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Abstract

The Russia—Ukraine conflict has triggered an energy crisis that directly affected household
energy costs for heating, cooling and mobility and indirectly pushed up the costs of other
goods and services throughout global supply chains. Here we bridge a global multi-regional
input—output database with detailed household-expenditure data to model the direct and
indirect impacts of increased energy prices on 201 expenditure groups in 116 countries. On
the basis of a set of energy price scenarios, we show that total energy costs of households
would increase by 62.6-112.9%, contributing to a 2.7-4.8% increase in household
expenditures. The energy cost burdens across household groups vary due to differences
in supply chain structure, consumption patterns and energy needs. Under the cost-of-
living pressures, an additional 78 million—141 million people will potentially be pushed
into extreme poverty. Targeted energy assistance can help vulnerable households during
this crisis. We emphasize support for increased costs of necessities, especially for food.

Main

Energy markets have tightened since the COVID-19 pandemic, and the situation was
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exacerbated considerably following the Russia—Ukraine conflict in late February 2022,
contributing to a global energy crisis 1. Global energy price surges because of a variety of
factors, including the ongoing geopolitical conflict, a rapid global post-pandemic economic
recovery, continued high reliance on fossil fuels, and the severe mismatch between energy
demand and supply 2. Russia is a major exporter of oil (12.3% of global supply in 2021) and
natural gas (23.6%) 3. European countries reliant on oil and natural gas imports from Russia,
already at high risk since gas storages were nearly and probably deliberately emptied before
the war # face unprecedented fuel supply shortages only slightly tempered by slowing
economic growth and a mild winter in 2022—-2023. At the same time, emerging economies
suffer from high fuel-import costs and fuel deprivation >®. Missed opportunities to redirect
investments after the COVID-19 crisis with huge amounts of money used to kick-start the
economy 7 and earlier slow progress in the energy transition ® are reflected in and have been
amplifying the dependency on fossil fuel imports and the severity of the cost-of-living crisis.
This crisis has pushed a humber of economies into recession, caused higher inflation °, and

put painful cost-of-living pressures on households around the world %12,

High energy prices impose cost burdens on households in two ways. On the one hand, fuel
price rises directly increase household fuel bills (for example, for heating and cooling, cooking,
and mobility). On the other hand, energy and fossil feedstock inputs needed for the production
of goods and services for final household consumption will lead to higher prices of household-
expenditure items 13, Due to the unequal distribution of income, reflected in different
household consumption patterns, surging energy prices could affect households in very

11,14,15

different ways . Unaffordable costs of energy and other necessities would push

vulnerable populations into energy poverty and even extreme poverty °. Understanding how
global energy prices are transmitted to households through global supply chains and how they
are affected is crucial for effective and equitable policy design.

Numerous studies have analyzed the potential impacts of the Russia—Ukraine conflict on the

817,18 1922 and global economy °23, In terms of household

141524 energy insecurity 172,

energy system , global food supply
losses, research has focused on increased household energy costs
and poverty ® caused by the crisis. However, quantitative research on the distribution of
effects across households is limited, especially for developing countries. Many governments
have introduced multiple fiscal measures to subsidize soaring energy bills for households 2*2°.

These measures might be insufficient given the burden imposed by energy costs.

To fill these gaps, this paper provides a detailed assessment of the energy price shock on
households and highlights the disparities of direct and indirect energy burden across different
expenditure groups. We conduct a global comparative analysis of household burden across
consumption levels under a set of price scenarios triggered by the Russia—Ukraine conflict. We
design one base case and nine energy price scenarios (Supplementary Table 1) to examine the
potential impacts of global price spikes on five fuels and fuel products (that is, coal, coal
products, crude oil, petroleum products, and natural gas). By linking a highly detailed
expenditure database 2’ based on the World Bank’s Global Consumption Database (WBGCD)
2810 a global multi-regional input—output database 2°, we model the direct and indirect burden
of increased energy prices on households with different consumption patterns. We distinguish
between 201 expenditure groups in 116 different countries, covering 87.4% of the global

population, with a focus on developing countries. Given huge cost-of-living pressures, we
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quantify the additional population in energy poverty and extreme poverty under each price
scenario. Our model captures short-term effects including ripple effects through global supply
chains (Methods) 3231, It provides robust results at fine-sector resolution for a large nhumber of
countries and categories of households. Our results help to identify vulnerable households,
thereby offering a basis for targeted support measures. Assumptions and limitations are given
in Methods.

