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Schernikau on

Energy Policy in SA

The opinions expressed in this presentation and on the following slides are 

solely those of the presenter and not necessarily those of HMS Bergbau AG, 

the organizer, or any company/organization. The presenter does not 

guarantee the accuracy or reliability of the information provided herein.
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Schernikau on

Energy Policy in SA
HMS – a Global Commodity Supplier 
HMS Bergbau (Germany) and Schernikau, Profile

HMS Bergbau AG – A global raw materials marketing company with focus on energy, ores, and cementitious products

Listed in Frankfurt, majority owned by Schernikau family 

 Founded by industry veteran Mr. Heinz Schernikau (Chairman), 

almost 5 decades in commodities & coal

Family with several raw material investments in Asia, Africa, Poland, 

and other parts of the world

 Excellent team in Asia, Europe, Africa, India/Middle East, Americas

 Several investment projects in Africa, Americas, Europe

 One of first German company to investment in South Africa and in Indonesia with former coal port operations in Kalimantan

The group markets and trades coking coal, anthracite, steam coal, petcoke, ores, cementitious and other products worldwide

 Active in Atlantic and Pacific markets with exports to industrial operations worldwide 

 Established: 1995 in Berlin, Germany

 Turnover: 300+ Mio. USD

 Majority owner: Schernikau Family

 CEO: Dennis Schwindt
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Energy Policy in SAAbout Lars Schernikau

Lars Schernikau

 Lives in Switzerland & Singapore, married with 4 children

 Studied in US (NYU), France (INSEAD) and Germany (TU-Berlin)

 6+ years at The Boston Consulting Group: M&A, start-ups

 Joined raw materials business almost 20 years ago, today focusing on strategy and marketing 
HMS group‘s products in Asia, Africa, Americas and Middle East

 Wrote „The Renaissance of Steam Coal“ published 2010, and “Why Coal Continues to Power the 
World”, published 2017 (Springer)

 Serves and served on the board of several energy raw material producers and marketing 
companies in Europe, Russia, Africa, and Asia

 Regular speaker at international conferences. Has advised governments, banks and 
multinationals on energy policy and sustainability
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Schernikau on

Energy Policy in SAGlobal Annual Death Rate from Natural Disasters by Decade

Note: Gobal death rate measured as the number of deaths per 100.000 of the world population. This is given as the annual average per decade (by decade 1900s to 2000s; and then six years from 2010-2015)
Source: “OurWorldinData: Global-Annual-Death-Rate-from-Natural-Disasters-01.Png (13114×9476),” July 2021. https://ourworldindata.org/uploads/2018/04/Global-annual-death-rate-from-natural-disasters-01.png.
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Electricity: About 40% of Global Primary Energy
World‘s Primary and Electricity Energy Share

In % of global 
production

11%
USA

3% Japan
2% Germany
2% South Africa
2% Korea

~170.000
TWh

~27.000
TWh

~9.820
TWh

49%
China

23%
Gas

10%
Nuclear

26,9%
Other

23%
Gas

5% 
Nuclear

14%
Other

36%
Coal26%

Coal

31% 
Petro-
leum

~40%
Electr.

~170.000
TWh

12%
India

19%
Other

3% Petro-
leum

Primary  
energy (PE)

100%

Electricity

40% of PE

Electricity 
from coal

36% of electricity

Primary  
energy (PE)

100%

~20%

~20%

~20%

(1) Only the portion of Industry/Transport/Building that is not included under electricity; (2) assumed worldwide net efficiency of about 33% for nuclear, 37% for coal, 42% for gas, assume avg. ~40% efficiency => 27.000TWh becomes 68.000 TWh or 40% of 170.000TWh
Sources: Schernikau analysis based on IEA Energy Technology Perspectives 2020 (link), BP Statistical Review of World Energy 2020 (link), see also World in Data

After losses

Wind/solar:
~3% in 2019

Wind/solar:
~8% in 2019

Industry(1)

Transport(1)

Building(1)

Before losses(2)
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60% until 

2050?

Nuclear

Gas

Oil

Coal

Hydro

Wind & Solar

Other Renewable

Biomass

Wind/solar:
<3% in 2019

Fossils:
~80% in 2019

Is Life Without Fossils only Decades Away?…

Note: On outlook, BP assumes under net-zero scenario increase of about 10% from 2018 until 2020
(1) Primary electricity converted by direct equivalent method. 
Source: Data compiled by J. David Hughes. Post-1965 data from BP, Statistical Review of World Energy (annual). Pre-1965 data from Arnulf Grubler, “Technology and Global Change: Data Appendix,” (1998).EIA, IEA and BP outlook, WorldEnergy.org

Global Share of Coal 2019:

Over 1/3rd Electricity
Over 1/4th of Primary Energy

2020-2050 growth:

Energy per capita: ~20%  +  Population: ~25%

Total primary energy growth:  ~50%

► essentially all growth in Asia and Africa 
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Schernikau on

Energy Policy in SAGeopolitics and Energy driven by Risk of Energy Scarcity (here focus Electricity)

Source: Schernikau research and analysis
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(1) today’s Wind and Solar 
are NOT the solution and 
lead to energy scarcity…

high material input

medium space req.

high material input

high space req.

low material input

low space req.

(2) … leading to 
geopolitical conflict
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Schernikau on

Energy Policy in SA
African Energy supply dominated by Solid Biomass and Oil
Coal dominant in South Africa

Source: IEA Africa Energy Outlook 2019, 2019. https://www.iea.org/reports/africa-energy-outlook-2019., p52

Total primary energy demand by fuel for selected African regions, 2018

IEA Nov 2019: With the exception of South Africa, the sub-Saharan African energy mix 

is dominated by solid biomass and oil
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Schernikau on

Energy Policy in SAIEA Stated Policy Scenario for South Africa

Source: IEA South African Energy Outlook 2019, https://www.iea.org/articles/south-africa-energy-outlook

South Africa electricity generation by technology in the 

Stated Policies Scenario, 2010-2040

Year 2020

Coal: 221 TWh (85+%)
Wind: 7 TWh
Solar: 4 TWh

Year 2040

Coal: 143 TWh (40%?)
Wind: 88 TWh
Solar: 41 TWh
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Schernikau on

Energy Policy in SAChina controls 75% of PV production

Source: “Polysilicon Market on Brink of Dynamic Growth | Bernreuter,” December 2020. https://www.bernreuter.com/newsroom/press-releases/polysilicon-market-on-the-brink-of-dynamic-growth/.

China’s share in global polysilicon production has risen to 75%

• Huge polysilicon volumes will come from massive capacity expansion of big 

Chinese polysilicon manufacturers – led by Tongwei, which superseded German 

incumbent Wacker as world’s largest producer in 2020 

• All three South Korean polysilicon manufacturers have abandoned production of 

solar-grade material; 

• U.S.-based REC Silicon has mothballed its plant and Hemlock Semiconductor has 

halved its production capacity.

• In total, the second shakeout wave in the polysilicon industry has eliminated a 

capacity of around 275kt, compared to 135kt during the first wave between late 

2010 and early 2013.

