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“A thing is right when it tends to preserve the integrity,

stability, and beauty of the biotic community.

It is wrong when it tends otherwise.”

Aldo Leopold, A Sand County Almanac, 1949.
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1 https://www.theguardian.com/environment/2022/nov/07/why-scientists-are-using-the-word-scary-over-the-climate-crisis 2
https://public.wmo.int/en/our-mandate/climate/wmo-statement-state-of-global

climate#:~:text=Extreme%20heatwaves%2C%20drought%20and%20devastating,rise%20has%20doubled%20since%201993. 3
https://www.nytimes.com/interactive/2023/climate/earth-hottest
years.html?campaign _id=7&emc=edit_mbae 20230111&instance id=82367&nl=morning-briefing%3A-asia-pacific

edition&regi id=185025816&segment id=122150&te=1&user id=120f7b8cbcbdcOcbf2de99d57de9e990 4'-(1)United Nations

Environment Programme (2021) Making Peace with Nature: A scientific blueprint to tackle the climate, biodiversity and pollution
emergencies. Nairobi. https://www.unep.org/resources/making-peace-nature; (2) https://www.haaretz.co.il/nature/2023- 05-19/ty-

article-magazine/.premium/00000188-2e50-d6e4-ab9d-eef1d0b90000?print=true 5_(1) United Nations Environment Programme (2021)
Making Peace with Nature: A scientific blueprint to tackle the climate, biodiversity and pollution emergencies. Nairobi.
https://www.unep.org/resources/making-peace-nature ; (2) Ripple, W. J., Wolf, C., Newsome, T. M., Barnard, P., Moomaw, W. R. (2020)
World Scientists’ Warning of a Climate Emergency, BioScience 70, 8-12. https://doi.org/10.1093/biosci/biz088 ; (3)

https://www.haaretz.co.il/nature/2022-12-12/ty-article-magazine/.premium/00000185-02dc dad3-afad-f7dd9bd40000 6-United Nations
Environment Programme (2021) Making Peace with Nature: A scientific blueprint to tackle the climate, biodiversity and pollution

emergencies. Nairobi. https://www.unep.org/resources/making-peace-nature 7 (1) Malthus T. (1798) Essay on the Principle of Population;
(2) Osborn F. (1948) Our Plundered Planet. Little, Brown and Company; (3) Vogt W. (1948) Road to Survival. ISBN 0548385165; (4)
Paddock W. and Paddock P. (1967) Famine 1975! America's Decision: Who Will Survive? Little, Brown and Co.; (5) Ehrlich P. R. (1968) The
Population Bomb, The Sierra Club-Ballantine; (6) Hardin G. (1968) The Tragedy of the commons, Science 162, 1243-1248; (7) Meadows D.
H., Meadows D. L., Randers J., and Behrens Il W. W. (1972) The Limits to Growth; a Report for the Club of Rome's Project on the
Predicament of Mankind. New York: Universe Books; (8) Catton W. (1980) Overshoot: The Ecological Basis of Revolutionary Change.
Urbana: University of lllinois Press; (8) Brundtland G. H. (1987) Our Common Future. Report of the World Commission on Environment
and Development, UN; (9) Ripple W. J., Wolf C., Newsome T. M., Barnard P., Moomaw W. R (2019) World Scientists’ Warning of a Climate
Emergency, BioScience, https://doi.org/10.1093/biosci/biz088; (11) Tortell P. (2020) Earth 2020 - An Insider’s Guide to a Rapidly Changing
Planet. OpenBook Publishers;

e YIRN T 'WTN 28N 78 1 - 19,(2024) 0r%pxni n2'a0n 1awn



Cornucopians (D1VILN & 'WaX DN WD TYA . NIYIIRD Y2 X (2N I0NNINRIOR Y naipn
N22NNY ANWN NN DANWA 2w 110NN 227 [NNA INXA WRNRD VT NN ) "vawn np"
NT NI NN ANWN2

Mawn [N D7IN'Y YW N90 TPINA NXM

2018.

1IN N DINT 7 DWNIR 1900 IWNMINN,0DNYWUN NRNN 7Y D'WNNN NIY N7'NNIEDWWIIRD NIY 9101
. ANNTA [ITA72 WP TRD DINT RIN NI D019RN NN ANIMNYI1NRIZNNY 17'AINY DY 'T)I01
NININAI NON'R 1WA 17'WA,0'NAA0 D'VUA9NY7 NMIAN 1Y NNIWN AT MY n7x 0uni 101952
D"pPNN 1970 YM9NA .DANRTIA DIYTAIDNITR 7w NRIMN NYIIN NNMIYNN DDA DAY 1970 ,07I8 NN
11"210 INX' NM2N NIXIN AN NN -2,000n N,
n'NpInKR 1 a1an mano v (Day Earth first The (
NN NT UM R'.N22021 V2D N2'aN 'M%1 NYan DWYN DK NIRIY D217 113901 NNTYREDNYN Niamiy
D901 DNNANNA 7Y NTTO 7221 NIAINTY INX! D'YIN .NNAN NIXIND NP NVIINN 72 DX 70N %Y INY
1790 D'NID19N Y2 .0'W'WN NIY 12NN2 IN01I9Y DNPNNIDN90 NIApUA Ipwal, 2 9nn molannw
n1948-
NMAN NIXIND 1IN MYYU-YRNN IRNN 17002 120W X7 2N . DNIMN NIMAA0 NIV 1R 2V 1V
NIN' 2V 0N I'N17 'N1QN VADN 1NW' 0NA D'NLY VIAR7 LN DN INYY DIIXIR 1900 n9N'Nal
AWK 7 P19 [IT NWIIN .NMA0N NYINN 72 NN2'NN AN TN NNY0N N2'NAN .0TN 2 7Y NI2VNN

D'NINa 0'NLYWII NNAQ0I'1] NV'A9] Tpnnn.

. DI'N DA V'awny 1'w nnn 903, B3 iop YN nnona 1962 nawa (Carson (N190 Nk "Spring Silent"
AV DTN 12721 (D 2'ANNDIT ='W 119N YW NIN%UN) D'N 017 D20 9100 2N PTIN NN (I01) MR
72N 7191 NI 1ND19 1968 NawA . |ITD 1IN 7V DNYAWN 12 NINYPNA DP'TA N1ATA IPIAN 'M%n win'wn
(Ehrlich ( 1an iwvnnnw D90 MTON P70 NwYN? N "['o122I8N NXXQ" NpINNn 111IVN D190 NN

N '0I72INN N7920 10172 ,MIwA -2.1%2 — D'Y'WN NIWA IN'Y? VNN [ARY) D120 N10I22IND 21T A
['TIN NIXA 0019 NAW NNINA . 22 1WA (Hardin (akwnn Y nrmion v ankn 433 oniwy 1axi (nw
1NN AW %Y

(ANRN NIATNIAIRD NUIANN DY TN 7 112000 9931 091K, (D0RRIX 0 NN R U P aniwnn
. IND1A 'MINEYIX N2 NIWN -1968,aw |1¥7 1XT,NTIwpna 1 a% yinnl n'manon nuiana o'an 0npany ot
.Y AwN 2% 0079 2.3 -2 i 202 0- AW TV, M1V UXINNA NWRY DT nwmng 10, 0NNITIAY NN
[I0LA 117 NYAINA NTINRNA -1969.1 V'aIn MNIM AIWNI G0II 'WTA IR JWNNL QY |IT DT RYI UNINNA

(Patterson (n12'9% 17'ax ynan (Maly N7'WU1in N2NNA TPNRNN INNNN) DTX 12T 20 02200 DINTY NN

8 https://www.britannica.com/topic/cornucopian 3 Mann C. C., (2018) The wizard and the prophet: two remarkable scientists and their

dueling visions to shape tomorrow’s world. New York, Knopf Doubleday Publishing Group. 10 https://www.britannica.com/event/Great-

Smog-of-London .%V 'v19 VNN 2'N12 192 2V DINT N 11 https://www.earthday.org/history/ *2 (1) Osborn F. (1948) Our Plundered
Planet. Little, Brown and Company; (2) Vogt W. (1948) Road to Survival. ISBN 0548385165; (3) Leopold A. (1949) Sand County Almanac:

And Sketches Here and There, Oxford University Press, ISBN 0-19-500777-8. 13 Carson R. L. (1962) Silent Spring. Houghton-Mifflin Press.

14 (1) Paddock W. and Paddock P. (1967) Famine 1975! America's Decision: Who Will Survive? Little, Brown and Co.; (2) Ehrlich P. R.



(1968) The Population Bomb, The Sierra Club-Ballantine. 15 Hardin G. (1968) The Tragedy of the commons, Science 162, 1243-1248. 16

https://www.splcenter.org/fighting-hate/extremist-files/individual/garrett-hardin ; Eugenics and Scientific Racism (genome.gov) 17
https://data.worldbank.org/indicator/SP.DYN.TFRT.IN ; & https://ourworldindata.org/world-population-update-2022
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8 Murozumi M., Chow T. J., and Patterson C. C. (1969) Chemical concentrations of pollutant lead aerosols, terrestrial dusts and sea salts in

Greenland and Antarctic snow strata. Geochim. Cosmochim. Acta, 33, 1247-1294. 19 (1) Meadows D. H., Meadows D. L., Randers J., and
Behrens Il W. W. (1972) The Limits to Growth; a Report for the Club of Rome's Project on the Predicament of Mankind. New York:
Universe Books; (2) https://www.clubofrome.org/ - The Club of Rome is an organization of individuals who share a common concern for
the future of humanity and strive to make a difference. Our members are notable scientists, economists, businessmen and
businesswomen, high level civil servants and former heads of state from around the world.

20(1) Daly, H. E. (1991) [1977] Steady-State Economics (2nd ed.). Washington, DC: Island Press. ISBN 978-1559630719; (2) Catton W.
(1980) Overshoot: The Ecological Basis of Revolutionary Change. Urbana: University of lllinois Press

21Gore A. A. (1993) Earth in the Balance: Ecology and the Human Spirit. New York: Plume.
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The great smog, London (1952) CO; rise, the Mauna Loa record - C. Keeling

(1957) Silent Spring, Bio-magnification of pesticides - R. Carson (1962)

Pollution is global & ancient, polar ice cores of Pb - C. C. Patterson (1969) Earth

Day — G. Nelson & D. Hayes (1970)

Limits to Growth - The Club of Rome (1971) The central role of oceans in

climate regulation - W. Broecker & DSDP (1970s) The stratospheric O3

depletion — M. Molina & S. Rowland (1980s) The Gaia hypothesis — J. Lovelock

& L. Margulis (1979)

Ecological Footprint concept — W. Rees & M. Wackernagel (1992) Earth in the Balance — A.
Gore (1992) Global warming — 1896 (S. Arrhenius), 1930’s (G. Callendar), 1970’s, 1990s (Rio —
1992) - present (Paris — 2015, Sharm El Sheikh 2022)
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22 Ecological Footprint concept — “The ecological footprint is a method that determines how dependent humans are on natural resources.
It is a measure that indicates how much resources from the environment are required to support a specific way of life or business. In
simpler words, the ecological footprint simply indicates the amount of pressure that humans put on the natural resources available to
them in their surroundings.” - https://www.ecoonline.com/glossary/ecological-footprint ; see also: Rees, W. E., & Wackernagel, M. (1992)
Ecological footprints and appropriated carrying capacity: measuring the natural capital requirements of the human economy; presented to
the second Meeting of the International Society for Ecological Economics" Investing in Natural Capital", Stockholm, Sweden, 3-6 August
1992. University of British Columbia.

2 “Carrying capacity is the maximum population that a given area can sustain. The measures commonly used include the number of
individuals or the total biomass of a population, which are each highly dependent on differences in physiology and age structure among
species and across large taxonomic groups.” - https://www.sciencedirect.com/science/article/abs/pii/B9780123847195000204 ; see also:
Chapman, Eric J.; Byron, Carrie J. (2018) The flexible application of carrying capacity in ecology. Global Ecology and Conservation 13:
e00365. doi:10.1016/j.gecco.2017.e00365

24 “The planetary boundaries concept presents a set of nine planetary boundaries within which humanity can continue to develop and
thrive for generations to come” - https://www.stockholmresilience.org/research/planetary-boundaries.html ; see also: Rockstrom J., et al.

(2009) A safe operating space for humanity. Nature 461: 472-475; & Planetary boundaries - Stockholm Resilience Centre 25 Dockery D.W.,
Pope C.A,, lll; Xu X., Spengler J.D., Ware J.H., Fay M.E., Ferris B.G., Speizer F.A. (1993) An Association between air pollution and mortality
in Six U.S. Cities; N. Engl. J. Med. 329, 1753-1759. 26 Steffen, W. et al. (2015) Planetary boundaries: guiding human development on a
changing planet. Science 347, 1259855.
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27 Stratosphere: The atmosphere is made of layers based on changes in temperature with height. The lower layer is the troposphere. The

stratosphere lies above the troposphere. There is no turbulence in the stratosphere to mix up the air, so cold, heavy air is at the bottom

and warm, light air is at the top. The stratosphere begins at 9-17 km above the ground in polar and equatorial regions, respectively. It is 35

.thick km
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30 Azote for Stockholm Resilience Centre, based on analysis in Richardson et al (2023). Attribution: CC BY-NC-ND 3.0 - Planetary boundaries
- Stockholm Resilience Centre
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31 Fertility age is defined as 15 years by WHO (World Health Organization) - https://www.who.int/data/maternal-newborn-child
adolescent-ageing/indicator-explorer-new/mca/women-of-reproductive-age-(15-49-years)-population-
(thousands)#:~:text=Women%200f%20reproductive%20age%20(15,49%20years)%20population%20(thousands)

S-z_https://ourworIdindata.org/child—mortality»in—the

past#:~:text=The%20average%20across%20a%20large,has%20fallen%20around%20the%20world. 33_TFR —

Total Fertility Rate = number of children a woman has during her fertile years (jna nwn (34



https://ourworldindata.org/world-population-update-2022 35 Adam D. (2021) How far will global population

rise? Nature 597, 462-465.

The United Nations forecasts that nearly 11 billion people will be living on Earth at the end of the century, but other demographic research
groups project that population will peak earlier and at a much lower level

36 https://ourworldindata.org/explorers/population-and
demography?facet=none&Metric=Annual+population+change&Sex=Both+sexes&Age+group=Total&Projection+Scenario=None&country

= CHN~IND~USA~IDN~PAK~OWID WRL 3-7_https://ourworldindata.org/expIorers/population—and

demography?facet=none&Metric=Annual+population+change&Sex=Both+sexes&Age+group=Total&Projection+Scenario=None&country
= CHN~IND~USA~IDN~PAK~Europe~JPN
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38 https://ourworldindata.org/fertility-rate 39 (1) https://ourworldindata.org/world-population-growth ; (2)
https://www.nytimes.com/2023/01/16/business/china-birth

rate.html?campaign_id=60&emc=edit na 20230116&instance id=0&nl=breaking

news&ref=cta&regi id=185025816&segment id=122700&user_id=120f7b8cbcbdcOcbf2de99d57de9e990 4'Q_Bolt J. and van Zanden J. L.
(2020) Maddison style estimates of the evolution of the world economy. A new 2020 update. Maddison Project Working Paper WP-15;

https://ourworldindata.org/economic-growth 41 GHA = global hectares, which measures the area needed to support the needs of a

specific country or the entire world’s population. 42 https://www.zujiwangluo.org/ecological-footprint-results/ 43
https://worldpopulationreview.com/country-rankings/ecological-footprint-by-country
“https://www.footprintnetwork.org/resources/glossary/#:~:text=There%20were%20~%2012.2%20billion%20hectares,1.6%20global%20
h ectares%20per%20person.

o YIRN T 'WTN 28N 2R 1 —19,(2024) 0r'7pxnl n2'a0n 1awn
NI1'N NTA7 'WADN 12N NDRN ,NI172 . 021VU0 IRWY KIXT 121X D910 D'ANWANA 121 P70 1WND

{7120 2270,0"NN NN N'LMIT NNV NHZNA RIWAILLMAI0N PTIN NN N'NONY? NN 2V npraon

272 'maraon.

