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"CumnTaeTcs, YTO SKOHOMUYECKOE Pa3BUTUE N TEXHUYECKUI NPOrpece (B YaCTHOCTU CXXUraHUe UCKoMaeMblx
TOMNNUB) OKa3bIBalOT HEraTMBHOE BO3AENCTBME Ha OKpYXKatoLLyto cpeay. Tak nn 31o?

"3enéHas" aKoHOMMKa - IKOHOMMKA, ONUPAaLWAsaCa Ha TEXHOTOMMN, MUHUMU3UPYHOLLME aHTPOMNOreHHoe
BNUSIHME YErioBEKa Ha OKPYXKatoLLyo cpeay, B nocrneaHue rogbl Habunpaet o6opoTsl. [louemy Tak
npoucxoant? ObuecTBo cTtano bonble 3aboTuTbca 06 okpyxatowen cpege? ObwecTtBo ctano 6orave, n
nosIBUNNCL pecypcbl 3ab6oTuTbCA 06 okpyxatowen cpeage? Mnn 3enéHas akoHoMKKa cama rno cebe
OKas3blBaeTCHa NpeanoYTUTENbHbIM 3KOHOMUYECKUM BbIDOPOM Ha AaHHOM 3Tane pasBuTuNa?

PacnpocTtpaHeHne 3efiéHOoM 3KOHOMUKK COMNPOBOXAAETCS NOSABIIEHNEM HOBbIX 9KOHOMUYECKUX U
PUHaAHCOBbBIX MEXAHN3MOB, Y U3MEHEHUSIMU B CTapbIX: 3eMnéHble cybcnanm, HanoroBble NbroThl,
perynupoBaHune BbIBPOCOB, HaMoOrM Ha BblOPOCHI, AeKnapaTUBHbIA OTKa3 HEKOTOPbIX MHBECTOPOB OT
"rpasHbIX" NPOEKTOB, U yCUNEHUE BHUMaHNA K HEQKOHOMUYECKMM acrnektam eATeNIbHOCTU KOMMaHUU
(ESG)."
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Bonpocel N

“Korga 3akoHYnTCA 3amypeHune, HasbiBaeMoe "3eneHomn aHepreTmkon"?
“3eneHas aKoHOMUKa - 3TO MoAda U HeobxoanMocCTb?”

“How a complete fiasco of green technologies in Texas supports the idea of green
economy?”
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-  OKoHoMUKa & PUHAHCDI
- 3arpsasHeHune okpyxatoLlen cpeabl (BbIopochl SO ,NO, ,nta.)
- [nobancHoe notennenve / smeHerune knumara (CO,)



OKoOHOMUKA & PMHaHCHI
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Renewable resources
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CebectonmocTtb BN ‘ PSS

LAZARD LAZARD'S LEVELIZED COST OF ENERGY ANALYSIS—VERSION 14.0

Levelized Cost of Energy Comparison—Unsubsidized Analysis

Selected renewable energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances

Solar PV-Rooftop Residential $150 _ $227
Solar PV-Community $63 - $94

Solar PV-Crystalline Utility Scale‘"’ $31 . $42

Renewable Energy

Solar PV-Thin Film Utility Scale‘" $29 . $38

Solar Thermal Tower with Storage $126 - $156
Geothermal $59 _ $101
Wind s [N 560
Gas Peaking ® $151 _ $198
Nuclear $129 _ $198

Coal® $65

Gas Combined Cycle ™ $44 - 73 & E3

$0 $25 $50 §75 $100 $125 $150 $175 $200 $225 $250 $275

Levelized Cost ($/MWh)

Conventional

$159

Source: Lazard


https://www.lazard.com/media/451419/lazards-levelized-cost-of-energy-version-140.pdf

CKOPOCTb MepeMeH: NPOrHo3bi dru

“Solar will be the plurality of power within 20
years”

Elon Musk, Tesla CEO (2013)

3KOHOMUYECKaA
WwKona

“We will see some rapid changes. Solar power
generation will likely increase more than 20
times (by 2040). And yet, even at that very
ambitious pace, solar will account for about 2
percent of global electricity supply”

Rex Tillerson, Exxon Mobil ex-CEO (2013)
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CKOpPOCTb NMEpPEMEH: peanbHOCTb =

Reality versus |IEA predictions - annual Solar Electricity Generation

photovoltaic additions 2002-2016 Year | Energy (TWh) = % of Total
2004 26 0.01%
2005 3.7 0.02%
2006 5.0 0.03%
2007 6.8 0.03% ]
2008 11.4 0.06%
2009 193 0.10% CAGR (10 years):
2010 31.4 0.15% 50%/year
: 2011 60.6 0.27%
: 2012 96.7 0.43%
02000 = 20ilO — 7:(;26 7 | zoi30 2013 1345 0.58%
—> PV History —— WEO 2010 NPS 2014 1859 0.79% CAGR (5 yearS):
e R S2%lyear
— - | 2 | am J L
—— WEO 2012 NPS —— WEO 2002 REF 2017 442 6 1.73%

