s
transport and generation capacity

Asia emits half the world's carbon dioxide, but China, Japan and South
Korea are now embarking on net-zero carbon plans. How much is this
going to cost in terms of new electricity generation capacity? We
estimate $12.4tr for just the transport sector alone. Here are the main
points of our major new report, which you can download here

Costs of energy generating transition

$ 1 Z L|-tr for transport

China, Japan and South Korea

$12.4tr is just the beginning

In our major new report, "Asia's race to net-zero carbon: $12.4 trillion and counting”, we have
taken the three Asian economies which have made firm commitments to achieving a net-zero
carbon future, China, Japan and South Korea, and estimated a portion of the costs that achieving
that will involve.

Our note zooms in on the costs of supplying a new generation of net-zero carbon transport with
the clean and green electricity it will need if these targets are to be met.

We estimate that even this small part of the transition process will cost these economies $12.4tr to
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achieve. It's a huge amount but the sums look more manageable if things were started right now
and spread over the next thirty to forty years.

Why this matters

Fifty-nine countries have so far made net-zero carbon pledges, including from Asia, China, Japan
and South Korea. These three economies account for about two-thirds of total Asian

emissions. More pledges of net-zero carbon will doubtless follow, perhaps in the run-up to the COP
26 meetings in the UK in November. This may even include some more from Asia.

Making pledges and actually doing what is necessary are not the
same things

But making pledges and actually doing what is necessary to achieve net-zero carbon are not the
same things. By looking at transport - typically only a small part of the required transition process -
we can begin to capture a sense of the daunting scale of what lies ahead.

$12.4tr will cover the electricity generating capacity that will be needed to supply new fleets of
battery electric vehicles, electrified rail, hydrogen-powered trucks, sustainable aviation fuelled
planes, and ammonia-burning ships that such pledges imply. It is already a huge amount. For
reference, global GDP in 2019 was a shade over $871r.

But if the transition process starts today, then spread over the next 30 years (40 for China) the
annual costs drop to more manageable figures - 0.6% of current GDP per year for Japan and Korea,
and 1.8% for China.

In case that sounds too comfortable, remember, this is just one part of the transition process for
just one sector. We don't consider the costs of upgrading or replacing existing vehicle fleets,
provision of charging points, or storage of new fuels within the transport sector or any of the other
likely transport-related costs. And we don't include the bigger and more complicated industrial and
household sectors either. Reaching whole-economy net-zero carbon over the pledged timescales
will very likely cost multiples of the $12.4tr we have highlighted.

Sector differences

The different forms of transport that will play a part in a net-zero carbon future offer very different
opportunities and costs.

Road transport offers one of the easiest and cheapest areas for the transition to net-zero. Battery
electric vehicle (BEV) technology is already well advanced. Battery storage capacity and vehicle
range are being continuously extended, while costs are steadily falling. Compared to internal
combustion engine vehicles (ICE) or hybrids, battery electric vehicles are considerably more
efficient, so total fleet replacement implies a relatively small adjustment in terms of the additional
electricity generating capacity that will be required.

Hydrogen fuel cell electric vehicles (FCEVs) offer some of the same advantages as BEV's, but as
generating hydrogen will likely require the generation of green electricity, the additional and
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energy-consuming steps to then create, liquefy and transport hydrogen seem a bit pointless. We
think there may be some role for FCEVs in longer haul vehicles. And hydrogen seems to have a
stronger role to play elsewhere, such as shipping, and off-grid storage and supply. But perhaps
governments are overhyping its role?

Rail: There isn't much to be done here. Most rail is already electrified in the region. We would
caution against assuming that widescale adoption of bullet-train formats will provide much
additional benefit unless it can draw demand from other less carbon-friendly modes of transport
such as aviation. This is already one of the most energy-efficient forms of transport per kilometre.
There may be fewer efficiency gains to be found from future rail innovations than elsewhere as it is
already a thoroughly mature technology.

Aviation: Though perhaps not as tricky as marine, aviation offers few obvious answers. We are
sceptical of the future for battery-powered or hydrogen-fuelled planes. Though there may be
some marginal adoption of these technologies. Sustainable aviation fuel (SAF) seems to offer more
promise, though would require some offsetting carbon capture or mitigation efforts to be truly
carbon neutral.

Marine: This is the transport sector which seems to create the most controversy. Part of the
industry sees the future in LNG, though this is still a fossil fuel and there is growing concern over
"methane slippage" which we believe may grow. A truly net-zero carbon alternative is difficult to
envisage. Batteries and hydrogen sound impractical. Consequently, ammonia or
ammonia/hydrogen hybrid engines may offer one plausible version of the future that doesn't
require huge scale carbon capture and storage. But ammonia creation is energy-intensive, its
combustion even in hydrogen hybrid engines is not very efficient, and as a result, it tends to have
some of the largest implications for electricity generation cost of all the sectors we consider.

Key findings for China

The headline figure for China from our analysis is $11tr, or 1.8% of GDP per year through to
2060.

China is the world's largest emitter of carbon dioxide, and its emissions are not expected to peak
until 2030. In part, this reflects China's economy, which we expect will continue to grow rapidly,
resulting in greater future demand for transport and consequently greater adjustment costs than
either Japan or South Korea.

China is aiming for a net-zero carbon economy by 2060, unlike 2050 for Japan and South
Koregq; still a challenging goal.

Within the transport sector, China has already made a lot of progress, with the world's largest fleet
of electric vehicles. But the economy as a whole is still heavily reliant on fossil fuels.

Passenger road transport: Passenger car transport in China will more than double from 220 million
vehicles to 450 million by 2050 according to official estimates. Thanks to the greater energy
efficiency of battery electric vehicles (BEVs) compared to internal combustion engines (ICEs), this
will only require an electrical energy supply of about 79,500 GWh.

Rail: China's rail usage is likely to increase to around 4 trillion passenger-km in 2060 from 1.415
trillion in 2018. We find that an additional 344GW of capacity will be needed to supply a fully
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electrified rail system at a cost of US$2.9tr, equivalent to 0.49% of GDP in 2020 terms each year
over 40 years.

Aviation: Most of the recent growth in aviation in China comes from passenger travel, which official
sources expect to grow 5.4% p.a. for 20 years from 2018, China expects that most jet fuel will still
be fossil fuel by 2050. Even if China adopts large-scale use of sustainable aviation fuel, net-zero
carbon will likely require a carbon capture offset or other mitigation efforts.

Marine: Official sources predict demand for sea freight in China will be around 120% that of today’s
levels by 2060. This could be reduced by China's own standardised technical specifications for
green designs for ships, but that won't achieve net-zero without carbon capture or other
mitigation, both of which may have electricity generating capacity implications. Achieving net-zero
carbon points to a much bigger role for hydrogen technology, perhaps most plausibly in the form
of ammonia or ammonia-hydrogen hybrids.

Key findings for Japan

We estimate the electricity-generating transformation costs for Japan’s transport sector are
around $1tr, or about 0.6pp of GDP per year.

Japan aims to be net-zero carbon by 2050. Japan has made little progress in terms of
decarbonising its economy and fossil fuels make up more than two-thirds of its primary energy
supply. Yet this unflattering starting point also means that Japan has a lot of low-hanging fruit to
exploit in the transition process offering the prospect of rapid progress.

Passenger transport: 98% of the Japanese road passenger vehicle fleet is conventional or hybrid.
So a net zero-carbon economy will require the replacement of almost the entire fleet. Japan's
ageing population and slow GDP growth suggest that by 2050, there will be lower road passenger
traffic. Together with efficiency gains from full conversion to BEVs, even accounting for energy
losses at charging and distribution to the grid and substations, total energy demand from
passenger vehicles in 2050 could be as low as 70-75,000GWh.

Rail: Japan's rail accounts for 29% of their current passenger transport energy consumption, which
is very high for an advanced economy. And 85% of Japan’s rail network is already electrified. Full
electrification of the remaining network will not lead to much additional electricity generating cost
compared to other sectors.

Aviation: To manufacture a "sustainable" alternative to the 10.4 billion litres of aviation fuel Japan
used in 2019 would require an additional 62GW of capacity at $168bn, assuming that demand
eventually crept back to 2019 levels and allowing for some further efficiency gains. Though to
make this truly carbon neutral will likely result in additional mitigation or carbon capture costs.

Marine: Assuming an ammonia-based future for Japan's marine industry, we calculate that

the additional electricity generating capacity costs required to create green ammonia even if used
in the most efficient hybrid hydrogen-enhanced engines would require an additional 216GW of
capacity at the cost of about $588bn. Efficiency gains to this new technology may reduce these
costs over time.
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Key findings for South Korea

We estimate that transforming Korea'’s transport sector would imply additional sustainable
electricity generating costs of around $400bn, or 0.6pp GDP per year.

South Korea's primary energy demand is heavily reliant on fossil fuels, with petroleum and other
liquids accounting for 43% of all energy consumption, and coal 28%. Nuclear fuel accounts for
around 10%, and renewables only 3%.

Passenger transport: Our projections show a substantial rise in Korean road transport over time,
though this begins to top out around 2040. Most of the increase is due to private road-passenger
traffic.