NN |N1'WALN 12NN DX [N 12PN NNPY2 NA'N NIWIARD W M2A0N PTIN 7Y N01Vn ,N7UN% 1KIn 221187
46 45
1901 197 pa niv vavw nam NN 1770 DNNYARN W NN TANDY [1UN 772 .0"Nn DM

¥ nXIp RIN "DIpRRY'wain Dnan2a .0 "Diptnk'n 350 1717 97K 15 uXInna 0'N1NNN_DYAIN |17'N

NI2IX7 N2ITA DURN DY ,(DApT DT 9212) TAR 720 ,"DIpnR” DTN m W yaIRn 11T ' DNWYN NkNa

W' 012 .YINN 1T 7w 09012 0PN "DIpMINR" INXNI NAY 90I1221,N9N'NA N WD NPNIAN (19X NNN
DY D'P7N2 1, NIINNNA "DIPIAR" NIT'N M W TIV W NMPALITINA TR TIV,['02 90N "Dipnnk"n n7un?
D71Y7 "DIpnr" NITN MY WA 0210n 1129 00122 1 Dpnnk” Nimne My 2 TV NIw2ann 0721un 9w
NI2%WN W' NTN 12VUNn%w pao 221 n2UNn% 1N1 .NNIA0 01 TIVA "DIipnnk" NITN' VRN TV NN 1N 12w
NN 0V NIXINY N'ON! NIV NIXNIRA D'YIN 7w 711N 2212 ,127 NIpNan Nro219-IN1 NMmHYpn , nifmarao
NNNWN DY ANINN "DIpNR"Nawin .ania 0N L= P*A*T, yaon 2V niwirn nvawnw navion (1 (. nnw
N111230N0 NP NN 'MY72 K7W naon 4 arolvaikn Y1aYw n29anY (P(, otnn nm (A (narzmavn nni (T
(

,INUINA [N 'MA0 PTI NNNAL [N TN T'Han wr nal211207 MyUT7Y R0 ,0T 719 N7'NNA MAXNY Ni1uoa
NIIY NITNAA 2 OK) M0 PTI7 ;R 0 (0NN NNYENTDI73IRN 7T13) DNNRD D'RNIAN YWY TIva

712'N21 NIVTINY DNNNA).

NIYIINNY D'PTIN 72 7w 0022 TRIYV D''N NN NYUNTNTDI22IND 21T AND 2w A17'win , NNNK 0'9'NA
XA TIANN 21T NIAYNA 0NN NN AU 02T N0I72IR .N%A1720 NINNNNNN [27221 N2'a07 NN
,0M1AN7 1212 ,0WN21 NtNYY2 0N 1ARWA %W 7717210 213, (A TENIR?PN) 1T NPaNa Aty ,ntnaN
,0MNDLPIX DN'YIN ,MIANN,TIA) N2NX NI 22 122m X, (yink 0Rna nntm %212) omn'wi nt'wun
TNI2'N NUA9 &' 120 NRXIND NNY! RN P710,N211 DA D'NINAaN D'NDWA 1017 DI AR 22 .(TIVI
2'277111,0'D01ILIIAINR 0' NWYHA 21 01'M N TNANYT 0NN, (NIVPIR N0 7712) vpipnl 0min 1iIRN

0'2'70N0N 72 .(0'NMWA 0M aia 2712) NMe2ani Nainn ,Nmnmn NN 2w 12180 0pINAL IR NUaa?



TY' 17 NN [IN272 2WN 178 NIYAIN 2117 78 11210 NINM2A NWIPR DNY71 NN nYhia? 0a 0NN 1970
22'WA1,190N %2 TR NIRT WV 1NN ."DIPNNAR"D AWIN 0V 221wna 0"Ikn 7w 8 xnepn 12 niman
(SDG (

7Y 0122 21T AXP 7w 212'win NXN1 N0'011Y N0 NI'YA 7W NN NNYPY KRN MIYL .012'0n 1ol
D'NLYI 0N, |ITA,NYIIR , 0NN NINXA N2Y7 NINAN 0NN NPT NTANNA N'V1 DTRN 1 NY0I7JIN

qI'N ) NTI902 [IT2 [N D220 NI'YAY 'A'DNW2IRN PR INT.0MNIMma )1.3.

4 Friedman T. (2015) Too many Americans. In Global Environmental Politics: From Person to Planet. Eds. Simon Nicholson, Paul Wapner
(2015). ISBN 9781612056494.

https://books.google.co.il/books?id=MrUYDQAAQBAJ&pg=PT132&Ipg=PT132&dg=Americum+BURKE&source=bl&ots=mOEPQu1FUs&sig
= ACfU3U1wFLy7VnGfbH9bRkvh

V6rUTpjKw&hl=en&sa=X&ved=2ahUKEwjy16KuvKX5AhXT7rsIHTN8Br8Q6AF6BAgOEAM#v=0nepage&g=Americum%20BURKE&f=fals

e *6Tom Burke - https://en.wikipedia.org/wiki/Tom Burke (environmentalist) 47 https://en.wikipedia.org/wiki/l %3D PAT
48 https://sdgs.un.org/goals
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49 (1) United Nations Environment Programme (2021) Making Peace with Nature: A scientific blueprint to tackle the climate, biodiversity
and pollution emergencies. Nairobi. https://www.unep.org/resources/making-peace-nature ; (2)

https://www.haaretz.co.il/magazine/2022-12-21/ty-article-magazine/.highlight/00000185-34b2-d85b-a9ad-76f737940000 59-Hickel, I,
Kallis, G., Jackson, T., O’Neill, D. 0., Schor, J. B., Steinberger, J. K., Victor, P. A., Urge-Vorsatz, D. (2022) Degrowth can work — here’s how

science can help. Nature 612, 400-403. doi: https://doi.org/10.1038/d41586-022-04412-x >1 What is a circular economy? | Ellen
MacArthur Foundation
52(1) Daly, H. E. (1991) [1977] Steady-State Economics (2nd ed.). Washington, DC: Island Press. ISBN 978-1559630719; (2) Daly, H. E.
(1996) Beyond Growth: The Economics of Sustainable Development. Boston: Beacon Press. ISBN 9780807047095; (3) Catton W. (1980)
Overshoot: The Ecological Basis of Revolutionary Change. Urbana: University of lllinois Press; (4) Hawken, P., Lovins A.B., Lovins, L.H.
(1999) Natural Capitalism: Creating the Next Industrial Revolution. 1st ed. Boston: Little Brown; (5) Jackson, T. (2009) [2017] Prosperity
Without Growth: Economics for a Finite Planet (2nd ed.). London and New York: Earthscan/Routledge; (6) Hickel J. (2020) Less is More:
How Degrowth Will Save the World, Penguin; (7) Hickel, J., Kallis, G., Jackson, T., O’Neill, D. O., Schor, J. B., Steinberger, J. K., Victor, P. A.,

Urge-Vorsatz, D. (2022) Degrowth can work —here’s how science can help. Nature 612, 400-403. doi: https://doi.org/10.1038/d41586-
022-04412-x
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6 Uncertainty of and the need to combine observational and/or experimental data with models: Massonnet, F., Bellprat, O., Guemas, V., &
Doblas-Reyes, F. J. (2016). Using climate models to estimate the quality of global observational data sets. Science 354(6311), 452-455.
https://doi.org/doi:10.1126/science.aaf6369

57 Lag time versus response time - lag time is the time lapse between the beginning of an overshoot in the input or output of matter or
energy to or from the system, and the moment when there is a noticeable change in the system. Response time also includes the time it

takes the system to attain a new state following the overshoot. 58 (1) Kosaka, Y., Xie, SP. (2016) The tropical Pacific as a key pacemaker of
the variable rates of global warming. Nature Geosci. 9, 669-673. https://doi.org/10.1038/ngeo2770; (2) Kintisch, E. (2014). Is Atlantic
holding Earth's missing heat? Science 345(6199), 860-861. https://doi.org/doi:10.1126/science.345.6199.860

s$Exponential growth Definition and Examples - Biology Online Dictionary
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80 https://eos.org/wp-content/uploads/2023/11/Cop28.pdf 61 (1) Zhu, Z., Piao, S., Myneni, R. et al. Greening of the Earth and its drivers.

Nature Clim Change 6, 791-795 (2016). https://doi.org/10.1038/nclimate3004; (2) Rumpf, S. B., Gravey, M., Bronnimann, O., Luoto, M.,
Cianfrani, C., Mariethoz, G., & Guisan, A. (2022). From white to green: Snow cover loss and increased vegetation productivity in the

European Alps. Science 376(6597), 1119-1122. https://doi.org/doi:10.1126/science.abn6697 6'2_(1) Broecker, W. S. (2005) The Role of the
Ocean in Climate Yesterday, Today, and Tomorrow, Eldigio Press; (2) Mogen, S. C., Lovenduski, N.S., Dallmann, A. R., Gregor, L., Sutton, A.

J., Bograd, S. J., et al. (2022) Ocean biogeochemical signatures of the North Pacific Blob. Geophys. Res. Lett. 49, e2021GL096938.

https://doi.org/10.1029/2021GL096938 63 https://nam.edu/nam-president-victor-dzau-discusses-critical-link-between-health-and-

climate-at-world-economic forum/?utm _source=NASEM+News+and+Publications&utm campaign=d9261c0083-
EMAIL CAMPAIGN 2023 01 30 09 27&utm medium=email&utm term=0 -d9261c0083-

%5BLIST EMAIL ID%5D&mc_cid=d9261c0083&mc _eid=dd09b313d4 64—Car|$0n, C.J., Albery, G.F., Merow, C. et al. (2022) Climate
change increases cross-species viral transmission risk. Nature 607, 555-562. https://doi.org/10.1038/s41586-022-04788-w
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5|PCC, 2022: Summary for Policymakers [H.-O. Pértner, D.C. Roberts, E.S. Poloczanska, K. Mintenbeck, M. Tignor, A. Alegria, M. Craig, S.
Langsdorf, S. Loschke, V. Méller, A. Okem (eds.)]. In: Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution of
Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O. Pértner, D.C. Roberts, M.
Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Mdller, A. Okem, B. Rama (eds.)]. Cambridge
University Press, Cambridge, UK and New York, NY, USA, pp. 3-33, doi:10.1017/9781009325844.001.
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1(1) Hannah Ritchie and Max Roser (2013) - "Land Use". Published online at OurWorldinData.org. Retrieved from:
https://ourworldindata.org/land-use]; (2) https://www.fao.org/3/cb4477en/online/cb4477en.html; CIA Q_Includes: rangeland — no

planting by humans, and pasture — harvested to provide forage for animals. 3 https://ourworldindata.org/land-use ~ Piao, S., Ciais, P.,
Huang, Y., Shen, Z., Peng, S., Li, J., ... & Fang, J. (2010). The impacts of climate change on water resources and agriculture in China. Nature
467(7311), 43-51.
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1an.

2PN YIRN ITA 19 2V NIK?PNN DX D'wNenn D'NLYN bNa 2.1: 11K -
Our World in Data, https://ourworldindata.org/land-use ; Reprinted with permission.

2PwWnNn) NoN-1'an ,XNAIT? N9V [l 0PI [D,INY2 DTRN 2 0NN Y2027 121 0017 NI NAIT [IVD
119 VU D'M'AN 870 0PN 22 2w non-'ann 14 19 1w 2im (0'wad1 0'Y,01TN,1p2) napnn 2w (972100
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5(1) Abbo S., Gopher A., Kahila Bar-Gal G. (2022) Plant Domestication and the Origins of Agriculture in the Ancient Near East. Cambridge
University Press. DOI: https://doi.org/10.1017/9781108642491; (2) Weiss E., Zohary D., Hopf M. (2012) Domestication of Plants in the Old
World - The Origin and Spread of Domesticated Plants in South-west Asia, Europe, and the Mediterranean Basin. Oxford University Press.
DOI: 10.1093/acprof:0s0bl/9780199549061.001.0001; (3) Liu L., Duncan N. A, Chen X., Liu G., Zhao H. (2015) Plant domestication,
cultivation, and foraging by the first farmers in early Neolithic Northeast China: Evidence from microbotanical remains. The Holocene
25(12) 1965-1978. (4) Pickersgill B. (2007) Domestication of plants in the Americas: Insights from mendelian and molecular genetics.

Annals of Botany 100: 925-940, doi:10.1093/aob/mcm193. 6 Ahmad H. I. et al. (2020) The domestication makeup: Evolution, survival, and

challenges. Front. Ecol. Evol., https://doi.org/10.3389/fevo.2020.00103
#Bar-On Y. M., Phillips R., and Milo R. (2018) The biomass distribution on Earth. PNAS 115, 6506-6511.
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1 Brown L. R. (2009) Plan B 4.0: Mobilizing to Save Civilization. Earth Policiy Institute. 12 https://www.americansecurityproject.org/increasing-food-prices-
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FAO (2021) (FIG 20)*3; CC BY-NC-SA 3.0 IGO; Reprinted with permission.

13 FAO. 2021. World Food and Agriculture - Statistical Yearbook 2021. Rome. https://doi.org/10.4060/cb4477en - CC BY-NC-SA 3.0 1GO.
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time and soil development. In L.P. Wilding, N.E. Smeck and G.F. Hall (Editors). Pedogenesis and Soil
agriculture/europe/2015/soer/eu.europa.eea.www://https 16233-251. .pp ,Interactions and Concepts .| .Taxonomy
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8 Intergovernmental Technical Panel on Soils (ITPS) (2015) Status of the World’s Soil Resources. FAO report. 19 “Bacteria are microbes
with a cell structure simpler than that of many other organisms. Their control centre, containing the genetic information, is contained in a
single loop of DNA. Bacteria are classified into five groups according to their basic shapes: spherical (cocci), rod (bacilli), spiral (spirilla),
comma (vibrios) or corkscrew (spirochaetes). They can exist as single cells, in pairs, chains or clusters. Bacteria are found in every habitat
on Earth: soil, rock, oceans and even arctic snow. Some live in or on other organisms including plants and animals including humans.
Some bacteria live in the soil or on dead plant matter where they play an important role in the cycling of nutrients. Some types cause
food spoilage and crop damage but others are incredibly useful in the production of fermented foods such as yoghurt and soy sauce.
Relatively few bacteria are parasites or pathogens that cause disease in animals and plants.” - https://microbiologysociety.org/why-

microbiology-matters/what-is-microbiology/bacteria.html 2-9-”Molds are a natural part of the environment and can be found almost
anywhere that moisture and oxygen are present. They belong to the kingdom Fungi and live in moist places such as soil, plants and dead
or decaying matter. Outdoors, molds play a part in nature by breaking down dead organic matter such as fallen leaves, dead trees and

other debris; however, indoors mold growth should be avoided.” - https://www.epa.gov/mold/what-are-molds 21 “Protozoan, organism,
usually single-celled and heterotrophic (using organic carbon as a source of energy), belonging to any of the major lineages of protists
and, like most protists, typically microscopic. All protozoans are eukaryotes and therefore possess a “true,” or membrane-bound, nucleus.
They also are nonfilamentous (in contrast to organisms such as molds, a group of fungi, which have filaments called hyphae) and are
confined to moist or aquatic habitats, being ubiquitous in such environments worldwide, from the South Pole to the North Pole. Many are
symbionts of other organisms, and some species are parasites.” -

https://www.britannica.com/science/protozoan “Nematode, also called roundworm, any worm of the phylum Nematoda. Nematodes
are among the most abundant animals on Earth. They occur as parasites in animals and plants or as free-living forms in soil, fresh water,
marine environments, and even such unusual places as vinegar, beer malts, and water-filled cracks deep within Earth’s crust.” -

https://www.britannica.com/animal/nematode 23 “Algae, singular alga, members of a group of predominantly aquatic photosynthetic
organisms of the kingdom Protista. Algae have many types of life cycles, and they range in size from microscopic Micromonas species to
giant kelps that reach 60 metres in length. Their photosynthetic pigments are more varied than those of plants, and their cells have
features not found among plants and animals. In addition to their ecological roles as oxygen producers and as the food base for almost all
aquatic life, algae are economically important as a source of crude oil and as sources of food and a number of pharmaceutical and

industrial products for humans.” - https://www.britannica.com/science/algae %Brady N.C. (1984) The Nature and Properties of Soils

MacMillan, 9% edition. 25 Delgado-Baquerizo M. et al. (2018) A global atlas of the dominant bacteria found in soil. Science 359, 320-325.

26 https://sdgs.un.org/goals 27 At the moment, the world produces about 4 billion metric tons of food per year—but about 1.3 billion

tons goes to waste, according to the UN's Food and Agriculture Organization (FAO), 14 Dec 2020.
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28 Common examples: (1) Bacillus thuringiensis (BT) — a bacterium that causes diseases to the larvae of insect pests; (2) Parasitic wasps
that attack different types of moth at their caterpillar stage.

2 https://www.ers.usda.gov/topics/farm-practices-management/crop-livestock-practices/pest-management.aspx 30 Bennett, D.H. et
al. (2024) Personal air sampling for pesticides in the California San Joaquin Valley. J Expo Sci Environ Epidemiol.

https://doi.org/10.1038/s41370-024-00708-4 3_1_(1) Botias et al. (2015) Neonicotinoid residues in wildflowers, a potential route of
chronic exposure for bees. Environ. Sci. Technol. 49, 21, 12731-12740. 10.1021/acs.est.5b03459.

(2) Basley K, Goulson D. (2018) Effects of field-relevant concentrations of clothianidin on larval development of the butterfly polyommatus
icarus (Lepidoptera, Lycaenidae). Environ. Sci. Technol. 52, 3990-3996. doi: 10.1021/acs.est.8b00609.

(3) Schulz R., Bub S., Petschick L.L, Stehle S., Wolfram J. (2021) Applied pesticide toxicity shifts toward plants and invertebrates, even in

. 32
GM crops. Science 372, 81-84. ™~ Service R. F. (2013) What happens when weed killers stop killing? Science 341. DOI:
10.1126/science.341.6152.1329 3Frank E. G. (2024) The economic impacts of ecosystem disruptions: Costs from substituting biological

pest control.Science385,eadg0344. https://www.science.org/doi/10.1126/science.adg0344 34_(1)
https://www.epa.gov/safepestcontrol/integrated-pest-management-ipm-principles; (2)
https://food.ec.europa.eu/plants/pesticides/sustainable-use-pesticides/integrated-pest-management-ipm_en
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FAO (2021) (FIG 16), CC BY-NC-SA 3.0 IGO; Reprinted with permission.

