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In 2022, the output of new energy vehicles reached 7.003 million, up by 90.5
percent over the previous year; and that of solar cells (photovoltaic cells) was 0.34 billion
kilowatts, up by 46.8 percent. New strides were made in green transformation. The
national energy consumption per 10,000 yuan worth of GDP in 2022 dropped by 0.1
percent over the previous year. In 2022, the electricity generated by clean energy such as
hydropower, nuclear power, wind power, and solar power was 2,959.9 billion kilowatt-

hours, up by 8.5 percent over the previous year.
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By the end of 2022, the installed power generation capacity was 2,564.05 million
kilowatts, up by 7.8 percent over that at the end of 2021, among which the installed
thermal power generation capacity was 1,332.39 million kilowatts, up by 2.7 percent; the
installed hydropower generation capacity was 413.50 million kilowatts, up by 5.8 percent;
the installed nuclear power generation capacity was 55.53 million kilowatts, up by 4.3
percent. The installed grid-connected wind power generation capacity was 365.44 million
kilowatts, up by 11.2 percent and the installed grid-connected solar power generation

capacity was 392.61 million kilowatts, up by 28.1 percent.

FERNE: NikolaTesla ( R - HFHrh: )

Many children are familiar with the Tesla coil used at science demonstrations
and lectures to demonstrate what happens when you discharge a high voltage (but low
current: it’s current that Kills, not voltage) over a small space. Films of Frankenstein often
show, somewhat anachronistically, Tesla coils discharging lightning-like bolts.

TRE A% T HOR B SRR A P B TR AR AAGE, R — A has ] Py
AR RPN LSRR SarpimmAR R ). i (Bt
N A AR R BUR b 2R RS SRR BN 7 5

Nikola Tesla, an ethnic Serb from Smiljan, then part of the Austro-Hungarian
Empire, started out his engineering life working for a telephone company in Budapest
in 1881, aged 25. He'd already studied physics and maths; while there—while walking
in a park, in fact—he had an inspiration and solved the equations relating to a revolving
magnetic field, which he then drew in the ground with a stick and explained to a friend.
Quite a patient friend, one suspects.

JET L - FEUrR AR VORISR (i s T S g [ 7y ) H9ZERR . 18814F,
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Not much to you, perhaps, but those equations govern the induction motor, which
is now the most common form of electric motor: three coils around an outside former,
and a rotating element inside. If you run a current through the outside coils, and get the
timing just right, then you create a current (and hence magnetic force) in the coils in the
inside. So the inside rotor turns, but it doesn’t have to touch the outer part: Less friction
means less energy used. Compare that method to the carbon brushes needed in standard
direct current (DC) motors, which wear away where they touch the inner rotor.

R BUR NSRS, AL B A TREA T 4, (HIR At 7 BUE R R
WAL VEOLE . (RSN REIE LISE = AR, SRETE N R — A ik et
TNSRAENE 24 B I Ak L i A AN R AR, IR P B Bl vp 2 AR LA (DT 7 A
710 BICP ERES TRETS AE AR MM TE DL T 463l , i sE Dok BEVR BORAE SE DI RE
G %07k SR B LI T A BRIEA T LA, B ik 3 P 304 100 3t 5 2
FEA IR

But it’s in the development of mains electricity—the underpinning of our modern
age—that Tesla really rules. When Americans tell the story of Thomas Edison, the famous
inventor of the gramophone, and whose name is usually attached to the invention of the
light bulb, Tesla’s name is frequently left out.

HA, PR EIE R T 2SR SUSR e Ty, XU B2 R R BEA . 58
BN R 35 24 R AT - 2 AR RN, R SR B T R LAY, J2
W% TR DD 35

However Tesla, who became an American citizen in 1891, worked with Edison
for years, improving many of the early inventions and turning them into something
workable. The two were introduced in 1884, when Tesla came to the US, by a letter from
a mutual friend to Edison which read, “I know of two great men. One is you and the
other is this young man”

KRB AE 1891 4 A R A R i 52 MR SIELAE, PIASLRSHE T iF2 R
WA W A BLSEY o 18844F, FEITHIRBISEREIN, W AL A A A
Gz wAERGEHIR, EhEiE, “FRIANRAMERAN, — 2R, S— DA
FERAT

Yet it’s thanks to Tesla, not Edison, that we have electricity coming out of plugs, and

that we even have power stations able to generate serious amounts of energy. He won the
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War of the Currents with Edison, who was convinced that DC—the sort that comes out
of an ordinary battery—was the way forward for power generation and distribution. Tesla
was able to show that alternating current (AC)—which swaps its polarity at a regular
rate, 50 times a second in UK mains electricity—was far more efficient (you don’t lose
anything like as much energy in transmitting it over long distances).