Rail: President Moon has already pledged to replace all existing diesel passenger trains with electric
bullet trains by 2030. The Korean government claims that this will reduce carbon emissions from
rail transport by around 30%. At present, 85% of Korea's rail network is electrified. So a claim of a
30% reduction of carbon emissions already looks ambitious. To meet net-zero targets for this
sector without relying on carbon capture or mitigation efforts, it would really need to reduce
carbon emissions by 100%.

Aviation: Air transport accounts for about 12% of total Korean transport energy consumption and
compared to China and Japan is much more evenly split between cargo and passenger traffic (60%
passenger-km and 40% freight tonnage). 95% of Korea's aviation passenger-transport and 99% of
its aviation freight transport is international. Our aviation cost calculations are based on domestic
aviation moving entirely to rail and road transport, which will require future policy changes.

Marine: To generate Korea's current maritime energy usage entirely using green energy, assuming
as elsewhere a hybrid ammonia combustion/hydrogen gas engine, would need about 28bn litres of
ammonia. Making this amount of ammonia and hydrogen would take about 166,000 GWh of
energy, assuming the process becomes more efficient by 2050. This would require an additional
electricity generating capacity of about 44GW at a total cost of about $109b or $3.6bn per year.

Lessons and thoughts for the future

Undertaking this analysis has helped to highlight the gulf between the net-zero carbon goals and
the paths set out to achieve those goals, as outlined by official plans in the three countries we have
examined.

However, the government blueprints we have used to guide our calculations should only be
considered as "work in progress". Considerable further effort will likely be needed in areas such as
the interlinkages between hydrogen, nuclear, renewables, carbon capture and storage and the
different and overlapping roles that each will play.

For such a massive endeavour, it is totally understandable that these official publications are not
the last word on this subject. But we hope that our research will, in some small way, help to shape
discussions on the next steps that will be needed in more consistent and internally coherent plans
for the future.

There are many conclusions one can draw from this work. But perhaps the three broadest and
most obvious are:
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1. The scale of the whole-economy transition is going to be absolutely huge - no numbers
are required

2. Most governments have barely got going

3. If time is not wasted now (the clock is ticking), this is still a manageable prospect

The prospects for growth in sustainable finance to achieve net-zero carbon goals know almost no
bounds. And this part of the financial industry is likely to grow not just in scale, but will likely evolve
new and ever more innovative ways in helping these goals to be achieved.

Finally, in terms of the macroeconomy, some will see our cost figures as immensely depressing.
But it's worth remembering that all of this spending is going to show up as GDP. There will of course
be considerable disruption to existing industries, and large cost increases and job losses for many.

But there is also the possibility that this process can help reinvigorate stagnating economies.
Today, as well as climate change, we also worry about global excess savings, secular stagnation
and productivity declines. These concerns are unlikely to prosper in a world where such huge sums
are being invested in a net-zero carbon future.

You can download the full report here.
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Asid’s race to net-zero carbon: US$12.4
trillion and counting

China, Japan and South Korea have pledged to achieve net-zero
carbon by the middle of the century. We estimate the capacity costs
for just the transport sector alone at US$12.4tr. Total costs will be
multiples of this. But act now and it could be achievable. Just

Source: Shutterstock

Key takeaways

¢ Achieving net-zero carbon in just the transport sector alone in Japan, China and Korea will
cost these economies around US$12.4tr in total in new electricity generating capacity.

e This is equivalent to more than 90% of China's 2020 GDP.

¢ But spreading this expenditure over the next 30 years (40 in the case of China) means that it
is equivalent to only 1.8pp of Chinese GDP, 0.6pp of Japanese GDP and 0.6pp of Korean GDP.

¢ These are manageable sums, though transport only accounts for 20-30% of total energy
consumption in these economies. The cost of transition for the whole economy is likely to
be multiples of this.

¢ Even so, while the sums sound on the margins of credibility, we believe these targets are
achievable, though foot-dragging now could put them out of reach.
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Transport sector differences

Some sectors look easier to transform than others. Rail transport is already largely electrified.
Though as a mature form of transport, it may struggle to find additional efficiency gains in the
decades ahead.

Road transport is already on the right path in China with rising numbers of electric vehicles. It also
benefits enormously from the inherent efficiency of electric vehicles compared to those which are
conventionally fuelled.

The aviation industry’s best bet may be sustainable aviation fuel (SAF), though we need to be
careful how we account for the carbon sequestered in making SAF to ensure this really is carbon
neutral.

Marine transport looks tricky. Ammonia looks on paper to be the best bet, but it requires a lot of
energy to make and delivers little unless combined in complicated hybrid systems with hydrogen.
This could be expensive.

Hydrogen hype?

The hype over hydrogen also seems overdone. As a primary energy supply, hydrogen offers few
advantages to electricity and quite a few disadvantages. But it may have a role where grid supply
is unavailable or as a storage unit for surplus green energy.

Some mitigation measures are inevitable

While we think it would be possible to run a transport sector on an absolute carbon-neutral basis,
we concede that practical difficulties mean that carbon capture and storage will inevitably have to
play a role in a target for net rather than absolute zero carbon. There is still a lot of progress to be
made here.

Introduction to “counting the cost”

How much are firms and governments going to have to spend transforming their electricity
generating capacities to meet the demands of a future net-zero carbon transport sector? It's a
question that will shed light on the cost and credibility of the overall economic transformation
for the three Asian economies that have so far pledged to hit net-zero carbon emissions. In this
introduction, we explain what we have done and how we reached our total cost estimate of
more than US$12tr.

What are we trying to do and how?

Japan, China and South Korea account for almost two-thirds of all carbon dioxide emissions in Asia
Pacific, and about a third of such global emissions. Net-zero carbon emissions require a total
transformation of the energy-intensive sectors of their economies. In the following three short
country notes, we start by looking at what the transformation of the transport sectors of these
economies would cost in terms of electricity generating capacity requirements for these countries
in line with their pledges to achieve net-zero carbon emissions.

Bundles | 7 September 2021 17



THINK economic and financial analysis

How much is it going to cost for Asia’s economies to achieve
net-zero carbon in transportation?
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By considering the electricity generating cost implications of transition for these three economies,
we realise that we are just scraping the surface of what will inevitably be a much bigger and more
complicated problem.

Asia’s emissions of Carbon dioxide as a proportion of the global
total
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Source: Global Carbon Atlas

Our motivation for performing this analysis is that if the amounts for just this small part of the
energy transition process are negligible, then potentially, the overall transition cost may be more
manageable than many currently fear. If the costs are enormous, then it draws a question mark
over the credibility of these national pledges.
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What are we not trying to do?

At the outset, we want to note what we are not trying to do with these reports. We are not, for
example, conducting a comparison of the levelized costs of alternative methods of zero carbon
electricity generation. We also won't seek to argue how a country should meet its net-zero carbon
pledge.

Beyond the capital costs of electricity generating capacity investment, our analysis does not
consider the costs of other infrastructure spending. For example, the costs of installing E-vehicle
charging points or adjustments to other sectors of the economy. We aren't trying to calculate how
much carbon this saves or how much this reduces emissions. We have a hard end-point target to
reach: net-zero carbon.

CO2 per capita (tonnes)
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Source: Our World in Data

Moreover, while we refer throughout to the net-zero carbon pledges, our calculations are all
essentially absolute-zero. While net-zero is a credible target for the whole economy, for sub-
sectors such as transport, there seems little justification for trying to calculate the costs of only a
partial adjustment first.

We also consciously omit potential energy savings from refining crude energy sources (energy
transformation). This is a substantial proportion of many countries’ energy balance sheets. For a
full economy assessment, including these could well be appropriate.

Efficiency gains and measurement

Our analysis is also agnostic on technology. In earlier ING reports, our colleagues have looked at
the role of technologu in the global transition process. In this analysis, we also allow for efficiency
gains (learning costs) during the transition. But unlike our other research, how the economy gets
from A to B is not our main concern. What matters here is that we assume net-zero is achieved by
the endpoint.

Our calculations for these three economies suggests that around US$12.4tr in total will need to be
spent to provide the additional sustainable electricity generating capacity needed to make the
transition for the transport sector for these three economies, with China bearing the brunt of this
spending. If this sum seems unrealistically large, consider how much money is being spent on
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Covid measures around the world right now. We would argue that in terms of magnitudes, and
considering the longer timeframe for these expenditures, they are plausible.

As far as the different sectors are concerned, marine seems to throw up the most problems and
tends to be the costliest sector, though this is not to underplay the challenges elsewhere.

Most of these costs are likely to be met by the private sector and could be financed with green
bonds, other existing sustainability linked instruments, or by green financial tools that have yet to
be invented.

The figures we present are subject to a great many data inputs and assumptions. In the following
methodology, we set out in some more detail the calculation process.

Methodology

The flow diagram that follows provides a stylistic description of the calculation approach used for
passenger cars, though it is similar to other transportation modes. The starting point for all
estimates is always the latest data on energy usage by transport sectors. In most cases, this is
available from departments for energy or industry, and so is reliably hard data. We use 2019 data
typically (2020 was anomalous...)

