Anders Lyngfelt
Financing of Future Negative Emissions

Bringing it All Back Home or Tangled up in Blue
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— Approximate emission pledges (INDCs)

There is a problem with negative emissions when it 7

comes to Incentives 30+ Net emissions ~ Emissions from fossil ~ Net negative
fuels,industry,and net  emissions

land-use change

Normal (positive) emissions of fossil CO, are
incentivized by a tax/fee,

Median
model
outcomes

Global CO; emissions (Gt CO./year)

— brings in money

Historical 2015 Realized negative —
emissions | emissions

=20+ T ! T T T T 1
1980 2000 2020 2040 2060 2080 2100

sciencemag.org SCIENCE

Negative emissions are incentivized by paying for them 70 O Gt COZ
— money is being spent. or
Someone has to pay the cost, or rather, someone has to be 100 tonnes per now
forced to pay the cost. living human being
or

And it’s a lot of money !!!

~10.000 € per now
living human being



Option 1
Let the taxpayers pay for this, for instance via a carbon tax.

But, there is always a risk that finance ministers would have difficulties in giving the full priority
for using this money negative emissions,
especially if the negative emissions are supposed to happen in another country.

And how would the countries agree on how these large costs should be shared in a decent way. |
assume a lot of countries would have a number of reasons why they should do less.

If it is so difficult agreeing on a tax on CO2 or a similar incentive, how could we expect the world
to be able to share the costs of negative emissions.

Option 2
Include it in a cap-and-trade system, e.g. ETS in Europe.

A really bad idea. Would mean that fossil emissions would increase correspondingly. So no net
effect on atmosphere! And a catastrophy for public acceptance. Who would appreciate storage,
if it doesn’t make a difference.



And if we succeed in totally discontinuing the use of fossil fuels, we will have no oil/gas industry
- so the competence needed for negative emissions would be lost

It’s not trivial to drill a hole 1-4 km down in the ground or seefloor.

And do we not have a need for liquid fuels for purposes where other options are difficult, e.g.

aviation ?

Aviation is around 1 Gt/year, and is the fastest growing sector in terms of CO2 emissions. It may
quadruple until 2050.

(If a future world population of 10 billions would fly as much as Swedes today, i.e 10 Mt/10
MSwedes the global CO2 emission from aviation would be 10 Gt CO,/year.)

This is obviously a problem in a world which should be fossil free, to meet climate agreements.

We should certainly discourage people from flying a lot by imposing some sort of CO, taxes.



In Sweden lately: an intensive moral discussion on the aviation.
E.g. famous Swedes together Kevin Andersen have declared they
will stop flying

So I couldn’t help writing a debate article.

...proposing that future aviation should pay for the negative
emissions by an overcompensation for their emissions

Or, more precisely, that the oil/gas companies are forced to large
overcompensation of the emissions of the fuels they sell, e.g. by
a ratio of for instance 2 or 3. Thus:

for every single ton of CO, their products emit,
they need to do 2 or 3 tons of negative emissions.

We call this ratio the green to fossil factor, or green factor, y

C0O2 removed from atmosphere
CO2 released from fossil fuel

'y:
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EMISSION ana compensatuon, tonne
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Green to fossile factor, or "green” factor

’Y_

_ CO2removed from atmosphere

<—— Compensation —>

CO2 released from fossil fuel

=
Green factor, v, [-]

Emission I I I

The green factor could be gradually

introduced,
starting at low numbers.
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Green factor Negative emission Added cost, % if fuel price is
cost €/kg per L petrol 1.5 €/L
2 0.05 0.23 15
2 0.1 0.46 31
3 0.05 0.35 23
3 0.1 0.70 46
Negative
Flight tonne CO2 | Green factor emission A;j:cjle_zdhcost
cost €/kg of flight, €
Los Angeles 0.9 9 0 05' 90
to Stockholm ' -
Los Angeles
to Stockholm 0.9 2 0.1 180
Los Angeles
to Stockholm 0.9 3 0.05 135
Los Angeles
to Stockholm 0.9 3 0.1 270




		Green factor

		Negative emission

cost €/kg

		Added cost,
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Coal 7?7
Present price of coal
60 $/ton
corresponds to around
0.017 €/kg CO,

A carbon price/tax/fee of (only) 50 €/ton
(i.e. 0.05 €/kg) would increase coal price by

a factor of six

Frice, €/ton L.,U2

I Cost CLC

|} v |} v |} v )
2020 2030 2040 2050
Year

*Rockstrom |, et al., Science 355 (2017) 1269-1271



What if biogenic liquid fuels are cheaper than the overcompensated fossil oil ?

No money for negative emissions !

Unless we make the users/producers of biogenic liquid fuels pay a fair compensation.
Hey, what !!?? Compensate for what ??? Aren’t they are already fossilfree 7??
Yes, but using biomass to produce liquid fuels is wasting a valuable resource,

that should be used to clean up the atmosphere instead of merely substituting fossil fuels
that we shouldn’t use anyway.



[ Substitution of fossil fuels ]

T 1

-

reduced emissions of fossil CO,

Dem imate Ef ficiencygmissions CO, captured by biomass used when growing

_ .. CO, removed from atmosphere
®AtmRem = Climate EfflClenCyAtm .Removal

T C 0, captured by biomass used when growing

Power/Heat Svngas for gaseous/liquid fuels ﬂ Climate efficiency A B C D
, — T fF 1 =
A) Normal B) Combustion C) Gasification wrt. reducing fossil 12 12 1/2b 1/ b
combustion and CO, with CO, D) Gasification emissions
capture capture
. y \ J
‘I( ¢ ¢AtmRem,
) ' . 1
[ biogenic CO, biogenic CO, wrt. atmospheric 0 1 /2 0
w]r wlr CO2 removal
Storage, i.e. Total 1 2 1 @
negative emissions )












		Climate efficiency

		A

		B

		C

		D



		Em, 

wrt. reducing fossil emissions

		1a

		1a

		½b

		½ b



		AtmRem, 

wrt. atmospheric CO2 removal

		0

		1

		½

		0



		Total

		1

		2

		1

		½








Green to fossile factor, or "green” factor

Y

_ CO2removed from atmosphere
~ CO2released from fossil fuel

EmMission ana compensaton, tonne

P

<—— Compensation —>

Emission I I

Green factor, v, [-]

Corresponding factor for biogenic fuels

CO2 removed from atmosphere

b

Pricing of compensation for biogenic liquid

fuels. Relation proposed:

~ CO2 released from biogenic fuel

Vo =7-1
: : ton less in
Biogenic fuel
Green factor factor atmosphere
y per ton of
4 fuel used
2 1 2.3
3 2 4.6




		Green factor



		Biogenic fuel factor



		ton less in atmosphere

per ton of fuel used
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		2.3



		3

		2

		4.6








What could be done right now to get it started?

Sell emission permits (EU), or use carbon tax/aviation tax to build a fund for negative emissions.
When fund is big enough it buys negative emissions at best price.

Perhaps with a decided mix of different types of negative emissions, e.g. given minimum or
maximum shares of e.g. BECCS or biogenic storage.

Allow individuals, companies, organizations for buying negative emissions from this fund, for
compensation of their actions. There could be a big interest in this.

Woudn't it be reasonable to demand that EU (or Swedish government) give a real possibility for all
individuals, companies and organizations to buy real negative emissions ???



Summary

Proposals for financing negative emissions have been discussed.
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