Surge in household burden for different scenarios

Since the conflict began, energy prices have increased sharply but with varying levels and
volatilities for different fuels (as shown in Fig. 1). To measure the impacts triggered by this
crisis, we collected recent global daily energy price data. We set the pre-crisis energy price
scenario (SCO) to the average energy prices of 2021. For comparison, we set nine additional
energy price scenarios (SC1-SC9) to reflect price changes for coal and coal products, crude oil
and petroleum products, and natural gas since 24 February 2022. SC1 refers to the average
price scenario based on average prices from 24 February to 13 September 2022. SC2-SC8
model the possible effects under monthly average price increases. SC9 is an extreme scenario
(based on peak prices for all fuels). Differences in levels and combinations of energy price
increases help to reveal the potential magnitude of short-term impacts on households’ cost
burden.

As shown in Fig. 2, we assessed the changes in household energy costs, including direct energy
costs for fossil fuel bills and indirect energy costs that affect price changes in goods and
services based on energy requirements and input of fossil feedstock to production throughout
global supply chains. Rising energy prices have created additional burdens on households’
daily consumption. We calculated the change in energy cost burden rates, which refers to
additional energy costs in household total expenditure compared with pre-crisis levels. We
choose the share of total expenditures rather than income as the former is less volatile,
effectively reflecting patterns in household income, consumption, and asset accumulation 32,

Under different energy price scenarios, total per capita household energy costs increased by
arange of 62.6% (SC3) to 112.9% (SC9) at the global level, contributing to a 2.7—4.8% increase
in household expenditure. Direct energy costs contributed 15.0-29.6% of additional costs,
while indirect costs contributed 44.8-83.4%. Households’ indirect energy costs increased
considerably more than their direct energy costs. Taking SC1 as an example, indirect energy
costs rose by 82.3% (2.4% of total expenditure), compared with a 56.8% (0.8% of total
expenditure) increase in direct energy costs. Rising prices for crude oil and petroleum products
contributed the majority of the increase in total household energy costs (23.6-56.6%),
followed by coal and coal products (14.0-28.8%) and natural gas (4.9-27.5%). The difference
in fuel products’ contribution becomes larger when only direct energy costs are considered
(that is, 29.7-71.3% from crude oil and petroleum products, 2.9-16.5% from natural gas and
1.1-2.3% from coal and coal products).

Energy cost burden for households across countries

As shown in Fig. 3, direct and indirect impacts of household burden show considerably

different distributions across countries. The distribution of total impacts is mainly determined

by indirect impacts (Supplementary Figure 1). Under SC1, the increases in direct energy costs
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of households in 116 countries range from 51.1% to 176.1%. Central Asian households saw the
largest increases (70.3%), particularly in Mongolia (176.1%) and Tajikistan (176.1%). In
comparison, Latin American households were the least directly affected (51.5%). When we
consider the total (both direct and indirect) energy cost changes, households in Central Asia
are still the most affected (80.7%), followed by South and Southeast Asia (74.5%). For example,
direct energy costs for households in Laos ‘only’ increased by 51.1% (0.9% of total
expenditure), but their total energy costs increased by 100.8% (5.2% of total expenditure).
Total energy cost increases for households in Russia (71.6%) are slightly lower than the global
average (73.9%).

Higher energy costs imposed different levels of additional burdens on household consumption.
Countries’ direct and indirect energy cost burden rates show different results. When
considering only direct impacts, many sub-Saharan African and central Asian countries face
huge increases in energy cost burden rates. Angola (6.4%), Azerbaijan (3.5%) and Benin (3.5%)
are the top three countries. In terms of total burden rates, the largest increase occurred in
Tajikistan (12.7%). Overall, the burden of household energy costs increased more in lower-
income economies.

Notably, for some countries in sub-Saharan Africa, we found that the increases in household
energy costs would be relatively small, but the burden rate would increase substantially. In the
case of households in Rwanda, a low-income country in East Africa, its total energy cost
increase (59.5%) would be 19.5% lower than the global average (73.9%). In comparison,
Rwanda’s total energy cost burden rates would increase by 11.1%, three times higher than the
global average (3.2%). One reason is that residential energy use in these countries is less
dependent on fossil fuels (for example, 99.6% of households in Rwanda cooked with biomass
in 2018 (ref. 3%)), but the indirect energy costs through the supply chain have large negative
impacts on these poor households.