Consequently, China’s share in global polysilicon production has increased 

from little more than 50% in 2017 to nearly 75% in 2020.

(including electronic grade for semiconductors) 
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Schernikau on

Energy Policy in SAWind Industry More Difficult to Dominate

Source: MacroPolo. “Chinese Wind Industry Growing Competitive, but Unlikely To Dominate,” April 2021. https://macropolo.org/chinese-wind-industry-competitive-but-unlikely-to-dominate/.

2020 installations globally could well surpass the 470 GW 

projected for 2025 (less than 100 GW in 2019)

• Rising demand for wind power will require expanded manufacturing 

capacity and intensify competition

• 4 firms (2 from CN) accounted for about half of 2020 installations

Wind Turbines: Not a Commodity Product

• Wind turbines can have up to 22 major components and 8.000 subcomponents

• different from solar: more distributed supply chains and strong local presence

• in 2019, 60% of the blades used in Denmark’s Vestas turbines were manufactured in 

own factories, including ones in EU and US

• Chinese firms hold near monopoly over subcomponents like permanent magnets and 

natural resources like rare earths
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Energy Policy in SA
East and Southeast Asia not Suitable for Large-Scale Wind Deployment…
… Even if One Believes That Wind is a Viable Large-Scale Alternative to Conventional Energy

(1) “Weinand 2021: The Impact of Public Acceptance on Cost Efficiency and Environmental Sustainability in Decentralized Energy Systems.” Patterns, June 2021, 100301. https://doi.org/10.1016/j.patter.2021.100301.
Source: Global Wind Atlas, downloaded 24 April 2020 (setting Mean Power Density), www.globalwindatlas.info

Wind energy density (Europe) Wind energy density (Southeast Asia)

Capacity Factors?
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Energy Policy in SA

 Let’s be generous and halve the battery weight to 250 kg

 Assuming 1-2% of mined ore end up in the battery in form of metals, 

then 13-25 tons of raw materials to be mined, processed, transported

 lithium, copper, cobalt, nickel, graphite, rare earths & bauxite, coal, iron 

ore (for aluminum and steel)

 30 kg of coal to be mined, processed and transported

Tesla Battery

• 85 kWh capacity
(90% value = 76,5 
kWh)

• Weighs 540 kg

Coal

• To reach storage of 
76,5 kWh, we need 
191 kWh of coal 
(40% efficiency in 
power plant)

• Weighs 30kg(1)

Requires

Requires

Illustrating Energy Densities (Fossil Fuel is Storage)

Material Input 
Factor:

450-850 x

(1) Assuming 5.500 kcal per kg for coal, 40% power plant efficiency to generate 76,5 kWh requires 191 kWh or about 30kg of coal 
Note: 1 kWh = 860 kcal = 0,086 kg oe = 3.600 kj; 1 kcal = 4,1868 kj
Source: Author‘s Analysis and Research

Illustrative

Energy Density 
Factor: 41x 

18x after Efficiency

Energy Input 
Factor: ??

no dispute?

Recycling
Efficiency?
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Schernikau on

Energy Policy in SAJune 2020: Lithium Ion – US vs China – Who is winning?

Source: 24 Jun 2020, Simon Moores – MD Benchmark expert witness statement to US Senate Energy and Natural Resource Committee let by Sen Lisa Murkowski (R) and Sen Joe Manchin (D); 
https://www.energy.senate.gov/services/files/6A3B3A00-8A72-4DC3-8342-F6A7B9B33FEF

US: 2017 to 2020

 3 to 9 Battery Megafactories

 (3 active as per June 2020)

 Graphite Anode : 0 plants

China: 2017 to 2020

 9 to 107 Battery Megafactories

 (53 active as per June 2020)

 Graphite Anode: 48 plants (84% of global supply)

Global Demand by 2029

 Nickel – double

 Cobalt – grow 3x

 Graphite/Manganese – grow 4x

 Lithium – grow 6x

no dispute
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Schernikau on

Energy Policy in SAChina‘s Control of EV Supply Chain

(1) Flake graphite feedstock, all anode nature & synthetic
Benchmark Mineral Intelligence December 2020 Presentation (https://www.pscp.tv/w/1RDGlPDLPvoGL?t=3m47s )

Stage One: Mining

Nickel 8% 0% 31%

Cobalt 0% 0% 1%

Graphite1 1% 0% 65%

Lithium 0% 1% 9%

Manganese 0% 0% 6%

Stage Three: Cathode or 
Anode Production

Cathode 0% 0% 61%

Anode1 0% 0% 83%

Stage Two: Chemical 
Processing/Refining

Nickel 13% 1% 65%

Cobalt 17% 0% 82%

Graphite1 0% 0% 100%

Lithium 0% 4% 59%

Manganese 7% 0% 93%

Stage Four:  Lithium ion
battery cell manufacturing

Cell 6% 10% 73%

1

2

3

4

Application

no dispute
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Schernikau on

Energy Policy in SAIEA 2021 Net-Zero Pathway: Total Energy Down by 2050, About 20% from Coal, Oil & Gas

Source: “IEA: Net Zero by 2050 – Analysis,” May 2021. https://www.iea.org/reports/net-zero-by-2050, p57.

dispute on 
logic/feasibility

10% reduction

40% wind & solar

(Germany 2020 6%)

“… generation from renewables… in 2021/22… will 

meet about half of projected increase in global 

electricity demand.” 

“… generation from renewables… in 2021/22… will 

meet about half of projected increase in global 

electricity demand.” 

“… generation from renewables… in 2021/22… will 

meet about half of projected increase in global 

electricity demand.” 

What about primary energy?
(approx. 20%)
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Schernikau on

Energy Policy in SA
2019 Top 10 Electricity Producers…
… Account for about 70% of Global Electricity Production

(1) Electricity production share of respective country; (2) CAGR 2012-2019 in %
(3) Cloud Computing alone accounted for about 680 TWh in 2011 according to Greenpeace, Bitcoin based on FAZ 14 Feb 2018 (citing Digiconomist as source)
Source: Schernikau analysis based on BP Statistical Review of World Energy 2020 
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Schernikau on

Energy Policy in SAFossil Fuels make up over 80% of African Electricity Generation

Source: IEA Africa Energy Outlook 2019, 2019. https://www.iea.org/reports/africa-energy-outlook-2019., p56

Electricity generation by fuel in Africa, 2010-2018 (left) 

and in key regions in 2018 (right)

IEA Nov 2019: Natural gas fueled most of the increase in electricity supply for the continent on the whole,

but fuel shares varied by region and coal dominated in South Africa
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Schernikau on

Energy Policy in SAEskom: Reliable Capacity Forecast all sources to 2030 

Source: adapted from Eskom Presentation 2021, CEO ESKOM Jun 2021, Mining Indaba
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Schernikau on

Energy Policy in SAIEA states need for investment in Fuel Supply in Africa

Source: IEA Africa Energy Outlook 2019, 2019. https://www.iea.org/reports/africa-energy-outlook-2019., p34

Historical energy supply investment and average by sector in

sub-Saharan Africa in the Stated Policies Scenario

IEA Nov 2019: Investments in fuel supply would need to increase by 60% from today’s levels to meet needs; 

investments in power would need to grow by two-and-a-half times through to 2040
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Schernikau on

Energy Policy in SA
IPCC AR6 (Aug 2021): 46% of CO2 Emissions Become Airborne…
… Remainder Is Taken up by Nature

Source: Schernikau based on IPCC, AR 6 – Physical Science Basis, p89

Airborne CO2: 46 units

CO2 Emissions: 100 units
Plants: 31 units

Oceans: 23 units

IPCC AR6 Page 89: “During the last decade (2010–2019), average annual anthropogenic CO2 emissions reached the highest levels in 

human history at 10.9 ± 0.9 PgC yr-1 (high confidence). Of these emissions, 46% accumulated in the atmosphere (5.1 ± 0.02 PgC yr-1), 

23% (2.5 ± 0.6 PgC yr-1) was taken up by the ocean and 31% (3.4 ± 0.9 53 PgC yr-1) was removed by terrestrial ecosystems (high confidence).”