The next step is to forecast energy demand for that transport type by 2050 (2060 for China). We
model the current pattern using simple econometric models, based on population growth, GDP or
GDP per capita, proxies for transport cost (crude oil) and so on.

From this model estimate, we forecast an equivalent 2050 energy demand figure using forecasts
of the input variables. Population forecasts are extremely reliable, so these parts of the forecast are
solid. Long-run GDP forecasts too, are reasonably reliable (and, to an extent, are population-
driven). Some other inputs are more subjective, though these tend to have low explanatory power.

Adjust for new technology and technological progress

From these forecasts, we can calculate an energy requirement based on today’s vehicle
technology. We then adjust this for the transport technology we think will dominate by 2050. This
is a subjective assessment. In some cases, such as passenger vehicles, there is a clear economic
choice (battery electric vehicles - BEVs). In others, marine and air transport, for example, the
choice is less clear.

There are already reliable comparisons of the efficiency of various vehicle types including
conventional gasoline/diesel, battery electric vehicles, hydrogen fuel cells, and so on. We've taken
estimates from the US Department of Energy amongst others to adjust future energy
requirements from the constant technology calculations.

We adjust this future energy requirement for assumed technological improvements using a
constant cumulative increment. This is the simplest possible approach, and at 1% cumulative
efficiency gains per annum, we've set the gains at a level which is low relative to recent progress,
so although we acknowledge the technology issue, we remain very conservative.
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Stylistic methodology for calculating the cost of transformation
to net-zero carbon for passenger cars

Energy Requirements - GWh Generating Capacity Requirements - GW
2020 2050
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Convert energy required (GWh) into capacity (GW) - generating
mix critical

At this point, we have our technology-adjusted energy requirement for the vehicle type in
question, and we need to convert that into an electricity generating capacity and cost.

The first stage is to take a GWh energy figure and turn it into a simple GW capacity figure.

To figure out how much this generating capacity will cost, we need to know what proportion will be
solar photovoltaic (solar PV), what proportion onshore and offshore wind and so on. We use official
projections where possible.

In cases where the guidance lacks credibility, we have made allowances for what look to be policy
goals made in a time of rapid change. These will inevitably be modified and we have tried to pick a
position we feel is more consistent with longer-run goals.

The generating capacity mix also has to be adjusted because much of the renewable generating
capacity is sporadic and requires other generating approaches to bridge periods where they aren't
generating. To do this, we use the capacity factors published by the International Energy
Association (IEA) to scale up the capacity required.

From usable capacity required to the capacity cost

Turning these capacity figures into a cost, we've used capacity costs published by the IEA
(sometimes referred to as overnight costs). This is an extremely simple and arguably unrealistic
concept. But it makes sense given that we are trying to describe a 20-30-year process where we
have no idea of the path of travel and only a solid idea of the start and endpoints. This approach
provides a simple way of encapsulating the scale of the sums of money involved without having to
consider financing costs, the speed of implementation, or net present values etc. The approach
may be somewhat unrealistic, but the figure it produces is at least intuitive.
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Helpfully, the IEA provides estimates of capacity cost for different countries and different
generating technologies in 2020 and 2050. We have used these to calculate an average cost over
the period, which assumes the constant investment profile we alluded to earlier.

There are some yawning uncertainties

Of course, not all transport types are as easy as road passenger transport to estimate. In these
cases, we've moved further from “fact” and established “convention” and more in the direction of
assumption and in some cases, pure guesswork. Wherever we have done this, we've tried to
indicate where our assumptions come from, and you can decide for yourselves if these approaches
invalidate our estimates or simply add uncertainty about their accuracy. Like it or not, there is
sometimes no alternative to a reasoned guess in fields like this.

We have also presented the estimated cost as a single figure. We think it would be unhelpful to
deliver a range of scenario figures so large that it answered no questions at all. But we are certainly
not trying to claim that our estimates are not subject to considerable uncertainties and scope for
error. They are.

Macroeconomic implications

We don't want to make too big a deal of the macroeconomic implications of all this. There are so
many unknowns that doing so seems unrealistic. But it is important to recognise what our
calculated spending figures mean. The temptation is to think of this total as a “cost” of transition -
a “drag” on business activity and a “loss” of competitiveness. And if we were considering a single
firm or a single industry transforming relative to the bulk which were not, then this might indeed
be a reasonable interpretation.

But this isn't what we are describing here. These processes we are calculating are being
undertaken by three of the largest economies globally, not just in Asia. And against a backdrop
where other global economies are doing the same.

All this spending is actually business and government investment. It contributes to GDP. One firm’s
cost will be another firm's revenue. Aggregate activity could well rise rather than fall as a result.

We think the best analogy for this is the comparison with a period more than twenty years ago
when economies around the world were undertaking preparations for Y2K. There was vast
spending on IT upgrades and measures to prevent a hypothetical information apocalypse.
Whether or not any of this expenditure was ever necessary is irrelevant. What is important is that
the process led to extremely strong business investment growth, which in turn, drove GDP higher,
leading to rising productivity growth. There would have been other factors involved, but in using up
surplus global savings, 10Y US Treasury yields rose by more than 200bp in the two years leading up
to the new millennium. For stagnating economies such as Japan, a prolonged period of rapid
investment growth may provide a catalyst for economic growth that has been absent for decades.
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Article | 6 September 2021 Sustainability

Asia’s race to net-zero: China

China is the world’s biggest emitter of carbon dioxide. Its increasingly
upper-middle-income economy is becoming a mass market for
technology manufacturing. China has the biggest fleet of electric
vehicles in the world but is still heavily reliant on fossil fuels. The
environment, however, is becoming an ever more important political
priority

Smog blights the lives of people in Beijing
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China primary energy source, 2020

Non-fossil fuel
14%

Crude oil
20%
Coal
56%

10%

Source: CREO

China is regularly labelled as one of the most polluting economies on the planet. But the
environment has become an increasingly important political priority in China and in December
2020, the central economic workforce decided to set a target for achieving net-zero carbon
emissions by 2060, and peak carbon emissions before 2030.

The government has since released a few papers on how to achieve these two targets. One is the
14th Five Year Plan, which provided detailed targets on greening the economy for 2021-2025,
including reducing CO2 emission by 18% by 2025. Another is the New Era of China Energy
Development published in December 2020, which set the policy direction in section 4. In February
2021, the National Development Reform Commission (NDRC) issued further guidance to speed up
the transition to a green economy.

In addition to internal government policy papers, the Chinese government has also teamed up with
international bodies to study the roadmap for reaching net-zero carbon emission targets by 2060.
The studies include China 2050: A fully developed rich zero-carbon economu by the Energy
Transitions Commission and China Renewable Energy Outlook 2019 (aka. CREO) by the Energy
Research Institute of Academy of Macroeconomic Research / NDRC China National Renewable
Energy Centre with technical support from various European energy agencies, including the Danish
Energy Agency and Germany’s Energy Agency.

We apply the CREQO's estimate of electricity generation from renewable energy sources of around
65% to reach net-zero carbon emission. Then, as we have done for Korea and Japan, we combine
this data with the IEA's data* for capacity factors and capital costs per KWh for different modes of
energy generation to arrive at a weighted cost for incremental electricity capacity requirements to
attain net-zero carbon emission.

*IEA World Energy Outlook Annex B Table B 2b
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China’s electricity generating mix 2060

Nuclear Gas CC Solar PV  Offshorewind Onshore Wind Hydro  Hydrogen

China Prospective weighting 0.05 0.293 0.316 0.1575 0.1585 0.01 0.015
Capacity factor 0.8 0.5 0.18 0.35 0.26 0.45 0.5

Source: CREO, ING

Like our other country calculations, we assume for China that both the generating processes, as
well as end-use transport will become more efficient over time. Consequently, our average cost per
GWh of electrical work, energy and per GW of capacity will be lower by 2060. As noted in the
introductory section to these country reports, we make the simplest assumption possible about
the installation process, and our capacity costs are consequently a simple average of the 2020
costs and the 2060 costs for China.

Here is how it breaks down for China
Land transport - Passenger cars

Total energy demand from transportation was 14% of total energy demand in China in 2018,
which was around 25,725,560 GWh. Among all types of passenger transport, passenger cars
consumed the lion’s share, with 66% of total transport energy consumption. That is to say,
passenger cars accounted for around 9% of overall energy demand in China in 2018.

Passenger transport is dominated by cars

China passenger transport (bn)

Domestic + International
Aviation
11%

Rail
14%

Passenger cars
Other passenger 66%
road

9%

Source: Energy Transitions Commission, China 2050, page 37-39

The CREO estimates that there will be 450m passenger cars in 2050, up from 220 million in 2018.
This increase will be driven by 1) urbanisation and 2) wealth increases, which will offset the
negative influences of a declining and ageing population. We further assume that the number of
passenger cars won't change from 2050 to 2060 as ageing will speed up while the process of
urbanisation should have been largely completed.
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China population projection by United Nations China nominal GDP vs China real GDP growth projection
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Just as for Japan, partly for simplicity, but also because it seems unambiguously the most energy
efficient approach, we have assumed that all passenger vehicles by 2060 are battery plug-in
electric vehicles (BEVs) compared to the current fleet, which has only about 5 million “new energy
vehicles” out of the total fleet of 220 million. This will deliver an immediate benefit in terms of
energy efficiency gains compared to internal combustion powered vehicles. Total energy demand
from passenger vehicles by 2050 could be as low as 79,500 GWh.