35(1) Van Acker et al. (2017) Pros and cons of GMO crop farming. Oxford Encyclopedia of Environmental Science.
https://doi.org/10.1093/acrefore/9780199389414.013.217. ; (2) “In the 1990s with the commercialization of transgenic crops resistant to
glyphosate, marketed as Roundup by Monsanto. Glyphosate disrupts the ability of growing plants to construct new proteins. Because the
transgenic crops didn’t suffer this fate, their use—and glyphosate’s—soared” - Service R. F. (2013) What happens when weed killers stop

killing? Science 341. DOI: 10.1126/science.341.6152.1329 36 (1) Pixley K.V., et al. (2022) Genome-edited crops for improved food security

of small holder farmers. Nature Genetics 54, 364-367. https://doi.org/10.1038/s41588-022-01046-7; (2) Li C., et al. (2023) Maize
resistance to witchweed through changes in strigolactone biosynthesis. Science 379(6627), 94-99.

https://doi.org/doi:10.1126/science.abg4775 37 Pheromones - behavior-influencing chemicals that can confuse insects and prevent

them from finding mates. 38 Ding B. J., Wang H. L., Al-Saleh M. A., Lofstedt C. & Antony B. (2022) Bioproduction of (Z,E)-9,12-

tetradecadienyl acetate (ZETA), the major pheromone component of Plodia, Ephestia, and Spodoptera species in yeast. Pest
Management Science 78, 1048-1059.
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3%(1) Pingali, P. L. (2012) Green Revolution: Impacts, limits, and the path ahead. PNAS 109 (31): 12302-12308.
doi:10.1073/pnas.0912953109; (2) Gollin D., Hansen C., Worm W., Mose A. (2021) Two blades of grass: The impact of the Green
Revolution. J. Political Economy 129 (8): 2344-2384. doi:10.1086/714444; (3) von Der Goltz J., Dar A., Fishman R., Mueller N. D., Barnwal
P., McCord G. C. (2020). Health impacts of the Green Revolution: Evidence from 600,000 births across the Developing World. J. Health
Economics 74: 102373. doi:10.1016/j.jhealeco.2020.102373. ISSN 0167-6296. (4) Stevenson J. R., Villoria N., Byerlee D., Kelley T.,
Maredia M. (2013) Green Revolution research saved an estimated 18 to 27 million hectares from being brought into agricultural
production. PNAS 110 (21): 8363—-8368. doi:10.103/pnas.1208065110.

40 wwnn 1IoNNA [N IN?)IWIT ITY 192 5 2V 0NITNN 112- DN 41 Eutrophication — from Britannica
(https://www.britannica.com/science/eutrophication): “The gradual increase in the concentration of phosphorus, nitrogen, and other
plant nutrients in an aging aquatic ecosystem such as a lake. The productivity or fertility of such an ecosystem naturally increases as the
amount of organic material that can be broken down into nutrients increases. This material enters the ecosystem primarily by runoff from
land that carries debris and products of the reproduction and death of terrestrial organisms. Water blooms, or great concentrations of
algae and microscopic organisms, often develop on the surface, preventing the light penetration and oxygen absorption necessary for
underwater life. Eutrophic waters are often murky and may support fewer large animals, such as fish and birds, than non-eutrophic

waters.” 42 “Primary productivity is the rate at which biomass is produced by organisms that convert inorganic substrates into complex
organic substances. Primary production typically occurs through photosynthesis; when green plants convert solar energy, carbon dioxide,
and water to glucose, and eventually to plant tissue. It also refers to the rate at which some organisms like bacteria that thrive in the deep
sea convert chemical energy to biomass through chemosynthesis.” - https://www.biologyonline.com/dictionary/primary
productivity#:~:text=Primary%20productivity%20is%20the%20rate%20at%20which%20biomass%20is%20produced,and%20eventually%20
to%20plant%20tissue.

4

43 1px171279 X.) 2019 (NINPN DRZIPKRE =N 127" DY ITRL DTIRD DYRYN DAI2IN? WY1 naaon 4 FAO, IFAD, UNICEF, WFP and

WHO (2021) The State of Food Security and Nutrition in the World 2021. Transforming food systems for food security, improved nutrition
and affordable healthy diets for all. Rome. https://doi.org/10.4060/cb5409en.
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45Burns, A. M., Chandler, G., Dunham, K. J., & Carlton, A. G. (2023) Data gap: Air quality networks miss air pollution from concentrated

animal Ffeeding operations. ES&T. https://doi.org/10.1021/acs.est.3c06947 46 (1) https://rodaleinstitute.org/, (2)
https://www.gga.org.au/group/evergreen-farming/ ,
47 [https://www.agaiworkshop.co.il (2) ; /https://www.modelfarm-aro.org - pwn 91N, N w() 1

“8) 1 (Save and Grow — FAO https://www.fao.org/in-action/naps/resources/detail/en/c/433888/#:~:text=Knowledge%20Tank-
,Save%20and%20Grow%20%2D%20A%20policymaker's%20guide%20to%20the,intensification%200f%20smallholder%20crop%20product
i on&text=With%20the%20publication%200f%20Save,highly%20productive%20and%20environmentally%20sustainable; (2) Gilbert, N.
African agriculture: Dirt poor. Nature 483, 525-527 (2012). https://doi.org/10.1038/483525a
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49(1) https://regenerationinternational.org/why-regenerative-agriculture/; (2)

https://www.nrcs.usda.gov/wps/portal/nrcs/site/national/home/ 59-Thaler E.A., Larsen I.J., Yu Q. (2021) The extent of soil loss across the

US Corn Belt. PNAS 118. €1922375118, https://doi.org/10.1073/pnas.1922375118 5_1_Alan Savory: How to fight desertification and
reverse climate change: holistic management and grazing in large herds -

http://www.ted.com/talks/allan_savory how to green the world’s deserts and reverse climate change 5-2_(1) Cernansky, R. (2015)

Agriculture: State-of-the-art soil. Nature 517, 258-260. https://doi.org/10.1038/517258a; (2) biochar as a source of free radical in the
soil: Guan, F., Wen, J,, Liu, J., Yuan, Y., & Zhou, S. (2022). Simple Colorimetric Assay for Quantification of Persistent Free Radicals in

Biochars. Environ. Science & Technol. Lett. https://doi.org/10.1021/acs.estlett.2c00816 53 Free radicals — “A free radical can be defined as

any molecular species capable of independent existence that contains an unpaired electron in an atomic orbital. The presence of an
unpaired electron results in certain common properties that are shared by most radicals. Many radicals are unstable and highly reactive.”

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3249911/#:~:text=A%20free%20radical%20can%20be,are%20unstable%20and%20highl

y %20reactive. 54_Rodale Institute has been conducting research on regenerative organic agriculture since 1947 -
https://rodaleinstitute.org/ 55 https://rodaleinstitute.org/science/farming-systems-trial/ 56 https://www.cnet.com/home/kitchen-and-
household/how-much-more-expensive-is

organic/#:~:text=In%20the%20end%2C%200rganic%20groceries,exclude%20meat%20from%20the%20equation. 5-7_Johnson, D,
Ellington, J., & Eaton, W. (2015). Development of soil microbial communities for promoting sustainability in agriculture and a global

carbon fix (No. e789v1). Peer J. Pre-Prints. 58 https://www.modelfarm-aro.org/
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PN NANIR NIR?N 7w N1 D'NI2AN DTINND DY NIXAIR NMNIR NIR?PN 7w 0N np2n 2.9: 1R —
FAO (2021) (FIG 62), CC BY-NC-SA 3.0 IGO; Reprinted with permission.

.2.8 NIN7PNN 2V N'221220 DINANNNN NYavnl nAAN ' NID'297 NIN?PNN NN

2217 N'R7pN NIZ'WA .NNRNN M [TRNRZ NNRNN RN NIR?PNN 22 1Wpna DUA TN NIV DINYIN TNN,
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nitrous |NNAa) N"T9 %W |IL-NAM -3.517 7V NHWN XN NN NIR?N NIZ'WWaN M9oInwbN? 10791 -20192

XN 1T, 2CO. (,N1%2.0"T9 %W [1ID-NA1 8.3 -27 NI I'N DTN A NI7'VA ApY [KNAN NIV %72 ,NIW NNINA

ni7?'van
%0 INnnn NIL™HA Y231 %04- 27 NININK AN NIR2PNN

NnI'wiNn .

WN11,0'a012 NANN 'TA DA N19DINLKY? NN N'N7PNN NIZ2'Wan "IN 1T [XANT RN NIL'Y97 12un
Nni?'waw (;nna 7w 10-naa 14 -2 onw N"T9% 1YW niwi) 079 2w [1Ib-naa 52 -2 mn . N"Ta nIwxIAl
U1 2170 1v211 02NN 31% -2 WK, IR0 NI2'Wa n 10991 26% -1 2018, -1 N190INnLR? ND?9 DTRN
L UmMp 'win'wn -24%32 (12121 NNPIan NI9NY ,NTIAY 01 eIy ) 'WK7pn Xt 27% -1,(mT 9712) orn
NIY'Van NUAIN ANRNN T DM DAY DINNRD DNIYUN QWA (12 1K1 02IK . 073000 -18%I 1
(1T 72 vl

N2V NNANA NINXNIN NNIR 1IXY2 0191019 0'P2T N9Y7 TIaa,(2.10 1K) niRopn.

59 Del Grosso, S. J., Wirth, T., Ogle, S. M., & Parton, W. J. (2008) Estimating agricultural nitrous oxide emissions. EOS, Transactions AGU



6

89(51), 529. 0 Our World in data — methane emissions by sector: https://ourworldindata.org/emissions-by-sector 61 Poore J. and
Nemecek T. (2018) Reducing food’s environmental impacts through producers and consumers. Science 360, 987—-992.
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FAO (2021) (FIG 65), CC BY-NC-SA 3.0 IGO; Reprinted with permission.

[TV N'N7PN NIZ'WAan Nnnn m %Y Nirnainn NILHan 021X ,NILY921 1Y 2V NarTVU NILY92 NYU-N DINK
AIWN THan NN NINZPNZE NN NIN?PN? W1 RIY AN NIR TN 02T RINA? WIHTN NN
T [TND KYI117 DA DIANY 221N NRYHR NIN?PN W 2 N, DMN1ATA DIYTA WIN'WN NNNANY 12un Nl
77N2 "IN NN NN DR L,UPPn 7w 1121 TIAW NIDT,N%701 DNY IRIA DIYA 21IWN YIRND 1T nnnnn
9w W7 %5 2 uppn 27ana Y iun (SOIL TOP — 20 , uxinna 4.5% -1 11un,(11va,011'un n"'on
1wN21 MaoIinLK? NNA 7w NY2120 N9 Dwn 4 GT nna Yw %32 naoimornn P701,'N%IV YXINNA25-
. 1w TN, % maaxn nikypnn TIwn T Y -20191 nUXIn NRT NNA ARt % nivvan axpa ormava
[TND2 TN PN NIMMY NR'HINRN NINZPNN 22 NNY2I2' 1227 NI'Dap0 D'U'ANN DNjNAR Y 1IwaVUn
N1 01972 0TI Y DA NIAIN MIPRAN . 'NYIVN PNan, &7 nop Ik NoYa YU NMivawn yrawnyl

MAaDINLNN N N"Ta

, 7192 03 ot wr 7. #8110 (78 q'on Dn? (Savory(

D'21 DNPNA DIYW'Y X7 AIWN ,NNYHA NINDPNY "nmrwun” NINpNN 12vnn 'A% woan Niabiz? 1avn

Y UT'N NNIPN L 7wn7) NIRPNN NDIXY NDYN NN N2'DPNR NPIYA-NNIIVAD NDRT? 12UN XD 0TI

62 https://franklin.cce.cornell.edu/resources/soil-organic-matter-fact-sheet 63 GT — giga-tonne = 1079 tonne, where 1 tonne = 1,000 kg.

64 Assuming soil density of 1 g/cm”3, the increase of 0.5% SOM in agricultural soils = increase of 1 kg/m”2 of SOM, which is 0.5 kg
C/mA2. As agriculture affects ~ 50E6 km~2, this translates to 25 E12 kg C, or 25 E9 metric tons of C = 25 GT of C. GT — giga-tonne = 1079



tonne, where 1 tonne = 1,000 kg. 65 IPCC Report 27 February 2022.

56 https://www.inrae.fr/en/news/storing-4-1000-carbon-soils-potential-france 67 Schlesinger W. H, Amundson R. (2018) Managing for
soil carbon sequestration: Let’s get realistic. Glob Change Biol. 25, 386—389. DOI: 10.1111/gcb.14478

% Nordborg M. (2016) Holistic Management — a critical review of Allan Savory’s grazing method Publisher: SLU/EPOK — Centre for Organic
Food & Farming & Chalmers, Swedish University of Agricultural Sciences & Chalmers, Uppsala. ISBN 978-91-576-9424-9
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NN [N [ITA NNV NDR'TA RN DMIAONN NP1 1Y 2AMNN1,D1'NN N2 272N N1 AT KDAN NTVa
192 ,'NN [N DMIXIN N2MXA NU7 N3N 22N X7 DN NNNA NTUNY NN 20 NINT AN DN NNY 7n0
NIIYAD NDKR'T) D'MIIAN90N 7w A17'w Y |VD] -2020,1 DOII9W 1PNNA .0DINNKD DMIYYL ' MpY

[ITA NX9N2 NI2VNALNR?PNN N21I090 NNNAN NN NIR2PN NPI9N,qTIV X7 X 2'901 [ITD 1IX',Njp'ul)
72939 1.5° YW NINNNNNA NT'ARYY 'RPNN 1TNN YW INDNN DX N1
nim .

71PN .0%1v2 01w 0NITRA (DN ua/'nnx) 127N pn 2.11: N -
FAO (2021) (FIG 53), CC BY-NC-SA 3.0 IGO; Reprinted with permission.

69 (1) Shepon, A., Eshel, G., Noor, E., & Milo, R. (2018). The opportunity cost of animal-based diets exceeds all food losses. PNAS, 115(15),
3804-3809. https://doi.org/doi:10.1073/pnas.1713820115 ; (2) https://www.haaretz.co.il/science/2022-10-27/ty-article

magazine/.premium/00000184-18dd-db96-a7c5-9bddfadb0000 lg_(l) Eisen MB, Brown PO (2022) Rapid global phaseout of animal
agriculture has the potential to stabilize greenhouse gas levels for 30 years and offset 68 percent of CO emissions this century. PLOS Clim




1(2): e0000010. https://doi.org/10.1371/journal.pclm.0000010 ; (2) https://ourworldindata.org/food-choice-vs-eating-local a4

https://www.ecowatch.com/meat-companies-lobbyists-cop28-sustainability-climate.html 72 Clark, M. A., Domingo, N. G., Colgan, K.,
Thakrar, S. K., Tilman, D., Lynch, J., ... & Hill, J. D. (2020). Global food system emissions could preclude achieving the 1.5 and 2 C climate
change targets. Science 370(6517), 705-708.
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NI'2272 NIA'ON |0 ,NINNANNN NIXINA IP'UAL NM21VN NIR?NN N2IIN2 NMNK IX NINT NT'RA Vaan nha17)
D%1UN AN NI, DR N, 740rano -2101 01an DNITRA NINYAY [AR NI 2951 [0 nimiani
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0'21 NINIPNAL,NIYAN NDWN WY1 20 NYWIANAN 0N NANT NN N'WIN NI2'Wa KD NIN2pNN

nyYna 1p'va ,NAA0N 2V NI2 NIP'NIN NIVAWN NINPNY? Y NRTINT .NI9'Y11 0'IW 197K 112 NJYN)
NLNN NTYW? YINNRY NI21A0Y7 N12TN NNAINENATN NNIINNNY 21200 [1nn NIopn ,Upipn NNl niana
NUDI2JINN 21712 ,127 .071V2 2V 1127 YINN2A 1210 1272 NHnR NIR7pPNN NIZ'Wan .nnnn m 2w nohal
NNUawN NN D'YUNRY NN, NIR7PNN NAINN N7TANY JWnNN YN 0'2'am 0'Nin NnNa NTAann n'ul

n'manaon.

73 CO: fertilization — Increasing levels of CO2 in the atmosphere cause an increase in plant photosynthesis rates. - De GRAAFF, M.-A., Van
GROENIGEN, K.-J., SIX, J., HUNGATE, B. and Van KESSEL, C. (2006) Interactions between plant growth and soil nutrient cycling under
elevated CO2: a meta-analysis. Global Change Biology, 12: 2077-2091. https://doi.org/10.1111/j.1365-2486.2006.01240.x 74 (1) Cline W.

R. (2008) Global warming and agriculture. Finance & Development March 2008 23-27; (2) Cline W. R., (2007) Global warming and
agriculture: Impact estimates by country (Washington: Center for Global Development and Peterson Institute for International




Economics).