Zog TR (iAEZ A ), FRA 4 GES WAL AR LT, A REd A ik
FIRMBE L PR 1 52 R R i —Z AR R fE E R (RIS
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Even though Edison took to electrocuting dogs in public displays to show just how
dangerous AC was (no, really), Tesla won the day. Where DC can only be transmitted
for a couple of miles before the resistance of the lines reduces it to nothing, AC can be
transmitted at high voltages for many times that distance. A side note: Did you know
that the distribution equipment—transformers, transmission lines—is 80% of the cost
of running an electricity company? The power generation is only 20%, which is why
even if we had free electricity generation—say from nuclear fusion—the upkeep of the
distribution network would still mean youd get a bill every quarter. Quite probably it
would still be for the house next door which isn’t on the same provider, too.

VEZ AR AT S L E R DL B R R R B fER (5L EIFAER ), Kl
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And to quote his biography, among his discoveries are the fluorescent light, laser
beam, wireless communications, wireless transmission of electrical energy, remote
control, robotics, Tesla’s turbines, and vertical take-off aircraft. Tesla is the father of the
radio and the modern electrical transmission systems. He registered over 700 patents
worldwide. His vision included exploration of solar energy and the power of the sea. He

foresaw interplanetary communications and satellites.
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Then again, he also had ideas for the “death ray”—what we might now recognize as a
directed energy weapon—and an ion-propelled aircraft (which was proven to be feasible).

PRtz Ab, fiudfetid “SEToaE” (BUERTREN X —FE [ RE R iUE ) FlEg
TAREEE AT (AT EEHEEY] ) BRRE.
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White Paper on Energy in China’s New Era (Excerpt)
RETRRE NSO BRI Bh g, Mo i RAERIE K 2 4x, SRR NZRAEAEAI
K, MTlRREFakk. WM NREIEEREE,
Energy is the foundation and driving force for the progress of human civilization.
It matters to the economy, to people’s lives, to national security, and to the survival and
development of humanity. It is of vital importance in advancing social and economic

development and public welfare.
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Since the founding of the People’s Republic of China (PRC) in 1949, under the
leadership of the Communist Party of China (CPC), a relatively complete energy industry
system has been established. This has largely been achieved through self-reliance and
hard work. Since the launch of the reform and opening-up policy in 1978, to adapt to the
rapid development of the economy and society, China has promoted the development
of energy in a comprehensive, coordinated and sustainable manner. Today, China has
become the world’s largest energy producer and consumer. Its transition to efficient

energy utilization has been the fastest in the world.
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Since the 18th CPC National Congress in 2012, China has entered a new era, as has
its energy development. In 2014, President Xi Jinping put forward a new energy security
strategy featuring Four Reforms and One Cooperation, pointing out the direction for the
quality growth of the energy industry with Chinese characteristics in the new era. China
upholds the vision of innovative, coordinated, green, open and shared development with
focus on high quality and restructuring of the supply side. It has been working on all
fronts to reform the ways energy is consumed, to build a clean and diversified energy
supply system, to implement an innovation-driven energy strategy, to further the reform
of the energy system, and to enhance international energy cooperation. China has

entered a stage of high-quality energy development.

FEZS LS XA b B XS DA REVRTR IR 204 H 4 ™ IR )
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A thriving civilization calls for a good eco-environment. Facing increasingly severe
global problems such as climate change, environmental risks and challenges, and energy
and resource constraints, China embraces the vision of a global community of shared
future and accelerates its transformation towards green and low-carbon development
in economy and society. In addition to promoting clean and low-carbon energy use
domestically, China has been an active participant in global energy governance, exploring
a path of worldwide sustainable energy alongside other countries. At the general debates
of the 75th United Nations General Assembly in September 2020, President Xi pledged
that China will scale up its Intended Nationally Determined Contributions by adopting

more vigorous policies and measures, striving to have carbon dioxide emissions peak
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before 2030 and to achieve carbon neutrality before 2060. In the new era, China’s energy
strategy will provide forceful support for sound and sustained economic and social
development, and make a significant contribution to ensuring world energy security,

addressing global climate change, and boosting global economic growth.