Backing out the electricity generating capacity required to deliver this energy requirement, and
accounting for China’s projected generating mix, this will require only around 61GW of additional
generating capacity at a total cost of US$516bn, or less than 0.09% of GDP on an annual basis if
spread out over the entire horizon (i.e. from 2020 to 2060). This is only one part of the whole
transport sector though and as noted for Japan, this surprisingly low result stems from:

¢ The inherent efficiency improvements of BEVs compared to the current fleet
¢ Additional efficiency gains for BEVs by 2060
¢ Decline in costs especially for renewable energy as it becomes more widespread.

Let’s now consider the other types of transportation.

Energy consumption (GWh) in China between 2020 and 2060 by
mode of transportation
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Commercial vehicles

We perform a similar calculation for buses and trucks. Road freight will increase to 29 trillion tonne-
km in 2060 from 7.1 trillion tonne-km, contributing to 58% of total freight volume®*.
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*The Energy Transition Commission, China 2050 Page 40.

BEV is a less obvious choice for long haul commercial vehicles even if it is the economic choice for
buses, as China has increased the use of BEV for buses.

Hydrogen fuel cells could be an alternative energy source for long haul trucks but while these are
highly efficient vehicles compared to internal combustion engines, there are efficiency leakages in
transport and re-filling, and the hydrogen production process is extremely energy intensive. So
even for long haul vehicles, where the benefits of regenerative braking are less useful, it is not a
clear choice.

Our calculations show that adopting green technology by commercial vehicles will require an
additional 206GW of capacity and US$1,750 bn of capital costs, equivalent to 0.29% of GDP per
year from 2020 to 2060.

Rail system

In contrast to Japan, China's passenger rail demand is likely to increase to close to 4 trillion
passenger-km in 2060* from 1.415 trillion in 2018 as there will likely be more trips per passenger in
the future as wealth levels increase. Rail freight looks likely to grow strongly, too. CREO calculates
this will grow by 260% to 7.4932 trillion tonne-km, up from 2.882 trillion in 2019 as more freight
moves from air to rail.

*CREO page 136

We find that an additional 344GW of capacity will be needed to supply the rail system at a cost of
US$2921bn, equivalent to 0.49% of GDP in 2020 terms each year over 40 years.

Rail energy consumption (GWh) in China
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Aviation

In 2018, aviation in China had just over 1 trillion passenger-km and 27bn tonne-km of freight, using
around 63bn litres of jet fuel. Most of the recent growth in aviation in China comes from passenger
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travel, which is expected to grow 5.4% p.a. for 20 years from 2018.

We expect that air cargo growth will be around 5.35% annually as the economy develops. There
will be an increase in demand for perishable produce, e.g. food and plants. Slower growth in air
cargo could continue with better rail networks within China and with increased rail links to Europe.

China expects that most jet fuel will be fossil fuel by 2050. And at this stage, hardly any China
policy documents mention the use of sustainable aviation fuel (SAF) in the future for China. There is
a plan to initiate the development of a roadmap for SAF in The Roundtable on Sustainable
Biomaterials. But electrical power demand to produce SAF is high.

If, however, we assume that China also aims for 100% SAF by 2050/2060 (otherwise, this has to be
offset with huge mitigation efforts - carbon capture is not practical for aircraft) then we calculate
that China will use 6,226,763 GWh by 2060 for aviation, which implies a cost of US$2021bn,
equivalent to 0.34% of GDP in 2020 terms for each year from 2020 to 2060.

Aviation and marine energy consumption (GWh) in China
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Marine

Like Japan, marine transport is almost entirely freight. We can ignore the passenger sector as a
result.

As we noted in the Japan note
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"There are widely differing outlooks on the future for shipping
fuel. With some advocating a short-term shift to LNG as a
bridging fuel. But with increasing concern about “methane slip”,
one of the world’s biggest shipping companies, Maersk, has come
out strongly against that. LNG is also a fossil fuel and even
ignoring methane slip, which is hard to do, countries like Japan
would need to mitigate against the COZ2 emissions, and shipping
companies needing to buy new ships might find them
unprofitable within their economic lifetime. The alternative fuel
source is ammonia.”

China’s own specification on green sea freight helps lower this high cost a little. Demand for sea
freight is estimated to be around 120% of today'’s levels by 2060. But the increase in demand for
energy from additional shipping will be offset by reduced energy use following China’s own
standardised technical specifications for green designs for ships, and, China’s green policy to speed
up replacing and transforming old ships with greener ships. These two policies are estimated to
offset 60% of sea freight energy use between now and 2060.

It is questionable whether the estimated growth of sea freight of 120% between 2021 and 2060 is
too small. But we have also considered that high investment costs will be passed on to users and
they now have some alternatives, for example China-Europe rail.

The additional electricity generating capacity costs to create green ammonia for shipping would
require an additional 433GW of capacity with a capital cost of US$3,679bn, equivalent to 0.61% of
2020 GDP each year until 2060. It is extremely costly to shift completely from diesel and LNG to
green ammonia.

One alternative would be to import the ammonium or hydrogen from overseas. For example, blue
ammonia from the Middle East with appropriate local carbon capture and storage measures or
green hydrogen from countries with abundant wind, solar PV, hydro-electric or geothermal power
sources.

However, this basically just externalises the costs of capacity installation, and creates an ongoing
cost to the economy in terms of the net drain on GDP from imported green energy.
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Green Ammonia Production
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Conclusion

When we add up all the costs to achieve net-zero carbon emissions for the transport sector in
Chinag, it amounts to about US$11 trillion, which is 1.8% of China GDP in 2020 terms per year for 40
years. The marine sector needs the most investment to be entirely zero carbon by substituting
diesel and LNG with green ammonia, followed by rail then aviation. This study shows that the cost
of achieving zero carbon emissions for the transport industry is extremely high. And this only
considers investment costs for electricity generation for the transportation industry. These costs
will likely be shared by the government and the private sector.

Additional capital costs required to achieve zero carbon
emission by 2060 for China (US$bn)
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In contrast to our figures, the People’s Bank of China governor estimated CNY141 trillion in
investment would be required for CO2 reduction (equivalent to US$23.5 trillion at a USD/CNY
exchange rate of 6.0). However, that was a figure for the full economy. Our calculation is for just
part of the transition process. Whatever the sum, the amounts are considerable, and some will be
funded by the market in the form of green bonds, green loans and other sustainable finance
instruments.

As of the end of 2020, China’s green loans outstanding stood at around US$1.8tn with green bonds
outstanding at US$125bn, ranking as the largest and second largest markets in the world for these
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Asia’s race to net-zero: South Korea

Like Japan, Korea's primary energy demand is heavily reliant on fossil
fuels, with petroleum and other liquids accounting for 43% of all
energy consumption, and coal 28%. Nuclear fuel accounts for around
10%, and renewables only 3%.

Visitors wear masks to protect themselves from air pollution along the Han River
at a park in Seoul

South Korea's total primary energy consumption by fuel type,
2019
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Source: BP Statistical Review of World Energy 2020
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In 2018, the entire economy energy usage for Korea was 2.7 million GWh, of which transport
accounted for only 19%, with industry using the lion's share of 61%. Of this 19%, about 80% was
used by Korea's road transport, with rail hardly even registering, and marine and air picking up the
difference.

South Korea's energy usage

Residential and
commercial 18%

publice%

Water 7%

\ Air 12%

Rail 1%

Transport 19% Land 80%

Industry 61%

Source: Korean yearbook of energy statistics: 2019

For electricity generation, Korea relies on coal and natural gas for almost three quarters of its
generation. A little oil (most of which is imported for use in oil product production (gasoline etc),
with 23% of electricity generation coming from nuclear, 1% hydroelectricity and just 6% from
renewables and waste*.

“Yearbook of energy statistics, 2019. Korea Energy Economics Institute.
http://www.keei.re.kr/web_keei/d_results.nsf/0/3E7B1890D202597E492585150021D4C9/$file/YES20
19.PDF

Electricity generation by fuel (GWh)
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Source: Korean yearbook of Energy Statistics

The net result of this is that in 2019, Korea emitted about 650m tonnes of CO2, which is less than
the 1.1bn tons Japan emitted, though at about 12 tons per capita per annum, is about 30% more
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per person in Korea than in Japan*.