7> www.haaretz.co.il/misc/article-print-page/.premium.HIGHLIGHT-MAGAZINE-1.10532860 76 (1) Chaloner, T. M., Gurr, S. J., & Bebber,

D. P. (2021). Plant pathogen infection risk tracks global crop yields under climate change. Nature Climate Change, 11(8), 710-715; (2)
Deutsch, C. A., Tewksbury, J. J., Tigchelaar, M., Battisti, D. S., Merrill, S. C., Huey, R. B., & Naylor, R. L. (2018). Increase in crop losses to

insect pests in a warming climate. Science 361(6405), 916-919. https://doi.org/doi:10.1126/science.aat3466. 7_7_(1) Zhu, Z., Piao, S.,
Myneni, R. et al. Greening of the Earth and its drivers. Nature Clim Change 6, 791-795 (2016). https://doi.org/10.1038/nclimate3004 ; (2)
Donohue, R. J., Roderick, M. L., McVicar, T. R., and Farquhar, G. D. (2013), Impact of CO2 fertilization on maximum foliage cover across
the globe's warm, arid environments, Geophys. Res. Lett. 40, 3031-3035, doi:10.1002/grl.50563.

78Zhu, Z., Piao, S., Myneni, R. et al. Greening of the Earth and its drivers. Nature Clim Change 6, 791-795 (2016).
https://doi.org/10.1038/nclimate3004

79 Campbell, J. E., Berry, J. A, Seibt, U., Smith, S. J., Montzka, S. A., Launois, T., ... & Laine, M. (2017). Large historical growth in global
terrestrial gross primary production. Nature 544(7648), 84-87.
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“Energy is the only universal currency:

one of its many forms must be transformed
to get anything done.”

Vaclav Smil, Energy and Civilization: A History

3. NIND PYN
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NIYIIRND NIIX W AIRD AN ,NYY VWNN AIRDA DMMTYUNN N290100 TUIENNID0N INwN TN
YWNN NIRAN 910 TXA .0'N NP1 NN ANING NT'NAl,0MNAN 0'N 201 7w 09731 DINNX N9WN nuhin
DN3 WA 127¥ 72NN . My, 1 opTn npaimn nnnar 2u ptua nawwa nmuivn n'a2an 13t Tl
n"21019

172N 12UN wN1 NN 0NAKRND DNIYYUA NIZTAL N0 NN (IXNA) T NAINNRY1 T2 P27 DA 12N 1NKY
AN NNINENMRZI0 NNIR,NNDPIRNTIN NIIN NI NDNIAN [12D,0'917'0 NNIPNRN IR NPany

DN WIN'WN 2 NIMA0N NID2WNAI DRIWN NIIRD NNIPRA |IT 21N pian.

.3.1 0"2'019 0'P7T

™1 'M712 2112 P77,0N9) 0'"7'019 0'P7T — -3502 129%0 1'Va) NIY 1II'7'N wNA NN (]NNR P
19091 [XNNNAY 190N DILA 1AM 2 AW (AINN TV N
D'MTININNPIA, DIN'TOL NAPIY D'NNXI DN VL
YN7 72 DININD NI NIPRM 2@ N2NR D170 770w, "n%wan" YW 1'0n Nav bon DN1iap 1NN? .n"19?
AR AT WNAL XN NIN2IA X277 (017X NIPun 150 TV 65 ,nn'aoimox 1000 Tv 200) 0'niax mivianol
D'P7T 2 DNNXITN AXP 271,000 DT DMIZINGD D'NIN D'WAT IMYPN' 1770 0'RINN 72w 11N %Y .paon
¥ NPMIATN .N70NN AXWNY D'AWN] 00,0172 .01 DNYY NN AX)N7 ONMNI DN KIN D1'7'019
DN 22 [IMNNA T2V NIRIN (DMINK D'20NN D'ARWNA 1N2) 017'019 D'YTA win'Y ( King Marion .1956
1AL ANWA 22 9W 102 ,'7'019 P77 Y N2INXN NNIPUW (VD RIN N0 2 3 Hubbert (2 Nwaw nnxina-
D'VNIN DNIYY TY [ATN DY 021V N2MINND XD NPONN AXP N2NNNANI%2,|1NYa NNIPY 1N N2 ,N70NN0
IN 172NN ARWNNY TYU D'NMNIQ N2NNXD NP NPONN AXP ,7X120 2770 1ARN N1INWI TR, Dy
,NDYUNN [IW7221,'X7 12'X 'D '2'0190 D'P2TN 7@ 1NN 22 21X 7@ QTAXA N'MAA0 N2'NAN .9"%7N0N 17 NXNY
(IM2MIX 2XpNA N MIVNYN 101 19Y WITNN A¥p) N72NN0 ANWNA DN 012019 0')P7T7,N'WX NIA'0 19010 7731
MNIN NPONIN'WUN 72 D'NA0 DDA 2V 71921722 |1T1) DIXIN 22 NN NIw? D22 0IN 01NN Dl
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1Smil V. (2010) Energy Transitions: History, Requirements, Prospects. Santa Barbara, CA: Praeger.
22“Sediment is solid material that is moved and deposited in a new location. Sediment can consist of rocks and minerals, as well as the



remains of plants and animals.” - https://education.nationalgeographic.org/resource/sediment/ 3 Hubbert M.K. (1956) Nuclear Energy
and the Fossil Fuels. Presentation before the Spring Meeting of the Southern District, American Petroleum Institute, San Antonio, Texas,

March 7-8-9, 1956. 4 https://www.theguardian.com/global-development/2019/dec/06/this-place-used-to-be-green-the-brutal-impact-

of-oil-in-the-niger-delta 5 https://www.britannica.com/event/Deepwater-Horizon-oil-spill 6 https://www.britannica.com/event/Exxon-
Valdez-oil-spill
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7 Hydraulic Fracturing (Fracking): https://www.britannica.com/technology/fracking 8 (1)

https://www.energy.gov/sites/prod/files/2017/04/f34/MAC%202015%20Report%20to%20Congress.pdf ; (2) Vidic R. D. et al. (2013)
Impact of shale gas development on regional water quality. Science 340, 1235009. https://www.science.org/doi/full/10.1126/science.1235009 ; (3)
https://www.usgs.gov/fags/how-hydraulic-fracturing-related-earthquakes-and-tremors

9(1) United Nations Environment Programme (2021). Making Peace with Nature: A scientific blueprint to tackle the climate, biodiversity
and pollution emergencies. Nairobi. https://www.unep.org/resources/making-peace-nature — Figure 2.8; (2)

https://ourworldindata.org/greenhouse-gas-emissions _lg_(l) https://resourcewatch.org/dashboards/energy ; (2) National Academies
of Sciences, Engineering, and Medicine 2022. Greenhouse Gas Emissions Information for Decision Making: A Framework Going

Forward. Washington, DC: The National Academies Press. https://doi.org/10.17226/26641. gL_:l_https://www.volker-

quaschning.de/datserv/CO2-spez/index _e.php 12 (1) https://www.epa.gov/gmi/importance
methane#:~:text=Methane%20is%20more%20than%2025,due%20to%20human%2Drelated%20activities. (2)
https://web.stanford.edu/group/efmh/jacobson/Articles/I/ContributorsAGW-NGE.pdf ; (3) https://www.haaretz.co.il/opinions/2021-

09-21/ty-article-opinion/.premium/0000017f-ed6¢c-d0f7-a9ff-efed402f0000 _13_(1) https://eos.org/articles/the-surprising-source-of-
greenhouse-gas-emissions ; (2) Lauvaux T., et al. (2022) Global assessment of oil and gas methane ultra-emitters. Science 375(6580),
557-561; (3) Plant G., et al. (2022) Inefficient and unlit natural gas flares both emit large quantities of methane. Science 377(6614),
1566-1571.
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3.1.2 NKN 72712

2182 2w NImN'a N1 NNAX ((J (Joule, Nia X IN AT DTN N1ANAR) PQ0N 2V 12T2 NP N 2aN, (0T
10x20 ( NNT DN DR 12 25713 7709w 1 paon 0 20 TW) W 2 Mxin niwinkn L(DRIF= N1w/2IR'

=1510x20 X 24 X 365 = 175,200 TWhr 271212 nwpw 02172 DNaon 091NN AR DMy (W
W10%x20 X 24 X 365 X 3600 = J10'8x631 — nmax nNIpn Yw AW INpNR 92 . 3( 1. 19av ;3.1 1N
1901 7Y 9p'na paon NN 7W 2TIA1T0Y Navn NNY 0Nx 0"az'n TW, pn,"pron 1ipnaiamm mink
12VUNY 22pnaw |1X7 A1wN L2 1IR3 NIYWIRND 9727 87 728 ,0TTI2 NN X [P AT 0NN 212'Y NN
W1 NINT,7nwN 11X NN9INN NNIND 7Y 'ONMN Np2n n21vV,019170 Nt1IX NNpNRY 0191019 07N
D'2W1 DXUNNI?NY 1NN ,7AwN 2V Do0Iann D'MNI'YUNIED'NL 01NN NYRYN NN 1auvnn

NN NN -2023217'R1117.6% nn'n 2017 Nawa 7nwN 11X NN N1IRD,NWNNN DY7 . NIANpn

20.6% . ®niwinn TV N2INIW NaRN Y90

[EA, ¥ nnmnax? n'nix211an Ninaon NINTA 01ima 2019. Tui 19 09- n 021V n'A1ax N2Nx X 3.1: 073w
)- Agency Energy International(, N'A13X [TAIN |1AWN1 NNPI7W AIWNN NIXND Y212 N2NX7 X' 259N
N7W NN N1 (D"2'019 D'P7T N9MWN NA'1107 291w DIN p'vl).

energy consumption
TJ per year TW yr

Indus Trans Residen Comm Agricult Fishin Non Non total Indus Trans Residen Comm Agricult Non Non total
try port tial ercial ure B try port tial ercial ure
and and
public public
services / specifie energy services / Fishin specified energy
forestry d use forestry e use
1990 | 7.51€ 24 21 2.0 0.6 0.2 0.0 0.3 0.6 83
+07 6.60E 6.33E 1.87E 6.88E 2.55E 1.09 2.00E 2.61E
+07 +07 +07 +06 +05 +07 +07 +08
1995 7.48E 24 23 2.3 0.7 0.2 0.0 0.1 0.7 8.6
+07 7.18E 7.14E 2.09E 7.30E 2.56E 3.67E 2.21E 2.72E
+07 +07 +07 +06 +05 +06 +07 +08
2000 7.83E 2.5 2.6 24 0.7 0.2 0.0 0.1 0.8 9.3
+07 8.22E 7.46E 2.31E 6.21E 2.59 3.21E 2.54E 2.93
+07 +07 +07 +06 +05 +06 +07 +08
2005 9.37E 3.0 29 2.5 0.8 0.2 0.0 0.1 0.9 10.6
+07 9.29 7.84E 2.67E 7.28E 3.38E 4.12E 2.94E 3.33E
+07 +07 +07 +06 +05 +06 +07 +08
2010 1.11E 35 32 2.6 0.9 0.2 0.0 0.1 1.0 11.7
+08 1.02E 8.17E 2.99 7.62E 3.37E 4.55E 3.20E 3.68E




+08 +07 +07 +06 +05 +06 +07 +08
2015 1.17€ 37 3.6 2.6 1.0 03 0.0 0.2 11 125
+08 1.13E 8.28E 3.16E 8.17E 3.01E 5.63E 3.51E 3.94E
+08 +07 +07 +06 +05 +06 +07 +08
2019 1.21E 3.8 3.8 2.8 11 0.3 0.0 0.2 12 133
+08 1.21E 8.78E 3.37E 8.93E 2.99E 6.65E 3.87E 4.18E
+08 +07 +07 +06 +05 +06 +07 +08
energ cons
% um
produ P
ction tion
/pro
duct
T) per TW yr ion
year
Coal Natur Nucle Hydr Wind, Biofuel il total Coal Natur Nucle Hydr Wind, Biofuel Oil total
al ar o s al ar o s
gas solar, and gas solar, and
etc waste etc. waste
1990 9.30E 29 2.2 0.7 0.2 0.0 1.2 43 11.6 0.71
+07 6.96E 2.20E 7.70E 1.53E 3.67E 1.35 3.66E
+07 +07 +06 +06 +07 +08 +08
1995 9.23E 29 24 0.8 0.3 0.1 1.2 4.5 12.2 0.71
+07 7.55E 2.55E 8.91E 1.78E 3.94E 1.41E 3.85E
+07 +07 +06 +06 +07 +08 +08
2000 9.69E 3.1 2.7 0.9 0.3 0.1 1.3 4.9 133 0.70
+07 8.66E 2.83E 9.41E 2.53E 4.15E 1.54E 4.19
+07 +07 +06 +06 +07 +08 +08
2005 1.25€ 4.0 31 1.0 03 0.1 14 5.3 15.2 0.69
+08 9.86E 3.02E 1.06E 2.94E 4.47E 1.68E 4.80E
+07 +07 +07 +06 +07 +08 +08
2010 1.53E 4.9 36 1.0 0.4 0.1 16 5.5 17.0 0.69
+08 1.14E 3.01E 1.24E 4.62E 4.91E 1.73E 5.36E
+08 +07 +07 +06 +07 +08 +08
2015 1.61E 5.1 39 0.9 0.4 03 17 5.7 18.0 0.69
+08 1.22E 2.81E 1.40E 8.53E 5.28E 1.81E 5.68E
+08 +07 +07 +06 +07 +08 +08
2019 1.62E 5.1 4.5 1.0 0.5 0.4 18 59 19.2 0.69
+08 1.41E 3.05E 1.52E 1.34E 5.68E 1.87E 6.06E
+08 +07 +07 +07 +07 +08 +08

Source: IEA World Energy Balances https://www.iea.org/data-and-statistics/data-product/world-energy-statistics-and-balances
Documentation: https://iea.blob.core.windows.net/assets/20a89alb-634c-41f1-87d1-d218f07769fb/WORLDBAL Documentation.pdf
This data is subject to the IEA's terms and conditions: https://www.iea.org/terms

3.1.3 0"%'019 0'PYT DAY 2w NI 9w

NMIVAWN 2017 TWany X7 21wN ;)22 D'2N20 0''NAA0N D'DANAI 01'7'019 0'PYT2 NIQIZNA [ITaY 1199
v NI N “Ta %%12,0N%Y DTN N9 DK TIIINZIENIR NPaN? 019019 DPYTA WIN'wn NN
N1NINN NINA) -40%7 30% |'2 NY1 20N Npan? D'2'019 0'P7T NI9IWN NITAI'YI1AIP NID NINN
NININD DR N%212 NI 2N 19 2V1,R7TN NOWA NYRYINY NIIIRN PN ,121X7 nuann Ninwnn

NnmMal avpwinw

NITA NXNII9IND 1IPA YNNI IRIY 190 N1 TIV 21T TIRD 20N NRana 0T TIAN 2PV n0aRD 1IN -70% 2 N nanarn nanx 2020

|EA World Energy Balances https://www.iea.org/data-and-statistics/data-product/world-energy-statistics-and-balances :IEA 7w
15

TWhr = 1022 W*hour, 1Whr = 3,600 J. 16 https://yearbook.enerdata.net/electricity/share-electricity-final-consumption.html Y IEA
World Energy Balances https://www.iea.org/data-and-statistics/data-product/world-energy-statistics-and-balances
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N win Ay (P21 n2amni-IEA ninna jan) Ynwn NNy wpwing nnnax nimnt 50 9an 2008, nawn



[20X7 1W2n,(MNNRIENIMDPIRNTIN,NI'YIA NI NIINN 02 01211 Tl 211 P77T,0N9 NIAIYY NI'oI1a NI
NIVXANA N'N 70NN NPan NIZW NN 197 NNR T .(3.2 1) 32% 2w Ni2'w i1 ,nnaR nimne -162
NNIND MNN YW 292 KIN NN [TAIR AN . 12wun 2 oipna o Ywn?) e 0w ony'o1a p7T 1a1oY

nna)

[27 .27wWN7 DIN NN Y D210 NNAMTINAN NIZ'NYIN Y1 KINE,NIDN NINNA NYRYN ANIN? Nmnn,

power and heat combined or cycle combined *° ) "221wn 722un"1 wnnNwn? 17'NNin NIINNKD D12

173 — NI2N NINNA NRANIRN 12UN 7Y 'NITINNN DONNN 85% 11va) 20 (CHP(, %26 -7 N1V NiY'uin 1AW
NIVXNANIL NVI9N NO011 NI2 NINN N2 "1%71wnn 22un"1 . (N'AIRN N2INKN 1197 AN11 10 TIV 'Y
NIV VNP . (*2'019 P27T N9IWN) NNIPARN NINNNN D79IY DINNA INANNNY D'NNN XY D)
171Un 22Un NWAaN' Nniax MI1anv? 0NN (TwNna IN1) DMTPNN 2113 VIR NID D) 7AW 1IxnY
NIZ'WMN NN DA 19W7 KD 1M Nnann,"1%21wnn 22un™? qona .(80% -1 2w NiiNa7 unan? DNINNI

11Un) 022N DIN'NL,'TIWNAT M YIN'WA D'YIN : 2W NI ) NXPN 'WNANWN 72 NDAIRN
MINN,(DIN NIaRwn2a win'wy ( LED 2 X' Ntiwavn N7IXNN [N ,NNN19 9w VIan niooian |, niminn-

30%).

