CHAPTER 10

LOOKING BEYOND: SUSTAINABLE
DEVELOPMENT, RENEWABLE ENERGY, AND
GEOQENGINEERING
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World’s Environmental Challenges

» Climate change
» Air pollution

» ‘Ozone hole’

» Water pollution
» Water shortage
> Solid pollution
» Excess nitrogen
> Biodiversity

Steffen et al., Science, 2015

“Nexus” of these problems
* Synergistic versus trade-off



Planetary Boundaries
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United Nations Sustainable Development Goals
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Environment in a Broader Context

N\

aﬂé%
A
2

L

J

. By

A
X

E\Il

)




China’s Energy Challenges

B National security
B Economic bottleneck
* Energy shortage drives economic crisis throughout the
world’s history
* Chinais short of liquid and gaseous fossil fuels
 The reliance on coal is faced with great challenges,
especially in the coming future
B Climate change and air pollution
* Fossil fuels do no good for both issues

B Renewables are relatively expensive, but are our future
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Science For Concerted Action Towards Sustainability
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Science and Policy Making
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Our Environmental Dilemma: Global Solution(s) Needed

» Climate change: GHGs (warming), aerosols (cooling)
» Air pollution: ozone, aerosols, etc.

Dilemma (trade-off):

Environment versus economy

For air quality: aerosols |, — radiative forcing > —
climate warming

For regional ozone air quality: NOx {, — urban ozone air
quality ¢

For urban aerosol air quality: VOC |, — regional ozone air
quality ?

For climate: aerosols * — air quality {,

For climate: BC |, = OC, SO, ' — climate?
Environmental Kuznets Curve

Pollution Heaven Hypothesis



Our Environmental and Energy Solutions

» Sustainable development: reduce all pollutants
* Resource & energy conservation: rely on everybody!
— Consumption-based perspective
* Energy efficiency: decrease energy per unit of GDP
* Emission reduction
- Regulation and policy
= Enhance standard, penalty, and enforcement
= Administrative versus market-based policy
= Carbon trade versus carbon tax
= Power, industry (?), transportation, residential (?), agr. (?)
— Technology
= CCUS (carbon capture, utilization, and storage)?
= BECCS (bioenergy + CCS)?
 Renewable energy: a plausible solution
- Hydro, wind, solar, biofuel, tidal, etc.
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Carbon Neutrality ?

Status of net-zero carbon emissions targets

The inclusion criteria for net-zero commitments may vary from country to country. For example, the inclusion of
international aviation emissions; or the acceptance of carbon offsets. To see the year for which countries have
pledged to achieve net-zero, hover over the country in the interactive version of this chart.

B Achieved (self-declared) [7] Pledged [l InLaw [ In Policy Document [ Proposed | | No data

Data source: Energy and Climate Intelligence Unit, Data-Driven EnviroLab, NewClimate Institute, Oxford Net Zero - Net Zero Tracker
(2023)
OurWorldInData.org/co2-and-greenhouse-gas-emissions | CC BY

https://en.wikipedia.org/wiki/Carbon_neutrality 12
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Future of Energy

» Economic costs of solar/wind electricity are close to coal-based electricity

Capacity added in the last decade
(2010-2019) Unit: GW
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Potential Solutions to
China’s and World’s Environmental Issues

* Energy: From fossil fuel to renewables

» Societal energy use: Electrification

* Individuals: Sustainable consumption

* Inter-regional cooperation: Financial and technological

* Carbon / environmental tax ?
FERREHRE
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Chinese Population Structure Change
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How many people will China and the world need ?
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I —a—a—_—_ _ & ___-_....---..
Clean Energy and Renewable Energy

* Hydro : Traditional, Ecosystem issues
* Nuclear :Safety - NotIn My Backyard

 Wind : Abundant, Intermittency
e Solar : Abundant, Intermittency
* Biofuel :Energy-food-water nexus

* Geothermal: Limited exploitability
* Tidal : Limited exploitability

21



= A network of land-based 2.5 MW wind turbines is assumed to be
Installed on non-forested, ice-free, non-urban land areas.

» Only those that generate = 20% of their rated capacity are included.




Bus-Bar Price Estimated of Wind Electricity for China
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Cumulative Available Wind Electricity at Different Bus-bar

Price Levels for China
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McElroy et al., 2009, Science |
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At 0.516 RMB/kWh (about 7.6 US Cents/kWh) profitable
wind power would amount to 7 PWh, comparable to total
electricity demand projected for 2030 in China.




Challenges for Wind Energy Development

» Wind speed varies dramatically, both spatially and temporally!

B Temporal variability within the lifetime of a wind turbine
* Seasonal and interannual: where to set up wind turbines?
* Hourly, daily: Can we predict wind power?
* Storage: good wind time # high demand time

B Spatial variability
 Good wind regions # high demand regions
e Electricity transport
* Power storage

B Impacts on power grids
* Transition to ‘smart grid’; bi-directional transmission
* Role of electric cars?

B Reliability of wind energy estimation
* Observation based vs. model based

B Combined with solar energy and/or hydropower ?

* Negatively correlated diurnally and seasonally
25
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Interannual Variability of Wind Electricity
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Seasonal and Diurnal Variations of Wind Electricity
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A Few Cents on Geoengineering

Different types of CE derived from
the energy balance

 What could we do to the energy balance
to decrease the present imbalance?

