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Chapter 10
Transition of the Energy Industry
to (Net)-Zero Emissions

Sven Teske

Abstract The status quo in the global oil, gas, and coal industries in terms of their
economic value, geographic distribution, and company structures is given. The cur-
rentfossil fuel production volumes and decline rates required under 1.5 °C-compatible
pathways for coal, oil, and natural gas are discussed. The assumptions made when
calculating scope 1 and 2 emissions and current and future energy intensities are
defined. The role of power and gas utilities under the OECM 1.5 °C scenario is
discussed, together with the projected trajectories for renewable power- and heat-
generating plants and those for hydrogen and synthetic fuel. Future structures of the
global primary and secondary energy industries are suggested.

Keywords Global oil, gas, and coal industries - International production
trajectory - Fossil fuel decline rates - 1.5 °C fossil fuel trajectories - Utilities

10.1 Introduction

The Paris Agreement achieved consensus among all member states to maintain
global warming well below 2 °C above pre-industrial levels while pursuing efforts
to limit the increase to 1.5 © C, because this will significantly reduce the risk and
impacts of climate change (UNFCCC, 2015). The role of governments in imple-
menting national climate targets and endeavours to reduce emissions at the country
level is crucial for achieving global success. Considering the current concentration
of CO, in the atmosphere (416.2 parts per million) (US DC, 2021), a global effort is
required to reduce emissions to as close as possible to zero while removing atmo-
spheric CO, by restoring ecosystems.

To reduce emissions to zero in line with a 1.5 °C increase, the use of coal, oil, and
gas must be phased out by at least 56% by 2030. However, current climate debates
have not involved an open discussion of the orderly withdrawal from the coal, oil,
and gas industries. Instead, the political debate about coal, oil, and gas has
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continued to focus on supply and price security, neglecting the fact that mitigating
climate change is only possible when fossil fuels are phased out.

The finance industry set various ‘net-zero’ targets in the run up to the Climate
Conference COP26 in Glasgow in November 2021. One of these target setting orga-
nizations is the Net-Zero Asset Owner Alliance (NZAOA) (see Chap. 2). But what
does this mean for the primary energy industry?

This section focuses on the fossil fuel trajectory of the OECM 1.5 °C pathways
presented in this book and what it means for the primary energy industry and elec-
tricity and (natural) gas utilities to supply end users—customers from industry, ser-
vices, or private households.

10.2 The Energy Industry: Overview

Oil, gas, and coal are all hydrocarbons—combinations of hydrogen and carbon—
that originate in decomposed organic materials. Different combinations of heat and
pressure—depending on geological conditions—create different forms of hydrocar-
bons: oil, gas, and brown or hard coal (NG, 2021).

Oil and gas often occur together, and with the proximity of both fossil resources,
primary energy companies are active in oil and gas extraction. Geographically, the
largest extraction companies for oil and gas are based in the USA, Saudi Arabia, and
Russia, which were responsible for 43% of global production in 2020 (IEA OIL,
2021). By far the largest producer of coal is China, which contributed 53% of global
production in 2018 (Statista, 2021c¢).

The geographic distribution of fossil fuels is also reflected in the structure of the
industry. In 2020, the top five oil and gas companies were as follows: (1) China
Petroleum & Chemical Corp. (SNP); (2) PetroChina Co. Ltd. (PTR); (3) Saudi
Arabian Oil Co. (Saudi Aramco); (4) Royal Dutch Shell PLC (RDS.A); and (5) BP
PLC (BP). Only Shell and BP are involved in some coal mining, whereas the top
three companies focus on oil, gas, and related products for the chemical industry
(IN, 2020).

The largest coal companies are BHP and Rio Tinto, both based in Australia, and
China Shenhua Energy and have no or only relatively minor involvement in oil and
gas extraction.

The Global Industry Classification System (GICS) category /0 Energy includes
all steps in the value chain for the production of primary energy from fossil fuels
(oil, gas, and coal), from exploration and extraction to the refinement and process-
ing of fuels as commodity for industry clients, such as the chemical industry and
utilities.

Oil, gas, and coal are among the most fundamental commodities of the current
global economy. Oil is not only used as a fuel for cars, planes, and ships but also as
a commodity to produce, for example, asphalt, plastics, and a variety of other prod-
ucts. In response to the COVID-19 pandemic, the global market size for oil and gas
exploration and production in 2020 was at a 10-year low, at US$1.8 trillion,
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compared with US$2.9 trillion in 2019. The market size a decade earlier (2011) was
estimated to be US$5.3 trillion (IBIS, 2021), more than twice as high as 2020. In
comparison, the global market value of coal mining companies was US$0.66 trillion
in 2020 and US$0.79 trillion in 2021 (Statista, 2021a), about half the value of
US$1.27 trillion a decade earlier (2011).

10.2.1 1.5 °C Pathway for the Primary Energy Industry

The primary energy demand analysis—and therefore the projections for the primary
energy industry and possible future operation strategies—is the product of the
energy demand projections for all end-use sectors, as presented in previous chap-
ters, and the energy supply concept. The challenge for the primary energy industry
is to supply energy services for sustained economic development and a growing
global population while remaining within the global carbon budget to limit the
global temperature rise to 1.5 °C.

The trajectory for oil, gas, and coal depends on how quickly an alternative energy
supply can be built up and how energy consumption can be reduced technically and/
or by behavioural changes. The OECM 1.5 °C pathway represents such a trajectory
and is based on a detailed bottom-up sectorial demand and supply analysis, as docu-
mented in previous chapters.

However, for the primary energy industry, it is important to assess whether or not
new oil, gas, or coal extraction projects are required to meet the demand, even under
an ambitious fossil-fuel phase-out scenario.

A specific analysis was undertaken in parallel with the development of the
OECM 1.5 °C pathway and with scenario data from a previous version of the
OneEarth Climate Model (OECM), published in 2019 (Teske et al., 2019). On the
basis of publicly available oil, gas, and coal extraction data, future production vol-
umes were calculated and compared with the 1.5 °C trajectory (Teske &
Niklas, 2021).