*Our World in Data https://ourworldindata.org/co2/country/south-korea

Following its very limited "Green New Deal" announcement in May 2020, in December 2020, the
Korean government announced that it would be joining the ranks of other countries aiming for a
carbon neutral future with the publication of the chunky yet unimaginatively titled "2050 Carbon
Neutral Strategy of the Republic of Korea - Towards a sustainable and Green Society*". This is the
starting point for the assumed electricity generating mix we use in our subsequent calculation

*https://unfccc.int/sites/default/files/resource/LTS1_RKorea.pdf

However, the 2050 strategy is extremely thin on hard figures, builds in a substantial contribution
from fossil fuels though offsets this with considerable reliance on carbon capture and storage. This
might well enable Korea to keep some reliance on coal-generated electricity, given that its green
technology options are perhaps more limited.

Nonetheless, we get the feeling that the "2050 Carbon Neutral Strategy" should be considered
more of a "work in progress" than a fully fleshed-out plan. For example, the talk of green hydrogen
fuel cell power generation doesn't sit credibly with expectations for renewable energy by 2040 of
only 35% of total electricity generation.

If used, hydrogen fuel cells only fit in the electricity supply mix as storage for surplus renewable
energy or as a remote fuel source for off-grid supply. Otherwise, you are simply using renewable
energy to create hydrogen, which you then use to produce electricity. This is not a costless round
trip and suggests that a great deal more thought is required before we can start taking these
official figures more literally. There will be hydrogen demand from transport sectors, but there is
no credible incremental energy supply from this source, certainly not without a much more
significant contribution from renewable sources.

We have consequently taken inspiration from other sources* and applied our estimates for what
we think might make sense for Korea.

*Long-term energy strategy scenarios for South Korea: Transition to a sustainable energy system
Jong Ho Hong et al April 2019
https://www.sciencedirect.com/science/article/pii/S0301421518307936

Our generating mix assumes wind and solar PV generating just under 60% of Korea's electricity by
2050, nuclear 13%, Gas with CC 13%, coal with CC 7%, with the rest picked up by hydroelectric, bio,
and ocean power (heat pumps and wave). As before, we have taken our capital cost estimates
from the IEA, applied the usual efficiency gains for new technology and learning cost reductions to
arrive at our 2050 capital cost estimates. But first, we need to calculate the energy needs for
transport in 2050.
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Korea's electricity generating mix, 2050

Nuclear GasCC  SolarPV  Wind Coal Hydro Ocean Bio
Korea Prospective weighting 0.13 0.13 0.42 0.17 0.07 0.02 0.04 0.02
Capacity factor 0.85 0.85 015 0.265 0.85 0.45 0.45 0.89

Source: Government of Korea, ING

Road transport

We have less detailed energy consumption data by road transport type for Korea than we had for
Japan, and much of this is derived from data on licensed vehicles, which we project to 2050 using
assumptions about GDP growth, population, and the relative cost of private transport using
variables such as crude oil prices.

These projections differ from those for Japan, showing, for the most part, a substantial rise in road
transport though one which begins to top out in around 2040. Most of the gain is in private
passenger cars.

Road vehicle projection

Licensed vehicles (m)
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Source: CEIC, ING

Using the same methodology - shows the familiar sight of a distinctly lower energy requirement in
2050 notwithstanding the increase in vehicles, thanks to the efficiency gains of BEVs and smaller
gains for fuel cell vehicles (we assume again a 40% take-up for hydrogen fuel cells for trucks, but
assume battery electric vehicles elsewhere).
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Road transport energy usage 2020 vs 2050 (GWh)
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Rail

Rail is a tiny proportion of all the transport used in Korea, and it is almost entirely passenger traffic.
Given Korea's geographical location, most goods arrive by sea and air, and the remaining transport
of goods to their point of sale takes place by road. With the route north out of Korea effectively
closed, there is no realistic prospect of a more significant role for rail transfer in Korea without a
route out into China. We don't foresee this happening over our forecast horizon. In any case, it
makes little sense to plan for something so unpredictable, and at present, seemingly unrealistic.

President Moon has already pledged to replace all existing diesel passenger trains with electric
bullet trains by 2030* and claims this will reduce carbon emissions from rail transport by around
30%.

**The future of rail” - https://www.iea.org/reports/the-future-of-rail

At present, 85% of Korea's rail network is already electrified. So a claim of a 30% reduction of
carbon emissions already looks ambitious. The IEA does not believe that a move to high-speed rail
will necessarily translate into significant carbon emissions savings, according to a 2019 report*.

*“The future of rail” - https://www.iea.org/reports/the-future-of-rail

To generate the carbon savings predicted, the new high-speed services must be energy efficient
during construction, run on clean electricity, run frequently and near capacity and entice people
out of polluting air and road transport alternatives while simultaneously not generating
significantly more travel demand*.

*https://www.railway-technology.com/features/high-speed-rail-sustainability/

In terms of our calculations, we aren't interested in official claims. Instead, we will focus on a 100%
electrified system of rail transport powered by the energy mix we have assumed earlier, with a
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more significant proportion of renewable energy in production.

Our modelling suggests that rail passenger km travelled will roughly double from 100bn passenger
km per year travelled currently. With no changes, this will increase the annual energy usage of rail
from 5000GWh to about 10,000 GWh by 2050.

Korean rail traffic
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Source: CEIC

With efficiency gains assumed from the electrification of the remaining 15% of the network, what
is currently still supplied by diesel, will reduce that total to 7,500GWh (assumes running energy
costs per passenger km 70% more efficient than diesel). Allowing for further efficiency gains and
offsetting losses due to transmission, we get to an end 2050 figure for rail of 6,933GWh, only a
marginal increase over current energy requirements despite a near doubling of passenger km per
year. This will require about an additional US$5bn of more capacity installation, of which about
US$2.4bn would be for solar PV and US$1.2bn wind power.

Aviation

Air transport accounts for about 12% of total Korean transport energy consumption and is much
more evenly split, with about 60% accounted for by passenger km and 40% by freight tonnage.

Before the global pandemic, passenger transport had been relatively flat, with some tendency for
an increase in international travel, but flat domestic travel. Domestic travel is dwarfed by
international travel.
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Domestic and international air-passenger transport
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In the cargo sector, international cargo transport also dominates domestic cargo transport, and
before the pandemic, it had been inching higher.

Cargo ton km (millions, 12mma)
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With 95% of Korea's passenger transport international and 99% of Korea's cargo transport
international, our calculation will assume that domestic aviation moves entirely to rail and road
transport.

We assume steady international cargo transport through to 2050 and forecast international
passenger traffic subject to the usual parameters of GDP, population, demographics and airline
price proxies. We simplify the process with cargo, a fraction of passenger traffic by converting the
cargo component to a passenger km equivalent (about 11.1 passenger km = 1 cargo ton km). the
resulting forecast shows that, like road transport, aviation in Korea will see increased demand until
about 2040, where it will peak before starting a slight decline.
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International aviation passenger km equivalent
(bn)
800
700
600
500
400
300
200
100

0 T T T T T T T T T T
1997 2002 2007 2012 2017 2022 2027 2032 2037 2042 2047

Source: ING, CEIC

From the starting point of 2019, energy usage of 35,000GWh, making no other assumptions other
than a change in aviation usage by 2050, would see an increase to 48,900GWh by 2050. Allowing
for energy efficiency gains reduces this to about 36,171GWh, only slightly increasing over today's
energy usage.

We have worked backwards from this as we did for the Japanese example. We have a requirement
by 2050 for about 3.8bn litres of sustainable aviation fuel per year, which we calculate would
require an additional 17.4GW of additional energy capacity compatible with net-zero carbon.
Based on our energy mix assumptions, this would cost about US$31bn in overnight capacity costs
- a little more than US$1bn per year over the whole period. But subject to the caveats we made
earlier about whether this can be considered net carbon neutral or not.

Marine

Waterborne travel accounts for around 7% of energy usage, of about 35,000GWh. Unlike aviation,
almost all of this is for cargo.

To generate Korea's current maritime energy usage entirely using green energy, assuming a
hybrid ammonia combustion/hydrogen gas engine, would need about 28bn litres of ammonia
according to our calculations.

Creating this by green processes is relatively energy-intensive, compared to the energy output
from ammonia, even when boosted by combusting in the presence of hydrogen. Making this
amount of ammonia and hydrogen would take about 166,000 GWh of energy, assuming the
process becomes more efficient by 2050, which would need an additional capacity of about 44GW
at a total cost of about US$109b or US$3.6bn per year.

Total requirements and costs

If you add up all the components for Korea, there is a much more even distribution of costs than
for Japan, which was dominated by marine costs. In Korea's case, the total green energy capacity
costs for moving the transport sector towards a net-zero carbon future are about US$400bn.
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Additional capital cost required (US$bn)
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As before, this estimate does not include any assessment of other infrastructure or fleet
replacement, which would likely be at least as large again. But for this simple constrained
calculation, we can see that generating capacity costs of about 22% of today's GDP. Over the next
30 years, that amounts to only about 0.6pp of today's GDP per year, and considerably less than
this, assuming that GDP keeps growing over this horizon. For Korea, 0.6pp per year is the exact
figure we estimated for Japan, which sounds about right.

That is not a small amount of money for just one segment of the economy, but it sounds
manageable. If nothing else, it is a sum that shouldn't result in total despair as the estimation has
been reached with what we feel are perhaps more realistic and rigorous assumptions than those
assumed in official publications.