—— WEO 2011 NPS

Source: Wiki


https://en.wikipedia.org/wiki/Solar_power

3arpasHeHune okpyxawuwien cpeabl (SOX,
NOXx, u 1.4.)






bone3Hn cBA3aHHbIE C 3arpAa3HeHneM Bo3yxa

Air Pollution Caused Diseases

29% 24%

Lung Cancer A.L.R.l. Stroke

) 7
A -

Source: WHO (2018), Kurzgesagt


https://www.youtube.com/watch?v=Jzfpyo-q-RM&t

[pasHbIN Bo3ayx = COVID-19.. kaxabiv roq

Deaths in the Last 50 Years
~100,000,000

Source: OWID (2020), Kurzgesaagt


https://www.youtube.com/watch?v=Jzfpyo-q-RM&t
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Death rates from energy production per TWh

Death rates are measured based on deaths from accidents and air pollution per terawatt-hour (TWh).

Brown coal 32.72

Coal 24.62

Oil 18.43

Biomass 4.63

Gas 2.82

0.07

Nuclear

Wind | 0.04

Hydropower | 0.02

Solar | 0.02

0 5 10 15 20 25 30
Source: Markandya & Wilkinson (2007); Sovacool et al. (2016) OurWorldInData.org/energy « CC BY

Source: OurWorldInData



https://ourworldindata.org/safest-sources-of-energy
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AR What are the safest and cleanest sources of energy?

Death rate from accidents and air pollution Greenhouse gas emissions
Measured as deaths per terawatt-hour of energy production. Measured in emissions of CO,-equivalents per gigawatt-hour of electricity over the lifecycle of the power plant.
1 terawatt-hour is the annual energy consumption of 27,000 people in the EU. 1 gigawatt-hour is the annual electricity consumption of 160 people in the EU.

2as.cexr- [ G 02! I - -
25% of global
‘\'7123O'ﬁmes higher than solar =ON BIORSENELSY

4o« [ ©)!! 770 tomes
31% of global e . . .
\~—263-t[mes higher than nuclear energy OFEIORALEElY 180-times higher than wind A

2.8 deaths - Natural Gas _ 490 tonnes
23% of global energy
i 78-230
asdeaths [ B lomass | e
0.02 deaths !;lyY((:lr"S)powe r . 34 tonnes

4
273-times higher than nuclear energy —

oo7¢eaths'| NUcClear energy |stomes
4% of global energy

0.04deaths‘ Wind |4tonnes
2% of global energy

0.02deaths| Solar |51:~m:—f

1% of global energ

*Life-cycle emissions from biomass vary significantly depending on fuel (e.g. crop resides vs. forestry) and the treatment of biogenic sources.
*The death rate for nuclear energy includes deaths from the Fukushima and Chernobyl disasters as well as the deaths from occupational accidents (largely mining and milling).
Energy shares refer to 2019 and are shown in primary energy substitution equivalents to correct for inefficiencies of fossil fuel combustion. Traditional biomass is taken into account.
Data sources: Death rates from Markandya & Wilkinson (2007) in The Lancet, and Sovacool et al. (2016) in Journal of Cleaner Production;
Greenhouse gas emission factors from IPCC AR5 (2014) and Pehl et al. (2017) in Nature; Energy shares from BP (2019) and Smil (2017).
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.

Source: OurWorldInData



https://ourworldindata.org/safest-sources-of-energy

[ mobanbHoe notenneHue / NameHeHune
knnmata (CO2)
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1. TloBbllaeTcsa Ny cpegHasa Temnepatypa Ha 3emne?

2. Ecnu Aa, TO ABNAETCA J1n TeKyllee nosbilleHne
a. becnpeuegeHTHbIM?
b. HeratmBHbIM Ansa KNUMaTa Ha nnaHete?
c. Kakosa ponb BbI6GpoCOB okcuga yrnepoga B 3ToM noTensieHnn?
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Global average temperature compared
to the middle of the 20th century

i | L

1880 1900 l92O 1940

Source: NYTimes

+0.75°C

+0.50° 'II

IR | |||

1960 1880 2000


https://www.nytimes.com/2020/04/23/learning/whats-going-on-in-this-graph-global-temperature-change.html

Bbinn nn nctopmnyeckue npeueneHTbl?