18 https://www.volker-quaschning.de/datserv/CO2-spez/index e.php 19 https://www.ge.com/news/press-releases/ha-technology-now-

available-industry-first-64-percent-efficiency 20 Pioro, I., Duffey, R. B., Kirillov, P. L., & Pioro, R. (2021). Pros and Cons of Commercial Reactor
Designs: Part 2—Current Status and Future Trends in the World Nuclear-Power Industry and Technical Considerations of Nuclear-Power
Reactors. In E. Greenspan (Ed.), Encyclopedia of Nuclear Energy (pp. 288-303). Elsevier. https://doi.org/https://doi.org/10.1016/B978-0-
12-819725-7.00131-8
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q1pn 2022. Tu1 1800 Nawn NNIpN '9% nark nanx 3.1 -
Our World in Data, https://ourworldindata.org/energy-production ; Reprinted with permission.
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a1 .0'207XN 28 NIAN NINNN MnTa nwn i ']"7.‘1]'1:1 NN TIA'N 7w NN20 3.2: 11N
— |EA (2008). https://www.iea.org/reports/combined-heat-and-power, CC BY 4.0; Reprinted with permission.

.3.1.4 n"79 NnT'2%1 0'ANTA pI2'O

D'D791N D'MNTAN PI7'0 NIYXANL KN D'72'019 D'P7T2 WIN'Y W N'MA0N NVaWNn DIXAX? 190D T
D'anIn 0O'P'P7N - 10 P92 9013 LNA IXT) DNANW P12 ( PM(, 2 1'wa) Nnaa-SO(, 1p'va) 72N NOx =
2NO + NO(, n'a902 1p'wa ,ni?'w1 NIaNn Hg(, n“Tal (sequestration ;CO — p17'0% NIAIZ1020N . ((WNNA IX
D'P7TA WIN'YN 1NN NIK M NN .0%1VUN 'AN12 N2 NI NIINNA NI2VaIni NIAT 0NN 72

112N 7W YN N2U9010 1WA KX ,70WN0 NNANENMIWIN 2w NIRAXY NNTI NV N2 AN°2 221 019019

D'pN D'an vl .,

, TU N2NK TIV 170 0218 21M2100 1pnnn NTN2 0 XXNIN KW RIN N “Ta pI210Y% nfi?10200 Ninta

2211p-nan 10 -2) NIWIRD TV DI NILY9IN NIINAN Y NUawN | T K2 NWNTN NN U N “T1an piyow

21(1) Awolayo, A. N., Laureijs, C. T., Byng, J., Luhmann, A. J., Lauer, R., & Tutolo, B. M. (2022). Mineral surface area accessibility and
sensitivity constraints on carbon mineralization in basaltic aquifers. Geochim. Cosmochim. Acta, 334, 293-315; (2)
https://eos.org/articles/device-made-for-the-moon-may-aid-in-carbon-sequestration-on

earth?utm_source=EosBuzz&mkt tok=0Tg3LUIHVCO1NzIAAAGHdO0O6xuu6RVgziovBm ENQYEEY CL4R0GIb79s
InP7uT3i9ulylwYp8d8An1zNUUGBrDpOVyI5YX0hHdexYc5495S12fhVKA 23kLI; (3) National Academies of Sciences, Engineering, and
Medicine (2019) Gaseous Carbon Waste Streams Utilization: Status and Research Needs. Washington, DC: The National Academies Press.
https://doi.org/10.17226/25232; (4) National Academies of Sciences, Engineering, and Medicine (2019) Negative Emissions Technologies
and Reliable Sequestration: A Research Agenda. Washington, DC: The National Academies Press. https://doi.org/10.17226/25259.; (5) Cai,
J., Li, D., Jiang, L., Yuan, J., Li, Z., & Li, K. (2023). Review on CeO2-Based Photocatalysts for Photocatalytic Reduction of CO2: Progresses and

Perspectives. Energy & Fuels. https://doi.org/10.1021/acs.energyfuels.3c00120 22 GT — giga-tonne = 10”9 tonne, where 1 tonne = 1,000
kg.
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. N “79 P17'07 NRIYN NIAI?NN IR NWHPR N1IN2 DN DD 3 JIb-nan 37 - Nwad Dnw [nNa

n “1a).

[NN9 7w NINLNIND'an (1) :0Mw7 XYIIN NN D'P2NN NP 19730 mixa ( and Capture Carbon - CCS
Storage(. ('wav T NPain17nna K 0V9N 2 IR) NI -NIANN W N9 DT N T9 7w N0'AN? NaloN
MADINLN [NNA PI7'0 ()2 .(NLNYZ IXT) PINUN DA IR DY DMAIZINY DNANNA NI ( Dioxide Carbon -

CDR Removal(. nanuni win'y jnna NT2% 2V 0DN2TAN D2 W' .N190INLKRNA N"19 No'an? nian (CCUS -
storage and utilization ,capture carbon(, 7 |n 0'on'"nni -CCS 7 |nI-CDR.  M201'Nn v ' naln %1%
T NIPA N"Ta NTA%7 VP DTN NAPA DDA 1AVNAN NNZXN A7 NINTI- (21221 NP 21pW7 DNy

. NN2DN1) MODINDLRNA 'P70]NNA I DYV NY'D] 1227 N2 MIVNN NIRNNKD DY ,2WnNY . mivnwn
NLWN 191,V -NNA :NINPYY NIARA0 wWIYwa N'79 'nbn? [N ,0'Nnx 197 %0 0" viap? qona 2 CbR
('va) yppn -NNA nanpAN .NIMan 02 I8 CCS ( NTR92) 0'7T21TN 'WaD TA IN DA1 NAaNNA (1) NNwar

M NIRWII NIIWA (2) 5 TA IN D21 YW NPANN 1ANNA P2NA IR (7111 2@ NI9ANI T 2w NiIamy nva, -19io %
YpIpn -NNA NINLNN .0Y7X12D 'M%21 009 '¥21N2 (3 ) ; (N'LMP-1910 NTRAD |2 D) D'NIZA DINN NP

NMMN NAI0N ¥ UPIPN-NNA) NIWA I NWA N'WUI).

[N) NbwN 192 NanLNN CCS |1 CDR ( 7w (NMMYUN NIXT212') NN NIXRN NIVXARL NYaRNN
IN DMWY NN YW pniva oA niwuiay n2'w n"1a 2 o
DUARN-MDYINI D'ARN 0'WY0 27 01w 0% NI DY '

217101 NPOIVN N9IY NINQD DA W' . TIVI NINA A0 ,0N9 19K DY 31 (ViMjpn NNA1A123) DN NINA
Ma0INLK NN (CDR ( NIN?PN NIVPA DN7Y N2 D123 1 01'DPR'2'0 D911 YW [NDN NADIN 'T' YV
I'W2) NIWYIMY MINK NINAN 02 NINLA . NN CCS (IX LA 'YX YW pRIva N7 ra Ty 2°

NIV LI

2 |EA (2020) CCUS in Clean Energy Transitions, IEA, Paris https://www.iea.org/reports/ccus-in-clean-energy-transitions. 24 (1) A wide
portfolio of CDR technologies has been proposed, such as the application of biochar, enhanced weathering (EW), ocean fertilization (OF),
bioenergy with carbon capture and storage (BECCS), and direct air carbon capture and storage (DACCS)1,2,6. In: Terlouw T., Bauer C., Rosa
L., Mazzotti M. (2021) Life cycle assessment of carbon dioxide removal technologies: a critical review. Energy Environ. Sci. 2021, 14,
1701-1721; (2) National Academies of Sciences, Engineering, and Medicine 2022. Carbon Dioxide Utilization Markets and Infrastructure:
Status and Opportunities: A First Report. Washington, DC: The National Academies Press. https://doi.org/10.17226/26703.; (3)

https://www.haaretz.co.il/magazine/2022-10-06/ty-article-magazine/.highlight/00000183-9eb8-d425-abef-defcc5bc0000 25 (1) Bastin et
al., (2019) The global tree restoration potential. Science 365, 76—79. versus (2) Holl K.D. and Brancalion P.H.S. (2020) Tree
8232aba.sciencel0.1126/ :DOI 580-581.,)6491 (368 Science .solution simple a not is planting
%% NpPRA NN % "N NTININ'D NI DN NNILIANDI YNY? ININA NAMPNA KD DT DWY T 2T DAY DTS — N'DNP-1910 NN 26
.T9"N NTIPIN N'LNPN NRYN 2-31° DI'TYX | -73.8 NN'ADINDN

") 1 (Enhanced weathering (EW): Kelemen P. B., McQueen N., Wilcox J., Renforth P., Dipple G., Paukert Vankeuren A. (2020) Engineered
carbon mineralization in ultramafic rocks for CO2 removal from air: Review and new insights. Chemical Geol. https://doi.org/10.1016/]
.chemgeo.2020.119628; (2) Goll D. S., et al. (2021) Potential CO2 removal from enhanced weathering by ecosystem responses to 549.—
545 ,(8)14 Geoscience Nature .rock powdered
11XNN- IT NIX LYN N'ON' 0'2'2NN D'NNAN 0'V70 D DMaNN D'W70 (45-52% - 2Si0 ( V207 XNAIT N'N N1 .0IMANIEYTA Y N'ont DI 01N 28
1,|opIN'al aA2Ix '12'00n 127NN — D'ITIA DN NI D'YI9IN D'Y70N .AXAN - IT NIX 45% N NING 0'2'20 D'aNN- N1DYIN D'W70 .yI9] 'axn
qP'WA 271NN, 2N D200 NND?INN-DMANRA DRXNI NOLYNA T YIND. — DT
107NN

%) 1 (NRC of the National Academies (2015) Climate Intervention: Carbon Dioxide Removal and Reliable Sequestration; National
Academies Press. DOI: 10.17226/18805. (2) National Academies of Sciences (2018) Negative Emissions Technologies and Reliable
Sequestration: A Research Agenda. (3) Taylor, L. L. et al. (2016) Enhanced weathering strategies for stabilizing climate and averting ocean
acidification. Nat. Clim Chang, 6 (4), 402-406. (4) Van Straaten, P. (2006) Farming with rocks and minerals: Challenges and opportunities.



An Acad. Bras Cienc, 78 (4), 731-747. (5) Hartmann, J. et al. (2013) Enhanced chemical weathering as a geoengineering strategy to reduce
atmospheric carbon dioxide, supply nutrients, and mitigate ocean acidification. Reviews of Geophysics, 51 (2), 113-149. (6) Andrews, M.
G.; Taylor, L. L. (2019) Combating climate change through enhanced weathering of agricultural soils. Elements, 15 (4), 253-258. (7)
Beerling, D. J. et al. (2020) Potential for large-scale CO2 removal via enhanced rock weathering with croplands. Nature, 583 (7815),
242-248. (8) Levy, C. R. et al. (2024). Enhanced rock weathering for carbon removal-monitoring and mitigating potential environmental
impacts on agricultural land. ES&T. https://doi.org/10.1021/acs.est.4c02368
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q7'v1) 079 YW NLPN NN TV 210N 7Y U,Mpn-NNA Nanon 2212 87) 0N NUppa imaax Ty

CDR (oronr'pinn 1 7u (alkalinization/fertilization ocean(. ;1921 1™ N8 0'RkwWID 9

NNIPNA WIN'wn NN2aN 0V TN'A,0NNY DMK N “Ta pI7'01 012'019 07T DAY 2w NIZWWHN NN
NNNN 'Y NI'9N NNNANA IIND P7NN NN, (2 12 wIR'wn 20N 11X 1p'ua) 0raivn ntaan

, D70 11X 1IN IR NNTMY NI'YUN 137 [D1E2WNINT 127 [0 02102 1T NN .(3.311'K) 0'anpn 0niwua
NI72PNN NIL'WA NT29 X' DA XY WITA? AWN .('K7pN [WT72 n1Imy Xy 9wn?) o'pmal n17a
19 IX1) NIRN PR NN K77 019 0219 .)4

71LP0A N"Ta NP9 NNNANY? 01T 1237 2020 -N NIDWN 2V DoIANN WNNN 3.3: IR
N'INN. CCUS - carbon capture, utilization and storage

pn -

|EA (2020) https://www.iea.org/reports/ccus-in-clean-energy-transitions/ccus-in-the-transition-to-net-zero-emissions#abstract, CC BY 40,
Reprinted with permission.

n'M',NME2A NIANNA NN wIN'wn (N1 NINN 2wn7) 0N 19019 NNIN 21X DTPRNN N2 T
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nanwn 3° nniarn N21XN -27%239 'WNINK NIRE
n'a17n

75%), NIUXANA NIVYDIAN NIYYAYN NN [0 NNMNa N9y 'Wian oV Niinna o 3ta) oryola opyi-

N'MN NIAVUNN NINAENNTIRD NIANNN 22,90111.19'019 P77 NI9IWN N2 NIANNA 1202 painn 7nwn

{217'0 N1'N2N INI' NWH NINMAA0 N'YA DHINA DT NNIPNR .01Y72'019 D77 DI9IIWN DWIIN TV NIvam



NN L0019 0'P7TA PAIN 2NYNN TWRI DA ,NIYNRYN NIIDNY 12unn (371,01 NNIpNR NRIY? 0nntn

30This figure is a rough estimate based on many web-sites and reports over the years
https://www.google.com/search?g=global%20energy%20consumption%20by%20sector&tbm=isch&hl=en&sa=X&ved=0CAEQv7IFahcKEw

i Awc73zfPSAhUAAAAAHQAAAAAQEQ&biw=19208&bih=9378&dpr=1 3_:IL_IEA (2021) Global Energy Review p. 23.
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.3.1.5 D'nIonni 0DNANK — 0'"2'019 0'P7T77 0'9'2NN NNRINND

NIT'2IN7 27 0'W2 IR NTIWHRNA .N1'AI2'N NN NZ'0190 NNIRN NN 97NN7 027 0'XANND 0'YU] 011

02VYN 1270 NK1N -2017n Naoa.
NN PN 7Y TNN AID 7w NI'D12'ITN

109 339mo 2701 9w ( Smil (

N9 N2V IWNMNNY 1782 DNAVN AW [T RIN L("NDIR NNPNR 2w nx12'R") 27 10T 0N INK
AwIN KIN,[27 .Naw -50-7521 Nawnl 1aun Nn7wnw nNnl,1a/onal 911 771,213 p77/ona ,nna/oxy
Y1Nn KIN L0111 .NN1A0 K27 TRA RN D'WTNNN NNIPRY D12'019 NNIPNRN DNPN DMWY 11AY7 N9RYNY
12UNN 17'R1(NN12 NNIR NID'aX) NDYW DTN 227 NN X NPT 7Y NNan Antn nd Tuw )27V
N2'N2N 07172 N'MAA0 220 NYUAL NN NT2UN5%W 172 ,71900 (11122 TUIX NN DTN IR NAR21I0 NNINY
2021 -1 D019 1ANAL,L|D 1D .0"A17'N NN NNIPAY 12Vnn 2V NiwpnY 217uw 12'w ,0'NINa 0'NLY
NIAN-IN? DNN'Y NITDIAAI NI NIYAIXY DIWTNNN NNIR NNIPHRA YIN'W? YRIN 1AVNY DNpIN YD

1 NINNNY DDIANNW INNNY W T¥N-PNAS ntNIN NNIHNY 110N 12vnw 0Nnannn 0avio 34 pwnn v
| |
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32 Melton N, Axsen J., Sperling D. (2016) Moving beyond alternative fuel hype to decarbonize transportation. Nature Energy 1, 1-10. 33

Vaclav Smil (2017) Energy and Civilization: A History; MIT Press. 3* Gourdel R., et al. (2021) The double materiality of climate physical and

transition risks in the euro area. Available at SSRN: https://ssrn.com/abstract=3939895 35_Lesk C, et al. (2022) Mitigation and adaptation
emissions embedded in the broader climate transition. PNAS 119(47):e2123486119. doi: 10.1073/pnas.2123486119. Epub 2022 Nov 21.

PMID: 36399549; PMCID: PMC9704734. el Coady D., Parry I., Le N-P., Shang B. (2019) Global Fossil Fuel Subsidies Remain Large: An

Update Based on Country-Level Estimates. IMF .Paper Working
NP NI OXNIN w917 (M7 mipn axm) A"nn (PPP Capita Per GDP(. 2¥ N23%30 NINNaNnn NN |2 RIYN 11IX? 2"mMn Nk 99nnw 11 37

Balhleial 38 https://www.oecd-forum.org/posts/the-jevons-paradox-and-rebound-effect-are-we-implementing-the-right-energy-and-

climate change-policies 89_Supran, G., Rahmstorf, S., & Oreskes, N. (2023) Assessing ExxonMobil&#x2019;s global warming projections.
Science 379 (6628), eabk0063. https://doi.org/doi:10.1126/science.abk0063
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40 “Qur principal constraints are cultural. During the last two centuries we have known nothing but exponential growth and in parallel we
have evolved what amounts to an exponential-growth culture, a culture so heavily dependent upon the continuance of exponential
growth for its stability that it is incapable of reckoning with problems of non growth”; M. King Hubbert, in Exponential Growth as a

Transient Phenomenon in Human History. 41 The Hubbert peak theory is based on the observation that the amount of oil under the

ground in any region is finite, therefore the rate of discovery which initially increases quickly must reach a maximum and decline.
Although Hubbert peak theory receives most attention in relation to peak oil production, it has also been applied to other natural
resources.

