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Pollution and poverty

92% of all pollution-related mortality is seen in low-
income and middle-income countries, with the greatest
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Figure 8: Number of deaths per 100 000 people that are attributable to all forms of pollution, 2015
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Climate change and transport

« Climate change (global warming) is caused by progressive accumulation of
“‘greenhouse gases” (CO—emitted mainly from burning fossil fuels by
power plants, industry/ transport,\households and agriculture.
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https://www.europarl.europa.eu/news/en/headlines/society/20190313ST031218/co2-emissions-from-cars-facts-and-figures-infographics



Climate change and road transport

W Personal mobility must be transformed in many ways

Car Large & Engine Largely Taxes on fuel Driven &
dominated heavy powered owned dumb
by oil
L)

iR
i,

¢
P e > B s B @

Co-modal Rightsized Electric Mainly Charges Connected &
-smaller & motors accessed on use driveless

lighter

v4 .
2040 = LA
- .
o B azpcar o
U TRANSPORT & w@transenv [ @transenv
.I ENVIRONMENT @ transportenvironment.org Sourco: TRE

Transport & Environment

Published: April 2018
© 2018 European Federation for Transport and Environment AISBL



Electric vehicles (EVS)

https://www.nytimes.com/2021/03/02/climate/electric-vehicles-
environment.html|



Wheels » Features

Forbes Wheels Technology Of The
Decade: Electric Cars

John Voelcker

~sntributor

The global auto industry now pretty much
accepts that over the next two or three
decades, the bulk of the 100 million new
vehicles built every year will transition from
fossil-fuel engines to electric power.

https://www.forbes.com/wheels/features/forbes-wheels-

technoloqy-of-decade-electric-cars/
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De Vooruit is nog niet dood
Nieuw overleg over naam
kunstencentrum

Bedrijfswagen blijft aanlokkelijk,
als hij maar elektrisch is

MOBILITEIT Met een exclusieve fiscale aftrekbaarheid voor elektrische wagens en een
fiscale stimulans om overal laadpalen neer te poten, hoopt minister van Financién
Vincent Van Peteghem dat de elektrische bedrijfswagen vanaf 2026 de norm wordt.
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Laadpalen nu

Het succes van de elektrische
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cent toe te kennen op de investe
ring. Om de installatie snel een
boost te geven, ral de verminde
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Electric vehicles (EVSs)

No tail-pipe emission of CO,
+ reduced emission of NO, and fine particles — A air quality (“co-benefit”)

But:
- Electricity generation (fossil fuel / renewable sources)
- Life cycle emissions (vehicle production + use + disposal)

» ‘“taking into account the average energy mix in Europe, electric cars are
already proving to be cleaner than vehicles running on petrol. As the share
of electricity from renewable sources Is set to increase in the future,
electric cars will become even less harmful for the environment”

(https:/Iwww.europarl.europa.eu/news/en/headlines/society/20190313ST0O31218/co2-emissions-from-cars-facts-and-figures-infographics)
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Net emission reductions from electric cars and
heat pumps in 59 world regions over time

Florian Knobloch®'2&, Steef V. Hanssen®', Aileen Lam?3, Hector Pollitt ©2#4, Pablo Salas®?25,
Unnada Chewpreecha?*, Mark A. J. Huijbregts©'and Jean-Francois Mercure©'24¢

The electrification of passenger road transport and household heating features prominently in current and planned policy
frameworks to achieve greenhouse gas emissions reduction targets. However, since electricity generation involves using fossil
fuels, it is not established where and when the replacement of fossil-fuel-based technologies by electric cars and heat pumps
can effectively reduce overall emissions. Could electrification policies backfire by promoting their diffusion before electricity
is decarbonized? Here we analyse current and future emissions trade-offs in 59 world regions with heterogeneous households,
by combining forward-looking integrated assessment model simulations with bottom-up life-cycle assessments. We show that

already under cur

fossil-fuel-based| VW€ Show that already under current carbon intensities of electricity generation,
o resione ] €lectric cars and heat pumps are less emission intensive than fossil-fuel-based

alternatives in 53 world regions, representing 95% of the global transport and
heating demand. Even if future end-use electrification is not matched by rapid
power-sector decarbonization, it will probably reduce emissions in almost all
world regions.