A G A R DR Je Ot , A T e i e L e R YA i ) 2 ORI R
A, RERATAA B

The Chinese government is publishing this white paper to provide a full picture of
China’s achievements in its energy development and its major policies and measures for

energy reform.
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Can 100% Renewable Energy Power the World?

Every year, the world uses 35 billion barrels of oil. This massive scale of

fossil fuel dependence pollutes the Earth, and it won't last forever. Scientists
estimate that we have consumed about 40% of the world’s oil. According to present
estimates, at this rate, we’ll run out of oil and gas in 50 years or so, and in about a century
for coal.

On the flip side, we have abundant sun, water, and wind. These are renewable energy
sources, meaning that we won't use them up over time. What if we could exchange our
fossil fuel dependence for an existence based solely on renewables? We have pondered
that question for decades, and yet, renewable energy still only provides about 13% of our
needs. That’s because reaching 100% requires renewable energy that’s inexpensive and
accessible. This represents a huge challenge, even if we ignore the politics involved and
focus on the science and engineering.

We can better understand the problem by understanding how we use energy. Global
energy use is a diverse and complex system, and the different elements require their own
solutions. But for now, we'll focus on two of the most familiar in everyday life: electricity
and liquid fuels. Electricity powers blast furnaces, elevators, computers, and all manner
of things in homes, businesses, and manufacturing. Meanwhile, liquid fuels play a crucial
role in almost all forms of transportation.

Let’s consider the electrical portion first. The great news is that our technology is
already advanced enough to capture all that energy from renewables, and there’s an ample
supply. The sun continuously radiates about 173 quadrillion watts of solar energy at the
Earth, which is almost 10,000 times our present needs. It’s been estimated that a surface
that spans several hundred thousand kilometers would be needed to power humanity at
our present usage levels. So why don’t we build that? Because there are other hurdles in
the way, like efficiency and energy transportation.

To maximize efficiency, solar plants must be located in areas with lots of sunshine
year round, like deserts. But those are far away from densely populated regions where
energy demand is high. There are other forms of renewable energy we could draw from,
such as hydroelectric, geothermal, and biomasses, but they also have limits based on
availability and location. In principle, a connected electrical energy network with power

lines crisscrossing the globe would enable us to transport power from where it’s generated
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to where it’s needed. But building a system on this scale faces an astronomical price tag.
We could lower the cost by developing advanced technologies to capture energy more
efficiently.

The infrastructure for transporting energy would also have to change drastically.
Present-day power lines lose about 6%-8% of the energy they carry because wire material
dissipates energy through resistance. Longer power lines would mean more energy loss.
Superconductors could be one solution. Such material can transport electricity without
dissipation. Unfortunately, they only work if cooled to low temperatures, which requires
energy and defeats the purpose. To benefit from that technology, we need to discover

new superconducting materials that operate at room temperature.

0 XKiEd
| @ LR
austere fjFh, FATHY waste heat JEH ( SUFRAHL )
petawatt hour ] FLH] terawatt hour K FLH|

gigawatt hour 7 FLH

Speech at 2023 Investor Day (Excerpt)

So as Zach was mentioning, the thing that I think we wanted to convey,

probably more importantly than anything else that we talk about here is that
there is a clear path to a sustainable energy Earth. It doesn’t require destroying natural
habitats. It doesn’t require us to be austere and stop using electricity and sort of be in
the cold or anything. The story, and I think this holds together quite well, and we’ll be
actually publishing a detailed white paper with all of our assumptions and calculations, is
that there is a clear path to a fully sustainable Earth with abundance.( In fact, you could
support a civilization much bigger than Earth, much more than the eight billion humans

could actually be supported sustainably on Earth.
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And I'm just often shocked and surprised by how few people realize this. Most of
the smart people I know actually don't see this clear path. They think that there’s not a
path to a sustainable energy future, or at least there’s not one that is sustainable at our
current population or that wed have to resort to extreme measures. None of these is true.
So we’re going to walk through the calculations for how to create a sustainable energy
civilization.

And today our energy economy, let’s be honest, it’s dirty and it’'s wasteful. Over
80% of global energy, primary energy, comes from fossil fuels, and only one third of
that global energy actually ends up delivering useful work or heat. This is the problem
statement, but we’re here to talk about the solution.

