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What we

will talk
about...

Overarching themes on poverty & economic growth
: there is some moral philosophy involved!

Defining energy poverty
: energy access does not end energy poverty

Investment needs to eliminate energy poverty
Energy investment trends: who, what, where

The gap is large: what to do?



* 736 million: <$1.90/day * No economic growth

* 700 million: no water * “"Growth cannot be
* 2.4 billion: no green”
sanitation * Reject GDP & related
Central * 1 billion: no road metrics for measuring
conflict * c-10 million quality of life
deaths/year * Happiness, wellbeing,
* Economic growth is or other indexes as
necessary albeit alternative metrics
insufficient to end
poverty
https://ophi.org.uk/policy/multidimensio https://www.postcarbon.org/program/limits/

nal-poverty-index/
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https://ophi.org.uk/policy/multidimensional-poverty-index/
https://ophi.org.uk/policy/multidimensional-poverty-index/

0

COVID-19

may erase 50 to 600 million may fall back into poverty (World
years of Bank, Brookings, United Nations University)

progress in 130 million additional lives and livelihoods at risk
eradicating (World Food Program)

poverty




Many still . . .
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accept the
need for
ending

poverty but
rich
countries
must “de-
grow”

BEING HUMAN IN THE AGE OF =
ARTIFICIAL INTELLIGENCE

MAX TEGMARK —~
Will Al save

us from
vyork? )

Or, should we
stop worrying

and love Al?




Figure 2.1: Ranking of Happiness 2017-2019 (Part 1) Figure 2.1: Ranking of Happiness 2017-2019 (Part 3)
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Economic
growth is a

pre-
condition of
“happiness”

More free
time

N

Better
infra.

More jobs

Better
education




Deforestation § Living closer
for farmland to wildlife

Poverty and

global
health

Global Unplanned
trade & urbanization
travel & slums

https://www.who.int/tdr/en/

https://www.ecohealthalliance.org/ https://www.cidrap.umn.edu/
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Energy use

& poverty

Energy use per capita vs. share of population in extreme poverty, 2014

Per capita energy use is measured in kilowatt-hours (kWh) per year. Extreme poverty is defined as living at a
consumption (or income) level below 1.90 "international-$" per day. International $ are adjusted for price
differences between countries and price changes over time (inflation).
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Eliminating energy poverty is a necessary but
insufficient condition to end poverty

Without access to reliable, affordable and sufficient
energy, many problems remain:
Lack of clean water and sewage systems, health care, clean
fuels for cooking and heating...
3-4 million deaths/year due to indoor air pollution (WHO)
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G2El

How does
one define
energy
poverty?




Energy
access does

not end
energy
poverty

https://www.ted.com/talks/rose m mutiso how to bring af

fordable sustainable electricity to africa/transcript

Electricity Access — Multi-tier, multi-dimensional Framework Cooking Energy Access — Multi-tier, multi-dimensional Framework

Tier Tier
Tier 0 Tier 1 Tier 2 Tier 3 Tier 0 Tier 1 Tier 2 Tier 3
Dimension Dimension
Lighting + Air 0 o
circulation + 0
. z z e e eWO00 o 0 e of coo
Ty entertainment / Health & Safety B A mix of traditional fuel and BLEN (Biogas, LPG,
0 ele 0 atlio 0 e oad e o B
o/ Mobile communication (TV/ 00 5 Electricity, Natural Gas) is used .
i Computer) (~50- E £
500W)
00 gle e eo d ed
Duration 4 4 and <8 >8hrs and <20hrs 0 Availability N Neutral to availability
D avallabp
Reliability (Black- 1d i
out Days) or o - y Quality Q of cooking 0 e e Qua of cooking de
Quality* E ! ol N 0-1 N =0-3 ! Affordability ot affordable Affordable
Affordability ordable Affordable
. ) Either Difficult to use either d 0
Legality eg eg Convenience Both D 0 use e co g = "
or Time consuming 0
N is number of high voltage days in a month causing appliance damage; N is number of low voltage days in a

month limiting appliance usage. ] . . ] i ) ; .
INOTE: For dimensions where the categories span multiple tiers, only the higher tier values apply. For example, WOTE: For dimensions where the categories span multiple tiers, only the higher tier values apply. For example quality and
affordability can only be categorised as Tier 1 or Tier 3. The same is the case for legality. affordability dimensions can only take on Tier 1 or Tier 3. Health and safety can take on Tier 0, Tier 2 and Tier 3.