https://www.nature.com/articles/s41893-020-0488-7#article-info
https://www.nature.com/natsustain

echargeable batteries ?
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Lithium-ion battery
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John B. Goodenough M. Stanley Akira Yoshino G :
Prize share: 1/3 Whifﬁngham Prize share; 1/3

Prize share: 1/3

COBALT OXIDE

The Nobel Prize in Chemistry 2019 was awarded
jointly to John B. Goodenough, M. Stanley
Whi[[inghaln and Akira Yoshino "for the Gooder\ough sfarfed to use cobalf oxide in the lithium battery’s cathode. This almost doubled the battery’s
development of lithium-ion batteries." i s

“The battery has enabled the development of cleaner energy technologies and electric vehicles, thus
contributing to reduced emissions of greenhouse gases and particulates.

Through their work, John Goodenough, Stanley Whittingham and Akira Yoshino have created the right
conditions for a wireless and fossil fuel-free society, and so brought the greatest benefit to humankind.”

(https://www.nobelprize.org/prizes/chemistry/2019/summary/)
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Science 367 (6473), 30-33.

S— DOI: 10.1126/science.aaz6003

Sustainable minerals and
metals for a low-carbon future

Policy coordination is needed for global supply chains

By Benjamin K. Sovacool, Saleem H.Ali*, | Growth in mineral needs for low-carbon energy technology
Morgan Bazilian®, Ben Radley®, Benoit
Nemery’, Julia Okatz?, Dustin Mulvaney® Production Demand
Mineral (kilo-metric tons)
2017 2050
Lithium 965% @ 43 415
Cobalt 10 644
Graphite 1200 4590
Indium 072 173
Vanadium 80 138
Nickel 2100 2268
Silver 25 15
Neodymium 23 8.4
Molybdenum § 11% 290 33
Aluminum § 9% - 60.000 5583
Copper | 7% n - 19,700 1378
Manganese | 4% Percentage = ( M 16,000 694
ga 2017 production
0 100%




Cobalt

U.S. Geological Survey. Mineral Commodities Summaries. Jan. 2017

World Mine Production and Reserves: Reserves for Australia, Canada, New Caledonia, the Philipp
Africa, the United States, and “Other countries™ were revised based on company or Government repol

Mine production Reserves’
2015 2016°
United States “760 690 21,000
Australia 6,000 5,100 ®1,000,000
Canada 6,900 7,300 270,000
China 7.700 7.700 20.000
ITCDHQQ (Kinshasa) 63,000 66,000 3,400,000
uba 4 300 4 200 ,

Madagascar ~ 10,500 tons (?) by artisanal mining Egggg
Philippines 4,300 3,500 290,000
Russia 6,200 6,200 250,000
South Africa 3,000 3,000 29,000
Zambia 4 600 4 600 270,000
Other countries 11.600 8.300 690,000

World total (rounded) 126,000 123,000 7,000,000
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Sustainable minerals and
metals for a low-carbon future

Policy coordination is needed for global supply chains

By Benjamin K. Sovacool!, Saleem H. Aliz34,
Morgan Bazilian®, Ben Radley®, Benoit
Nemery’, Julia Okatz?, Dustin Mulvaney®

Countries accounting for the largest share of critical raw materials

Russia
46% Palladium

China
87% Antimony
44% Baryte
82% Bismuth
64% Fluorspar
73% Gallium
T 67% Germanium
Thailand 57% Indium
0 87% Magnesium
SEN R 69% Natural graphite
Rwanda 44% Phosphate rock

France ———&
USA : 43% Hafnium
90% Berylliu
73% Helium

Brazil
90% Niobium

South Africa 31% Tantalum 38% Phosphorus
85% Iridium 66% Scandium
70% Platinum 61% Silicon metal
83% Rhodium 84% Tungsten
93% Ruthenium 53% Vanadium

95% LREEs
95% HREEs
DRC, Democratic Republic of Congo: LREES, light rare earth elements; HREES, heavy rare earth elements. Figure modified from European

Commission, "Third list of critical raw materials for the EU of 2017" (European Commission, 2017); https: #ec.europa.eu/growth/sectors/
raw-materials/specific-interest/critical_en.
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Industrial mining in Katanga

* Belgian Congo (1908-1960)

 UMHK: mining + local
transformation of ores

» Copper, cobalt, lead, zinc, ...
» Uranium (— 1945 A-Bomb)

» Manganese, gold, tin, coltan




Mining In Katanga

« Congo/Zaire/D.R. Congo:

e Gecamines

+ since ~ 2000: companies from
China, India, USA, Canada,
Australia ...