The calculation was based on the assumptions that no new fossil fuel extraction
projects would be developed from 2021 onwards and that all existing projects will
see a production decline at standard industry rates. These assumptions are supported
by the IEA Net-Zero by 2050 report, which concludes that there can be ‘no new oil,
gas or coal development if world is to reach net zero by 2050° (IEA NZ, 2021b).

A scenario designated the Existing International Production Trajectory (‘no
expansion’) was developed and modelled, specifically to understand what global
fossil fuel production will look like under the following assumptions:

* No new fossil fuel projects are developed.

» Existing fossil fuel production projects stop producing once the resource at the
existing site is exhausted, and no new mines are dug or wells are drilled in the
surrounding field.

* Production at existing projects declines at standard industry rates:
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— Coal: —2% per year
— Oil: —4% per year onshore and 6% per year offshore
— Gas: —4% per year on- and offshore

The no expansion scenario was compared with the OECM 1.5 °C pathway for
coal, oil, and gas to understand whether security of supply is possible under an
immediate implementation of a ‘stop exploration’ policy.

The decline rates for oil, gas, and coal that would result from the implementation
of the 1.5 °C pathway and the assumed annual production decline rates for oil, gas,
and coal are compared in Table 10.1.

¢ Coal production will must decline by 9.5% per year between 2021 and 2030,
and then by at least 5% per year beyond 2030. By 2025, global coal production
must fall to 3.7 billion tonnes, equivalent to China’s production in 2017.

¢ Qil production must fall by 8.5% per year until 2030, and by 6% thereafter. By
2040, global oil production must fall to the equivalent of the production volume
of just one of the three largest oil producers (the USA, Saudi Arabia, or Russia).
The oil demand for non-energy use, such as the petrochemical industry, is not
included in this analysis.

e Gas production must decline by 3.5% per year between 2021 and 2030, and
decline even further to 9% per year beyond 2030. The 1.5 °C scenario also proj-
ects that the existing gas infrastructure, including gas pipelines and power plants,
will be retrofitted after the gas phase-out to accommodate hydrogen and/or
renewable methane produced with electricity from renewable sources.

Table 10.2 shows the modelled trajectories for global coal, oil, and gas produc-
tion under the 1.5 °C scenario and the no expansion scenario. Projections beyond
2025 are extrapolated based on the fossil fuel production values for 2018 and 2019,
taken from the BP Statistical Review and IEA World Energy Balances (IEA
WEB, 2021).

The highest rates of overproduction are for hard coal and brown coal (lignite).
On a global average, even existing mines cannot remain in operation until their
resources are depleted, when calculations are made under the assumed production

Table 10.1 Decline rates required to remain within the 1.5 °C carbon budget versus the production
decline rates under ‘no expansion’

Average annual decline rate required to
remain within the 1.5 °C carbon budget Typical industry production
(67%) decline rates (global average)
2021-2030 2030- | 2021-
2050
Coal —9.5% —5% —2%
Gas: onshore -3.5% —9% —4%
and offshore
Oil: onshore —8.5% —6% —4%
Oil: offshore —6%
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Table 10.2 Comparison of the 1.5 °C scenario and the no expansion scenario (excluding non-

energy use)

Total fossil fuel

production (PJ/yr)

Total [Pl/yr] 2019 2025 2030 2035 2040 2050
No expansion [PJ/yr] 418,757 | 396,466 | 333,153 | 280,973 | 237,843 | 172,340
1.5 °C phase-out [Pl/yr] 330,140 | 235,409 | 136,281 | 72,225 |0

pathway

Non-energy use

39,304 37,760 | 39,008 | 38,599 |39,129 |40,468

Coal

No expansion [Mt/yr] 5867 5493 4972 4501 4074 3338
1.5 °C phase-out [Mt/yr] 3447 1413 655 227 0
pathway

Production [Mt/yr] 2046 3559 3846 3847 3338
delta—thermal use

Lignite

No expansion [Mt/yr] 2206 1785 1606 1446 1301 1054
1.5 °C phase-out [Mt/yr] 345 322 73 0 0
pathway

Production [Mt/yr] 1440 1284 1373 1301 1054

delta—thermal use

Gas

No expansion

[Billion cubic 3693 3387 2762 2252 1836 1221
meters]

1.5 °C phase-out [Billion cubic 3558 3177 2606 1792 238

pathway meters]

Production [Billion cubic —171 —415 —-354 44 983

delta—thermal use | meters]

Oil

No expansion [Thousand 74,491 76,778 60,671 |47,943 37,885 |23,656
barrels per day]

1.5 °C phase-out [Thousand 69,088 | 55,087 | 28,852 | 18,885 | 14,369

pathway barrels per day]

Production [Thousand 7690 5584 19,091 | 19,000 | 9287

delta—thermal use | barrels per day]

decline rates. No
for coal.

new mines need be opened to supply the remaining demand

The results for natural gas are less clear, and the production decline rates vary
significantly. Shale gas production wells, in particular, have significantly higher
production decline rates than conventional onshore or offshore natural gas extrac-
tion wells. The demand and supply values under a 1.5 °C scenario are similar, and a
large overproduction of gas under the defined scenarios seems unlikely. However, a
more detailed and production-side-specific analysis is required. The demand and

supply for oil on

a global level are similar—meaning that the assumed average
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production decline rates for oil wells and the reduction in demand are in the same
order of magnitude.

Our analysis shows that even with no expansion of fossil fuel production, the
current productions levels—especially for coal—will exhaust the carbon budget
associated with the 1.5 °C target before 2030. Without the active phase-out of fossil-
fuel production, production will significantly surpass what can be produced under a
1.5 °C scenario by 2025 onwards, for all fossil-fuel types.