42THE HUBBERT CURVE: ITS STRENGTHS AND WEAKNESSES, by J.H. Laherrére e-mail: j.h.laherrere@infonie.fr. Version proposed to Oil and

Gas Journal on Feb 18 2000, https://web.archive.org/web/20181009083419/http://www.dieoff.org/page191.htm 43

https://www.sciencedirect.com/referencework/9780128197349/comprehensive-renewable-energy 44
https://web.stanford.edu/group/efmh/jacobson/WWSBook/WWSBook.html| 45

Where, It= investment expenditures in the year t; M= operations and
maintenance expenditures in the year t; Ft= fuel expenditures in the year t; E:= electrical energy generated in the year t; r = discount rate;
n = expected lifetime of system or power station.
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46 https://www.energy.gov/eere/energy-resilience 47 https://www.lazard.com/
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51 Clery D. (2022) A shortage of tritium fuel may leave fusion energy with an empty tank. Science 376, 1372-1376; “The world’s only
commercial sources are the 19 Canada Deuterium Uranium (CANDU) nuclear reactors, which each produce about 0.5 kilograms a year as a
waste product, and half are due to retire this decade. The available tritium stockpile—thought to be about 25 kilograms today—will peak
before the end of the decade and begin a steady decline as it is sold off and decays, according to projections in ITER’s 2018 research plan.”
ITER “is one of the most ambitious energy projects in the world today. In southern France, 35 nations are collaborating to build the world's
largest tokamak, a magnetic fusion device that has been designed to prove the feasibility of fusion as a large-scale and carbon-free source
“.stars and Sun our powers that principle same the on based energy of

N1 NT.DI'DMIL X' K71 DNV D719 K7W 11 -|NI2 W D'WIAI DRIVNA W AITNA 2V NITAIVY PITN NNAN W [P 190N DA W' -

S2NEUTRONLESS FUSION 53 Ball P. (2021) The race to fusion energy. Nature 599, 362-366. 54 (1)

https://www.science.org/content/article/historic-explosion-long-sought-fusion

breakthrough?utm source=sfmc&utm medium=email&utm campaign=DailyLatestNews&utm content=alert&et rid=644476212&et cid
=4528004 ; (2) https://www.nytimes.com/2022/12/13/science/nuclear-fusion-energy

breakthrough.html?campaign id=60&emc=edit na 20221213&instance id=0&nl=breaking

news&ref=cta&regi id=185025816&segment id=116850&user_id=120f7b8cbcbdcOcbf2de99d57de9e990 ; (3)
https://www.haaretz.co.il/science/2022-12-13/ty-article-magazine/.premium/00000185-089f-d11b-a1ff-1fdf319b0000 ; (4)
https://www.science.org/doi/epdf/10.1126/science.adg2854 ; (5) David, K. (2022) National Ignition Facility surpasses long-awaited fusion

milestone. Physics Today. https://doi.org/10.1063/PT.6.2.20221213a 55 "While the Livermore team achieved what researchers call a
scientific break-even or energy gain, it did not achieve an engineering break-even: The lasers used in the experiment required about 300
megajoules of energy to fire the 2 megajoules of energy into the experiment. Thus, they need to achieve a 100-fold more power
generated by fusion before this is really a breakeven exp. "
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56 (1) https://www.eia.gov/energyexplained/nuclear/the-nuclear-fuel-cycle.php
(2) https://www.world-nuclear.org/nuclear-essentials/how-does-a-nuclear-reactor-work.aspx

58
57 9IDITN VU'pA = 721000 Ypann? X1 NN NI N3, NINT NN IR DIND w70 U7 NI IXTY nwn https://www.world-

nuclear.org/information-library/current-and-future-generation/nuclear-power-in-the-world-today.aspx 59 (1) https://world-
nuclear.org/nuclear-essentials/what-are-the-effects-of-nuclear-accidents.aspx ; (2)
https://en.wikipedia.org/wiki/Fukushima nuclear accident#Background

information/org.nuclear-world://https) 2; (61 /10.1007/978-1-4419-0720-

2referenceworkentry/com.springer.link://https) 1 (¢>.aspx.management-waste-radioactive/wastes-nuclear/cycle-

fuel-nuclear/library
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62) 1 (https://www.osti.gov/pages/servlets/purl/1062599; (2) Conca, J. L. (2021) Uranium extraction from seawater makes nuclear power
virtually renewable. In E. Greenspan (Ed.), Encyclopedia of Nuclear Energy (pp. 277-285). Elsevier.
https://www.researchgate.net/publication/350364651 Uranium Extraction From Seawater Makes Nuclear Power Virtually Renewab
le
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50

YIXRN T 'WTN 28N 78 3 — 19,(2024) 0r'7pxinl n2'adn 1awn
: (1) 7'p 7 19on YV 0'oDANAN LW ITAR (DN 0NIA) "DNAIT D12 KNAT RID DT 1100
DI DY NRIIWNA ) DIND'N 7Y NINIRNND NI [DP P70 Y2120 'MINA N NIYXARA NPV 1120 DNbRI9
D'2ND'IN W NUXINAN N'D'PN NAIRNY 72 (D'9121 D720 0',0' 102 DRND'I U'NN NINA D'YNNYNY
NIVDINY VU'NAN IN0INN NININ Y'PAININ NI X' NWAaRN DN NAR NI N2IM VIp13Y7 0minn

9721 DN 90% 2'an P7TnnIn ()2 20N NN N'UI3 NNIR NRAan T2 1IN, )10nn n2'nna
n7109n) - waste -U trans — 0112 7w 12109 2*° ) ppajpiva -10%i ( Pu *% ,0IMIK 2w mwunn uan v

172 U gnnwn p21nn -10%w 1NK7 .01Y DNID 7w NYI0910 V1N 112N W 2T ,NNNK D'9'1a . (Dw!
D1VID,(NNPNN 7722 NIWAQI 27T 2w NIMINN NIRIDNNY |112) NAY7010 P2TN NN O'RNIN VIR 120N
DNPN NAYNN KXINY P7T0 IR .ITNIMN 1120 %2 121090 (3 ) .X%1 paodna TIav? 01Nl win poT
V172N NXIN DK D'TN91 ,1pNnw INK?I 0N NI2N2a ( products fission ( NX .'IXW 192 Dna 029001
DIYN ,'WAD IX 771TN DIIN NA0IN 2''NN 170NN . 9/1 ¥ DN wTNN 021190 DINIDIZ9n1 DITIND

27N DR 1TNAY [N IT NN .A7NNNA 12 NN DR DI e xm 2 v "' = Kimn 2 mwa nny
12N .Na0INT TWYIN N7 DIMIN W' TIV 92,0'ua n2n TERRAPOWER 7w Npaon Nina DI vy Naviv
NM2AN NININD NDINIY 70WNN N N2 NIWIAND 227 N1 naw 400 7wn? nnioa 7nwn it niwia n2ioa

niwa.2020



[NL1 V212 233 m1an Yw aionn "am 12" NIYNInnn NN Nxprn TERRAPOWER 2w wia :n
239 239
UIWR “>_ 9y punav qaini (Jnopzx) Xa pfp?n N1aino b2ia w,art X2 INn 91birx Np = 191l

2 W37 U p'p2n N0 0719 2 (7 qona (239 nrawima-Pu 2 12101 XL P'R7N NRIGD V719

VI 'Y Pu . 1900 IN NPT N D'WNINNN DTN 0N2Vnn 237 702 23° (0190 2w 'u1a) Ra9N

yiaN 'uay aini U

[T) DIILIZ9N NINIA N 'YNR PIONN DAY 24,100 1N N NN N 23y y 2329w nawTn ,om' Pu
. D'NAN NNITA IR WNWY 221 1NN 7' U'HAININ 22p2 nRIpNA R, (01w 24,100 81N D'NN NXNN
D"N N'XNN [AT) NWIXPHRN NNA0A N7AIpN NAXNAl - years=y ,days=d

,minutes=m : (

238U + ln 9 239U 9 239Np + B—’ 239Np 9 239Pu + B—’ 239Pu 9 235U +a
23 m2.36d 24,100y

.3.2.3 N'NINIRA NRIR

NMININA NIANIND YIN'WN 071N ,NIY 199X 110 OTR "2 WIN'WA NIRYNI 0N 0'NY7 1102 NTININA NN
T2 7Y MILI9ADN .LIYA KIN NMANIRA IR NPAN TINKA ['VIN .N0N' UTN |1'01 NIN 70N Npan?
NIVN DY (NMILIANDLN LIN'TIA) NILITNADLN NV AXP [N NINIPA INK? 1IN PRIVA DY D21V YIRD
N782 DNN .D'PINY 0'NIT'HA DN2N NN NIZU1 DD DI2'0N YIN' 017 NaN 2V ,(91N IX) 21T RIN
2 DNITNA YwNY%) NDWN 11 9% N'ON* 1IN0 X¥N1 7 7 TNN) Mnan ¥70 ¥ 0N 912 DNA NINIPHNA D'RYN)

mnan)

DN'TNALOIMTZX NI7VUN NIKA NN27 NYUHIN NMIDI9NLN 1AW PRIV? D'NTIR O'RNNN NN L (NIP21E Nvwa

71
701" P20 NTDDANN YV IAIN 22PN TINRN [9WAM), 11091Na DIDNINK NPYNNA NDTINY MW NDDIA1INA 7p1a

https://he.wikipedia.org/wiki/%D7%9E%D7%97%D7%93%D7%A8 %D7%A4%D7%9C%D7%95%D7%98%D7%95%D7%A0%D7%99

51

YIND T 'WTN 28N 28 3 — 19 ,(2024) 0'9pKRN1NAA0N 1awn

, 7NN NPan? NITIL NIVXAND 0'2'0a9n11 DANIY MIRY 1072 09 ( Flash 2 iy
[NNINNY DIWN NRTNNADNA [N [ITA XY D7IN, NiTpnom 74
. 1NN NN NPANY NIADI NIV 3wt 3 plants steam (
2 0%V 17'an 2019 NIwa .NoN' NN [TV 'M7IVN NNIRN pwn?0.013- TW NIMINIRA N11IR NIVUNNINR
29V TNV ,NTAY NNAN NIXIXRD ITARNIR YW Npann YR'NIvIaw- 0.1 TW. Yxxavian >n nuxi-MIT 91un
2 NIN 'M2IVN NPann 81XIDI9Y 7IUN7 W N NNAN NIXNIR 7Y npannl.7- TW) NN Da'a ON,(3.2 072D

JIMANINA NN DY NIYWA 1901 W NMAMA0 N1'NAN DA LNIWIARD 78 NIRN N2NXAD TRA pIn 1Ty



M1V DINN PR ,NPAN INNL NIZ'WA 2w DRI 1900 INKRYI 172NN NN PR KD NIMINIRAND NNIRN
YpIpn pniv? n21ma ninia om MTNn,L,[2A 102 ANKINK 1INAY IR NITPN DR PRun? WHMpnn yinpn
UNINN DNAW DINNA MR DA72) NRTR NIT'UI2 DNX71 MO0 NIZ'wa M7 n217u FRACKING — 1K1
0'22NN D'NNINAN DMNY DIwn 01NN M ont71 (07019 0'P7T (corrosive ( 0'712'1 0'92'A0 DINN N NI
N"T9 MINYN NI'RY 122 N'INIRAN NTIND [NN'.UPIPn NNA 0'RXAIN 0'7'V1 NITIO' 1NN

IMNQIA NI NN 1P DT W NILP NINNIY WwN W', 12 0N NN90INDKY? (S2H ( 0'nn 297 0715
NIYTNNA NIMINY NNINI'AN NI2JI0N NUXIAY 1p0N N21VYW 190,017 D'PRIvY? 1IaRwaw (IRENA

( DA'Nan) NEMININA NIINN 7Y NRIZIPRN 2200 NUIRAD Y KRIN 901 |NN' AT 90 NN NI DTN
N'N(TRN D'21T2 0PN V17 0'NTIR X7 DN NRPNY 0'XININ 07230 RN Nima ,nNi%'wal 0'wnTn 0Ny

n'on' nai1M.

7Y PRIV YMipny NTAIVN 2V 001NN K7N ,70WN NPan? 1w 1IN NTNINIR'Y N1IR7 Q0 Ipn o'y
D71 N'YUNI DNIAN 120 911N DANY MYAarN NIWN IR N2 11ID19AL 2V NNIY DNI90 DNLN
NINX NX N'MIVAYA DNXAXA DN D7IX ,0'9011 NNIPAN 123N DNYY7 02X 1001 0IMNN DR .Y'PA

76
. TN APAN K11 NWINPAN NNA0A " heat geothermal > 71T 7X'X1DI2 DNY? W' DANN 7V NIND
AN pump " NNIRN N2NX 7Y NNNANY 1TV 'WXNAND 071V D2IY NINIPRA NXINND YaIni 710 NNl

Dana.

.3.2.4 n"nwN-NT'N NN

IWAN NI P'9NY7 NN Y7 1101 DIMY? NI DIpRn 0T 02 win'y 2V N00IAN N'WN-NTN NIR
TI'Y 0'N DT 72U 1AN0NA,1N172 MR K77 (2 )-1 DN20 NIvXANa 0 NAR ()1 :019IK WA NIRT NIYYY?
DR NT'N NP YNWN NPANT NN'RNN DA NN, DY 199K 110 WIN'A NIRNNI NN ND'WN 1WA 91N

2 NN RENITIAN NNKR XD 20WN-NT0,N117'N0 NIARN 'An . 0 TTIA 0'N2 IN DY) 0'aw0.5-
TW n%21v) 2020 nava
3.2).

NIRIYMN LNIN NNAN YW NIFNAIM .NR2IL D007 VPN MY DRINAY IR 9T D'WNNWN Dmyy — 72

. . . 74
https://www.ormat.com/en/home/a/main/ J%_https://www.|rena.org/Energy—Transmon/TechnoIogy/Geothermal—energy (1)

Enhanced geothermal systems, (2) Binary cycle power plants, (3) Dry-steam power plants, and (4) Geothermal heat pumps. 75 MIT-led

interdisciplinary panel (2006) The Future of Geothermal Energy: Impact of Enhanced Geothermal Systems (EGS) on the United States in
the 21st Century,

76The US Environmental Protection Agency (EPA) has called ground source heat pumps the most energy-efficient, environmentally clean,
and cost-effective space conditioning systems available. Heat pumps offer significant emission reductions potential, particularly where
they are used for both heating and cooling. https://en.wikipedia.org/wiki/Ground source heat pump.
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77 https://www.britannica.com/topic/Three-Gorges-Dam/History-and-controversy-of-the-Three-Gorges-Dam 8 Abd-El Monsef H., Smith
S.E., Darwish K. (2015) Impacts of the Aswan High Dam After 50 Years. Water Resource Manage 29, 1873-1885. DOI 10.1007/s11269-015-

0916-z 79 https://www.theguardian.com/environment/2019/oct/21/the-lost-river-mexicans-fight-for-mighty-waterway-taken-by-the-us
80

https://theconversation.com/ethiopias-dam-dispute-five-key-reads-about-how-it-started-and-how-it-could-end-187644 81 Europe’s
Scorching Summer Puts Unexpected Strain on Energy Supply https://www.nytimes.com/2022/08/18/world/europe/drought-heat
energy.html?campaign _id=7&emc=edit_mbae 20220819&instance id=69654&nl=morning-briefing%3A-asia-pacific

edition&regi id=185025816&segment id=101756&te=1&user_id=120f7b8cbcbdcOcbf2de99d57de9e990 The dry summer has reduced
hydropower in Norway, threatened nuclear reactors in France and crimped coal transport in Germany. And that’s on top of Russian gas
cuts.

hydropower-about-facts-discover/iha/org.hydropower.www://https s2
7210 NI DINA P D'P'AAY NINMNA 2 NPN2 NDON 770N XN (712NK 1"9V) 21N129K KIN 21NK- 12, 83
.D'MTIR T U KNN 91T PN 22 DTN Y200 INK? 22817 DN DIRY D217 IN DY21IR DI'NRY NNX P700 PN 21NK RIN TI719% 21008- 11

84 .
0TI KIN PYT PQINN DINWN DYNNX IX NI %01 DYN 70N 22 DIRID -NPI9NDON DY 2IN1IA7K, AN7 210K IN 21000, With respect to

water consumption — bio-fuels are even inferior to some ordinary fossil fuels: Mulder, K., Hagens, N., & Fisher, B. (2010) Burning water: a
comparative analysis of the energy return on water invested. Ambio, 39(1), 30-39.
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85(1) Carlson, K. M., et al., (2018) Effect of oil palm sustainability certification on deforestation and fire in Indonesia. PNAS 115(1), 121-
126; (2) A case study: Palm Qil in Borneo; By Abraham Lustgarten
https://www.nytimes.com/2018/11/20/magazine/palm-oil-borneo-climate-catastrophe.html

2007: the U.S. mandated the use of vegetable oil in biofuels, = industrial-scale deforestation > a huge spike in carbon emissions.

https://interestingengineering.com/innovation/seven-biofuel-crops-use-fuel-production
https://www.eilateilot.org/database/%D7%A6%D7%9E%D7%97-%D7%A7%D7%99%D7%A7%D7%99%D7%95%D7%9F-

%D7%9B%D7%AA%D7%97%D7%9C%D7%99%D7%A3-%D7%93%D7%9C%D7%A7%D7%99%D7%9D/ 88
https://www.researchandmarkets.com/reports/5576475/algae-biofuel-market-forecasts-from-2022-to

20277gclid=EAlalQobChMIgZ RmK-m-wlVgoxoCR1u1Q3PEAAYAIAAEgIVRfD BwE 89-EIA (2019) International Energy Outlook 2019 with

projections to 2050, USA Energy Information Agency, www.eia.gov/ieo 90 IEA (2021), Wind Power, IEA, Paris
https://www.iea.org/reports/renewables-2021/renewable electricity?mode=market&region=World&publication=2021&product=Total

94'_Lua X., McElroy M.B., Kiviluoma J. (2009) Global potential for wind-generated electricity. PNAS 106, 10933—-10938 32 IEA (2019),

Offshore Wind Outlook 2019, IEA, Paris https://www.iea.org/reports/offshore-wind-outlook-2019 3 Jacobson, M.Z., C.L. Archer, and W.