GLOBAL TEMPERATURES (2500 B.C. TO 2040 A.D.)

2030s
HOT/DRY

MINOR GLOBAL COOLING IN 2008

MOUNT PINATUBO ERUPTION (Philippines)

5 De?ree F. Rapid Cool Down (June 1991 to March 1992)

temperature went From 0.6 degrees above normal
To 0.5 degrees below normal.

CYCLE
Fossil Fuel
missions)

2020’s

Nearly a 0.2 Degree Fahrenheit drop in global
temperatures occurred in 2008

Hebrew Exodus 1100 B.C.
From Egypt

Only Scattered
Volcanic —a
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2200 B.C. in Italy
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Viking Mexico
Explorations
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NE Canada)~ 1300 A.D. 55

Few Eruptions
Sudden

Roman
Empire

135 Volcanic
Eruptions

. . Pacific
4 1
OEMEN"S (ime;  Columbia, 535-550 (taly, Pacific,
Pacific Great Italy & Krakatoa, Alaska and
and Alaska  Migration) Iceland ltaly 250 B.C. | Indonesia Iceland)
g9 and at least 55
10 other -
Whenever SOLAR RADIATION eruptions Eruptions
has DRAMATICALLY 1586
DECREASED and 2500 B.C. To1B.C. | 1A.D. To 2040 /586
M A O R Y O AN GEs TVITY | [AT LEAST 78 MAJOR TEMPERATURE 'ndonesié\‘
Gl e SWINGS IN THE LAST 4,500 YEARS 1607 N
e ey INCLUDING 2 SINCE THE 1970S! Jamestown~ X

(SE Virginia) 54.3°F?

Vesuvius
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Average)

1815

Lakagigar
Iceland
1772
Papadanyan
Indonesia
1741

Italy

Source: LongRangeWeather
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http://www.longrangeweather.com/global_temperatures.htm
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Source: Temperature “Hockey Stick”, Michael Mann, 1999 35

Paccneposanve FOnuu JlaTbiIHMHOM “YTO Takoe «xoKkkerHasa KnwoLikay: icTtopusa caMmoro KpynHoro HaydHoro doerka XX cronetus”



https://en.wikipedia.org/wiki/Hockey_stick_graph
https://novayagazeta.ru/articles/2020/01/06/83362-tserkov-globalnogo-potepleniya
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AHTpOI'IoreHHoe rnoTeryieHne = ﬂCeBﬂ,OHayKa? N
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- Y10 TAakoe ncesgoHayka?

CTtapTtyeT C aMOLMOHaNbHO NpuMBEKaTeribHOW rMnoTesbl
Buant Tonbko gosogbl “3a” (Confirmation bias)
HenpoBepsiemble npeackasanus (Falsifiability)
3aKpbITOCTb

ATaka OMMnOHEHTOB, a HE KOHTPapPryMeHTOB

Anennauus K aSMoumsiM, a He K aprymeHTam

- Mawkn MaHH, aBTop “XokkenHon Knwowkn”: “HoBag knumarnyeckag BonHa”

Ha BownHe Bce cpeacrtea XOpOoLUn. .

- MHCprMeHT MaHNMyNnnMpoBaHNA

“No matter if the science is all phony, there are collateral environmental benefits.... Climate
change [provides] the greatest chance to bring about justice and equality in the world”
(Christine Stewart, Canada's Minister of the Environment, 1998)

Nobel laureate in Physics lvar Giaever on “climate change” pseudoscience



https://en.wikipedia.org/wiki/Pseudoscience
https://www.theguardian.com/environment/2021/feb/27/climatologist-michael-e-mann-doomism-climate-crisis-interview
http://www.sepp.org/twtwfiles/1998/dec14_20.html
https://www.mediatheque.lindau-nobel.org/videos/31259/the-strange-case-of-global-warming-2012/laureate-giaever
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- CwmeHa napagurmel: Cybeuaum => [1pubbinb

- OKOHOMMKA. AMmccumn = HeratnBHble aKCTEpPHANUM...

- => Hanor Ha BbIb6pocChbl

- bapak Obama B 2016 npegnoxwun BBeCTM Hanor Ha HedTb (10$/bbl)
- ®uHaHchl

- YcuneHue BHMMaHUA K HEQKOHOMUYECKMM acnekTam AeaTtenbHOCTn koMmnaHum (ESG)
- “BeneHble” obnurauum

- JleknapaTuBHbIN OTKa3 HEKOTOPbIX MHBECTOPOB OT "rPsi3HbIX" MPOEKTOB
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BepHemca K Bonpocam =

“Korga 3akoHYnTCA 3amypeHune, HasbiBaeMoe "3eneHomn aHepreTmkon"?
“3eneHas aKoHOMUKa - 3TO MoAda U HeobxoanMocCTb?”