The following section provides an overview of the breakdown of gross produc-
tion, the losses during fuel processing, refinement, or the production of other fossil
fuel products for hard coal, brown coal (lignite), gas, and oil. These parameters are
required to calculate the scope I and 2 emissions of the primary energy industry and
are therefore documented. All parameters for the base year (2019) in Tables 10.3,
10.5, 10.6, and 10.8 are based on IEA World Energy Balances Statistics and projec-
tions under the OECM 1.5 °C pathway. Losses are calculated with statistical data
from previous years and remain stable over the entire modelling period until 2050.

10.2.1.1 1.5 °C Trajectory: Hard Coal

The gross production of hard coal is the second highest for any fossil fuel, after oil.
Around 35,000 PJ/yr of all the coal consumed globally is imported from other coun-
tries, or in other words, the coal consumed is not a regional energy resource. The
main coal producers are China, Indonesia, and Australia. Interestingly, the largest
importer of coal in 2019 was China, followed by India and the European Community
(IEA Coal, 2020) (Table 10.3).

Table 10.4 shows the assumed losses in the coal industry and ‘own energy uses’,
which are required for secondary projects, such as coking coal and coal liquifica-
tion. The current shares of coal export and import for hard coal are also shown. All

Table 10.3 Global coal trajectory—OECM 1.5 °C

Parameter Unit | 2019 2025 2030 |2035 2040 2050
Hard coal: gross production, [Mt/ | 5867 3447 1413 | 655 227 0
including non-energy use year]
[PJ/yr] | 140,820 | 82,716 33,904 | 15,711 5453 |0
Compared with 2019 [%] —41% —76% | —89% | —-96% | —100%
Hard coal: total global imports | [PJ/yr] | 35,473 20,837 | 8541 3958 |1374 |0
Hard coal: total global exports | [PJ/yr] | —29,316 | —17,220 | —=7058 | —=3271 | —1135 |0
Hard coal: mining—own [PJ/yr] | =2586 | —1519 |—-623 |-289 | —100 |0
energy use
Hard coal secondary products: | [PJ/yr] —2783 | —1635 |—-670 | =310 |—-108 |0
coking coal, coal liquification,
etc.

Hard coal (primary): Own [PI/yr] | 2180 1281 525 243 84 0
consumption—electricity
Hard coal: non-energy use [PI/yr] | 2205 2429 2445 2483 2453 |0
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Table 10.4 Global coal production—assumptions for transport shares and technical losses
in percent

Parameter Units | 2019 2025 2030 |2035 |2040 | 2050

Hard coal mining—own energy use [%] | 2% | 2% | 2% |—2% |—2% | —2%
Hard coal mining—share of secondary |[%] |—-2% |—-2% |—2% |—2% |—-2% | —2%
coal products from gross production
Hard coal import [%] 125% |25% 25% 25% |25% |25%

Hard coal export [] | -21%  —21% | -21% | —21%  —21% | -21%

Table 10.5 Global lignite trajectory—OECM 1.5 °C

Parameter Unit 2019 12025 2030 |2035 2040 | 2050
Lignite: gross production [Mt/ 2206 | 345 322 |73 0 0
(including non-energy use) year]

[PJ/yr] 20,955|3276 3062 |695 |0 0
Compared with 2019 [%] —84% | —85% | —97% | —100% | —100%
Lignite: mining [Pl/yr] | —-14 |2 -2 0 0 0
Lignite secondary production [PJ/yr] | =203 |-32 |-30 |-7 0 0
(BKB plants)
Lignite: [PJ/yr] |519 81 76 17 0 0
own consumption—electricity

parameters are calculated on the basis of 2019 values and remain at the same level
for the entire modelling period.

10.2.1.2 1.5 °C Trajectory: Brown Coal

Brown coal (or lignite) mines are in direct proximity to power plants, so the fuel is
on-site and not exported. The use of brown coal is limited to fewer countries than
that of hard coal (Table 10.5).

10.2.1.3 1.5 °C Trajectory: Oil

Crude oil is the largest single energy source globally. Its production is regionally
concentrated, and more than 60% of all oil produced crosses borders between its
production and consumption. In 2019, about 0.3% of the oil produced was con-
sumed by the extraction process itself—generating part of the scope I emissions of
the oil industry—and another 1.7% was losses in refineries and other prediction-
related processes (Table 10.6).

Table 10.7 provides an overview of assumptions for transport shares and techni-
cal losses in percent as well as the specific emissions that are assumed for the calcu-
lation of the scope I emissions for oil production.
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Table 10.6 Global oil trajectory—OECM 1.5 °C
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Parameter Units 2019 2025 2030 2035 2040 2050
Oil: gross production | [Million | 74 69 55 29 19 14
(including non-energy | barrels/
use) day]

[PI/yr] 166,397 | 154,328 | 123,053 | 64,450 42,185 |32,097
Compared with 2019 | [%] —7% -26% | —-61% |-75% |—-81%
Oil: global imported oil | [PJ/yr] |102,009 |94,610 | 75,437 |39,511 |25,861 | 19,677
Oil: global exported oil | [PJ/yr] | —98,475 | —91,333 | —72,824 | —38,142 | —24,965 | —18,995
Oil: extraction [PIfyr] | —496 —-460 -367 —-192 —-126 -96
Oil: refineries [PJ/yr] | —584 —542 —432 -226 —148 —113
Oil: own [PJ/yr] |—=2207 |-2047 |-1632 |-855 -560 —426
consumption—
electricity