The current path to net-zero set out in Korea is a pretty broad brush one. On the one hand, it is
incredibly encouraging that the ambition to reach net-zero carbon emissions has now been
adopted. But over the next one to two years, this path that has until now only been roughly
sketched needs to be set out more precisely, and many more concrete actions need to be
implemented, not merely discussed. Like both the other economies we have considered, net-zero
carbon looks achievable in principle for Korea on the calculations we have performed. But achieving
net-zero carbon in practice could slip out of reach if decisive actions are not taken swiftly.
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Article | 6 September 2021 Sustainability

Asid’s race to net-zero: Japan

Japan aims to be net-zero carbon by 2050. Although it's at the
forefront of many technologies, it's made little progress in terms of
decarbonising its economy and fossil fuels make up more than two-
thirds of its primary energy supply. We estimate the electricity-
generating transformation costs for Japan’s transport sector are
around US$1tr

Pollution in Kawasaki, Japan, has already led to tough environmental measures

Japan’s energy sources
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Japan is a heavy emitter of greenhouse gases even by developed market standards, but that also
means there is a lot of low hanging fruit in the transport sector and in the electricity generating
sector that will enable it to make some quick wins if it is determined to do so. That said, transport
only accounts for a small proportion (23%) of Japan’s final energy demand.

Demand for energy by sector: Japan
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Source: Japan Bureau of Statistics - statistical yearbook 2021

The Japanese government issued its “Green growth Strategy Through achieving Carbon Neutrality
in 2050 shortly after PM Suga declared this objective in October 2020.

In the MITI paper that followed, the government set out a goal to generate 50-60% of all electricity
demand with renewables by 2050, with 10% coming from hydrogen and ammonia power
generation, and 30-40 from nuclear and thermal power plants with carbon capture and storage to
cover the rest.

What we have done is to take these rough targets as guides for Japan’s electricity generating
capacity*. We have used IEA figures for capacity factors** for different types of generation (how
much a type of generation can be relied on compared to its theoretical maximum capacity) as well
as capital costs per KWh*** and calculated the weighted costs for incremental electricity capacity
requirements stemming from the transition to net-zero carbon.

*IEA Japan 2021 Energy Policy Review
**|EA World Energy Outlook Annex B Table B 2b
***|EA Projected costs of Generating Electricity 2020

Japan’s electricity generating mix - 2050

Nuclear GasCC  SolarPV  Offshorewind Onshore Wind Hydro Hydrogen

Japan Prospective weighting 0.15 0.15 0.25 0.125 0.125 01 01
Capacity factor 0.8 0.5 0.18 0.38 0.26 0.45 0.5

Source: [EA, ING
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For each part of the transport transition, we calculate the demand for transport by 2050 and then
derive the electricity demand that the most practical zero-carbon alternative would require. We
take account of losses in electricity transmission and work backwards from this calculated energy
requirement. We back out the capacity change needed to provide that additional power and the
cost of installing that capacity.

We note that both the generating processes and end-use transport are becoming more efficient
over time. And so, our average cost per GWh of electrical work, energy and per GW of capacity will
be lower by 2050.

As noted in the introductory section, we make the simplest assumption possible about the
installation process, and our capacity costs are consequently a simple average of the 2020 costs
and the expected 2050 costs.

Land transport - Passenger cars

Total transport energy demand for Japan in 2019 was about 15.5% of the total primary energy
demand, accounting for approximately 850,000 GWh. Of this, about 59% was passenger traffic,
and 59% of that was passenger cars.

With 98% of the Japanese vehicle fleet conventional or hybrid, a net zero-carbon passenger vehicle
world will require replacing almost the entire fleet.

With its shrinking and ageing population, together with its slow GDP growth, our modelling of the
passenger vehicle segment for Japanese road transport shows the continuation of the trend
decline evident since around 2005 continuing until about 2045 before it starts to level off.

Japan passenger vehicle forecast
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For simplicity, we have assumed that all passenger vehicles by 2050 are battery plug-in electric
vehicles. Japan has made a big play for the hydrogen fuel cell as a potential future source of clean
energy for vehicles. But compared to battery EV's, these are less efficient and do not benefit to the
same degree from regenerative braking in an urban traffic environment, which seems most
appropriate to Japan’s case.

Even today, plug-in electric vehicles are considerably more efficient than conventional internal
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combustion engines* **. By 2050, assuming a continuation of trend efficiency gains, they will be
more efficient still. And if autonomous driving is also more widespread, which we think likely,
reducing costly braking and acceleration, efficiency gains will be further improved***. With the
decline in total vehicles on the road by 2050 and allowing for transmission losses at charging,
distribution to the grid and substations, total energy demand from passenger vehicles in 2050
could be as low as 70-75,000GWh.

*https://www.fueleconomu.gov/feg/atv.shtml

**https://www.fueleconomuy.gov/feqg/atv.shtml

***Energy Efficiency trade-offs in small to large electric vehicles. Environmental Sciences Europe, 18
March 2020.

Backing out the electricity generating capacity required to deliver that, and accounting for Japan’s
projected generating mix, this requires only around 20GW of additional generating capacity at a
total cost of US$54bn, or less than 0.1pp of GDP on an annual basis if spread out over the entire
horizon. This low result is a result of:

i.  The decline in vehicles on the road and passenger km by 2050

ii. Theinherent efficiency improvements of BEVs compared to the current fleet

ii. Additional energy gains for BEVs in 2050 from now

iv. Decline in costs, especially for renewable energy as it becomes more widespread.

This is only one part of the transport sector, however. Let's now consider the other parts.

The efficiency of battery electric vehicles (BEVs) versus internal
combustion engines (ICEs)
P
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Source: US Department of Energy, ING
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Commercial vehicles

We perform much the same calculation for buses and road haulage using trucks. Where BEVs were
unambiguously the technology of choice for the urban passenger segment, this is less clear for
commercial vehicles. For short-haul commercial transport, including buses, the efficiency gains and
restorative braking technology mean that battery electric vehicles will likely be the clear economic
choice. But for longer range traffic, it is not so obvious.

For fuel cell-driven vehicles, the issue of hydrogen generation requires some consideration to allow
for net-zero carbon production. The electrolysis step is not 100% efficient, and then there are
further leakages and efficiency losses at each stage of compression, liquefaction, transportation
and filling. Even if, ultimately, hydrogen fuel cell vehicles are very efficient at turning that chemical
potential energy into kinetic energy to shift the vehicle forward* **, the process for getting there is
extremely complicated, and the overall efficiency gains smaller than for battery electric vehicles.
That said, Japan’s government has placed some considerable weight on hydrogen as part of its
sustainability plans* and we believe it will be part of the land transport solution, though it will play
a much bigger role, in marine transport (as ammonia).

*https://afdc.energy.gov/vehicles/how-do-fuel-cell-electric-cars-work

**Basic Hydrogen Strategy December 26, 2017. Ministerial Council on Renewable Energy, Hydrogen
and related issues https://www.meti.go.jp/english/press/2017/pdf/1226_003b.pdf

Splitting the commercial vehicle sector into long haul, which could make good use of hydrogen fuel
cell technology, and short-haul, which is more likely to benefit from battery power, we can make
similar calculations to those done for the passenger vehicle segment. Doing this, we calculate this
will require an additional 20GW of capacity and a further US$60bn of capital costs.

Japan'’s rail system

Rail is extensively used in Japan compared to many developed countries, and it accounts for 29%
of current passenger transport energy consumption. Only about 5% of this rail transport is freight
traffic.

Passenger transport was edging up prior to the pandemic when it collapsed (we show it only pre-
pandemic for clarity). But for Freight, ton kms have been edging down for some time. With 85% of
Japan'’s rail network already electrified, the only real gains to be made here are from full
electrification of the remaining 15% of the network.
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Annual passenger and freight ton km travelled
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Even with the possibility that a falling and ageing population results in reduced rail usage over
time, we are reluctant to convert this into a reduced rail energy usage. Timetabling constraints
make it more likely that trains simply run a little less full as the population drops. Likewise, for a
transport mode that is so mature, we struggle to see substantial efficiency gains over the coming
decades.

Consequently, we see rail as a simple calculation where we replace the existing energy generating
capacity with net zero carbon capacity for a fully electrified rail network. We calculate that the
total transformation will require an additional 60GW of capacity for a total cost of US$150bn.

Aviation

It is easy to find articles about battery-powered planes or planes using hydrogen* **. It's a lot
harder to imagine the entire global fleet of commercial aircraft adjusting to a new power source, or
for that matter, safely travelling on such an aircraft. For shorter flights, we consider France’s recent
move to ban internal flights where there is an alternative train journey of less than 2.5 hours as a
more practical policy direction for countries in Asia like Japan, but ultimately, this is their choice.