Yeah, it’s like, some of this I'm going to elaborate because there’s a very wide range
of technical expertise out there from people who are like, you know, whatever, level-
nine wizards in the subject to people who do not do engineering at all.2 So if you have
a gasoline car, yotrreconverting less than a third, often maybe only 25% of the energy in
the gasoline is converted into motion. The rest is turned into waste heat. That doesn’t do
any good at all. And there’s a lot of energy required even to get the oil out of the ground,
to refine the oil, and to transport the gasoline to the gas station. So when you look at all
that for a typical gasoline car, it’s actually going to be using less than 20% fully considered
of the energy from the oil actually into motion.

So this is a, when I see people, when we see people® doing calculations for what
does it take to create a sustainable energy Earth, they assume that the same energy
amount is required for an electrified civilization versus a combustion civilization. This is
not true because most of the energy of combustion is waste heat.

And even to get the fuel to combust in the first place and get it to the end use, there’s
a lot lost along the way. I mean, this is the primary energy consumption, 165 petawatt
hours a year. Petawatt hour is a trillion kilowatt hours. So it’s a large amount of energy.
But the nice thing about electrified economy, there’s a better way, we're going to talk
about it, is that through end use efficiency and through efficiency along every step of
the way, actually the total energy use halves@. So thisis one of the most enabling aspects
of electrifying everything, is that the sustainable energy economy is that much easier to
accomplish. It’s actually half the problem statement of the fossil fuel economy.

Yeah, and were being conservative here, so it could be better than half. But we’re

trying to have assumptions that are reasonable, not overly optimistic, in fact slightly
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pessimistic. So it’s really better than half, but just say...it’s easy to make the argument that
we need half as much energy with an electric economy versus a combustion economy.

So the thing that is needed at very large scale that is not currently present is a vast
amount of battery energy storage. Our rough calculations are that this is about 240
terawatt hours, or 240,000 gigawatt hours. This is a lot of batteries, but it is actually a
very achievable amount. We'll go into details on that. So that’s a combination of electric
vehicles and stationary storage. So if you've got solar or wind, you've got to store the
energy when the wind is not blowing, when the sun is not shining.

And so were assuming sort of an eight to one ratio of stored energy to power. So 30
terawatt hours of power, 30 terawatts of power. Our actual capital expenditure calculation
for manufacturing investment is more like six trillion, but we made it higher to make it
10 trillion.

And this is across mining, refining, battery factories, recycling, vehicle factories,
all the things that we're going to talk about needing to invest in to build this sustainable
energy economy.

Now, if you look at the total world economy, it’s just under 100 trillion. © So if this
was spread out, say, over 10 years, it would be 1% of the global economy. Over 20 years, it
would be half a percent of the global economy. So this is not a big number relative to the

global economy.
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How to Bring Affordable, Sustainable
Electricity to Africa (Excerpt)

So right now, nearly one billion people globally don’t have access to
electricity in their homes. And in sub-Saharan Africa, more than half of the population
remain in the dark. So you probably all know this image from NASA. There’s a name for
this darkness. It’s called “energy poverty,” and it has massive implications for economic
development and social wellbeing. One unique aspect of the energy poverty problem in
sub-Saharan Africa—and by the way, in this talk when I say “energy;” I mean “electricity”—
one thing that’s unique about it is there isn’t much legacy infrastructure already in place
in many countries of the region.® So, for example, according to 2015 data, the total
installed electricity capacity in sub-Saharan Africa is only about 100 gigawatts. That’s
similar to that of the UK. So this actually presents a unique opportunity to build an
energy system in the 21st century almost from scratch.

The question is: How do you do that? We could look back to the past and replicate
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the ways in which we’ve managed to bring stable, affordable electricity to a big part of the
world’s population. But we all know that that has some well-known terrible side effects,
such as pollution and climate change, in addition to being costly and inefficient. With
Africa’s population set to quadruple by the end of the century, this is not a theoretical
question. Africa needs a lot of energy, and it needs it fast, because its population is
booming and its economy needs to develop. So for most countries, the general trajectory
of electrification has been as follows. First, large-scale grid infrastructure is put in place,
usually with significant public investment. That infrastructure then powers productive
centers, such as factories, agricultural mechanization, commercial enterprises, and the
like. And this then stimulates economic growth, creating jobs, raising incomes, and
producing a virtuous cycle that helps more people afford more appliances, which then
creates residential demand for electricity. But in sub-Saharan Africa, despite decades of
energy projects, we haven't really seen these benefits. The energy projects have often been
characterized by waste, corruption, and inefficiency; our rural electrification rates are
really low, and our urban rates could be better; the reliability of our electricity is terrible;
and we have some of the highest electricity prices in the whole world. And on top of all
of this, we are now facing the impacts of the growing climate catastrophe head-on.