Table 10.7 Global oil
in percent

production— assumptions for transport shares and technical losses

Parameter Units 2019 2025 2030 2035 2040 2050

Oil: global imported | [%] 61.3% |613% |61.3% |61.3% |61.3% |61.3%

oil

Oil: global exported | [%] -59.2% | -59.2% | -59.2%  —59.2% | —-59.2% | —59.2%

oil

Oil: extraction [%] —-03% ' -03% |-03% |-03% | -0.3% | —0.3%

Oil: refineries [%] —-04% | -04% |-04% |-04% |-04% |—-0.4%

Oil: own [%] 1.3% 1.3% 1.3% 1.3% 1.3% 1.3%

consumption—

electricity

Oil transport: [%] 70.0% |70.0% |70.0% |70.0% |70.0% |70.0%

share—pipeline

transport

Oil transport: share— | [%] 23.0% |23.0% |23.0% |23.0% |23.0% |23.0%

marine transport

Oil transport: share— | [%] 7.0% 7.0% 7.0% 7.0% 7.0% 7.0%

land transport

Oil: power and [%] 7.3% 5.8% 4.3% 2.5% 1.8% 1.1%

cogeneration—own

consumption and grid

losses

Global oil: methane [CHyMt] |37.8 33.7 26.9 14.1 9.2 7.0

emissions—upstream

Global oil: methane | [CH/Mt] |0.22 0.20 0.16 0.08 0.05 0.04

emissions—

downstream

Black carbon [Mt BC/yr] |9.07 7.72 6.80 6.00 5.35 4.22

Carbon monoxide [Mt CO/yr] | 900 796 727 657 598 466

Nitrous oxide [ktN,O/yr] | 0.36 0.37 0.36 0.23 0.16 0.00

Nitrous oxide [MtCOseq/ 196.07 |97.97 |94.21 60.24  |42.60 0.00
yr
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The assumed methane emissions are based on the IEA Methane Tracker (IEA
MT, 2021). It is assumed that methane emissions will be reduced by 30% according
to the Global Methane Pledge (EU-US, 2021), as announced at the Climate
Conference COP26 in Glasgow, which has been supported by 44 countries (GMI,
2021) at the time of writing (December 2021).

10.2.1.4 1.5 °C Trajectory: Natural Gas

About one-third of all-natural gas produced crosses a national border between
extraction and consumption (Table 10.8). The vast majority is transported via pipe-
lines, which leads to a fractured world market with different prices, roughly broken
down into the Americas, Europe, and the Middle East and Russia, as well as the
Asia Pacific Region, which is more focused on liquified natural gas (LNG) trans-
ported by ships.

The share of gas flaring in the total production is part of the scope I emissions of
the gas industry and is assumed to decrease from 4% currently to 2% in 2025 and to
end by 2030, according to Zero Routine Flaring by 2030 by the World Bank
(ZRF, 2030).

Finally, the assumed shares for import and export and various losses, as well as
the transport modes, for natural gas are shown in Table 10.9.

Table 10.8 Global gas trajectory—OECM 1.5 °C

Parameter Units | 2019 2025 2030 2035 2040 2050
Gas: gross production [BCM/ | 3693 3558 3177 2606 1792 238
(for regional demand— | yr]

including import and [PJ/yr] | 129,888 | 125,132 |111,739 |91,657 | 63,022 | 8371
non-energy use)

Compared with 2019 [%] —4% —-14% | -29% |-51% |-94%
Gas: export [PI/yr] | —43,723 | —42,122 | -37,613 | —30,853 | —21,214 | —2818
Gas: extraction, including | [PJ/yr] | =7430 |-7158 | —6391 | -5243 |-3605 | —479

gas works

Gas: processing— [PJ/yr] | 227 219 195 160 110 15
blending, gas-to-
liquefaction (GTL)

plants, LNG

regasification

Gas (primary): own [PJ/yr] | 1083 1044 932 764 526 70
consumption—electricity

Gas: flaring [PJ/yr] | 4806 2503 0 0 0 0
Gas flaring share of total | [%] 4% 2% 0% 0% 0% 0%

production
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Table 10.9 Global gas production—assumptions for transport shares and technical losses

in percent

Units 2019 2025 2030 2035 2040 2050
Gas flaring share of [%] 3.7% 2.0% 0.0% 0.0% 0.0% 0.0%
global production
Gas: import [%] 325% |325% |325% |325% |32.5% |32.5%
Gas: export [%] —33.7% | —33.7% | =33.7%  —33.7%  —33.7%  —33.7%
Gas: extraction, [%] —57% |-57% |-57% |-57% '—-57% |-5.7%
including gas works
Gas: processing— [%] 0.2% 0.2% 0.2% 0.2% 0.2% 0.2%
blending, gas-to-
liquefaction (GTL)
plants, LNG
regasification
Gas (primary): own [%] 0.8% 0.8% 0.8% 0.8% 0.8% 0.8%
consumption—electricity
Gas transport: share— [%] 98.00% |98.00% | 98.00% |98.00% |98.00% |98.00%
pipeline transport
Gas transport: share— [%] 1.00% |1.00% |1.00% |1.00% |1.00% |1.00%
marine transport
Gas transport: share— [%] 1.00% |1.00% |1.00% |1.00% |1.00% |1.00%
land transport
Losses during gas [%] 2.41% [2.00% |2.00% |2.00% |2.00% |2.00%
transport
Gas: power and [%] 7.30% |5.80% |4.30% |2.50% |1.80% |1.10%
cogeneration—own
consumption and grid
losses (for scope 2)
Emission factor: primary | [ktCO,/ | 56 56 56 56 56 56
energy gas to CO, PJ]
Hydrogen fuel efficiency: | [PJ/PJ] | 0.677 0.68 0.71 0.71 0.73 0.73
electrolysis
Synthetic: efficiency of | [PJ/PJ] |0.374 1 0.379 ]0.396 | 0.396 |0.407 | 0.427

synfuel production

10.2.1.5 Global Renewables Trajectory (Power, Heat, and Fuels) Under
OECM 1.5°C

The primary energy industry—oil and gas companies and coal companies—is at the
crossroads. The fossil fuel demand and therefore its extraction must decline sharply
to remain within the carbon budget. However, both the global population and the
global economy are projected to increase over the next three decades. Therefore, the
energy demand will remain high. Even under the ambitious energy efficiency
assumptions of the OECM 1.5 °C pathway, the global final energy demand will
decrease by less than 10%. Therefore, the (primary) energy industry has an impor-

tant role to play.
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Table 10.10 Global renewables trajectory—power, thermal and fuels—under OECM 1.5 °C