About half of CO2 emissions become airborne and can contribute to green-house effect
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Growth 2019/2021: 
+2?%

Σ = 8,1 Bt

1,4 Bt
global trade

5,8 Bt
local

consumption

Σ = 1,4 Bt

1,3 Bt
sea-borne

trade

100 Mt
green border

trade

Σ = 1,3 Bt

1 Bt
steam coal(1)

300 Mt
coking coal

Production International trade Sea-borne trade

Coal Overview: About 1 Bt International Traded Steam Coal

(1) Including subbituminous coal from Indonesia to India/China 
Sources: based on Mining.com; VDKi 2018/19; Schernikau analysis

Σ = 8,1 Bt

7 Bt
steam coal

1,1 Bt
coking coal
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51 55
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208
257(5)
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0

200

400

600

800

1.000
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UraniumOil(2)Gas(1)Hard coalLignite

4.000

2.000

2.500

3.500

3.000

4.500

96(3)

150(4)

8739

81

Fossil Fuel’s (Primarily Coal’s) Remaining Potential Is Huge

Static range of energy fuels worldwide (production ratios) in 2018

Years

Left column: Reserve/production ratio

Right column: Remaining potential/production ratio

(1) Shows conventional & unconventional gas total, reserve/production ratio for conventional gas: 48, for unconventional gas: 3; remaining potential/production ratio for conventional gas: 129, for unconventional gas: 79
(2) Shows conventional & unconventional oil total, reserve/production ratio for conventional oil: 39, for unconventional oil: 16; remaining potential/production ratio for conventional oil: 87, for unconventional oil: 81
(3) Remaining potential includes only economically recoverable resources, (4) Remaining potential includes all discovered resources, (5) Remaining potential includes discovered and undiscovered but assumed resources 
Note: 2018 data; reserves + resources = remaining potential; oil and gas include conventional & non-conventional reserves and resources
Source: Schernikau analysis based BGR Energiestudie 2019 (https://www.bgr.bund.de/DE/Themen/Energie/Downloads/energiestudie_2019.pdf?__blob=publicationFile&v=10)
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Schernikau on

Energy Policy in SAAbout 1 Bt Steam Coal Traded in 2021 (Schernikau) – higher than 2019?

South Africa

Australia

Indonesia

Russia

USA/Canada

Europe & Med
(Southeast) 

Asia

60(4)

Colombia/
Venezuela

100(3)

30

180

620(1)

150

430(2)

Approx. Coal movements in 2021 in Mt

65
205

ME & Africa 
& Pak

25

20

Latin/South America

34 Mt

1,5 Mt

25 20 Other

India

20 Mt

(1) Includes China/HK (including lignite), Japan, Korea, Taiwan, SEA; (2) incl. low CV/lignite steam coal export; (3) Including Main Europe (40); Turkey (x), other Med/North Africa (x)
(4) approx.  exports 12? Mt Cerrejon, 30 Mt Drummond; 3? Mt Prodeco, remainder CNR and others 
Source: Schernikau research and analysis based on Metal Experts, VDKi, IEA, Argus, Mercuria, Perret, Chinese Customs Data, and various market research

Export

Import

Inc. Rail: 28 Mt

15 Mt

China, Japan, Korea, 

Taiwan, SEA
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Schernikau on

Energy Policy in SADifferences in Emissions of Rich and Poor Highlight Inequalities

Notes: G20 Countries for which data is available
Source: FT based on Oxfam, Wagstyl, Stefan. “FT: Climate Change Is Becoming Less a Battle of Nations than Rich vs Poor.” Financial Times, May 2021. https://www.ft.com/content/4788beae-9035-4449-b5cd-200dc7b6ea9d.

Household Lifestyle Consumption Emissions (Tons of CO2 per Capita)
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Schernikau on

Energy Policy in SAThe World as 100 People Over the Last Century

Note: The world population increased 7-fold over these 2 centuries
Sources: Our World in Data 2020 according to World Bank from 1981 & Bourguignon & Morrison 2020 (poverty data) measured in international $ to adjust for inflation and price difference between countries; OECD & IIASA (education data); OECD & UNESCO (literacy data): 
Polity IV index own calculation of global population share (democracy data); WHO (vaccination data – which refers to children ages 12-23 months in each year and not the entire population); Gapminder & World Bank (child mortality data);
Link: https://ourworldindata.org/uploads/2017/01/Two-centuries-World-as-100-people.png
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Schernikau on

Energy Policy in SA

Climate

Pollution

Plants & Animals

Land & Space

Material Input

Energy Input
Source: Schernikau research; i343

Providing Basis for 

Healthy Life and Growth

Affordability of 

energy supply

Environmental

protection

Security of

energy supply

Examining Wind & Solar

Triangle of Objectives in Energy Policy
dispute
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Schernikau on

Energy Policy in SAGermany Is Leading Electricity Price Worldwide

Consumer electricity prices worldwide by country in 2020 (US$c/kWh)
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Note: This statistic shows electricity prices in selected countries worldwide excl VAT
Source: bdew annual report 2020 (BDEW Source PDF), Statista 2021 (Statista Link)

Oil 
(5, 1%)

Wind & solar
(183, 32%)

Lignite
(92, 16%)

Hard
coal

(43, 8%)

Gas
(92, 16%)

1,1%

7,8%

23,4%

Others
(19, 3%)

Nuclear
(65, 11%)

8,9%

3,3%

∑ = 252 TWh
= 44,5%

Other renewables
(69, 12%)

Renewables

German power production 2020 in TWh and %
∑ = 566 TWh

Waste Solar Biomass Hydro

Wind Geothermal & heat pumps

no dispute
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Schernikau on

Energy Policy in SA
Germany: Renewable Installed Capacity vs. Power Generation and Primary Energy
Wind & Solar: 54% Capacity Gave Germany 32% Electricity and 6% Primary Energy

(1) CAGR: +3,46%; (2) CAGR: -0,14%; (3) CAGR -1,12%
Sources: Schernikau Research and Analysis based on Frauenhofer Institute (link), and AG Energiebilanzen 2020 (https://ag-energiebilanzen.de/28-0-Zusatzinformationen.html%20und%20https://ag-energiebilanzen.de/10-0-Auswertungstabellen.html and https://ag-energiebilanzen.de/6-0-Primaerenergieverbrauch.html)