» industrial large-scale mining
+ transformation of ores

= artisanal mining by _ e
thousands of “creuseurs” s Tos Duonx
i - &, ’ Southern Katanga, DRC
» mainly for COBALT




Cobalt mining in Katanga

The Extractive Industries and Society 6 (2019) 915-939

Contents lists available at ScienceDirect

The Extractive Industries and Society g

journal homepage: www.elsevier.com/locate/exis

Original article

The precarious political economy of cobalt: Balancing prosperity, poverty, @ M) |
and brutality in artisanal and industrial mining in the Democratic Republic | %
of the Congo

Benjamin K. Sovacool™"*

 Science Policy Research Unit (SPRU), School of Business, Management, and Economics, University of Sussex, United Kingdom
b Center for Energy Technologies, Department of Business Development and Technology, Aarhus University, Denmark

https://doi.org/10.1016/}.exis.2019.05.01




Environmental Research 109 (2009) 745-752

Contents lists available at ScienceDirect

Environmental Research

ER journal homepage: www.elsevier.com/locate/envres

High human exposure to cobalt and other metals in Katanga, a mining area
of the Democratic Republic of Congo™

Célestin Lubaba Nkulu Banza*?, Tim S. Nawrot ®, Vincent Haufroid €, Sophie Decrée %<, Thierry De Putter©,
Erik Smolders', Benjamin Ilunga Kabyla?, Oscar Numbi Luboya ¢, Augustin Ndala Ilunga?,
Alain Mwanza Mutombo ¢, Benoit Nemery "*

# Unité de Toxicologie et Environnement, Ecole de Santé Publique, Université de Lubumbashi, Democratic Republic of Congo

b Occupational & Environmental Medicine, Unit of Lung Toxicology, Katholieke Universiteit Leuven, Herestraat 49 (O&N 706), B-3000 Leuven, Belgium
“ Industrial Toxicology and Occupational Medicine Unit, Université catholique de Louvain, Brussels, Belgium

4 Geology Department, Royal Museum for Central Africa, Tervuren, Belgium

¢ Geology Department, Facultés Universitaires Notre-Dame de la Paix, Namur, Belgium

" Division of Soil and Water Management, K.U. Leuven, Belgium




Co-U (pg/g creatinine)

50 Cobalt in urine

Geometric means (25%-75% IQR)

40
30 87% children < 14y
|
0

20 0% 119% 53%

15 Occupational limit
10 BEI (ACGIH)

I Normal population
0.38 USA (NHANES)
Control 3to 10 km <3km
N=40 (1 area) N=132 (4 areas) N=179 (6 areas)

Residential proximity to mining Banza et al. 2009



namee, . ANALYSIS
SUStalnablllty https://doi.org/10.1038/541893-018-0139-4

NATURE SUSTAINABILITY | VOL 1| SEPTEMBER 2018 | 495-504 | www.nature.com/natsustain

Sustainability of artisanal mining of cobalt in
DR Congo

CélestinBanza Lubaba Nkulu', Lidia Casas??, Vincent Haufroid @4, Thierry De Putter®,
NellyD.Saenen?, Tony Kayembe-Kitenge @', Paul Musa Obadia', Daniel Kyanika Wa Mukoma',
Jean-MarieLunda llunga’, TimS.Nawrot¢, Oscar Luboya Numbi', Erik Smolders® and
BenoitNemery &%
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Kolwezi Nov 2014







Uranium-U (ug/L)
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adults children workers workers




8-Hydroxydeoxyguanosine (80HAG)
(marker of oxidative DNA damage)
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Kolwezi, 2015




Concerns expressed by doctors, NGOs,
authorities, media, ...