So Africa will need to find a different path. And, as it turns out, we are now
witnessing some pretty exciting disruption in the African energy space. This new path is
called off-grid solar, and it’s enabled by cheap solar panels, advances in LED and battery
technology, and combined with innovative business models.2 So these off-grid solar
products typically range from a single light to home system kits that can charge phones,
power a television, or run a fan.® I want to be clear: Off-grid solar is a big deal in Africa.
I have worked in the sector for years, and these products are enabling us to extend basic
energy services to some of the world’s poorest, raising their quality of life. This is a very
good and a very important thing. However, off-grid solar will not solve energy poverty
in Africa, and for that matter, neither will a top-down effort to connect every unserved
household to the grid. See, 'm not here to rehash that played-out “on-versus-off-grid”
or “old-versus-new” debate. Instead, I believe that our inability to grapple with and truly
address energy poverty in Africa stems from three main sources. First, we don’t really
have a clear understanding of what energy poverty is, or how deep it goes. Second, we are

avoiding complex systemic issues and prefer quick fixes. And third, we are misdirecting
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concerns about climate change. Combined, these three mistakes are leading us to impose
a Western debate on the future of energy and falling back on paternalistic attitudes
towards Africa.

So let me try and unpack these three questions. First, what exactly is energy poverty?
The main energy poverty targeted indicator is enshrined in the UN’s seventh Sustainable
Development Goal, or SDG 7. It calls for 100 percent of the world’s population to have
access to electricity by the year 2030. This binary threshold, however, ignores the quality,
reliability, or utility of the power, though indicators are currently being developed
that will try and capture these things. However, the question of when a household is
considered “connected” is not quite clear-cut. So, for example, last year the Indian Prime
Minister declared all of the villages in India electrified, the criteria for electrification
being a transformer in every village plus its public centers and 10 percent—10 percent—
of its households connected. Meanwhile, the International Energy Agency, which tracks
progress against SDG 7, defines energy access as 50 kilowatt hours per person per year.
That’s enough to power some light bulbs and charge a phone, perhaps run a low-watt TV
or fan for a few hours a day. Now, providing entry-level access is an important first step,
but let’s not romanticize the situation. By any standard, a few lights and not much else
is still living in energy poverty. And what’s more, these energy poverty indicators and
targets cover only residential use. And yet, households account for just about one quarter
of the world’s electricity consumption. That’s because most of our power is used in
industries and for commerce, which brings me to my main point: Countries cannot grow
out of poverty without access to abundant, affordable, and reliable electricity to power
these productive centers, or what I call “Energy for Growth.

As you can see from this graph, there’s simply no such thing as a low-energy, high-
income country. It doesn’t exist. And yet, three billion people in the world currently live
in countries without reliable, affordable electricity not just to power their homes but also
their factories, their office buildings, their data centers, and other economic activities.
Merely electrifying households and micro-enterprises cannot solve this deeper energy
poverty. To solve energy poverty, we need to deliver reliable, affordable electricity at
scale, to power economy-wide job creation and income growth. This need, however,
bumps against an emerging narrative that, faced with climate change, we all need to

transition from large, centralized power systems to small-scale distributed power.@ The
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growth of off-grid solar in Africa—and let me repeat, off-grid solar is a good thing—
but that growth fits nicely into this narrative and has led to those claims that Africa is
leapfrogging the old ways of energy and building its power system from the ground up,
one solar panel at a time. It’s a nice, solicitous narrative, but also quite naive. Like many
narratives of technological disruption, often inspired by Silicon Valley, it takes for granted
the existing systems that underpin all of this transformation.® You see, when it comes
to innovating and energy, the West is working around the edges of a system that is tried
and tested. And so all the sexy stuff—the rooftop solar, the smart household devices,
the electric vehicles—all of this is built on top of a massive and absolutely essential grid,
which itself exists within a proven governance framework. Even the most advanced
countries in the world don’t have an example of an energy system that is all edges and no
center at scale.

So ultimately, no approach—be it centralized or distributed, renewable or fossil-
based—can succeed in solving energy poverty without finding a way to deliver reliable,
affordable electricity to Africa’s emerging industrial and commercial sectors. So, it’s
not just lights in every rural home. It’s power for Africa’s cities that are growing fast
and increasingly full of young, capable people in desperate need of a job. This in turn
will require significant interconnectivity and economies of scale, making a robust and

modern grid a crucial piece of any energy poverty solution.
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