P
o

w
e

r 
g

e
n

e
ra

tio
n

 in
 T

W
h

Other
renewables

(69, 12%)

Wind & solar
(182, 32%)

2020: 
∑= 572 TWh

2002: 
∑= 587 TWh

0

2.000

4.000

6.000

8.000

10.000

12.000

14.000

16.000

2
0
0

2

2
0
0

3

2
0
0

4

2
0
0

5

2
0
0

6

2
0
0

7

2
0
0

8

2
0
0

9

2
0
1

0

2
0
1

1

2
0
1

2

2
0
1

3

2
0
1

4

2
0
1

5

2
0
1

6

2
0
1

7

2
0
1

8

2
0
1

9

2
0
2

0

Other
renewables
(1.275, 11%)

Wind & solar
(686, 6%)

-18%3 2020: 
∑= 11.784 PJ

2002: 
∑= 14.427 PJ

0

20

40

60

80

100

120

140

160

180

200

220

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Wind &
solar:

114 GW (54%)

C
a

p
a

c
ity

 in
 G

W

2020: 
∑= 212 GW

2002:
∑= 115 GW

+84%1

Nuclear

Hard coal

Gas

Oil

Other renewables

Hydro

Wind

Solar

Other

Biomass

Wind & Solar

Lignite

German energy sources’ share in primary energy consumption (2002-2020)

Gross power production in Germany (2002-2020)

Installed net power generation capacity in Germany (2002-2020)

no dispute

Fossil 
fuels:
75 GW 
(65%)

Wind & solar:
12 GW 
(10,7%) 

Nuclear:
8 GW 
(4%)

Nuclear:
22 GW 
(19%)

Fossil 
fuels:

(231, 40%)

Fossil 
fuels

(8.969, 76%)

Nuclear:
64 GW 
(11%)

Nuclear
(702, 6%)

Fossil 
fuels:
78 GW 
(37%)

0

100

200

300

400

500

600

700
-2,6%2

∑ = ~8.000 GW in 2020

Total global global installed capacity

© Dr. Lars Schernikau
not to be copied or distributed without written consent

Page 342021-10-12 Schernikau SACPS-SouthAfrica.pptx

Schernikau on

Energy Policy in SA
Global: Wind/Solar Capacity Forecast for 2050 to be almost 4x total (Fossil/Ren) today … 

… Demonstrates Dramatic Misconception about Energy-Densities and -Efficiencies

Note: PV = photovoltaics.
1The range of the compound annual growth rate is based on the planned energy scenario vs. the 1.5OC scenario.
Source: 2021 IRENA World Energy Transitions Outlook; BCG analysis.; “BCG: Mastering Scale in Renewables,” June 2021. https://www.bcg.com/publications/2021/maximizing-value-from-scale-renewable-energy.

Global Installed Wind/Solar Capacity Forecast (GW)
∑ = ~8.000 GW in 2020

total global installed capacity 

(Coal, Gas, Nuclear, Hydro, 

Biomass, Wind, Solar, Other)
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Schernikau on

Energy Policy in SA
East and Southeast Asia not Suitable for Large-Scale Wind Deployment…
… Even if One Believes That Wind is a Viable Large-Scale Alternative to Conventional Energy

(1) “Weinand 2021: The Impact of Public Acceptance on Cost Efficiency and Environmental Sustainability in Decentralized Energy Systems.” Patterns, June 2021, 100301. https://doi.org/10.1016/j.patter.2021.100301.
Source: Global Wind Atlas, downloaded 24 April 2020 (setting Mean Power Density), www.globalwindatlas.info

Wind energy density (Europe) Wind energy density (Southeast Asia)

Capacity Factors?
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Schernikau on

Energy Policy in SAAnnual Wind Speeds at 100m Height

Source: “Global Wind Atlas - Global Wind Map,” June 2021. http://science.globalwindatlas.info/datasets.html.

Mean wind speed at 100m from MERRA reanalysis (period 1979-2013)

m/s
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Schernikau on

Energy Policy in SA
Solar Output Varies Worldwide
Direct Normal Irradiation (kWh/m2)

Source: Schernikau, Lars, and William Smith. “How Many Km2 of Solar Panels in Spain …”; Paper on SSRN; Apr 2021. https://doi.org/10.2139/ssrn.3730155; Global Solar Atlas, downloaded 22 August 2020, www.globalsolaratlas.info

Compare 
Spain vs. Asia
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Schernikau on

Energy Policy in SAWhat is the cost of Energy?

Source: Schernikau et al 2022, Energy Primer, to be published

1. Cost of Building

2. Cost of Fuel

3. Cost of Operating

4. Cost of Transportation/Balancing

5. Cost of Storage

6. Cost of Backup

7. Cost of Emissions

8. Cost of Recycling

9. Room Costs

LCOE

2. Cost of Fuel, such as oil, gas, uranium, biomass, or wind. Includes processing, 

upgrading, and transporting the fuel through pipelines, on vessels, rail, or trucks. 

Also includes cost of rehabilitating mines or wells.

1. Cost of Building energy generation/processing equipment such as a power 

plant, a mine, a gas well, or a refinery, etc. (often referred to as Investment Cost).

3. Cost of Operating and maintaining the energy generation/processing equipment.

4. Cost of (energy) Transportation/Balancing systems to the end user, such as 

transmission grids, charging stations, load balancing, smart meters, other IT 

technology and its increasing threat from cyber-attacks, etc.

5. Cost of Storage if required such as pumped hydro, batteries, hydrogen, etc.

Oil, coal, gas, uranium, and biomass are storage of energy in themselves.

6. Cost of Backup technology, energy systems include redundancy. All reliable energy 

systems are overdesigned, usually by 20% of the highest (peak) energy demand. 

Every single VRE installation equipment requires 100% backup or storage as by nature 

they are not dispatchable or predictable.

7. Cost of Emissions includes true cost of air-borne emissions. Includes but is not 

limited to particulate matters, NOx, SOx, life cycle GHG including from building the 

equipment. Benefits of CO2 because of its proven fertilization need to be included.

8. Cost of Recycling, decommissioning, or rehabilitation after lifetime expired.

9. Room Cost - new cost category for low energy density. Includes 

direct/opportunity costs due to larger space requirement and impact on, i.e., sea 

transportation routes, crop land, forests, urban areas, effected bird and animal life, 

changing wind and local climate, noise pollution, etc.
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Schernikau on

Energy Policy in SAWhat is the cost of Energy?