“‘more babies born with severe birth defects,
especially among creuseurs”



Case-control study (KMC)

e Cases: Infants born with visible birth defects

e Controls: infants without birth defects born from mother
of similar age

> Hypothesis: different exposure to metals



KMC study

* Notification system for all hospitals/maternities in Lubumbashi:
each newborn born with visible birth defects (except isolated
polydactyly, club foot) to be notified to a central telephone
number (+ back-up)

4 MDs (T. Kayembe, L. Kabamba, S. Mbuyi, T. Lubala)
» MD at hospital within 24h of notification

 detailed questionnaire

 diagnosis (photographs)

« sampling from mother, placenta, child (+ father)

+ same procedure with healthy control newborn



Holoprosencephaly
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Kayembe-Kitenge T et al. Birth Defects Research 2019 DOI: 10 1002/bdr2.1583




KMC study: methods

* Recruitment [11.11.11]: 01/03/2013 to 28/02/2015

» Final diagnosis of type of birth defect (photos)
* Prof. K. Devriendt

* Analysis of samples by ICP-MS
 April 2015: funding received from VLIR (250,000 €; 4 y)
* Prof. E. Smolders

 Statistical analysis (2017-2018)

* Dr. Daan Van Brusselen, Dr. Tony Kayembe-Kitenge



Metal mining and birth defects: a case-control study in
Lubumbashi, Democratic Republic of the Congo

Daan Van Brusselen®, Tony Kayembe-Kitenge™, Sébastien Mbuyi-Musanzayi, Toni Lubala Kasole, Leon Kabamba Ngombe, Paul Musa Obadia,
Daniel Kyanika wa Mukoma, Koen Van Herck, Dirk Avonts, Koen Devriendt, Erik Smolders, Célestin Banza Lubaba Nkulu, Benoit Nemery

Lancet Planetary Health 2020, 4; e158-67




01/03/2013 to 28/02/2015 LUBUMBASHI
» 138 cases

» 108 controls
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KMC study: results

CASES CONTROLS Jalue
(n=138) (n=108) Izt-test)
mean SD mean

Age mother 28.5 7.0 26.5 6.8 0.03
Parity 3.7 2.8 3.0 2.6 0.08
Gestational age 38.2 3.4 38.3 3.7 0.84
Birth weight 2816 92 3084 70 0.03
Age father 35.1 8.2 33.7 7.8 0.21
Adults in household 2.9 1.5 2.8 1.5 0.52
Children in household 3.2 2.0 3.2 2.5 0.84




KMC study: results

* Questionnaire data:

* No significant differences for most factors
* Vitamins during pregnancy: higher among controls

« Job of mother: more “paid job”™ among cases (not mining)

 Job of father: more “mining-related jobs” among cases (17%)
than among controls (8%), p<0.05

* Trace metals:
* High levels in both cases and controls

* Generally, no significant differences between cases and
controls

* Mn higher in cord blood and fetal placenta in cases



KMC study: results

Multivariable model

aOR (95%C])

Vitamins during pregnancy 0.3 (0.1 -0.5), p=0.001
Mother with paid job 2.5(1.2-6.9), p=0.02
Father with mining-related job 5.6 (1.2 — 25), p=0.025

Doubling of Mn in cord blood 1.7 (1.1-2.7), p=0.026




KMC study: discussion

Unique investigation of association between
environmental pollution and birth defects

Effect appears to be mediated mainly by paternal
occupational exposure to mining (epigenetic effect ?)

Exposure to Mn ?

Limitations:

» Possible overmatching of cases and controls
« Biomonitoring at delivery (toxicokinetics!)

* No/limited biomonitoring of fathers



Conclusions

» To reduce CO, emissions from traffic, Electric
Vehicles represent a solution that must be integrated
within a broad transport policy (modal shift, taxation,
road pricing, ...)

* Equity Issues .

« Subsidising expensive cars (Mattheus effect)

« Unsustainable production methods (environment, workers,
residents) = “collateral damage”



Thank you for your attention

ben.nemery@~kuleuven.be
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