1. Reduction of the solar constant
2. Increase of Planetary Albedo

3. Increase of thermal emissions

Jost Heintzenberg
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A Few Cents on Geoengineering

.~

o Solar constant
<

Reduction of S by
ca. 1.8% through:

1. autonomous mirror
systems (100000 x
13000 km) at

Lagrange point L1
Reflecting dust

rings or screens in
near-Earth orbits

Jost Heintzenberg
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A Few Cents on Geoengineering

Planetary Albedo Ap

1.Suggestion: \ , v/
More reflecting stratospheric aerosol

Deployment through rockets, planes, canons or hoses carried
by tethered balloons

Bill Gates funds the balloon approach

Jost Heintzenberg
30




A Few Cents on Geoengineering

Comparison with volcano Pinatubo

Pinatubo aerosols as seen from the space shuttle Atlantis B Pinatubo effects on precipitation
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Jost Heintzenberg
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A Few Cents on Geoengineering

Planetary Albedo A,

2. Suggestion:
John Latham et al.:

Brightening of low
marine clouds by
offering them more
sea salt
~ ' condensationa nucleli
4 (and water vapor)

, ' Bill Gates funds this
Seeding clouds with |dea as We"

sea salt could control
our climate.
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A Few Cents on Geoengineering

Thick closed-cellular
stratocumulus convection

Thin closed-cellular
stratocumulus convection

Ship tracks brightening

clouds (albedo effect?) L iidee! R A0 A
example
Stevens & Feingold, 2009 | B - N o of

ship
tracks

Ship tracks filling open
cells (lifetime effect?)

Open-celiular convection

33
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A Few Cents on Geoengineering

Planetary Albedo A,

-
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3.+ 4. Proposal

Increase of albedo of
agricultural and

urban land surfaces
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A Few Cents on Geoengineering

Planetary Albedo A,

5. Proposal: Eliminate atmospheric particulate black
carbon (sootl)
Advantage:

Techniques exist. Positive side effects on human health and
urban ventilation. Albedo increase of previously soot covered
snow and ice regions

Modeling:

Present total influence of soot on Earths energy balance is on
the order of the CO, heating

Disadvantages:

Most filtered-out combustion particles are not soot but light
reflecting particles. Ocean acidification as before

Jost Heintzenberg




A Few Cents on Geoengineering

Earth's thermal emission F,

Almost all proposals want to increase F, through the
extraction of CO, from the atmosphere:
» Acceleration of the physical carbon pump in the ocean

» Acceleration of the physico-chemical carbon pump in
the ocean

* Acceleration of the biological carbon pump in the ocean

* Increase of carbon binding in terrestrial plants and
plant detritus

» Acceleration of natural weathering
* Technical elimination of CO, from the air

Jost Heintzenberg




A Few Cents on Geoengineering

The biological carbon pump

« Builds on the Iron hypothesis of Martin (1988)

* Ocean fertilization with substances that stimulate growth of
algae

» Advantage: Reduction of CO, ocean acidification

* Modeling: Difficult because not all processes are known
and because the whole marine food web is affected
Disadvantage: After 15 field trials no clear long-term
results, however measurable side effects like increased
emissions of greenhouse gases

* The fate of biologically fixated carbon does also depend
on physical and chemical processes in the oceans

Jost Heintzenberg
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A Few Cents on Geoengineering

Terrestrial biological carbon
fixation

« Simplest approach: Large-scale afforestation,
e.g., the Sahara

- Disadvantage:

* Model simulations only show a cooling when
Increasing tropical forests

* The Tundra/Taiga feedback would lead to a
warming when increasing boreal forests

- Afforestation of the Sahara needs to consider
albedo changes, the west African monsoon and
changes of the nutrition effects of Saharan dust

Jost Heintzenberg
38




A Few Cents on Geoengineering
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A Few Cents on Geoengineering

S Outlook

20% —
RAaaction with CaCO3
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* The natural elimination of CO, takes many centuries after
which some 20% for more than 1000 years in the air until it

Is stored by geological processes

Jost Heintzenberg 4



Global temperature difference
from 1951-t0-1980 average (°C)
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A Few Cents on Geoengineering

What happens when CE is interrupted?

Geoengineering Geoengineering
starts ends
v v

put into Arctic stratosphere/year |

10 Mt SO, put into tropical
stratosphere/year

1
1950

Keith et al.. Nature 463, 426 (2010).

_—
2000 2010 2020 2030 2040
Year

| | | T
1960 1970 1980 1990

Will Earth evolve on new irreversible climate paths?

Jost Heintzenberg
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ESM Simulated Effects of Geoengineering

Temperature Change Precipitation Change
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General Discussion on Geoengineering

An important point of GE: buy us some time before we
don’t have to rely on fossil fuels

But:

* Can we fully understand the cost/benefits of GE?

* How about global versus regional impacts?

* Are we going into a different climate state?

* Will GE unintentionally help the continuous reliance
of fossil fuels?

In summary: Are we trying to solve a problem by
risking for more problems?

WHAT DO YOU THINK?
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THE END

THANK YOU FOR YOUR ATTENTION
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A Scientific Framework to Address Environmental
Problems

From economic activity to energy use

From energy use to emissions

From emissions to concentrations in the air

From concentrations in the air to human exposures

From human exposures to health impacts

From health impacts to health valuations

From health valuations to national damages by sectors or
fuels

From national damages to cost-benefit of emission
control policies




Source: Xiao Liu
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Future of China’s Coal Energy

Coal consumption prediction by different
research group was summarized.
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