Source: Schernikau et al 2022, Energy Primer, to be published; Age Cartoon original from Alexandra Martin; energy cliff from ERoEI for Beginners; MIPS cartoon from Seppo.net, EROI Weissbach et al. 2013

no dispute

1. Cost of Building

2. Cost of Fuel

3. Cost of Operating

4. Cost of Transportation/Balancing

5. Cost of Storage

6. Cost of Backup

7. Cost of Emissions

8. Cost of Recycling

9. Room Costs

10a: eROI – energy Return On energy Invested

10b: MIPS – Material Input Per Unit of Service 
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Schernikau on

Energy Policy in SA
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Solar PV
Coal

IEA: Levelized Cost of Electricity (LCOE) & Value-Adjusted LCOE (VALCOE)
Solar PV and Coal-Fired Power Plants in India in the New Policies Scenario

Source: IEA; WEO Analyst; February 12, 2019 by Brent Wanner, IEA original here IEA.org; “IEA: Projected Costs of Generating Electricity 2020 – Analysis,” December 2020. https://www.iea.org/reports/projected-costs-of-generating-electricity-2020., p14 

LCOE VALCOE

IEA Dec 2020: „The result of IEA’s value adjusted LCOE (VALCOE) metric show however, that the system value of 

variable renewables such as wind and solar decreases as their share in the power supply increases“

Obvious costs not included in LCOE

 Backup costs

 Interconnection costs

Not so obvious costs missing

 Material & energy input (eROeI)

 Efficiency losses of backup

 ”Room” costs

 Recycling costs
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Schernikau on

Energy Policy in SAAdvanced Societies Require High energy-Return-On-energy-Invested (eROeI)

Source: Pedro A Prieto and Charles A S Hall: ‘Spain’s Photovoltaic Revolution: The Energy Return on Investment’, Springer 2013, p7

no dispute

Arts

Healthcare

Education

Support family

Grow food

Transport

Refine energy

Extract energy

2-25:1

8-15:1

6-13:1

5-6:1

4-5:1

2-3:1

Approx. required eROeI

14:1

12:1

9-10:1

7-8:1

5:1

3:1

1,2:1

1,1:1

Energy return 
required

… but our society
needs this eROeI level

(at worst)

Solar PV modules have a 
global eROeI of this level

(at best) …
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Schernikau on

Energy Policy in SAAdvanced Societies Require High energy-Return-On-energy-Invested (eROeI)

Source: Bernstein

Dispute?

Buffered Energy Return on Energy Invested by Source
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Schernikau on

Energy Policy in SA
Base-Material Input per 1 TWh Generation
Based on US Dept. of Energy Data

*Other includes iron, lead, plastic, and silicon.; Schernikau assumes this is based on average US capacity factors
Source: Energy.gov. “DOE: Quadrennial Technology Review 2015,” September 2015. https://www.energy.gov/quadrennial-technology-review-2015.; Page 390 Table 10.4

no dispute?
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The raw material impact is a multiple

i.e. only 0,1-2% of mined ores such as lithium, 

cobalt, nickel, graphite end up in the metal
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Schernikau on

Energy Policy in SA
Oct 2020: Ministry for Environment – in Germany 
LNG from Shale Gas vs Coal

Source: Web Link and Link

Global Warming Potential (IPCC):

CH4 84-87x higher than CO2 over 20 years

(28-36x over 100 years)
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Schernikau on

Energy Policy in SA
LNG and PNG, Gas Chain and GHG Emissions
Distortions in Carbon Taxing

Production Transportation/Processing Combustion
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We are for gas, it is important in the energy mix (gas and coal are together, not against each other)…
… however, claims that gas emits half CO2

eq of coal are only considering combustion and are WRONG
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Schernikau on

Energy Policy in SA
IPCC AR6 (Aug 2021): 46% of CO2 Emissions Become Airborne…
… Remainder Is Taken up by Nature

Source: Schernikau based on IPCC, AR 6 – Physical Science Basis, p89

Airborne CO2: 46 units

Emissions: 100 units
Plants: 31 units

Oceans: 23 units

IPCC AR6 Page 89: “During the last decade (2010–2019), average annual anthropogenic CO2 emissions reached the highest levels in 

human history at 10.9 ± 0.9 PgC yr-1 (high confidence). Of these emissions, 46% accumulated in the atmosphere (5.1 ± 0.02 PgC yr-1), 

23% (2.5 ± 0.6 PgC yr-1) was taken up by the ocean and 31% (3.4 ± 0.9 53 PgC yr-1) was removed by terrestrial ecosystems (high confidence).”

About half of CO2 emissions become airborne and can contribute to green-house effect
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Schernikau on

Energy Policy in SA
IPCC AR6 (Aug 2021): 46% of CO2 Emissions Remain Airborne…
… Remainder Is Taken up by Nature

Note: using GWP100 of 28, makes total CH4 Emissions in the slide 44; and total CO2eq 90
Source: Schernikau based on IPCC, AR 6 – Physical Science Basis, p89; Note: IPCC methane @GWP20 = 84x and @GWP100 = 28x

IPCC 20-year Global Warming Potential of CH4 = 84x

Airborne CO2: 46 units

Oceans: 23 units

Emissions: 100 units

measured-
human-energy 
CO2 emissions

eq

Plants: 31 units Emissions ~133 units

~40% natural
~60% man-made
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~180 units Changes 
in Airborne CO2

eq
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Schernikau on

Energy Policy in SA
„CO2 Costs“ and Anti-Coal Policies do not Consider all Emissions and therefore lead to Distortions
Global Human-Energy CO2 and CH4 Emissions

Notes: CO2 emissions from pure combustion of coal vs. gas in a modern power plant can differ by up to 50%; global average however reaches about 41% difference without considering CH4; (2) After 50% natural ocean and plant uptake of CO2 as per IPCC AR6 p89 54%
Note: 2019 Coal and gas accounted for 49% of global primary energy and 59% of global electricity production; GWP20 means 20-year Global Warming Potential as defined by the IPCC 2014 (84x), AR5 Final, Table 1, Box 3-2, page 87, in document “Climate Change 2014”  
Source: Left: Our World in Data based on Global Carbon Project: CO2 emissions by fuel - Our World in Data; CO2 emissions - Our World in Data; right IEA Methane Tracker Database – Analysis – IEA; Methane and climate change – Methane Tracker 2021 – Analysis - IEA

Annual CH4 Emissions (in Mt)
∑ CH4 ≈ 570 Mt → 48 Bt CO2

eq @GWP20
(1, 2)

~ 48 Bt~36 Bt

∑ = ~65 Bt

Annual measured-human-Energy-CO2 Emissions (in Bt)
∑ CO2 ≈ 36 Bt

no disputeDispute on GWP

Effectively

~17 Bt airborne

(2) 49Bt at GWP20, 16,4Bt at GWP100, (1) GWP20 means 20-year Global Warming Potential as defined by the IPCC 

Changes in airborne CO2
eq @GWP20

CO2
eq emissions @GWP20

• 40% Natural

• 60% man-made

~25% agriculture
~20% energy
~15% waste/bio burning
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Schernikau on

Energy Policy in SAAirborne: Comparing CO2
eq Coal vs. Gas (2019 data)

Global CO2

from combustion only

CO2
eq @GWP20 from measured 

methane emissions only

Global total CO2
eq emissions 

@ GWP20

Coal

Global Sum

(inc. natural, oil, 

agriculture, other)