Renewables and other

fuels/technologies (RE-FT) | Units 2019 2025 2030 2035 2040 2050
Renewable power [PJ/yr] 23,818 142,997 | 71,757 | 125,450 | 163,909 218,706
Nuclear power [PJ/yr] 9255 | 7605 | 5466 3306 998 0

Renewable (thermal) heat | [PJ/yr] 3334 8318 |14,214 19,485 | 23,750 |31,951

Renewable (electric) heat | [PJ/yr] 966 13,436 | 18,987 |43,982 |55,333 68,709
pumps

Renewable fuels [PJ/yr] 0 720 3562 12,998 22,603 | 34,850
For comparison (*): [PJ/yr] 0 1773 113,393 20,082 | 28,635 22,911
deviation natural gas

production

Total final energy RE-FT | [PJ/yr] 37,374 73,076 | 113,985 205,221 | 266,594 | 354,216
production

Compared with 2019 [%] 0% 96% 205% 449% |613% | 848%
RE-FT intensity of the [PJ/billion | 0.3 0.4 0.6 0.9 1.0 1.0
economy $GDP]

Compared with 2019 [%] 52% | 101% 207% |246% | 255%
For comparison: coal [PJ/billion | 1.25 0.5 0.2 0.1 0.0 0.0
intensity of the economy | $GDP]

Compared with 2019 [%] —59% | -85% | —94% |-98% |—100%

(*) Data shows the natural gas reduction trajectory under OECM 1.5 °C in PJ/year

However, the way energy is produced must change and if primary energy com-
panies transition to renewable energy—not just electricity but also heat and fuels—
the energy industry must move towards new business models that are closer to those
of utilities, renewable project developers, and energy technology companies. Large-
scale renewable energy projects, such as offshore wind farms, are in regard to
investment needs within the same order of magnitude as offshore oil and gas proj-
ects. The skill sets of the offshore oil and gas workforce can also be accommodated
well within the offshore wind industry (see Box 10.2).

Table 10.10 shows the global renewable power, heat, and fuel generation require-
ments under the OECM 1.5 °C trajectory. The overall renewable energy intensity—
in petajoules (PJ) per billion $GDP—is compared with the overall current coal
energy intensity. Renewables will take over the role of coal in supplying the global
economy with energy by around 2030. The overall renewable energy required to
supply the needs of industry, services, transport, and buildings will reach the levels
of oil, gas, and coal, at around 150,000 PJ/yr, between 2030 and 2035.

Only 5 years later, renewables will provide energy equal to the current contribu-
tions of oil and gas combined. Therefore, the potential new market opportunities for
both the ‘traditional’ primary energy industry and utilities are significant, whereas
the borders between the primary and secondary energy industries (= utilities) will
start to blur.
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10.3 Global Utilities Sector

Power and gas utilities are a secondary energy industry. Until now, utilities have
purchased (fossil) fuels from the primary energy industry and converted them to
electricity in power plants or distributed the fuels—mainly gas—directly to custom-
ers to meet their demand for power and heat. Therefore, utilities are positioned
between the primary energy industry and the end-use sector. Electricity generation
is among the core businesses of utilities. Therefore, the significant increase in the
electricity demand due to the electrification of transport and heat under the OECM
1.5 °C pathway can be seen as a business opportunity.

The global market for the generation, transmission, and distribution of electric
power was estimated to be US$3.2 trillion in 2020 (PRN, 2021). The 20 largest
electric utilities had a cumulative market value of US$686 million (Statista, 2021b).
Market analysts expect a significant increase in the electricity demand (IEA EMR,
2021a; IRENA & JRC, 2021) (Fig. 10.1).

In a comparison of 14 global and regional energy scenarios, the International
Renewable Energy Agency (IRENA) found that all projections agree that the
demand for electricity will increase sharply:

Total global electricity generated in 2040 ranges from around 40,000 terawatt hours (TWh)
in the IEA Sustainable Development Scenario (SDS) to nearly 70,000 TWh in the
Bloomberg New Energy Outlook 2021 (BNEF NCS) where electricity generation grows
two-and-a-half times from 2019 to 2040. This is due to electric vehicle uptake, electrifica-
tion in industry and buildings and green hydrogen production. (IRENA & JRC, 2021)

The OECM 1.5 °C pathway will lead to an annual increase in electricity genera-
tion from about 26,000 TWh in 2019 to 76,000 TWh. Although there is clear agree-
ment that the global electricity demand will increase, the predictions on how this
electricity will be generated are very different. Despite the significant growth in
renewable power generation during the last decade, short-term projections still
expect that fossil-fuel-based power generation will continue to grow.

World's largest electric utility companies as of April 2021, based on sales (in
billion U.S. dollars)

SSE (UK)  —
National Grid (UK)  —
Tokohu Electric Power (lapan)
EnBW Energie Baden-W. (Germany) i e—
—

Huaneng Power International (Ching)  ee—
e

Kansai Electric Power (Japan)

drola (Spain)

Tokyo Electric Power (lapan)

Eon (Germany)

EDF (France)
] 10 20 30 40 50 &0 70 80 90

Fig. 10.1 World’s largest electric utility companies. (Statista, 2021c)



10  Transition of the Energy Industry to (Net)-Zero Emissions 259

The Electricity Market Report of the International Energy Agency (IEA) expects
that fossil-fuel-based electricity will provide 40% of the additional electricity
demand in 2022 and that coal-fired power generation will jump back to 2019 levels
after a 4.6% decline in 2020 (IEA EMR, 2021a). Therefore, the lead of renewable
power generation is fragile.

10.3.1 Global Power and Natural Gas Utilities: Infrastructural
Changes Under the 1.5 °C Scenario

The assumed development of new manufacturing technologies, vehicle technolo-
gies, and building standards to achieve lower energy intensities for products and
services has been presented in Part IV—Sector-Specific Pathways (Chaps. 5, 6, 7,
and 8). Power and gas utilities will be significantly affected by the suggested
changes. Therefore, the business model must be adapted, as well as the operational
organization, to supply secure electricity to all customers.