To highlight the differences between economies at different income levels, we grouped
country-level results into four groups based on the latest World Bank country classification by
income 34, In general, direct impacts for countries in each income group are more concentrated
around the global average than their indirect results (Supplementary Figure 2). It implies that
household direct energy use is more uniform, but global supply chains vary widely across
countries. For example, indirect impacts in middle-income economies have a larger variance
than their direct impacts, compared with households in high- and low-income countries due
to their consumption patterns and structure of supply chains. When considering total impacts,
households in upper-middle-income countries show larger energy cost increases (a median of
68.1%). There are 19 countries where the average energy cost increases for households are
higher than the world average, 16 of which are upper-middle- and lower-middle-income
countries. Households in three high-income countries (Estonia (82.3%), Poland (78.0%) and
the Czech Republic (75.5%)) suffer from above-global-average rises in energy costs, mainly due
to their relatively high dependence on energy-intensive industries. In contrast, changes in
energy costs for households in high-income and low-income countries are more clustered
below the world average. The difference is that most high-income countries also have below-
average rates of energy costs to total expenditure, which means more expenditure is spent on
less energy-intensive products and services. In low-income countries, for poorer households

already facing extreme energy poverty and severe food shortages, an increase in energy cost
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could lead to a greater risk of energy poverty 4.

In addition, we decomposed the indirect impacts of rising energy prices on households into
33 expenditure items for 116 countries. Fig. 4 shows the results for electricity, food and other
items. Across different expenditure categories, changes in household energy burden are
disproportionate to their pre-crisis energy cost burden rates (SC0). Compared with other items,
households’ electricity costs tend to be most affected, but with large disparities between
countries. For low-income countries, the cost increase in electricity (a median of 72.9%) is
much lower than the global average (114.5%) because many households still lack access to
electricity 3. For upper-middle- (a median of 93.2%) and lower-middle-income (a median of
83.0%) countries, the impacts on electricity costs vary widely across countries. For example,
electricity costs increased by 172.4% in Laos but only 56.7% in Haiti (a Latin American country).
Energy cost changes in electricity in most high-income countries are below global levels
because their electricity systems are less dependent on fossil fuels and thus less affected by
rising fuel prices %, But there are noteworthy exceptions. For example, the electricity costs for
Polish households are more affected than in other European countries because Poland is more
dependent on coal for electricity generation (68.5% of coal power in 2020 (ref. *’)). When
considering food consumption, the increase in energy costs is lower than that for electricity in
most countries. Taking Kyrgyzstan (a country in central Asia) as an example, the increase in
indirect energy costs for food (79.7%) in Kyrgyzstan is 40.5% lower than its rising electricity
costs (133.9%). The energy cost burden rate for food (1.7%) in Kyrgyzstan is 349.6% higher
than for electricity (0.4%). In addition, for households in most low-income countries, the
increase in indirect energy costs in food expenditure is slightly higher than for other products.
It is noteworthy that under the pre-crisis scenario (SC0), Ukrainian households bore a huge
cost burden from food consumption. Although the study does not consider war-induced
supply chain disruptions, it can be inferred that soaring energy prices greatly exacerbated this
burden.

Distribution of energy cost burden across expenditure groups

We further explored the uneven effects across household groups by using detailed survey data
from 116 countries. To highlight the differences between economies at different income levels,
we aggregated the country-level results into four income groups.

We examined the distribution of direct and indirect energy cost burden (both energy cost
change and burden rate) for population deciles under SC1 (Fig. 5). We found substantial
variations in household burden across population deciles. In general, the distribution of total
burden in high- and low-income countries is largely dominated by their indirect burden, while
that in middle-income countries depends to a larger extent on their direct results. For energy
cost burden rates, the differences among population deciles are huge in upper- and lower-
middle-income countries. Poorer households tend to bear higher total energy burden rates
than richer households in most countries. Only for households in low-income countries, the
total energy cost-burden rates show a progressive trend. When only the direct burden is
considered, poorer households have lower increases in energy costs but suffer from higher
burden rates, especially in middle-income countries.

The distribution of energy cost burden rates differs across household consumption categories.



It is worth noting that the impacts on household food consumption are regressive across all
country groups. Rising energy prices impose a huge burden on food consumption of the
bottom 10% of the population. For example, the average energy cost burden rate in food of
the bottom 10% of the population in Guinea (a West African country) is 65.7% higher than that
of Guinea’s top 10%. For electricity, it is regressive within high- and upper-middle-income
countries but progressive in low- and lower-middle-income countries.