Natural Gas

14.360 Mt CO2 less 54%

= 7.600 Mt CO2 airborne

 43.850 TWh PES

 Ratio = 0,151 Mt CO2/TWh

7.620 Mt CO2 less 45%

3.500 Mt CO2 airborne

 39.290 TWh PES

 Ratio 0,089 Mt/TWh

16,5 Bt CO2 airborne 

(total emissions 36 Bt CO2)

 Coal share = 40 %

 Gas share = 21 %

3.400 Mt CO2
eq

 43.850 TWh PES

 Ratio = 0,078 Mt/TWh

3,620 Mt CO2
eq

 39.290 TWh PES

 Ratio 0,092 Mt/TWh

48 Bt CO2
eq (570 Mt CH4)

 Coal share = 7,1 %

 Gas share = 7,6 %

10.000 Mt CO2
eq airborne

 43.850 TWh PES

 Ratio = 0,230 Mt/TWh

7.130 Mt CO2
eq airborne

 39.290 TWh PES

 Ratio 0,181 CO2
eq Mt/TWh

64,5 Bt CO2
eq airborne

 Coal share = 15 %

 Gas share = 11 %

Note: PES = Primary Energy Supply 2019:; Note 2: Airborne = After 50% natural ocean and plant uptake of CO2 as per IPCC AR6 p89 it is actually 54%
Source: Schernikau research and analysis based on IEA, Our World in Data, IPCC

Coal better
Coal/Gas = 0,85x 

Gas better
Coal/Gas = 1,25x 

Gas better
Coal/Gas = 1,7x 

Coal has lower CH4 emissions @GWP20: Gas/Coal breakeven if ~2% or more CH4 is lost along the value chain

=> however, on global average, surface-mined coal is about 20% “better for climate” than natural gas

Surface-mined coal 
~20% “better for climate” 
than average natural gas

primarily from 

underground mining
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Schernikau on

Energy Policy in SA
Greenhouse-Gas (GHG) Emissions for Gas not Properly Accounted for
For the Record: I Don’t Believe CH4 to Be a Significant Problem

(1) Numbers vary assumed for Germany, 340g/MWh at full load combined cycle PNG (60%), 420g/MWh at partial load combined cycle PNG (48%), 540g/MWh full load LNG (60%), 1.060g/MWh partial load LNG (48%)
(2) According to LNG vessel operators about 2% of methane gets lost during 10-day transportation on a 10-12k cbm tanker equipped with reliquefaction plant onboard; (3) @GWP20 - Detailed calculation available from author (see next page), GWP100 = 38g 
(4) Eliasson/Bossel Hydrogen Economy based on Swissgas Schweiz AG, Zurich, Switzerland (private Communication); (5) see Gorgon Australia Project; (5) at GWP20 and after 45% IPCC natural update of CO2; Source: Schernikau Research and Analysis

We are for gas, it is important in the energy mix (gas and coal are together, not against each other)…
… however, claims that gas emits half CO2

eq of coal are only considering combustion and are WRONG

1% methane leakage = approx. 115g CO2eq/kWh(3)

at 2% methane leakage = breakeven with coal(5)

Illustrative no dispute?

 “Normal” CO2 emissions during combustion

CO2eq 340-1.060 g/kWh(1)

 Partial Load: Gas @48% 

» 420g CO2eq/kWh

 Partial Load: Coal @41% 

» 825g CO2eq/kWh

Combustion

CO2

PNG        LNG

Transportation/Processing

 UFG (Unaccounted For Gas) during pipeline 

transportation: 4-11% methane?

 Processing losses/leakages

 Pipeline: 3% of gas used each 1.500 km to 

energize compressors to keep gas moving4

 LNG tanker: approx. 2%2

 Pipeline UFG alone: CO2eq 210-570 g/kWh

CH4

Production

 Raw Feed Gas (Oceans), eg. AUS Gorgon: 

7t CO2 + 8t of CH4 raw gas, CO2 is lost5

 Flare gas, other losses

 5-15%? methane

 CO2eq 250-700? g/kWh as methane 

(conservative)

CH4/CO2

Diff: 400g

≈ 50%

Sole Focus of Carbon Taxes
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Schernikau on

Energy Policy in SACoal Divestment Needs to Be Stopped – for Our Nature and Economies

Source: IEEFA Oct 2021; Finance is leaving thermal coal - Institute for Energy Economics & Financial Analysis (ieefa.org)
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Energy Policy in SA
The Economist confirms – No link Hurricanes to «Man-made Global Warming»
6 September 2021

Source: “The Economist: Climate Newsletter,” September 2021. link..

…

The link between hurricanes and climate change is tricky. There is no 

evidence that these storms are becoming more frequent or will become 

more frequent over the coming century, though the latest science suggests 

the proportion of extreme storms will increase as the world warms. Even 

so, as our recent Lexington column explains, it will take more than the 

devastation of hurricane Ida to sway climate beliefs, in America at least.

…
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Energy Policy in SAInvestment – not Divestment – Is the Solution to a Cleaner Environment

Note: Totals may not add up due to rounding . This figure shows a comparison between two years across a 10-year span . The result of the economic recession in 2008 may have temporarily lowered the share of fossil fuels in total final energy consumption in 2009 . The 
share in 2008 was 80 .7% . Based on IEA data . 
Source: Secretariat, REN21. “REN21: Renewables Global Status Report.” REN21 (blog), May 2021. https://www.ren21.net/reports/global-status-report/.

If you have a problem, 

what do you do?

a) Take money away from

the problem = solution?

b) Put money into the

problem = solution?

Backup

dispute
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Schernikau on

Energy Policy in SAWhat are Key “Earthly” Challenges Today?

Food & Water Health & Spiritual Development

Main problem:

Pollution of air

Energy

Main problems:

Pollution and overuse of water 
Pollution of Soil

Main Issue:

(Inner-) Peace

Energy => Food/Water and Waste treatment… & cool or heat our planet

Humanity’s key challenges 

Human Waste = Pollution

3.1. 2.

4.
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Energy Policy in SA
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Global Material/Mineral Extraction Reaches Close to 100 Billion Tons p.a.

Note: WU Vienna (2020): Material flows by material group, 1970-2017. Visualisation based upon the UN IRP Global Material Flows Database. Vienna University of Economics and Business
Source: Autthors Research and Analysis based on http://www.materialflows.net/visualisation-centre/data-visualisations/?_inputs_&sidebar=%22bar_chart_1%22; Population division, UN, 2019 (https://population.un.org/wpp)

Mineral 
use in 
billion 
tons

Metals

Oil, gas, coal

Non-metallic minerals

Biomass

World 
population

in Billion

Mineral use ratio (tons/capita)

Domestic extraction worldwide from 1970-2017

0

1

2

3

4

5

6

7

8

Includes 8 Bln tons of Coal

7,3 7,6
8,1

8,8

11,0
12,2
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Energy Policy in SAFrance: Temperature Dependent Power Demand Increases Until 2030 EWI

Source: Sep 2020, EWI 2030 Peak Power Demand in North-West Europe

Dispute?
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Energy Policy in SA

Steam coal prices 2001-2021 (6.000 nar)

Coal will be around for decades to come…
…and coal prices will be driven by demand and supply
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$
/t

 

Jul 2008: $210

Mar 2009: $62

Jan 2016: $50

Dec 2010: $132

Dec 2005: $41

Jul 18: $108

Apr 20: $45

API2 (US$/t)

API4 (US$/t)

Monthly Coal Indices from 2001 until Today 

Sources: Schernikau analysis; McCloskey Coal Price Index
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Schernikau on

Energy Policy in SAEU FIT55 (55% CO2 Reduction by 2030 from 1990) Means What for Hydrogen?