*https://www.bbc.com/future/article/20210401-the-worlds-first-commercial-hydrogen-plane

**https://www.flightglobal.com/airframers/swiss-company-h55-to-provide-batteries-for-harbour-ai
rs-electric-beaver/143359.article

For those remaining flights, the more credible alternative to hydrogen or battery power, we
believe, is that current aviation fuel is replaced with sustainable aviation fuel (SAF) and used in
existing aircraft. This could be done without the requirement to redesign and build an entirely new
generation of aircraft. Bearing in mind that the Boeing 747, has only just been retired, after it was
first used in 1970 by Pan Am, it is clear that there is a lot of life in the existing generation of
commercial aircraft. If not, this could be one transport segment that requires mitigation efforts
elsewhere. Though we are somewhat dubious about the credibility and scale of such measures as
are currently available. And these will need to be adequately “policed” to prevent greenwashing.
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Jet fuel used (kl million)
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Sustainable aviation fuel, which can start off as food waste or industrial landfill, can arguably be
net carbon negative in the sense that it replaces a methane source with a product that would
generate a less harmful greenhouse gas, carbon dioxide. And there is apparently, no shortage of
available feedstock. Though planes running on SAF still emit carbon dioxide. And we have to be
very careful about how we undertake the carbon balance sheet accounting for processes like this.
Are they genuinely reducing greenhouse gases from the atmosphere, or not? That needs to be
made more clear.

Moreover, creating sustainable energy fuel is not an energy neutral proposition, and would require
some significant energy inputs. One variant of this is described by the US Department of Energy,
which requires 9OMW of electricity generating capacity for each 10 million gallons of aviation fuel
manufactured.

To manufacture a sustainable alternative to the 10.4 billion litres of aviation fuel Japan used in
2019 would require an additional 62GW of capacity at US$168bn, assuming that demand
eventually crept back to 2019 levels and allowing for some further efficiency gains.

Marine

The Marine transport segment is perhaps the trickiest transport sector for these calculations.
Japan’s Marine transport sector is overwhelmingly freight, so we can ignore the passenger sector
for the purposes of our calculations.

There are widely differing outlooks on the future for shipping fuel. Some advocate a short-term
shift to LNG as a bridging fuel. But with increasing concern about “methane slip”, one of the world's
biggest shipping companies, Maersk, has come out strongly against LNG. Even ignoring methane
slip, which is hard to do, countries like Japan would need to mitigate against the CO2 emissions
produced, and shipping companies needing to buy new ships might find them unprofitable within
their economic lifetime if they had to offset rising carbon emission costs.

The most likely alternative fuel source we know about today is ammonia. This has both
advantages and disadvantages.

Advantages
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When burned, it emits no CO2

It is fairly energy dense and so will not compromise marine cargo space.

A tank of ammonia (NH3) contains more hydrogen than a tank of hydrogen (H2)

e Existing ships can be retrofitted with ammonia burning engines (though this would not be
cheap)

Disadvantages

e Ammonia needs to be produced, which is an energy-intensive process deriving from
reducing methane (blue ammonia), producing CO2, which needs capturing and storing
(untested and potentially uncommercial), or through green ammonia production, which
requires a lot of renewable energy.

¢ Conventional engines for burning ammonia are not very efficient. Ammonia does not burn
well on its own and is much more efficient when combined with hydrogen gas which also
helps to reduce harmful NO and NO2 emissions. In short, given the inefficiencies of such
engines, the overall process requires a lot of energy input, for much less energy output.

¢ \We won't consider the additional bunker costs here, but as ammonia is less fuel dense than
traditional fuel, these would also be considerable.

Blue Ammonia production
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Calculating the additional electricity generating capacity costs required to create green ammonia
even if used in more efficient hybrid H2 enhanced engines would require an additional 216GW of
capacity at the cost of about US$588bn.

It might be possible to do this more cheaply with blue ammonia. But that would require carbon
capture and storage (CCS) or mitigation actions, the costs of both of which are unclear. While we
consciously gloss over CCS in this note, we aren’t dismissing it entirely. Most of the net-zero plans
we have seen for Asiq, including those for Japan, include a role for CCS, usually alongside LNG gas
turbine electricity generation. And it does look as if CCS will become a much more important
feature of net-zero carbon transformations in the coming years.

Conclusion

When you add all this together, the total costs for Japan in transitioning to a net-zero carbon
transport system, would cost about $1tr purely in terms of the electricity generating capacity
required.

In very rough terms, that is about 20% of current Japanese GDP, though this falls to around 0.6%
of GDP per annum when spread between now and 2050. That's not much more in total than the
Japanese government spent on Covid-19 mitigation efforts, just to throw in some more
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perspective.

But then this is only the transport sector, and only the electricity generating capacity cost we have
considered. The whole economy transition will be far more expensive.

With government money earmarked for the transition of the entire economy less than 20% of the
total for transport alone, it is clear that the private sector will be required to pay for most of this.

Additional capital cost required (US$bn)
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That sounds alarming. But put this another way, for the transport sector alone, this transition will
require additional private sector investment spending of about 0.6pp of current GDP per year. As
far as GDP is concerned, one person’s cost is another’s income. So yes, this will be disruptive, but
this is not simply a drag on growth and could reinvigorate what is currently a very lacklustre
economy.

The Japanese government claim a total GDP gain from their green transition plan of US$1.8tr by
2050*. This is not a figure that we can completely dismiss. If we have any bias, it is that this might
be too small.

*Overview of Japan’s Green Growth Strategy through achieving Caron neutrality in 2050. Jan 2021

Author

Olivia Grace
Editor
olivia.grace@ing.com

Julian Geib
Junior Economist, Global Trade
julian.geib@ing.de

Zoltan Homolya
Economic research trainee

Bundles | 7 September 2021 58


mailto:olivia.grace@ing.com
mailto:julian.geib@ing.de

THINK economic and financial analysis

zoltan.homolya®@ing.com

Amrita Naik Nimbalkar
Junior Economist, Global Macro
amrita.naik.nimbalkar@ing.com

Mateusz Sutowicz
Senior Economist, Poland
mateusz.sutowicz@ing.pl

Alissa Lefebre
Economist
alissa.lefebre@ing.com

Deepali Bhargava
Regional Head of Research, Asia-Pacific
Deepali.Bhargava@ing.com

Ruben Dewitte
Economist
+32495364780
ruben.dewitte@ing.com

Kinga Havasi
Economic research trainee
kinga.havasi@ing.com

Marten van Garderen
Consumer Economist, Netherlands
marten.van.garderen@ing.com

David Havrlant

Chief Economist, Czech Republic
420770 321 486
david.havrlant@ing.com

Sander Burgers
Senior Economist, Dutch Housing
sander.burgers@ing.com

Lynn Song
Chief Economist, Greater China
lunn.song@ing.com

Michiel Tukker
Senior UK & Eurozone Rates Strategist
michiel.tukker@ing.com

Bundles | 7 September 2021 59


mailto:zoltan.homolya@ing.com
mailto:amrita.naik.nimbalkar@ing.com
mailto:mateusz.sutowicz@ing.pl
mailto:alissa.lefebre@ing.com
mailto:Deepali.Bhargava@ing.com
mailto:ruben.dewitte@ing.com
mailto:kinga.havasi@ing.com
mailto:marten.van.garderen@ing.com
mailto:david.havrlant@ing.com
mailto:sander.burgers@ing.com
mailto:lynn.song@ing.com
mailto:michiel.tukker@ing.com

Michal Rubaszek
Senior Economist, Poland
michal.rubaszek@ing.pl

This is a test author

Stefan Posea
Economist, Romania
tiberiu-stefan.posea@ing.com

Marine Leleux
Sector Strategist, Financials
marine.leleux2@ing.com

Jesse Norcross
Senior Sector Strategist, Real Estate
jesse.norcross@ing.com

Teise Stellema
Research Assistant, Energy Transition
teise.stellema@ing.com

Diederik Stadig
Senior Economist, Healthcare & Technology
diederik.stadig@ing.com

Diogo Gouveia
Sector Economist
diogo.duarte.vieira.de.gouveia@ing.com

Marine Leleux
Sector Strategist, Financials
marine.leleux2@ing.com

Ewa Manthey
Commodities Strategist
ewa.manthey@ing.com

ING Analysts

James Wilson
EM Sovereign Strategist
James.wilson@ing.com

Sophie Smith
Digital Editor

Bundles | 7 September 2021

THINK economic and financial analysis

60


mailto:michal.rubaszek@ing.pl
mailto:tiberiu-stefan.posea@ing.com
mailto:marine.leleux2@ing.com
mailto:jesse.norcross@ing.com
mailto:teise.stellema@ing.com
mailto:diederik.stadig@ing.com
mailto:diogo.duarte.vieira.de.gouveia@ing.com
mailto:marine.leleux2@ing.com
mailto:ewa.manthey@ing.com
mailto:James.wilson@ing.com

sophie.smith@ing.com

Frantisek Taborsky
EMEA FX & FI Strategist
frantisek.taborsky@ing.com

Adam Antoniak
Senior Economist, Poland
adam.antoniak@ing.pl

Min Joo Kang
Senior Economist, South Korea and Japan
min.joo.kang@ing.com

Coco Zhang
ESG Research
€0co.zhang@ing.com

Jan Frederik Slijkerman
Senior Sector Strategist, TMT
jan.frederik.slijkerman@ing.com