We found the distributional effects differ notably between and within countries. Most of the
high-income countries, such as the United States and Germany, show regressive effects, with
poorer deciles facing higher rates of energy cost burden. Some countries, such as China, show
greater cost increases in middle population deciles (trend shows inverted U shapes). Even
countries with regressive or progressive distribution patterns, the burden of energy costs
across population deciles can differ considerably. For example, Rwanda (a sub-Saharan African
country) and Luxembourg (a high-income European country) show regressive effects. However,
the total energy cost burden rate of the poorest decile in Rwanda is six times higher than the
burden rate of the poorest decile in Luxembourg and ten times higher than that of the
wealthiest decile in Luxembourg.

Differences in distribution between countries are determined by consumption structure and
their supply chains. We investigated consumption patterns of groups via decomposing their
energy cost-related expenditures, as shown in Fig. 6. Wealthier groups tend to have higher
energy costs on goods and services with high value added, while poorer households tend to
spend more on meeting daily needs such as food and direct energy. More vulnerable
households tend to be more reliant on purchasing energy-intensive, processed goods and
services. For each country group, direct energy and electricity use plays a dominant role,
followed by food and clothing. For high-income countries, the proportion of direct energy
costs is similar and relatively small across population deciles. Households bear declining direct
energy cost burdens as their consumption levels increase in middle-income countries. For
households in low-income countries, indirect energy services contribute notably to energy
costs across all population deciles, especially poorer ones. Embodied energy costs in food
consumption vary across populations and across different countries. For example, for the
bottom 10% of the population in low-income countries, energy costs embodied in food
consumption accounted for 24.9% of total energy costs, compared with 10.2% for the top 10%
in high-income countries.

Additional poverty caused by the energy crisis

Rising energy prices are making households more vulnerable to energy poverty, particularly
during the cold season 3%, People in energy poverty do not have access to affordable energy
services that support a decent standard of living, including adequate heating, cooling, lighting,
and energy to power appliances *. The International Energy Agency (IEA) recently reported
that the number of people living without electricity is increasing worldwide. The IEA predicts
that the population without access to electricity will rise by 2.7% in 2022 compared with 2021,
with the rise occurring mostly in sub-Saharan Africa 2. In this study, households are defined
as being in energy poverty when their energy costs account for more than 10% of total
expenditures *°. We found that 166 million—-538 million people (2.4-7.9% of the global
population) in the 116 countries analyzed are potentially moving into energy poverty due to
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global energy price spikes.

Referring to the World Bank's latest international poverty line (USS$2.15 in 2017 purchasing
power parity (PPP) per person per day, updated in September 2022), we estimated that an
additional 78 million—141 million people (1.2-2.1% of the global population) could be pushed
into extreme poverty. Our results are 5-48% larger than the estimates from the World Bank
(75 million—95 million compared with pre-crisis projections) 6. There are three explanations
for this variation. First, the two estimates are based on different scopes. We focus on the
household-living burden due to direct energy price increases for fossil fuel products but also
on indirect price increases induced by energy inputs to all final-use items. In contrast, the
World Bank estimates look at the consequences of food and non-food inflation. According to
the World Bank estimates, every 1% increase in food prices will bring nearly ten million more
people to extreme poverty *!. Second, the World Bank report assumed that all households
within a country are equally impacted by the rising prices. However, according to our estimates,
different households have been hit differently by the current crisis. Therefore, they
underestimated the impacts of the ongoing crisis on global poverty. Third, our upper-bound
estimates are based on an extreme scenario (SC9, based on peak prices for all fuels), which is
higher than the World Bank’s potential price increases.

Discussion and conclusions

This study is motivated by the energy and cost-of-living crisis triggered by the Russia—Ukraine
conflict. The relationship between resources and conflicts is complex >3, Energy can be a
cause of conflict, such as securing energy resources and competing for other resources .
Energy also can be a means of conflict. For example, involved countries limit energy supply to
increase leverage over energy-dependent countries #°. The 2022 energy crisis is one such
example. In contrast to the oil shocks of the 1970s, the energy crisis under the Russia—Ukraine
conflict involves soaring prices for all fossil fuels 1. The global economy is much more
interconnected than before, magnifying negative impacts through global supply chains,
putting painful living-of-cost pressures on households %13, In this context, this paper quantifies
short-term living cost increases experienced by households worldwide due to global energy
price hikes following the Russia—Ukraine conflict. This reflects economic actors' limited ability
to adopt new technologies and switch to other fuels in the short run. We detail how household
burdens vary with international energy prices across and within 116 countries.