Kempton (2014) Taming hurricanes with arrays of offshore wind turbines, Nature Climate Change 4, 195-200, doi:
10.1038/NCLIMATE2120.
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YaDN NNY N12NN 2w nTRY 11 .(2017) 98w 7102 DIwIN NPDIZ2IN? NTNIN NI - INA'ADI DING YN 732 NN NI - %5(2) ;
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%6https://www.sciencedirect.com/science/article/pii/S1364032122006852#:~:text=Wind%20turbines%20also%20emit%20a,frequency%2

0 noise%E2%80%9D%20(IFLN). 9-7_Li et al., (2018) Climate model shows large-scale wind and solar farms in the Sahara increase rain and

vegetation. Science 361, 1019— 1022 . %8 https://www.nytimes.com/2022/07/19/climate/spain-floating-wind-farm.html
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9 https://www.gov.il/en/departments/publications/reports/low-carbon_electricity economy paln

https://www.ez2c.de/ml/solar land area/ 101 Zhang, B., Zhang, R., Li, Y., Wang, S., & Xing, F. (2023). Ignoring the effects of photovoltaic
array deployment on greenhouse gas emissions may lead to overestimation of the contribution of photovoltaic power generation to

greenhouse gas reduction. Environmental Science & Technology .https://doi.org/10.1021/acs.est.3c00479
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https://cleantechnica.com/2022/07/25/new-research-says-vertical-solar-panels-have-improved-performance/ 1 (1)

https://www.solarwindow.com ; (2) https://www.weforum.org/agenda/2022/09/transparent-solar-panel-windows/ 104 (1) chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/ https://www.neaman.org.il/Files/DualUse Report.pdf; (2)
https://www.calcalist.co.il/local _news/article/hy8hivgijj
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105(1) Solar cell efficiency tables (version 60), 2022 - https://onlinelibrary.wiley.com/doi/10.1002/pip.3595 ; (2)
https://commons.wikimedia.org/wiki/File:Best-research-cell-efficiencies-rev220126 pages-to-jpg-0001.jpg ; (3)
https://www.forbes.com/sites/peterdetwiler/2019/09/26/solar-technology-will-just-keep-getting-better-heres-why/?sh=21f5a13e7c6b;
(4) Li G., et al. (2023) Highly efficient p-i-n perovskite solar cells that endure temperature variations. Science 379(6630), 399-403.
https://doi.org/doi:10.1126/science.add7331

6Babayigit A., Boyen H-G., Conings B. (2018) Environment versus sustainable energy: The case of lead halide perovskite-based solar cells

MRS Energy & Sustainability, doi:10.1557/mre.2017.17 107 https://www.cleanenergyreviews.info/blog/most-efficient-solar-panels 108
(1) https://hbr.org/2021/06/the-dark-side-of-solar-power; (2) https://www.latimes.com/business/story/2022-07-14/california-rooftop

solar-pv-panels-recycling-danger https://web.stanford.edu/group/efmh/jacobson/Articles/l/Heat&ColdStorage.pdf
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Environmental Science & Technology. https://doi.org/10.1021/acs.est.3c00287 112 (1) Turner J.M. (2022) Charged. University of

Washington Press. “Charged is more critical of battery power than most other books on this topic, noting that they appear “clean” only
because they obscure other, more discrete, impacts. In the environmental dimension, batteries depend on some of the most toxic metals
and materials in industrial supply chains. The list of environmental insults is long and sobering: lead, sulfuric acid, mercury, manganese,
zin, steel, carbon, graphite, ammonium chloride, potassium hydroxide, cadmium, lithium, nickel, cobalt, and sometimes rare earth
minerals. Batteries are thus intimately connected with mining and extraction and with energy-intensive processing. When they are used
up, they often return to the earth in the hazardous form of waste or pollution.” In: The hidden costs of batteries by B. K. Sovacool (2022)




Science 377, DOI: 10.1126/science.add0714; (2) Pang Q. et al. (2022) Fast-charging aluminum—chalcogen batteries resistant to dendritic
shorting. Nature 608, https://doi.org/10.1038/s41586-022-04983-9. (3) Velumani, D., & Bansal, A. (2022) Thermal behavior of lithium- and
sodium-ion batteries: A review on heat generation, battery degradation, thermal runway — Perspective and future directions. Energy &
Fuels. https://doi.org/10.1021/acs.energyfuels.2c02889. (3) Zhu, G., Tian, X., Tai, HC. et al. (2021) Rechargeable Na/Cl2 and Li/CI2

batteries. Nature 596, 525-530. https://doi.org/10.1038/s41586-021-03757-z 113 (1) Lokesh, S., & Srivastava, R. (2022). Advanced two-

dimensional materials for green hydrogen generation: Strategies toward corrosion resistance seawater electrolysis—review and future
perspectives. Energy & Fuels. https://doi.org/10.1021/acs.energyfuels.2c02013. (2) Farooq, U., Ahmad, T., Naaz, F., & Islam, S. u. (2023).
Review on metals and metal oxides in sustainable energy production: Progress and perspectives. Energy & Fuels.

https://doi.org/10.1021/acs.energyfuels.2c03396 114 Thangamuthu M., et al. (2024) From scrap metal to highly efficient electrodes:

harnessing the nanotextured surface of swarf for effective utilisation of Pt and Co for hydrogen production. J. Materials Chemistry A.

https://doi.org/10.1039/D4TA00711E 115 Dotan H. et al (2019) Decoupled hydrogen and oxygen evolution by a two-step

electrochemical-chemical cycle for efficient overall water splitting. Nature Energy 786, 786—795. 116 (1)

https://www.gov.uk/government/publications/hydrogen-investor-roadmap-leading-the-way-to-net-zero ; (2) Long, C., Dong, X., & Huang,

J. (2022). Latest progress on photocatalytic H2 production by water splitting and H2 production coupled with selective oxidation of

organics over ZnIn2S4-based photocatalysts. Energy & Fuels. https://doi.org/10.1021/acs.energyfuels.2c03588. 117

118

https://ravensr.com/water-intensity-is-tantamount-to-carbon-intensity-for-climate-friendly-fuels/

https://www.science.org/content/article/splitting-seawater-provide-endless-source-green
hydrogen?utm_source=sfmc&utm medium=email&utm campaign=DailyLatestNews&utm content=alert&et rid=644476212&et cid=463

9837 Yuan'., et al. (2022). Earth-abundant photocatalyst for H2 generation from NH3 with light-emitting diode illumination. Science
378(6622), 889-893. https://doi.org/doi:10.1126/science.abn5636
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120(1) Zou, C. (2020) Energy Internet Technology. In: New Energy. Springer, Singapore. https://doi.org/10.1007/978-981-15-2728-9 5 (2)
Joseph A. & Balachandra P. (2020) Energy Internet, the future electricity system: Overview, concept, model structure, and mechanism.

Energies 13, 4242. 10.3390/en13164242. 121 Allesch, A., Huber-Humer, M. (2023). A Brief Glance on Global Waste Management. In:

Tribaudino, M., Vollprecht, D., Pavese, A. (eds) Minerals and Waste. Earth and Environmental Sciences Library. Springer, Cham.

https://doi.org/10.1007/978-3-031-16135-3 9 122 (1) https://web.stanford.edu/group/efmh/jacobson/WWSBook/WWSBook.html ; (2)

http://www.eia.gov/outlooks/ieo/pdf/IE02021 ChartLibrary References.pdf https://www.oneearth.org/the-7-reasons-why-nuclear-
124

energy-is-not-the-answer-to-solve-climate-change/ .[nTw onapnn A 3 TV 5 0w SMR 6-5 01w 1127, 102 |2 — DI DTV YN 2V NiN'a

DINMIPN 122 '3V NUIIN DNID 02T NN N 2 125 On the one hand Japan has built a total of eight nuclear power plants since 1996,
being the fastest, taking only 46 months to build each plant. But with a cost: “Japanese nuclear power plants are disasters waiting to
happen.” —in: H. Blatt (2011) America’s Environmental Report Card, 2" edition, p. 224, published two months before the March 11" 2011

Fukushima nuclear disaster. 126 Vaclav Smil (2017) Energy and Civilization: A History; MIT Press. 127

https://unece.org/sites/default/files/2022-04/LCA 3 FINAL%20March%202022.pdf 128 intermittent disruptions to data availability:
https://www.eia.gov/outlooks/ieo/introduction/sub-topic-01.php
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MIN1 DN WNNWNT 17'NNNY INN? DNIYWY 0121019 D'P7T 1237 DA DTN 19 1'N 2w 11317 2AwnN D72IN
TIN'YAAL IYI'YI NN, RN NPan 72 DU0TINN D'LANA NITPRNA DI NIQINTA NIZRWN .N1AONA

D'N9 IXY) NT291 NAINN, YT I, NI NI'A0,0'72] 201 22,012 NIANN 7wn7 1n2,0'9TVINN 020180 3

129Davis S. J. et al. (2018) Science 360, eaas9793. DOI: 10.1126/science.aas9793. 130 (1)

https://www.vox.com/2016/9/19/12938086/electrify-everything; (2) Williams J. H., et al. (2012) The technology path to deep
greenhouse gas emissions cuts by 2050: The pivotal role of electricity. Science 335(6064), 53-59.

https://doi.org/doi:10.1126/science.1208365 Aviation is the most difficult to convert, but there are attempts to reduce its GHGs

emissions, at least in EU - https://www.edf.org/media/us-airlines-give-legal-fight-against-eu-anti-pollution-law

https://web.stanford.edu/group/efmh/jacobson/Articles/I/NonEnergySolutions.pdf 133 IEA, Life Cycle Upstream Emissions Factors

2024, IEA, Paris https://www.iea.org/data-and-statistics/data-product/life-cycle-upstream emissions-factors-2024-2 -]34-(1) Lollar, B. S.,
Onstott, T. C., Lacrampe-Couloume, G., & Ballentine, C. J. (2014) The contribution of the Precambrian continental lithosphere to global
H2 production. Nature 516(7531), 379-382; (2) Warr, O., Giunta, T., Ballentine, C. J., & Sherwood Lollar, B. (2019) Mechanisms and rates
of *He, “°Ar, and H2 production and accumulation in fracture fluids in Precambrian Shield environments. Chemical Geology, 530, 119322;
(3) Hidden hydrogen - https://www.science.org/content/article/hidden-hydrogen-earth-may-hold-vast-stores renewable-carbon-free-
fuel ; (4) Government offers first major funding for unexplored energy source -
https://www.science.org/content/article/u-s-bets-it-can-drill-climate-friendly-hydrogen-just

oil?utm_source=sfmc&utm medium=email&utm campaign=DailyLatestNews&utm content=alert&et rid=644476212&et cid=4892736
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NMIVAYN DNNY 01712 [N NP2 DNRD TR DM . NN90INDKRN [N 117'02 NY'oNI N"Ta VIap 2w NIYprIa

N207 NI NIMITT NNIR NPan NIL'YA 019019 0P2T Na%NnY.

NIN, NIRRT DN NNIPN 1901 %W 21%'w 20 D0AN' MY%2IVN NNIRND pwnRY? [NNa %2 ,'Movn?
-1 NDPIR-NTN NDIIN,NN N IR, NNN?I0 NNIR DY (N 27w N0 [IWRN 2792 V1) Nl
NI2 NIINNA [21 NNADINDLKRN N N"T9 P07 1IN N, 2PN .( DINNKD Y 2V N2 D210 DY) DP9T
N"Y11 219'07 Q02 NINT 22 .(DNNKR TN '"INTA P07 2'2pnal) NiIaN 0w TIV 21097 12'wn'y NiYoia

NINN N2MX DINAXINIZVTTNMN D127010 0TP? NNLNA,NT P92 P70 [9IN NAITIY ,WIRIAN.

135There are two major pathways to produce Hz by igneous rocks (Lollar, et al., 2014): (1) ~80% s produced through serpentinization -
water reaction with iron-rich minerals that reside in iron-rich rocks to make hydrogen; (2) ~20% is produced by water splitting facilitated
by radiation emitted from trace radioactive elements (mostly U and Th) usually enriched in granites. This process is slow, so ancient
(Precambrian) rocks are most likely to generate hydrogen.
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Davis S. J. et al., (2018) Science 360, eaas9793. Reprinted with permission from AAAS.
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Hand E. (SCience) - https://www.science.org/content/article/hidden-hydrogen-earth-may-hold-vast-stores-renewable-carbon-free-fuel
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“There is no such thing as away.
When you throw something away,
it must go somewhere.” - Annie Leonard
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0'211 0NN ,0'WIN 1IRY DAXIND DYYWY DN D230 NNRIN TPRNA AT 7192 NN NIYIIRNY DYN2'A0N
DNINID'7712'N ¥ NI 21T 19002 12ITA .0'MN'YN DN 0N IN,NTIAUN NYUXINAD DN 0'1ANNN

T NIPAINN NIMNIN W DITAIR . YIND T 2w (2I1X'1NN P2NN) DNpN w700 DNID DTRN 2 DNNR

IN D''N 2020 IN D'NAXA D'PAINN 023 NN W90 . Maw L aiNan (1200 YW NIn“ma 0mnonann
INDINND

NNIPY '97 ANINNN 172NN AW XIN DN P70 WTRNN AXWA RIN D730 MNINA p70 .19'019 p%Tn DTNaon
v1aIN (Hubbert ( DTIA'WI D'WNTN D720 NN DM 2'NNNN 0N 21700 wNim 2% 3. p19a i ann ny

[IWRIN ANND AN 0AIYN D'NAA0 DNANK NYIZYW DY NTIWHPNA .IMN 9107 VAN IXINN 1WNI D'N0NI

JWIN'Y =X ' =2 Nun n%3%2) aun 0vn 219017 (NINLN — wIN'Y — 11X 1) 1ip 0N 217000 112YY KIn
MNINAN DNXIMN DNIXINAD NIY 22071257 KINIYNNRDL(D'WTN DNXIN XY — D720 NRINITNIEpNna
XD VU D21V 1'KY AP D'WTNNAN DNIND NN 1NX71 0'WTNRNN 022 MNINA 0NXIMN N7837,0'90N00 0722
NINJN N'XNNA NI DYINND YYD ,2IN - DI D220 0PN DNRIND W wITR? AN . DNIYTNNN
NN . 1NN 3 NI21a0a MIMN 1WA 0NXE NEIXIN NN TRNRN 2IT0 1WAl DN 021K ,0930

DTN 1227 DNIZ'VIY 0"917'N DNNINA 0'2'V1 0DNRIN 927007 RIN 'YW NINYon (toxicity (NNLO'OIPNYI
(ecotoxicity ( T8N 71Ta |11a0 D'D2191 D'YNANEA DTRN 1AW DIYA VA1 1A% 11,1071 7'20N 1INT.ANINa
NIX 09N 9N N"IT D'WYTAY N'IRPIINRD NMTHIRND NN -20142 .0'%'W10 D'WIT IN D'TIWNN 0NN 7Y .

41 DMNINY NINILA NIAMLILYR WI9N W NINPUD
A4.1n'22vn 09372

LCA —n"nutnn Yw nt'yax, 2( ) ©: (1) nianpyu oiwv > 1900 YU 00ann N2aun nY273 9w DN
N7109 I'NY 0732 MNINA WIN'Y 9212, IXIN2 DNTNINNA D22 RN 27w (3 ) 11X 970N 2100 NRNpy

ni?'va Yw

1(1) https://www.usgs.gov/special-topics/earth-mri; (2) Minerals Yearbook - https://www.usgs.gov/centers/nmic/publications; (3) Mineral
Commodity Summaries (2022) U.S. Geological Survey. https://doi.org/10.3133/mcs2022; (4) https://eos.org/features/critical-minerals-for

a-carbon-neutral-future?utm source=EosBuzz 2_(1) What is a circular economy? https://ellenmacarthurfoundation.org/topics/circular-
economy-introduction/overview ; (2) https://www.international-synergies.com/; (3) United Nations Environment Programme (2021)
Making Peace with Nature: A scientific blueprint to tackle the climate, biodiversity and pollution emergencies. Nairobi.
https://www.unep.org/resources/making-peace-nature: A circular economy is a systems-based approach to industrial processes and
economic activities that enables the resources used to maintain their highest value for as long as possible. Key considerations in
implementing a circular economy are reducing use, extending longevity, renewability, reusability, reparability, replaceability, upgradability

of resources and products. 3 Rangel-Buitrago N., Neal W. (2023) The unsustainable harvest of coastal sands. Science 382,1116-1118.