Katinka Jongkind
Senior Economist, Services and Leisure
Katinka.Jongkind@ing.com

Marina Le Blanc
Sector Strategist, Financials
Marina.Le.Blanc@ing.com

Samuel Abettan
Junior Economist
samuel.abettan@ing.com

Franziska Biehl
Senior Economist, Germany
Franziska.Marie.Biehl@ing.de

Rebecca Byrne

Deputy Global Head of Editorial and Supervisory Analyst

rebecca.burne@ing.com

Mirjam Bani

THINK economic and financial analysis

Sector Economist, Commercial Real Estate & Public Sector (Netherlands)

mirjam.bani@ing.com

Timothy Rahill
Credit Strategist

Bundles | 7 September 2021

61


mailto:sophie.smith@ing.com
mailto:frantisek.taborsky@ing.com
mailto:adam.antoniak@ing.pl
mailto:min.joo.kang@ing.com
mailto:coco.zhang@ing.com
mailto:jan.frederik.slijkerman@ing.com
mailto:Katinka.Jongkind@ing.com
mailto:Marina.Le.Blanc@ing.com
mailto:samuel.abettan@ing.com
mailto:Franziska.Marie.Biehl@ing.de
mailto:rebecca.byrne@ing.com
mailto:mirjam.bani@ing.com

timothy.rahill@ing.com

Leszek Kasek
Senior Economist, Poland
leszek.kasek@ing.pl

Antoine Bouvet
Head of European Rates Strategy
antoine.bouvet@ing.com

Jeroen van den Broek
Global Head of Sector Research
jeroen.van.den.broek@ing.com

Edse Dantuma
Senior Sector Economist, Industry and Healthcare
edse.dantuma@ing.com

Francesco Pesole
FX Strategist
francesco.pesole@ing.com

Rico Luman
Senior Sector Economist, Transport and Logistics
Rico.Luman®@ing.com

Jurjen Witteveen
Sector Economist
jurjen.witteveen@ing.com

Dmitry Dolgin
Chief Economist, CIS
dmitry.dolgin@ing.de

Nicholas Mapa
Senior Economist, Philippines
nicholas.antonio.mapa@asia.ing.com

Egor Fedorov
Senior Credit Analyst
egor.fedorov@ing.com

Sebastian Franke
Consumer Economist
sebastian.franke@ing.de

Gerben Hieminga
Senior Sector Economist, Energy

Bundles | 7 September 2021

THINK economic and financial analysis

62


mailto:timothy.rahill@ing.com
mailto:leszek.kasek@ing.pl
mailto:antoine.bouvet@ing.com
mailto:jeroen.van.den.broek@ing.com
mailto:edse.dantuma@ing.com
mailto:francesco.pesole@ing.com
mailto:Rico.Luman@ing.com
mailto:jurjen.witteveen@ing.com
mailto:dmitry.dolgin@ing.de
mailto:nicholas.antonio.mapa@asia.ing.com
mailto:egor.fedorov@ing.com
mailto:sebastian.franke@ing.de

gerben.hieminga@ing.com

Nadege Tillier
Head of Corporate Sector Strategy
nadege.tillier@ing.com

Charlotte de Montpellier
Senior Economist, France and Switzerland
charlotte.de.montpellier@ing.com

Laura Straeter
Behavioural Scientist
+31(0)611172684
laura.Straeter@ing.com

Valentin Tataru
Chief Economist, Romania
valentin.tataru@ing.com

James Smith
Developed Markets Economist, UK
james.smith@ing.com

Suvi Platerink Kosonen
Senior Sector Strategist, Financials
suvi.platerink-kosonen@ing.com

Thijs Geijer
Senior Sector Economist, Food & Agri
thijs.geijer@ing.com

Maurice van Sante

Senior Economist Construction & Team Lead Sectors

maurice.van.sante@ing.com

Marcel Klok
Senior Economist, Netherlands
marcel.klok@ing.com

Paolo Pizzoli
Senior Economist, Italy, Greece
paolo.pizzoli@ing.com

Marieke Blom
Chief Economist and Global Head of Research
marieke.blom®@ing.com

Raoul Leering

Bundles | 7 September 2021

THINK economic and financial analysis

63


mailto:gerben.hieminga@ing.com
mailto:nadege.tillier@ing.com
mailto:charlotte.de.montpellier@ing.com
mailto:laura.Straeter@ing.com
mailto:valentin.tataru@ing.com
mailto:james.smith@ing.com
mailto:suvi.platerink-kosonen@ing.com
mailto:thijs.geijer@ing.com
mailto:maurice.van.sante@ing.com
mailto:marcel.klok@ing.com
mailto:paolo.pizzoli@ing.com
mailto:marieke.blom@ing.com

Senior Macro Economist
raoul.leering@ing.com

Maarten Leen
Head of Global IFRS9 ME Scenarios
madarten.leen@ing.com

Maureen Schuller
Head of Financials Sector Strategy
Maureen.Schuller@ing.com

Warren Patterson
Head of Commodities Strategy
Warren.Patterson@ing.com

Rafal Benecki
Chief Economist, Poland
rafal.benecki@ing.pl

Philippe Ledent
Senior Economist, Belgium, Luxembourg
philippe.ledent@ing.com

Peter Virovacz
Senior Economist, Hungary
peter.virovacz@ing.com

Inga Fechner
Senior Economist, Global Trade
inga.fechner@ing.de

Dimitry Fleming
Senior Data Analyst, Netherlands
Dimitry.Fleming@ing.com

Ciprian Dascalu

Chief Economist, Romania
+40 31 406 8990
ciprian.dascalu@ing.com

Muhammet Mercan
Chief Economist, Turkey
muhammet.mercan@ingbank.com.tr

Iris Pang
Chief Economist, Greater China
iris.pang@asia.ing.com

Bundles | 7 September 2021

THINK economic and financial analysis

64


mailto:raoul.leering@ing.com
mailto:maarten.leen@ing.com
mailto:Maureen.Schuller@ing.com
mailto:Warren.Patterson@ing.com
mailto:rafal.benecki@ing.pl
mailto:philippe.ledent@ing.com
mailto:peter.virovacz@ing.com
mailto:inga.fechner@ing.de
mailto:Dimitry.Fleming@ing.com
mailto:ciprian.dascalu@ing.com
mailto:muhammet.mercan@ingbank.com.tr
mailto:iris.pang@asia.ing.com

Sophie Freeman

Writer, Group Research

+44 20 7767 6209
Sophie.Freeman®@uk.ing.com

Padhraic Garvey, CFA
Regional Head of Research, Americas
padhraic.garvey@ing.com

James Knightley
Chief International Economist, US
james.knightley@ing.com

Tim Condon
Asia Chief Economist
+65 6232-6020

Martin van Vliet

Senior Interest Rate Strategist
+31 20563 8801
martin.van.vliet@ing.com

Karol Pogorzelski
Senior Economist, Poland
Karol.Pogorzelski@ing.pl

Carsten Brzeski
Global Head of Macro
carsten.brzeski@ing.de

Viraj Patel

Foreign Exchange Strategist
+44 20 7767 6405
viraj.patel@ing.com

Owen Thomas

Global Head of Editorial Content
+44 (0) 207 767 5331
owen.thomas@ing.com

Bert Colijn
Chief Economist, Netherlands
bert.colijn@ing.com

Peter Vanden Houte

Chief Economist, Belgium, Luxembourg, Eurozone

peter.vandenhoute@ing.com

Bundles | 7 September 2021

THINK economic and financial analysis

65


mailto:Sophie.Freeman@uk.ing.com
mailto:padhraic.garvey@ing.com
mailto:james.knightley@ing.com
mailto:martin.van.vliet@ing.com
mailto:Karol.Pogorzelski@ing.pl
mailto:carsten.brzeski@ing.de
mailto:viraj.patel@ing.com
mailto:owen.thomas@ing.com
mailto:bert.colijn@ing.com
mailto:peter.vandenhoute@ing.com

THINK economic and financial analysis

Benjamin Schroeder
Senior Rates Strategist
benjamin.schroder@ing.com

Chris Turner
Global Head of Markets and Regional Head of Research for UK & CEE
chris.turner@ing.com

Gustavo Rangel
Chief Economist, LATAM
+1 646 424 6464
gustavo.rangel@ing.com

Carlo Cocuzzo

Economist, Digital Finance
+44 20 7767 5306
carlo.cocuzzo@ing.com

Bundles | 7 September 2021 66


mailto:benjamin.schroder@ing.com
mailto:chris.turner@ing.com
mailto:gustavo.rangel@ing.com
mailto:carlo.cocuzzo@ing.com

THINK economic and financial analysis

Report | 6 September 2021 Sustainability

Asid’s race to net-zero carbon: $12.4
trillion and counting

Asia emits half the world's carbon dioxide, but China, Japan and South
Korea are now embarking on net-zero carbon plans. How much is this
going to cost in terms of new electricity generation capacity? We
estimate $12.4tr for just the transport sector alone. Download our
major new report below
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