Distributional impacts on households show considerable variation across and within different
countries, which are largely determined by household consumption patterns and the fossil
fuel dependency of global supply chains. Comparing across countries, households in central
Asian countries are most affected in terms of total energy cost, and sub-Saharan African
countries are most affected in terms of total energy cost burden rate. Wealthier households
tend to have heavier burden rates of energy costs in low-income countries, whereas poorer
households tend to have higher rates in high-income countries. Wealthier groups tend to have
higher energy costs on goods and services with high value added, while poorer households
tend to spend more on meeting daily needs such as food and direct energy. Furthermore, we
show how this crisis is exacerbating energy poverty and extreme poverty worldwide. For poor
countries (for example, sub-Saharan African countries), living costs undermine their hard-won
gains in energy access and poverty alleviation. Ensuring access to affordable energy and other
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necessities is even more urgent for those countries 2.

At this juncture, protecting vulnerable households should be a clear priority. European
governments have successively adopted several fiscal measures to shield households from
soaring energy bills, such as energy tax reductions, energy retail price freezes, energy bill
discounts or subsidies, and energy price caps %#?%. For example, most European governments
including Romania, Estonia, and Latvia have provided one-off energy subsidies for low-income
groups 2. Developing countries such as Thailand also took action, including extending the
diesel tax cut and increasing subsidies for household electricity bills %°. In addition to policies
on direct energy consumption, some countries have increased assistance to vulnerable groups
(for example, pensions, rent subsidies, and child benefits) to ease the rise of the cost-of-living
burden 6. Our research emphasizes the necessity to alleviate increased costs of necessities
caused by energy price hikes, especially for food, and especially for low-income households.
In response to the surge in food costs, governments can alleviate such household burden in
many ways, such as setting price subsidies, implementing import taxes with clear sunset
clauses for basic staple food, direct transfers for low-income households 3!, and investing in
and providing incentives for and legislation to support food supply chains with sustainable
sources of energy. In this crisis, energy companies reaped higher profits >. To recoup some of
the additional strains on national budgets, governments are implementing and discussing
windfall taxes for energy companies (for example, the United Kingdom, Italy, and Cyprus) /.

It is worth noting that short-term policies addressing the cost-of-living crisis must be in line
with climate-mitigation goals and other long-term sustainable development commitments.
However, the energy transition is threatened by existing subsidies for fossil fuels ¥/, fuel-tax
cuts *® and increased investments in quickly available fossil resources °. High energy prices are
reshaping global energy markets and pushed some European countries to delay the phase out
of fossil fuels * while seeking alternative sources abroad (for example, liquefied natural gas
(LNG) from the Asia—Pacific region) and investing more in carbon-intensive infrastructure (for
example, floating storage and regasification units in Southeast Asia) *°. The fuel scramble led
by the advanced economies creates potential spillover effects on others >*°. For example, if
Europe dominates the global LNG supply and LNG terminal (for example, floating storage and
regasification units), some traditional consumers, especially in the Asia—Pacific region, could
revert to quickly available fossil-intensive resources °. Moreover, increased energy costs might
squeeze poor countries’ investment in renewable energy infrastructure due to limited budgets
%, Overall, these emergency measures could temporarily solve the current dilemma but create
carbon lock-in, slow down the energy transition, and further delay already short-falling
climate-mitigation efforts globally >°°. In addition, and frequently overlooked, is the fact that
renewables have their own set of problems such as a potential increase in prices for scarce
materials required to produce technologies based on renewables, with similar or even higher
dependencies and market concentrations >?.

This unprecedented global energy crisis should come as a reminder that an energy system
highly reliant on fossil fuels perpetuates energy-security risks and accelerates climate change
852 |n particular, existing high energy prices and recent Organization of Petroleum Exporting
Countries limits on oil exports have further pushed prices higher >3. These emphasize the
urgency to realize diversified energy sources and develop a more secure, diverse, reliable, and

independent energy system by accelerating the clean energy transition for all countries. The
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European Commission proposed the REPowerEU Plan to spur massive investment in
renewable energy, scale up electrification, and seek substitute fuels in industry, building, and
transport sectors >2. The EU solar energy strategy plans to increase the installed capacity of
solar photovoltaics to 320 GW by 2025, more than doubling current levels 2. For poor
countries, the 27th United Nations Climate Change Conference of the Parties emphasizes
international cooperation to provide tailor-made financial and technical assistance (for
example, affordable loans to local public authorities) to wean them off coal and build
renewable energy markets. We call for more attention to countries that have been severely
affected by this crisis. Multilateral action is critical to address potential energy transition

bottlenecks and alleviate inequalities in access to affordable energy for households worldwide
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Methods