Source: Platts, CTI 23 Aug 2021, based on Future Energy Outlook, S&P Global Platts Analytics, EU Fit for 55 package

ECs 2030 hydrogen target amounts to add. 50% 

of 2019 renewable power generation for H2

• Target 40GW in electrolyzer capacity

• Announced 6GW until 2024

Additional «green» power demand of 480 TWh

(= more than total power additions 2010-2020)

• Must come from «new» or curtailed renewable 

power

• But «green» surplus max 6 TWh by 2030

14 Mio t H2 required by 2030 

(EU Target is 10 Mio t)

• much of H2 will need to be converted to 

ammonia, leading to larger conversion losses, 

resulting in lower final energy use or the need 

for higher input volumes
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Energy Policy in SAHydrogen is not suitable for fuelling vessels, Ammonia might?

Source: Platts, CTI 8 Jul 2021
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Energy Policy in SA
Hydrogen: High Energy Density
How high do you have to lift 10kg to save 1kWh of Energy?

Source: Prof Holger Watter, Flensburg, downloaded here

Germany: Excess (abgeregelte) renewable energy: ~6.500 GWh p.a. in 2019

6.500 GWh/(24h x 365d) ≈ 740 MW  →  0,9% of 80 GW or about 3 days of Germany’s full load

Energy?
1 kWh

h?

Remember «green» 
energy can only do 
one thing, produce
hydrogen or power 

your house

no dispute
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Schernikau on

Energy Policy in SAHydrogen: Renewables – Electrolysis – Methanization – Electricity

Note: Methanization has an efficiency of 30-40% and combustion of methane about 45-50%. Thus, in case of methanization total efficiency goes down to about 12%.
Source: Prof Holger Watter, Flensburg, downloaded here

H2 to power

9 kg water 55 kWh+ = 1 kg H2

Germany: 
40% x 740 MW

Usable power 
~300 MW or 0,4% of 

full load

Electrolysis

η ≈ 60%

Transmission/conversion

η ≈ 95%

0,7x0,6x0,95

=0,4 (40%)

Transportation and storage of H2 is energetically not viable. 

Methanol/methane has advantage over H2.

η ≈ 70%

Hydrogen (fuel)

Oxygen 
(from the air)

Electrons

Electric 
current

Exhaust 
water

Fuel cell electrochemistry

Electrolysis

no dispute
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Energy Policy in SAHydrogen: 1% of German Cars?

(1) 50 Mio Passenger cars from Autos in Deutschland 2020 | Statista;; 59 Mio registered vehicles Statistiken zum Fahrzeugbestand in Deutschland | Statista
Source: Prof Holger Watter, Flensburg, downloaded here

Germany Excess Renewable Electricity: ~6.500 GWh p.a. →  1/55,5 x 1.000 ≈ 120.000 t green hydrogen p.a.

1 kg H2 = 100 km  →  20.000 km = 0,2 t H2 →  600.000 cars in Germany (1% of 59 million vehicles(1))

(55,5 MWh per 1 t of H2)

Ca. 55,5 kWh
9 kg water

H2O
18 kg H2O
9 kg H2O

Energy
241 MJ/kmol
120 MJ/kg

33,3 kWh/kg

H2

2 kg H2

1 kg H2

½ O2

16 kg O2

8 kg O2

+
+
+







+
+
+





Electrolyser
50…60…70%

efficiency factor

fuel gas H2
1,2 V

1,2 V

Air O2

1 kg hydrogen 
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Energy Policy in SASummary for Coal in South Africa

We support gas, but switch from Coal to Gas does NOT “support the climate” 
As per IPCC assumptions

We support environmental protection and do everything to minimize ecological footprint
“climate adaptation” instead of “climate mitigation” with wind and solar 

Wind and Solar + Batteries at industrial level are detrimental for environment
LCOE is NOT correct measure, costs of wind and solar increase with its share in system

CO2 is basis for life – more CO2 => more life, warming impact logarithmically declines

Coal, Gas, Oil, Nuclear are urgently needed until the “New Energy Revolution”, 

Environmentally sound: investment in, not divestment from, fossils

South Africa needs to invest in coal technology to stave off a worse energy crisis

1.

2.

3.

4.

5.

Energy Density

Material Input

Energy Input (eROeI)

Conversion
Efficiency

«Room Costs»

90+ Bt of mining
(coal 8 Bt)
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Energy Policy in SAAppendix on Global Warming
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Schernikau on

Energy Policy in SAArctic (North) vs. Antarctic (South)

(1) of course some of the Ice is ON Land – such as in Greenland – so there will be a minimal sea level increase, Greenland currently melts 144 Gt p.a. or 0,4mm sea-level rise p.a.
Source: Lars Schernikau analysis and research; NSIDC, https://nsidc.org/cryosphere/seaice/characteristics/difference.html; Peer reviewed study Thomas et al, 2017 (Cambridge) 
“Regional Antarctic snow accumulation over the past 1000 years”); “Greenland Plume”, Wiley Study Toyokuno et al (Oct 2020), link

 The Antarctic (South) has been net decreasing sea levels by a 

minimal 0,04 mm per decade (peer reviewed study from 2017)

Basics from your physics class (The Archimedes’ Principle): 

Ice that swims in your glass with Vodka when melted 

WILL NOT increase the level of Vodka in your glass.

Antarctic South (14,2 Mio km2)
mostly ice on land

no dispute
Loses ~145 Gt p.a.

0,01% to 0,005% 

of total 1.2-2.8 Mln Gt

Toyokuno et al (Oct 2020)

Arctic North (4,2 Mio km2) 
mostly ice on water
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Energy Policy in SA
All Life on Earth Depends on One Single Formula
More CO2 => More Life

CO2 is a key building block for life, not pollution … but does contribute to slight warming

Photosynthesis

Carbon
dioxide

6 CO2 + 6 H2O
Water

C6H12O6 + 6 O2

Sugars Oxygen

Sun light

Chlorophyll

Note: The world is a greener place than it was 20 years ago, as shown on this map, where areas with the greatest increase in foliage are indicated in dark green. Data from a NASA instrument orbiting Earth aboard two satellites show that human activity in China and India 
dominate this greening of the planet.
Source: NASA Earth ObservatorySources; https://www.nasa.gov/feature/ames/human-activity-in-china-and-india-dominates-the-greening-of-earth-nasa-study-shows

The world needs to produce
60-70% more food by 2050

no dispute

Includes 
CO2 from

coal & gas

Learn more at www.co2coalition.com
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Energy Policy in SA
Humans Cause Warming
Melting Ice Causes Warming (Reduced Albedo/Reflection of Sun Rays)