Throughout the description of the OECM 1.5 °C pathway in this book, the
increased electrification of the transport and heating sectors is the overarching sce-
nario narrative and runs across all sectors. Increased electrification will lead to ‘sec-
tor coupling’, i.e. the interconnection of the heating and transport sectors with the
electricity sector. The sectors are still largely separate at the time of writing.
However, the interconnection of these sectors offers significant advantages in terms
of the management of the energy demand and the utilization of generation manage-
ment with storage technologies. The synergies of sector coupling in terms of the
infrastructural changes required to transition to 100% renewable energy systems are
well-documented in the literature (e.g. Brown et al., 2018; Bogdanov et al., 2021;
Bermuddez et al., 2021; Jacobson, 2020).

10.3.1.1 Power Utilities

Power utilities undertake three main tasks: power generation, the transmission and
distribution of electricity, and electricity services. In countries in which the electric-
ity market is liberalized, these tasks are separated and are performed by three inde-
pendent (unbundeled) companies, for generation, transmission, and distribution. All
three areas of responsibility will change significantly under the 1.5 °C scenario.

Power Generation
Fossil-based and nuclear power generation with average sizes of 500—-1000 MW per

production site require only a small number of power plants at few locations. Widely
distributed solar photovoltaic generation, with an average size of 3-5 kW per
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https://doi.org/10.1007/978-3-030-99177-7_6
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system, will often be located at customers’ premises or private homes, leading to
thousands or even millions of decentralized power plants. Utilities and/or power-
plant operators have access to a coal power plant for maintenance, for example, but
decentralized power generation is different. Solar photovoltaic generators are usu-
ally neither owned by utilities, nor are they serviced by them in terms of technical
maintenance, and utilities therefore have little influence on the quantity of electric-
ity generated or the time of generation. Electricity is also consumed partly locally
and may not even reach the public power grid.

Offshore wind farms, in contrast, are centralized power plants with installed
capacities within the range of an average conventional coal power plant and are usu-
ally not in direct proximity to the electricity demand. In contrast to oil and gas
companies, utilities usually have no experience of working offshore, so the skills of
the workforce must change.

Transmission

Under the 1.5 °C scenario, the power grid will change significantly over the next
decade in response to three major changes: in the volume, load, and the location of
generation.

First, the amount of electricity that must be transported will increase signifi-
cantly. Electricity will replace fuels for heating and mobility, and the additional
energy previously transported by other energy infrastructure, such as pipelines, will
flow at least partly via power grids. End users—both private households that use
heat and charge vehicles with electricity and industry clients—will not just increase
the amount of electricity they use in kilowatt hours per outlet but also the loads
required in kilowatts or even megawatts.

A home charger for Tesla vehicles, for example, operates at 230 V and 8-32 A,
depending on the location and model (Tesla, 2021), resulting in a load of
1.8—7 kW. Therefore, the load of an average household will approximately double.
The replacement of a coal-fired process (such as replacing a heating oven for steel
production with an electric arc furnace) can increase the load by >300 MW.

Higher loads at the customer connection point and increased on-site generation
will require a significantly stronger power grid. Furthermore, on days of higher
wind and/or solar electricity production, electricity can ‘reverse the flow’. With cen-
tralized power plants, the electricity is fed into the system—the transmission grid—
at high- or medium-voltage levels and is taken out at medium-voltage levels by
industry customers and at low-voltage levels (from the distribution grid) by residen-
tial or commercial customers. Solar rooftop systems feed electricity in at a low-
voltage level. During times of high production, solar electricity can flow from a
low-voltage level to a medium-voltage level, although this requires special trans-
former stations.
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Electricity System Services

Like the sites of electricity in- and output, also the time of generation is not cen-
trally managed by a power-plant operator (who would ramp up and down the
power plant) but by a ‘swarm’ of solar electricity generators and onshore wind
turbines, whose operation depends on the availability of sunshine and wind.
Weather forecasts, the related power generated, and demand projections will be
increasingly important for utilities and grid operators. The operation and manage-
ment of decentralized storage systems, often operated by private households, must
also be considered. Power grid operators are among the most important enablers of
the energy transition, because an efficient and safe power grid is the backbone of the
decarbonized energy industry.

Distribution

Widely distributed generation and storage capacities, in increasing proximity to the
electricity demand, will change the relationship between the utility and the cus-
tomer. The customer is no longer just a consumer but a ‘prosumer’—a producer and
consumer of electricity. Therefore, the business concept must change significantly,
and utilities may see themselves competing with the electricity produced their own
customers. A utility must increase its services and integrate local electricity genera-
tion (Table 10.11).

10.3.1.2 Gas Utilities

The changes in gas utilities under the OECM 1.5 °C scenario are more profound
than those for power utilities, because the main product—natural gas—will be
phased out globally by 2050. Tables 10.8 and 10.9 show the projected trajectories.
However, the OECM acknowledges the significant value of the existing gas infra-
structure and recommends that the gas distribution network be repurposed to uti-
lize it for the future decarbonized energy supply. According to the Global Energy
Monitor, 900,757 km of natural gas transmission pipelines were in operation
globally at the end of 2020. Research has shown that there are no fundamental
technical barriers to the conversion of natural gas pipelines for the transport of
pure hydrogen.