“How a complete fiasco of green technologies in Texas supports the idea of green
economy?”
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Sun: (almost) indefinite energy source N

Comparing the world’s energy resources*: renewable finite

s

Where should we invest ' WIND
For the long haul? 4 'Waves

Natural Gas

Petroleum

2010 World energy use

Geothermal 4
Uranium

2050 IEA
projection

Yearly potential is shown for the renewable resources. Total “use it lose i’ reserve is shown for the finite fossil and nuclear resources.
Worid energy use is annual

40
Source: Richard Perez


http://asrc.albany.edu/people/faculty/perez/

Cost of PV panels: General trend

90

% $76.00

70

60
Price history of silicon PV cells

50 in US$ per watt

$/watt

o

o

40

30

: $0.30
""||IIIIIIII||||||||um....___

1977 1981 1985 1990 1995 2000 2005 2010 2015 41
Source: BNEF


https://en.wikipedia.org/wiki/File:Price_history_of_silicon_PV_cells_since_1977.svg
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Evolution of the wind power development N =
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Scale-up of wind technology has supported cost reductions.

0 250
$4 200
& 100 2
L 22
= 50m oy
= 30m 50
7m
ol —r— j ................. 0
QO &
,\qq : ;{gb P
(ol

— LCOE (2013 $/MWh) B Hub height (meters)
42

Source: REVE


http://www.evwind.es/2015/03/14/wind-energy-market-to-be-globally-worth-250-billion-in-2020/51000
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Norway: EV case study N

100 %

90 %

80 %

70% -

60 %

50 %

40 %
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20%
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-4

-4

Norway car sales 2011 - 2018
Split by drivetrain in %

- __ Battery
75.7 % R N
__ Plug-in
hybrid
Hybrid
= ~~ Gasoline
__ Diesel
2011 2012 2013 2014 2015 2016 2017 2018

Source: Ofv.no

43
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FCEV vs. EV: Infrastructure =

Q S ore Hydrogen
Capture Power ‘ :

Power Source

Capture power

Seperate Mydrogen
rom water

D‘stnbute

Store again 1.

Use electricity to :
Power electric moter _. “” \
/ Store

i " onboard

Use electricity to \_
Power electric moter i

pbwer a battery

Pump into fuel cell
to geénerate electricity

Store power

Electric car

o ol i | S N i it €4 b i

Source

Hydrogen car

_

44


https://twitter.com/Knobi46/status/725030118545051648
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FCEV vs. EV: Efficiency

Renewable AC electricity

— B rr— - -
AC-DC conversion AC via grid
(95%) transmission
95 kwh (90%)
r K 90 kWh
Electrolysis
(75%)
71 kWh
AC-DC conversion
and
battery charging
(85%)
77 kWh

Electric vehicle
with regenerative

Source: Phys.org

= g brakin

Fuel cell vehide Fuel cell vehicle 9
(90%) (90%) (90%)
23 kwh 19 kWh 69 kwh

l

|
69 kwh /23 kWh =3
L

Electric is 3x more efficient than Hydrogen I

45


http://phys.org/news/2006-12-hydrogen-economy-doesnt.html
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Is warming up due to COZ? ) =
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Source: Geocraft.com
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Medieval Warm Period = global phenomenon N =

The Medieval Warm Period - A global Phenomenon

!{,‘

! WAl ‘Y:\'(‘l

) ) icalBlog
Source: Science-Skeptical



http://pages.science-skeptical.de/MWP/MedievalWarmPeriod.htmx
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o 2yt g P et st
Transportation

- SynGas in => SynCrude out, further blend-stock preden
processed into Diesel / Kerosene / Chemicals

Gasoline

Coatings,
adhesives

Pharma,
electronics,
personal care
) S ——

\.. ‘ Aero fuels,
Moo ET Sypemde - & separation § Kerosene surfactants

Transportation
fuels

Diesel

Group I+
engine oils
N——
Candles,

Medium wax construction,

tires
—

P e et e |
Adhesives,
Hard wax polymers,

personal care 48

Source: Velocys


http://www.velocys.com/press/ppt/ppt150912_Stock_Market_Show.pdf
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Waste Carbon as a Resource for Product Synthesis

Industrial
Waste Gas CH, Solid Waste Biomass Inorganic CO,
Steel, PVC, Associated Gas, Industrial, MSW,
Ferroalloys Biogas DSW

Reforming Gasification

¥ N VX

'\ GasFermentatton A

AJ@’ i “w

Fuels ©< Food Chemicals
~— 49

Source: LanzaTech



http://www.lanzatech.com/innovation/technical-overview/