Source for tables: Realities and Challenges of Energy Access in India by
Abhishek Jain, Council on Energy, Environment and Water, 23 February
2017. https://niti.gov.in/writereaddata/files/Abhishek%20Jain.pdf 15
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G2El

When does
energy

poverty
end?




Energy

poverty in
numbers

2.5-3 billion, mostly in South Asia & SSA, without
access to clean cooking fuels and stoves

0.8-1.3 billion without electricity “access”

But much more has unreliable and unaffordable
"access” to electricity

For example, India: <70% of households electrified; only
37% above Tier o (see Jain)
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Generation capacity investment to ensure 3,700 kWh per person per year

Existing Utility Rooftop Onshore Offshore
Gen Mix  CCGT Solar Solar Wind Wind Nuclear

|nveStment CAPEX ($million/MW) $1.5 $1.2 $1.2 $2 $1.2 $2.5 $6

Utilization Cur. Avg 65% 30% 25% 45% 55% 90%
needs to Total Gen Inv ($trillion)  $5.1 $2.6 $5.7 $11.4 $3.8 $6.5 $9.5
U pl |ft eacC h Trans. (miles per MW) 50 50 100 25 100 150 50
g | o) ba | Total T cost ($trillion) $0.4 $0.3 $1.2 $0.4 $0.8 $1.0 $0.2

. NG infr. cost (strillion) $1.0
den izen to TOTAL (strillion) $5.5 $3.9 $6.9 $11.8 $4.6 $7.5 $9.7
2018 |eve | S — Liquids infrastructure investment to ensure 0.01 BD per person
rough $0.6-1 trillion

estimates

Simplifying assumptions:

- Transmission captures system integration costs. Total cost is based on $2,500/MW-mile.
- NG infra. assumes land-based LNG import terminals & 5 miles of pipeline per 1000-MW.
- Liquids infra. assumes domestic refining capacity at $25,000 per BD capacity.

15



$Trillions for

billions

$4-10 trillion to bring everyone to 2018 global
averages

Several $100 billion/year to keep up with demand
growth
Much more to replace existing “brown” with “green”

Up to $130 trillion 2016-50 (IRENA Global Renewables
Outlook 2020)

$0.3-1 trillion per year in low- and middle-income
countries’ electricity sectors (World Bank Beyond the Gap)

16



For

perspective

~%$90 trillion of global GDP

<$2 trillion of annual energy investment
$15-20 billion corporate wind & solar PPAs
~$250 billion of green bonds

~%$30 billion by institutional investors (all energy)

Almost all "green” in developed economies

17



Actual

Investment
too low

USD (2019) billion

Global investment in energy supply

1200

800
400 | | | | I

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

|IEA World Energy Investment Outlook 2020

m Oil and gas supply
Power sector

EA 2020. All rights reserved.
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@ Share of 2018 Share of
3 investment population

iIncome .
Onlyabout e
$50 bl”lon |n income.
power gen
In |OW' ?;ﬂljéj\,l;e - @
inCOme mcomel
0 250 500 750 1000

countries

USD (2018) billion

|IEA World Energy Investment Outlook 2019

Note: IEA WEI 2020 only provides a percentage for “developing” countries, which include
upper middle income countries that are not part of the OECD!
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The public
sector
dominates
utility
Investments

Even 55% of what's classified as private investment was
financed by public banks, bilaterals and multilaterals.