Box 10.1 summarizes the key results of the comprehensive research project
‘Repurposing Existing Gas Infrastructure: Overview of existing studies and reflec-
tions on the conditions for repurposing’ by the European Union Agency for the
Cooperation of Energy Regulators (ACER), published in July 2021.
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Table 10.11 Renewable power, heat capacities, and energy demand for hydrogen and synthetic
fuel production under the 1.5 °C scenario

Parameter Units 2019 12025 12030 | 2035 2040 2050
Solar photovoltaic (rooftop + utility | [GWeeeie] | 537 | 4197|8212 | 14,093 | 15,658 | 16,950
scale)

Solar photovoltaic (utility-scale [GWeeetic] 134 1049 2053|3523 |3915 4238
share, 25% of total capacity)

Concentrated solar power [GWeeeticl 5 113 |657 1979 [2770 3603
Solar thermal and solar district [GWerma] | 388 124634087 15402 6173 |8154
heating plants

Onshore wind [GWekeetic] 617 | 1350|2528 4393 |5733 7620
Offshore wind [GWekewie] 10 233 451 |934 1293 2024
Hydropower plants [GWereewic] 1569 | 1419 | 1576 | 1726 | 1830 | 1980
Ocean energy [GWeieetic] 1 44 91 262 379 701
Bioenergy power plants [GWeieetic] 77 198 174 200 200 231
Bioenergy cogen plants [GWeieenic] 49 111 | 175 |304 520 668
Bio-district heating plants [GWermal | 5221 16586 | 8924 | 6262 | 5476 | 3817
Geo energy power plants [GWeiectic] 12 37 92 165 267 441
Geo energy cogen plants [GWaieenic] 1 1 6 8 10 17
Gas power plant for H, conversion | [GWeenic] | O 9 56 243 375 650
Gas power cogen for H, conversion | [GW_jeeqicl 0 0 0 32 70 199
Fuel cell and synthetic fuel cogen [GWeaieetic] 0 0 0 32 70 199
plants

Nuclear power plants [GWeieeic] 429 1322 |232 |141 43 0
Industrial/district heat pumps + [GWiermal | 157 1222313302 | 7461 8909 | 11,060
electrical process heat

Hydrogen fuel production— [TWhgeewic/ | O 294 11278 14577 7088 |10,784
electricity demand yr]

Hydrogen fuel production—as [PJ/yr] 0 1059 14601 | 16,478 | 25,517 | 38,822
above, but in PJ/yr

Synthetic fuel production— [TWheeewivc | O 0 82 364 1118 | 1533
electricity demand |

Synthetic fuel production—as [PJ/yr] 0 0 296 | 1310 |4023 5517
above, but in PJ/yr

Therefore, the OECM assumes the conversion of natural gas pipelines to trans-
port hydrogen, either for direct use as a replacement for natural gas in (process)
heating systems, as feedstock for chemical processes, or for energy storage pur-
poses. Therefore, the calculation of scope I and 2 emissions (Chap. 13) factors in a
transition to hydrogen and synthetic fuels, with the provided factors repurposed for

conversion losses (Table 10.9).
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Box 10.1 Conversion of Existing Natural Gas Pipelines to Transport
Hydrogen
Key results from the research of the European Union Agency for the
Cooperation of Energy Regulators (ACER, 2021)

Pipeline transport capacity: natural gas vs pure hydrogen—techni-
cal aspects

* In a gaseous state, the energy density of hydrogen is only slightly lower
(10-20%) than that of natural gas, under the same pressure and tempera-
ture conditions.

* A pure hydrogen pipeline can have up to 80% of the maximum energy flow
capacity of a natural gas pipeline, depending on the operating conditions.

* The capacity for compression power must be increased by a factor of three
to transport pure hydrogen in a natural gas pipeline to achieve a similar
transport capacity.

o If the compressor power capacity is not increased, the transport capacity
will decrease.. .. This could be an option when the volumes of hydrogen to
be transported are low, during the early stages of the hydrogen mar-
ket uptake.

e Hydrogen can accelerate the degradation of steel pipelines, which occurs
primarily in the form of embrittlement, which causes cracks and may even-
tually result in pipeline failure. However, technical remedies to prevent
embrittlement are readily available:

(1) Inner coating to chemically protect the steel layer

(i1) Intelligent pigging (monitoring)
(iii) Operational pressure management (avoiding large pressure changes)
(iv) Admixing degradation inhibitors (e.g. 1000 ppm oxygen)

Transmission pipeline conversion
The main advantages of repurposing pipelines are:

* Natural gas pipeline networks are already available and socially accepted
(routes, including rights of way and use).

* Natural gas networks can be converted to carry hydrogen less expensively
than the building new, dedicated hydrogen pipes. Such conversion can also
be done gradually, depending on the development of the hydrogen supply
demand. This will confer new uses on parts of the existing natural gas net-
work, which has extensive geographic coverage throughout the EU.

e Technologies for converting the natural gas infrastructure to hydrogen
operation are already largely available and tested.
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Table 10.12 shows the development of the demand and supply of natural gas and
electricity for the global utilities sector—including combined heat and power
(CHP)—under the OECM 1.5 °C pathway. Figure 10.2 shows the significant
increase—by a factor of 10—in the global generation of renewable electricity. The
projected transition of gas utilities to the distribution of hydrogen and synthetic

Table 10.12 Global utilities sector—electricity and gas distribution under the OECM 1.5 °C

Sub-sector Units 2019 2025 2030 2035 2040 2050
Power
Total public power [TWh/ | 25816.8 |29139.5 36610.6 | 54467.7 | 63982.1 | 75243.9
generation (incl. CHP, yr]
excluding auto producers,
losses)
Compared with 2019 [%] 13% 42% 111% | 148% | 191%
Coal: public power [TWh/ |8337.8 |5134.1 | 1876.5 |496.8 1932 0.0
generation (incl. CHP, yr]
excluding auto producers)
Compared with 2019 [%] -38% | =77% |—-94% | —98% | —100%
Lignite: public power [TWh/ | 1871.0 |389.8 [286.7 |291.1 83.2 0.0
generation (incl. CHP, yr]
excluding auto producers)
Compared with 2019 [%] -79% | —85% |—84% | —-96% | —100%
Gas: public power [TWh/ |6127.1 |5610.8 |[4997.4 |3962.7 |2575.3 |0.0
generation (incl. CHP, yr]
excluding auto producers)
Compared with 2019 [%] —8% —18% | -35% |—-58% | —100%
Nuclear: power generation | [TWh/ | 2764 2113 1518 918 271 0
yr]
Renewables: public power | [TWh/ | 6716.5 |15892.1 27931.4|48798.7 60853.1|75243.9
generation (incl. CHP, yr]
excluding auto producers)
Compared with 2019 [%] 137% 316% |627% | 806% |1020%
Electricity carbon intensity | [gCO»/ |509.0 290.6 1354 |52.2 23.6 0.0
kWh]
Electricity intensity: [%] —-43% | =73% |-90% | -95% |—100%
variation compared with
2019
Gas
Gas: transport AND [BCM/ | 3693 3558 3177 2606 1792 238
distribution year]
[PY/yr] |129,888 125,132 111,739 /91,657 |63,022 |8371
Compared with 2019 [%] 0% —4% —14% | -29% |-51% | —94%
Synthetic and hydrogen [PJ/yr] |0 720 3562 12,998 122,603 | 34,850
fuels
Total energy transport and | [PJ/yr] | 129,888 | 125,851 | 115,301 | 104,655 | 85,625 | 43,221

distribution (gas, synthetic
fuels, and hydrogen)
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Global: Power Utilities
Electricity generated & distribwted to customers
- public power plants & CHP only -