DOI:10.1126/science.adj9593 https://www.science.org/doi/10.1126/science.adj9593 4'_The National Academies (2014) Framework to
Guide Selection of Chemical Alternatives. ISBN 978-0-309-31013-0, 253965/NBK/books/gov.nih.nlm.ncbi.www://https

)1( navn npo121IRA 2021 NI NINYIY 172730 TWNR Q0K TIT1"T YW ARXIN. (2) 01719120 D1IVIR YW ARXIN (Mavropoulos
Antonis (°> /https://www.weforum.org ( ; )5 /https://pacecircular.org ; )4( /https://ellenmacarthurfoundation.org (3) .2021 , 219'0% NYI092

0122 'Mawn 6 LCA — Life Cycle Analysis: (1) Muralikrishna, I, & Manickam, V. (2017) Life Cycle Assessment. In (pp. 57-75).
https://doi.org/10.1016/B978-0-12-811989-1.00005-1 — “Life cycle assessment is a technique for assessing the environmental aspects
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23NN 72920 'N2n 1865 mawa " 1 paa'a opima T hu 1201 022 RN Y NaNNA 21T .0WTN 092
01122 . 0 ON'7'11 (Jevons .S William (| on'"aw 1NK7 ,NMI'WUNN N290NN 7¢ NARIXIWYUA .AYMan nyvaima
NJMX,DIN NT'N'Y DNA NN WANWAL IMTINN NI D20 7' w10 VIIN %2 WTN A0 X'XAN DNII
,'902 [120'N7 NNAN NIZV'NNNY KN ,0112 [VD ;)27 N2A'0N .NN%V ,UMan [9IN1 X7X ,NNNA X7 DNan
DWYI NRND .0NAY7 WIp'aa n'7U7 NNAW N9220 NNMY NN ARXIND XY NANNA TN Upwing
nL'wN NoN .( INK? 01Y 12 nnan") DNNK VAL 'AkwNY NANIN DNA )Y DI INMY NVAINN,[an
IV'PYN7 NIN 2V D'ARYNA NPANA NIA0IN [N 901 NIYANWA NINNDA NNAN ,N'00Y0'apn "opna o
N"20%7 KpHIT NNYIAENIZVUMNINA D220 NINNM NN N20210 122700 NN, AIX'MER% N1aana o
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NNY 12 NINaY

associated with a product over its life cycle. The most important applications are these: (1) analysis of the contribution of the life cycle
stages to the overall environmental load, usually with the aim to prioritize improvements on products or processes, (b) comparison
between products for internal use. An LCA study consists of four stages: Stage 1: Goal and scope aims to define how big a part of product
life cycle will be taken in assessment and to what end will assessment be serving. The criteria serving to system comparison and specific
times are described in this step. Stage 2: In this step, inventory analysis gives a description of material and energy flows within the product
system and especially its interaction with environment, consumed raw materials, and emissions to the environment. All important
processes and subsidiary energy and material flows are described later. Stage 3: Details from inventory analysis serve for impact
assessment. The indicator results of all impact categories are detailed in this step; the importance of every impact category is assessed by
normalization and eventually also by weighting. Stage 4: Interpretation of a life cycle involves critical review, determination of data
sensitivity, and result presentation”; (2) https://www.eea.europa.eu/help/glossary/eea-glossary/life-cycle-assessment; (3)

https://ecochain.com/knowledge/life-cycle-assessment-Ica-guide/; (3) https://www.oneclicklca.com/ 7_Tribaudino M, Pavese A.,
Vollprecht D. (eds.) (2023) Minerals and Waste. Earth and Environmental Sciences Library. Springer, Cham. ISBN 978-3-031-16135-3.

https://doi.org/10.1007/978-3-031-16135-3 8 Tomatis, M., Petriglieri, J.R., Turci, F. (2023) Waste, Environment, and Sanitary Issues: Are
They Really at Odds?. In: Tribaudino, M., Vollprecht, D., Pavese, A. (eds) Minerals and Waste. Earth and Environmental Sciences Library.

Springer, Cham. https://doi.org/10.1007/978-3-031-16135-3 10 g_Zhao, B., et al. (2024) Data science applications in circular economy:
Trends, status, and future. ES&T.

https://doi.org/10.1021/acs.est.3c0833 -}g-https://www.ecowatch.com/upcvcling-facts—ecowatch.htmI 11 (1) Polimeni J., Mayumi K.,
Giampietro M., Alcott B. (2008) The Jevons Paradox and the Myth of Resource Efficiency Improvements. Earthscan; (2) Richard York and

Julius Alexander McGee (2004) Understanding the Jevons paradox. Social Sci. Quarterly 85, 1179-1190. 12 Harty D.. Saunders (1998) The

Khazzoom-Brookes Postulate and Neoclassical Growth. Eastern Economic J. 24, 285-298. ¥ nniann Brookes-Khazzoom nu'Xnw nuwn NN
.12 NANIR NINXY DNAY NIZI2 NI NN NANIR NV 12 TIIRANN DPAR Y22 ,N12AIN NIIR NINX? 22107 N1YY NN2AIM 2R N2 2

N1NN .NM2oN 1737301 N1NIRN 'NINNA DY DNPNRIEDINIRNY? RPN AT 0pImMan goals/org.un.sdgs://https 13 1P NN nwaTN
2222 NNMXI NANIR NINX,NAIR NIZW A 10700,
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14OECD (2019), Global Material Resources Outlook to 2060: Economic Drivers and Environmental Consequences, OECD Publishing, Paris,
.en/10.1787/9789264307452-org.doi://https

NP NI OXNIN w917 (M7 mipn axm) A"nn (PPP Capita Per GDP(. 2& N23%30 NINNaNNN NNT |12 RIEN 11IX? 2"Mn Nk 7nnw 171 1

.kg 1,000 =tonne 1 where ,tonne 9710 = tonne-giga — GT 1sN11'TN. 4.0 BY CC :License , petrochemicals-of-future-

the/reports/org.iea.www://https Paris ,IEA ,Petrochemicals of Future The,)2018 (IEA 1s Biota - NIX' - DMTIATIND 72 O NN [N NN
D'10N '97AINA 1ITRA 7 011N X7 Npovn 'RINID'T?' NTIAY,'PIN M1 1IN0 N0 N'WUNY 0730 NN Npan NN ,N1InNN NM2a0N nvawin? qona
NN Yw 1°
D0"INN 7w 2020 NIwN N“IT2 NY'aIM N9'HN NNHO D7IX ,NIN'ION NIINNA N0 ¥ 1WpN2A NTRWIZ A1TNI TIV 1INIX NIY7NIN
— UNEP (United Nations Environment Programme) and GRID - Arendal (2020). The lllegal Trade in Chemicals
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20The Journal of Cleaner Production is an international, transdisciplinary journal focusing on Cleaner Production, Environmental, and

Sustainability research and practice. Through our published articles, the Journal aim at helping societies become more sustainable. 21

(1) https://www.nature.com/articles/s41893-024-01374-y.epdf?sharing_token=-roFECKicicGfTyhD13HRARgNOAIWel9inR3ZoTvOMxre1pNHVboz g7Swb0eBggMBpsz83UeldDCwUohVw-3B6WTVSDIOFtbtoSK782W
85GiD8koD7V-_ze1KKZfRtIOIFO4AXIDNAXCA|DadsVdlzroUlr-riH17jz6MSF772vq4t65uhncP8IMaB-4mivVLVfXbmDD8NRbcwVfpHg2b8ZFEUS8cCOVEaZDWNYCcROhDMZQ 1522 HFii93hi6 -

jecPTwV._ZBfsxbZFIGglgrd47GdAWZNYCDIgYgwIwkWvihixFgmwNacaa27waapug; (2) https://www.ecowatch.com/pharmaceutical-pollution-green-drugs-wildlife
biodiversity.html
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OECD (2018) www.oecd.org/environment/waste/highlights-global-material-resources-outlook-to-2060.pdf ;
Reprinted with permission.

225DS = Sustainable Development Scenario, indicating what would be required in a trajectory consistent with meeting the Paris Agreement
goals of less than 2°C World average-temperature increase.
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OECD (2018) www.oecd.org/environment/waste/highlights-global-material-resources-outlook-to-2060.pdf ;
Reprinted with permission.
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IEA (2018), The Future of Petrochemicals?* https://www.iea.org/reports/the-future-of-petrochemicals ; CC BY 4.0;
Reprinted with permission.

'V DN 0'7)'1) NINPYN NIMYYWUNN NIM7'UaNn NN 7w 0719 N™Y91 n1IR N2IX 4.4: 71K
qUPN L(NIN?7N2 DT [IWT NN XY 012'019 0'P7TN 09PN TIN10Y7 —

IEA (2018) The Future of Petrochemicals https://www.iea.org/reports/the-future-of-petrochemicals ; CC BY
4.0; Reprinted with permission.

241EA (2018), The Future of Petrochemicals, IEA, Paris https://www.iea.org/reports/the-future-of-petrochemicals
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(1) ironmaking12(-) steelmaking. 12 D'TAUN MWK P71 UXINN [IWKIN A2wW0n (ore ( 27% Nina? 2'anin

212 IX 179 DNTNAN WK 'V DNDI91,NN2NA Pain (. 27 v1aani L'LHRN 1P'YA) YT WY 0Y1IN

[lwKXIN 27wA (ironmaking (T2a1lvn DNAa NINJ12A [INDA IXAN DX (0I'T7X -2550°1 ) 113N o'nnnn (COKE -
air of absence the in heated coal (1" |ani (3CaCO ( NIMIND) NIXAN NIPXPRIN NN NIwNINNI

T NRIYA NIADINN 2w NITRON DR NIRXN oo (g, pxim (s (,na -2t (1((

): 281, axnNn TN jnna N ona Yw pn jixnn (CO (Nnax INwnn 1*nn) oing G
A"v 2C(s) + Oa(g) > 2CO(g) + heat
2. N"T9INNWI MINN 212N NN IXAN TN [ANA T 0 D'IDNNA KXNIN 'DIV-N%N 712 5% TN
NIN NYUPWN wAITN '70Nn) ; G Ararrn):
Fex0s(s) + 3CO(g) <> 2Fe(l) + 3CO2(g)
3. 7"20N) N"Ta 1NNWI MINN 7112701 NNYTAIVN DNA 720 DIDANA KXNIN 'Y-N7N 712 %W TN
NNIR NUPYN BNITNY):
2Fe03(s) + 3C(s) <> 4Fe(l) + 3CO2(g)
4. 1IN NUPWN AT 20N) 079 INNWIE T NXINNN NN AN AR PNa) :

CaCOs(s) + heat <> CaO(s) + COz(g)

P19'0 72 T %u1 225, 210 NN YTAN 2121 DY NURANY IX NXINN DY [T0 NXIMNN 2w nann (slag (
NUPWN wAITN 1'20N) (D022 T1an? (N 721,100 931 NIm 212N 91ax NiNa A'0n) N2IVNNN NIXN

NINY):
CaO(s) + SiO2(s) <> CaSiOs(l)

NT290 X"t YW awn 2A%wA ( steelmaking(, TN' (N"Ta1N2) 0'P21I0N NINN T2 D'RXYNIN [ANAN 'aTIV
NI'NNIN NN D'9'0IN ,|2n INKY7 (30 DX [T'ON 'aTIV DU 0'29NY) [NITENN9n 19TV 211100 071010 DNK
NIN NYUPYN 21NN DT 70N DA [IWKN 2722 102 .NAI0A0N MY NNARD NIDNAN 71 D2 72 NIPATIn

%1M21,0%20 1IN DRNNA DRI9IN WA NV DWN 22w 012X 2500° 2uny N1iv1anva nwul NNl N1

DTNINNA NT79 IN 772N, 7712 1972'0 [IWRIN A%V painw DIwN].

25 (1) https://www.greenspec.co.uk/building-design/steel-products-and-environmental-impact/ ; (2)

https://web.stanford.edu/group/efmh/jacobson/Articles/I/NonEnergySolutions.pdf
*https://worldsteel.org/media-centre/press-releases/2021/global-crude-steel-output-decreases-by-0-9-in

2020/#:~:text=Global%20crude%20steel%20production%20reached,by%200.9%25%20compared%20t0%202019. . -2y |1 7112 1T -2

D'LAN RN NXINNN T2 022NN IR P12 NYN-DV. D'DAN KN NXINNN T2 02200 |0 P12 NN 2A G = change in Gibbs free energy of the
reaction. It equals the difference between the Gibbs free energy of the products minus the .favored thermodynamic is reaction the 0, <is
value the If .reactants
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30 https://www.iea.org/reports/industry
31Zhang J., et al. (2023) Iron and steel industry emissions: A global analysis of trends and drivers. Environmental Science & Technology.

https://doi.org/10.1021/acs.est.3c05474 g'Z_Judge W. D., Paeng J., Azimi G. (2022) Electrorefining for direct decarburization of molten
iron. Nature Mater. 21(10):1130-1136. doi: 10.1038/s41563-021-01106-z.
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3 Gerres, T., et al. (2020) Green steel production: how G7 countries can help change the global landscape. Leadlt - Leadership group for
industry transition.

34Noble, B. B., et al. (2024) Electrochemical chlor-iron process for iron production from iron oxide and salt water. Joule, 8(3), 714-727.
https://doi.org/10.1016/j.joule.2024.01.001

3>Lei, T. et al. (2023) Global iron and steel plant CO2 emissions and carbon-neutrality pathways. Nature 622, 514-520.

https://doi.org/10.1038/s41586-023-06486-7 %https://www.theguardian.com/cities/ZO19/feb/25/concrete—the—most—destructive-

material-on-earth 37 Lehne J. and Preston F. (2018) Making Concrete Change: Innovation in Low-carbon Cement and Concrete.
CHATHAM HOUSE REPORT. ISBN: 978 178413 2729

38 https://www.theguardian.com/cities/2019/feb/25/concrete-the-most-destructive-material-on-earth 39

https://www.theguardian.com/cities/2019/feb/25/concrete-the-most-destructive-material-on-earth 40

https://www.theguardian.com/cities/2019/feb/25/concrete-the-most-destructive-material-on-earth 1

https://www.defeatdd.org/blog/mud-mortar-preventing-disease-through-interventions-built-living-environment 42 Ho, H.-J., lizuka,
A., & Shibata, E. (2021) Chemical recycling and use of various types of concrete waste: A review. J. Cleaner Production 284, 124785.
https://www.researchgate.net/publication/346391392 Chemical recycling and use of various types of concrete waste A review
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43Dunant, C.F. et al. (2024) Electric recycling of Portland cement at scale. Nature. https://doi.org/10.1038/s41586-024-07338-8 44 (1)
Sickmann, Z.T., Lammers, N.C. & Torres, A. (2023) Fingerprinting construction sand-supply networks for traceable sourcing. Commun
Earth Environ 4, 405. https://doi.org/10.1038/s43247-023-01071-2; (2) Herring, M. (2024), Sandy fingerprints trace supply sources, Eos,
105, https://doi.org/10.1029/2024E0240004 45 CaCOs(s) + clay + heat = clinker {SiO2(~21%), Fe203(~3%), Al203(~7%), MgO(~2%),
CaO(~63%)} + CO2

46 https://ourworldindata.org/emissions-by-sector 47 Jiang, K., Yu, H., Sun, Z., Lei, Z,, Li, K., & Wang, L. (2024). Zero-Emission
Cement Plants with Advanced Amine-Based CO2 Capture. Environmental Science & Technology.
https://doi.org/10.1021/acs.est.4c00197
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48 https://theconstructor.org/concrete/ferrock-characteristics-applications/565525/ 49

https://www.weforum.org/reports/shaping-the-future-of-construction-a-breakthrough-in-mindset-and
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S0TCE = technology critical elements TCE. TCE are essential materials for high-tech technologies, characterized by scarcity and economic
importance. They enable functions like energy storage, miniaturization, and high-performance capabilities in various industries.
Identification is based on limited availability, supply chain risks, and impact on competitiveness - Klee, R. J., Graedel, T. E. (2004) Elemental
cycles: A status report on human or natural dominance. Annu. Rev. Environ. Resour. 29, 69-107. (2) Cobelo-Garcia, A. et al. (2015) COST
action TD1407: network on technology-critical elements (NOTICE)—from environmental processes to human health threats. Environ Sci
Pollut Res 22, 15188-15194. https://doi.org/10.1007/s11356-015-5221-0
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IEA (2021) The Role of Critical Minerals>®in Clean Energy Transitions, https://www.iea.org/reports/the-role-of
critical-minerals-in-clean-energy-transitions ; CCBY 4.0; Reprinted with permission.
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