FIGURE A
Infrastructure Project Investment Commitments in 2017

?
PrivatJe 50% Of tOta|
| e investment was in
/ | \ i, ment Public
' 83% Entity electricity
Publi c ;

N e generation and grid,
_— and natural gas
((( ))) _ distribution systems

2,111
s [ RO —
M Private W Public SOE M Public Entity
*Rounded to nearest decimal Sources: SPI and PPl databases, World Bank, as of November 2018

https://ppi.worldbank.org/content/dam/PPl/documents/SPIReport 2017 smal

| interactive.pdf
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https://ppi.worldbank.org/content/dam/PPI/documents/SPIReport_2017_small_interactive.pdf
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SOE
dominance

of energy
Investments

The share of state-owned energy investments by sector

100% Advanced
economies
80% [ Develop_ing
economies
60%
40%
20%
Total Renewables and Electricity Oil and gas supply Fossil fuel
energy efficiency networks generation

IEA 2020. All rights reserved.

Note: Data are for 2019.

|IEA World Energy Investment Outlook 2020
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@ $90,000

G2El

Sub-Saharan Africa
Middle East and North Africa

$70,000 M Europe and Central Asia

$80,000

: $60/008 South A.\sia I
Pr|Vate East Asia and Pacific
dOl |a I'S don’t $50,000 M Latin America and the Car-
go to |OW_ ol ibbean
income $30,000
countries $20,000

$10,000

Source: Author analysis of World Bank’s Private Participation in

Infrastructure Database (http://ppi.worldbank.org/data).
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@ $90,000

G2El

$80,000 NG
570,000 D& Water
GT&D
$60,000
: G&T

Pr|Vate $50,000

dollars like 200l

generation $30,000

with PPAs $20,008

$10,000

$0 “
>
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Y

Source: Author analysis of World Bank’s Private Participation in

Infrastructure Database (http://ppi.worldbank.org/data).
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@ $80,000

G2El Other Biomass
$70,000 Waste Nuclear
Hydro S Geothermal
$60,000
. ! M Diesel Natural Gas
Private .
$50,000 Solar Wind
dollars HydroL m Coal
$4,0,000
chase
projects R

SUpported $20,000
by policy 10,000

Source: Author analysis of World Bank’s Private Participation in

Infrastructure Database (http://ppi.worldbank.org/data).
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@ $60,000

G2El

$50,000
$40,000
Chinese 000
_energy $20,000
Investments
: $10,000
IN NON-
OECD
countries

Alternative M Coal M Gas
Hydro Oil Unspecified

Based on American Enterprise Institute China Global Investment Tracker
https://www.aei.org/china-global-investment-tracker
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@ $14,000

G2El
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Based on American Enterprise Institute China Global Investment Tracker
https://www.aei.org/china-global-investment-tracker
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G2El

Much more
Chinese
construction
in low-
Income
countries
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Based on American Enterprise Institute China Global Investment Tracker
https://www.aei.org/china-global-investment-tracker


https://www.aei.org/china-global-investment-tracker/

Summing

Up

Investments too low to end energy poverty
Most in need gets none or very little

Energy transitions dominate discussions in the West and
influence development agencies & investors

China, OPEC, others invest more in traditional
infrastructure but still not enough and focus on a
handful of countries

For the energy poor, the de facto solution becomes
distributed resources:

Great: low cost, quick to install, improves quality of life

But does not solve energy poverty and does not allow a
country to develop
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Governance
and
institutional
deficiencies
hamper
domestic
Initiatives...

Energy value chains broken
Too many state players across the supply chain
Non-market pricing of various fuels & technologies
Subsidies

No cash flow security for private investors

SOEs still dominant but
Badly managed

Debt-ridden
Politically influenced

Ministries and regulatory agencies
Insufficiently staffed =» inefficient
Independence of regulator is a mirage

Insufficient and failing infrastructure

29



Pipeline Capacity

Insufficient + Transmission

Capacity Insufficient

Example of

Disruptions
a broken LDCs Not Taking
| h - Power due to Debt
value Chain Burden (Customers

Not Paying)

High Commercial
Risk for Upstream IPPs Not Paid
& Pipeline




Alas, none
of these are

=
obstacles

Governance and institutional deficiencies must be
resolved; they can only be resolved from within

But, poverty (hence energy poverty) is a global problem
Global problems require global cooperation

Current trends of political and economic nationalism are
not encouraging...
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