Fig. 10.2 Global power utilities sector—electricity under the OECM 1.5 °C scenario

Global: Gas Utillties: Fuel supply by source

Nateral Gt L

Fig. 10.3 Global gas utilities sector—gaseous fuel supply under the OECM 1.5 °C scenario

fuels will represent 50% of their sales by 2045. Therefore, the transition is assumed
to have a lead time of about 10 years for the implementation of the required techni-
cal and regulatory changes (Fig. 10.3).

10.4 Energy and Ultilities Sectors: A Possible Structure

Of all the industries analysed, the energy industry—often referred to in this book as
the primary energy sector—classified as GICS /0 Energy, will experience the most
drastic changes. The decarbonization of the global energy sector requires the com-
plete phase-out of fossil fuels in combustion processes to generate energy —the
very core business of the energy industry.
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The OneEarth Climate Model (OECM) 1.5 °C scenario assumes that 100% of
the fossil-fuel-based energy supply will be replaced by renewable energy by 2050—
complete transition within one generation—which is unprecedented in modern
human history.

The purpose of this book is to document the development, calculation, and results
of the OECM to provide benchmark key performance indicators for specific indus-
tries. These will support target setting by the finance industry and those who develop
the net-zero targets and/or the National Determined Contributions (NDCs) required
under the Paris Climate Agreement.

To develop new business concepts for industry sectors is not the task of this
research. Instead, we aim to support our assumptions with technical details and
scenario narratives, which have been discussed with the scientific advisory board of
the Net-Zero Asset Owner Alliance (NZAOA) (see Chap. 2).

The energy and utility sectors must grow together to implement the global energy
transition within only three decades. Utility-scale solar power plants and onshore and
offshore wind farms are large infrastructural projects that require investments in the
range of several hundred millions to billions of dollars. The operation and mainte-
nance of offshore wind farms are very similar to those of offshore oil and gas rigs. The
transport and distribution of natural gas from the point of its extraction to the end user
is the core business activity of (natural) gas utilities. Power utilities oversee the entire
gamut of production, from generation to distribution. Based on the OECM decarbon-
ization pathway described in this book, we propose a horizontal integration of all three
sub-sectors, which integrates the core areas of expertise and avoids stranded assets by
repurposing the existing fossil-fuel infrastructure, such as pipelines.

Figure 10.4 shows a possible structure for the decarbonized energy and utility
sectors. The (primary) energy industry will focus on utility-scale power generation

One Earth Climate Model: Possble sructuresfa
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Fig. 10.4 One Earth Climate Model: possible structure of a decarbonized energy and utilities
industries
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and the production of hydrogen and synthetic fuels for the supply of energy and
chemical feedstock. Gas utilities will focus on the transport of hydrogen and fuels
and offer decentralized hydrogen production and storage services to the power sec-
tor. Power utilities will concentrate on the power grid, the management of the elec-
tricity system, and the integration of decentralized renewable power generation and
storage systems, including those from ‘prosumers’.

Box 10.2 Occupational Match between Offshore Oil and Gas, and
Offshore Wind energy (Briggs et al., 2021)

Briggs et al. (2021) found that the main occupational pathways into offshore
wind with are from other technically related sectors (such as offshore indus-
tries and the energy sector), as new entrant apprentices or graduates, and from
a workforce with skills that cut across sectors (e.g. business/commercial, IT
and data analytics, drone and underwater remotely operated vehicle (ROV)
operators, etc.).

Consequently, the development of offshore wind energy could be an
important source of alternative employment for the offshore oil and gas
workforce.

A major UK study of offshore wind found that there are three main path-
ways for workers into the industry:

* Movement from other, technically related industries (offshore industries,
energy sector)

* Apprenticeships and graduates

* Movement of workers with cross-sector skills (e.g. business/commercial,
IT and data analytics, drone/ROV operators, etc.)

A range of studies have found significant movement has occurred from the
offshore oil and gas workforce into the offshore wind industry, because these
workers often have the foundation skills required to work on offshore instal-
lation vessels and offshore platforms and the specialized knowledge of the
environmental challenges associated with operating and maintaining offshore
infrastructure (IRENA, 2018).

A Scottish study found that only 15% of jobs in these industries have no
skills match. For around two-thirds of jobs, there is a ‘good’ or ‘some’ skills
match, including in many professional jobs, construction and installation,
electrical and mechanical trades, technicians, and subsea pipelines. For a
range of administrative, quality control, logistic, and project management
jobs, there are ‘partial’ skills overlaps, which suggests that these workers
could be transitioned with training (Fig. 10.5).
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OCCUPATIONAL MATCH BETWEEN OFFSHORE OIL & GAS
& OFFSHORE WIND ENERGY

Not enough data on skills overlap (18%) Good skills overlap (28%)
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Ce and

J Marine/Naval

| Facilities management (Incl.catering)
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Cost engineering/estimating
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Process engineering (chemical) —
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Data management /ﬁ
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Planning & scheduling ——
Commissioning ——
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Fig. 10.5 Occupational match between offshore oil and gas and offshore wind energy. (Friends of
the Earth; Global Witness and Greener Jobs Alliance, 2019)
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