(1) ~550 EJ (~ 160.000 TWh p.a.) = has the capacity of melting 1.500 km3 ice, or 1m ice layer of 1.530.000 km2 which translates to an approx. area size of France, Spain & Germany and b) melting 10 cm of ice layer of 15.300.000 km2 which translates to an approx. area size of Australia & Brazil; (2) assuming one sunny day increased temps by 5 °C, 
this would translate to 5/365 = 1,4 °C in 100 years

Source: Schernikau research and analysis based on Dr. Bodo Wolf 2020 „Eine Expertise über die Energetik der Biosphäre“; book Sustainable Materials Without the Hot Air (2015 by Jonathan M. Cullen, Julian M. Allwood)

Total annual 
energy

production:
600 EJ

Operating energy
energy is used for operating

our lifes

Melting 10 cm ice
layer of Australia & 

Brazil(1)

heat

Melting 1m ice layer
of France, Spain & 

Germany(1)

The sun is much much stronger and above is miniscule compared to solar changes
… on a sunny day temperature can be 5-10 °C higher(2)

no dispute

~1.600km3

= 1.500 Gt

illustrative

Greenland lost 

about 145 Gt last year
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Schernikau on

Energy Policy in SAWhat Causes Temperature and Climate Variations? We Are Not 100% Sure!

Outer space
Inner earth
Atmospheric movement (natural)
Man-made

The IPCC assumes essentially «net-zero» natural forcings

Sun activity
Irradiance

Cloud cover

Earth orbit

El Niño/La Niña and more

Atmospheric
pressure

Distance to sun

Surface & sub-surface
Volcanic eruptions(1) 

Soot/black carbon

Urban heat
island effect

Man-made pro-
duced energy(2)

Causes of 
temperature 
and climate 

variations

(1) Probably 90% of all volcanos are below sea level and are rarely considered. Real carbon dioxide emissions from volcanos are underestimated as only active eruptions (only about 50-70 p.a.) are considered.
(2) According to the law of conservation of energy no energy is ever lost, only converted. Any energy that humans generate (which does not come from the sun) and then utilize will always end up in heat radiation. 
This heat will either radiate back to space or warm the biosphere (not because of CO2). 
Source: Schernikau analysis based on Soon 2005; s852; i342

Man-made Changes
in GHGs

Natural changes
in GHGs

Plumes, Geothermal 
activity 

dispute
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Energy Policy in SASurface Temperatures: Model Comparison Until 2100

Note 1: Spaghetti are individual annual model results for each RCP. Solid curves are model ensemble annual averages; HadCRUT4.6 compared to 41 models run with 3 widely different RCP forcing
Note 2: Figure shows the result for HadCRUT4.6 compared to the CMIP5 model ensembles run with CO2 forcing levels from RCP8.5, RCP4.5, RCP2.4 and where anomalies use the same 30y normalization period. Actuals run even below the RCP2.6
Source: Clive Best January 2019, downloaded here. 

The model 

disagreement on global 

average surface 

temperature is large –

a spread of 5+°C in 

2100 and 2°C in 2050

Climate model tuning 

and parametrization 

ensures close match 

until present

no dispute

Urban Heat Island (UHI) Effect
exxagerates

Measured Land Surface Warming

Harvard: Soon/Connolly 2015

no dispute that there is 
dispute amongst models
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Energy Policy in SAGlobal CO2 Concentration & Temperatures Over Past 600 Million Years

Age in million years

Atmospheric 
CO2 in ppm 

Note: Note both temperature and CO₂ are lower today than they have been during most of the era of modern life on Earth since the Cambrian Period. Also, note that CO₂ and temperature are not highly 
correlated, therefore this does not indicate a lock-step cause-effect relationship between the two parameters
Sources: Nasif Nahle. “Cycles of Global Climate Change.” Biology Cabinet Journal Online, July 2009. http://www.biocab.org/Climate_Geologic_Timescale.html; Referencing C.R. Scotese, Analysis of the Temperature Oscillations in Geological Eras, 2002; W.F. Ruddiman, 
Earth’s Climate: Past and Future, New York, NY: W.H. Freeman and Co., 2001; Mark Pagani et al., “Marked Decline in Atmospheric Carbon Dioxide Concentrations during the Paleocene.” Science 309, no. 5734 (2005): 600-603.

no dispute
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Energy Policy in SA
Additional CO2 Will Add Some (Insignificant) Energy to Atmosphere
Outgoing Energy from Earth

CO2 Spectral Forcings (green = 0, black = current, red = doubling)

Note 1: The area under the black, jagged curve is 227 W m−2 and is the frequency-integrated flux at the top of the atmosphere of Fig. 3. The area under the Planck spectral intensity (the smooth blue curve) is 394 W m−2. It is the flux, σT0 4 , that would be radiated to space 
by a black surface at the temperature T0 = 288.7 K for an atmosphere that contained no greenhouse gases and was transparent to thermal radiation.
Note 2: Figure 5: The spectral forcing at current levels of carbon dioxide, CO2, (the black curve with f = 1), or if concentrations of carbon dioxide are doubled (the red curve with f = 2), or if all carbon dioxide is removed (the green curve with f = 0). See the caption of Fig. 4.
Sources: Wijngaarden/Happer Nov 2019; summarized here and in detail here

Earth’s surface 

temperature: 

today 15 °C

~38 °C warmer 

than without 

greenhouse gases 

H2O, CO2, CH4, 

N2O, O3

zero CO2

Area = 307 W/m2

Double CO2

Area = 274 W/m2

Today’s CO2

Area = 277 W/m2

K
a

rl
 S

c
h

w
a

rz
s

c
h

il
d

1
8

7
3

-1
9

1
6

M
a

x
 P

la
n

c
k

1
8

5
8

-1
9

4
7

Area under blue curve: 

394 W/m2

Flux radiated to Space in 

transparent atmosphere

empty of GHGs

12-18 
microns

CO2’s radiation

absorption capacity

essentially saturated
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MODTRAN Simulation – Introduction
Calculations Based on Real Satellite Data

MODTRAN calculations – temperature versus CO2

C02 concentration ppm
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Note: Wavenumber is the inverse of the wavelength; 12-18 microns wavelength = 550 – 830 wavenumber, there approx. range where CO2 is affecting radiation
Sources: Modtran Simulation; publicly available, summarized Prof. Happer, Princeton 2017

no dispute

Climate Sensitivity

ECS - Equilibrium Climate Sensitivity 

ECS is defined as the increase in global mean surface 
temperature (GMST) arising from a doubling of atmospheric 
equivalent CO2, once the ocean has fully equilibrated. Changes 
would take in order of centuries.

TCR - Transient Climate Response

TCR is the increase in GMST, from a previous equilibrium state, 
when atmospheric CO2 rises by 1% p.a. until it has doubled 
(taking 70 years). 

It is lower than ECS since at the time of CO2 doubling the ocean 
has not fully warmed up, which takes many centuries
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Energy Policy in SA12 Recommended Books that Warn us of Alarmism and Remind us to Stay Calm
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