Overview

In this study, we used an environmentally extended multi-regional input—output (EEMRIO)
approach to estimate both direct and indirect household energy costs. This model is able to
reflect the short-term energy price transmission throughout global supply chains. In the short
run, companies and households have only limited options to adjust their consumption
patterns and underlying technological choices (for example, switch from a gas burner to solar
photovoltaics) as they are locked into their past technology choices and thus their current
energy use. Compared with other models, it has the advantage to estimate the direct and
indirect impact of energy prices on households. To measure the magnitude of the impact of
energy price fluctuations, we designed one base case, that is, the pre-crisis energy price
scenario (SCO) and nine energy price scenarios (SC1-SC9) to capture the potential
distributional impacts of different energy price scenarios. Additional poverty was assessed
under each energy price scenario. Data sources and processing are provided. Assumptions and
uncertainties for all calculations are also given. Datasets for different expenditure groups in
116 countries are available in Supplementary Dataset 1.

Household energy costs

The total household energy costs of the expenditure group g forfuel k inregion r (ec9®")

direct,g,k,r

can be calculated as the sum of direct energy costs ec and indirect energy costs

eCmdlrect,g,k,r.

ecg,k,r — ecdirect,g,k,r + eCindirect,g,k,r Equation 1

Direct enerqgy costs for households

The direct energy costs can be calculated using the household direct energy consumption

enPS9ET multiplied by the energy price of fuel k (p¥).

ecdirect,g,k,r — pk % enhhs,g,k,r Equation 2

Indirect enerqy costs for households

The EEMRIO framework was applied to estimate the indirect energy costs (ecindirect.g.kr).

Indirect energy costs refer to expenditure of goods and services due to fossil fuel uses
throughout global supply chains. Taking plastic consumption as an example, oil is not only used
as a direct feedstock for producing plastic, but oil and other forms of energy are used during
the entire global supply chain from extraction to transport, transformation in factories and so
on, all the way to the final product and to the final consumer. The production processes
involved in consumption-based accounting (indirect results) are highly complex but traceable
through the EEMRIO approach.

EEMRIO analysis has been widely used in numerous energy, environmental, and economic
studies to reveal impacts through entire global supply chains >*°¢. We selected the EEMRIO
approach due to its unique ability to provide robust results at fine-sector resolution for a large
number of countries and categories of households (for similar studies see, for example, refs.
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3157.58) Our model is able to estimate short-term effects of energy price hikes on households
before changes in industrial production processes and the adoption of adaptive measures by
consumers (for example, changing lifestyles and consumption behaviors *°). Such short-term
estimates could be good references for socially acceptable public policies for rising energy
prices 3%, Numerous studies have examined the distributional effects of environmental and
economic elements (for example, energy footprints ¢!, carbon footprints 2°”%2, and carbon
pricing 3%31) on households across countries and regions using the EEMRIO framework with
MRIO tables at its core %683,

The MRIO approach is able to characterize the monetary flows among sectors and consumers
of different regions. For each row of an MRIO table, a linear equation can be used to depict
the production of the economy.

m n m
xir = z z Zl_TjS + z yl?”s Equation 3
s=1j=1 s=1

where x] is the total output of sector i in region r; Zirjs denotes the intermediate inputs
from sector i in region r to sector j in region s; y/° is the final demand (that is,
household consumption, government consumption, and investment) of region s from sector
i in region 7. On the basis of the Leontief framework %, the basic linear equation can be
expressed in matrix form as:

X=(U-A4)"Y=LY Equation 4

where X = (x]) is the total output vector; L = (I — A)~1 is the Leontief inverse matrix or
total requirements matrix, with the element lirjs shows the total inputs of sector i in region
rsy —

r required to satisfy one unit of final demand in sector j in region s; A= (aij

(Zi’}-s/xjs) refers to the technological coefficient matrix, in which z/7 represents the
intersectoral economic linkages between the regions, and I is an identity matrix with the
samesizeof A; Y = (y{°) isthe final demand vector. As we focus on the burden of the global
energy price crisis on households, thus, the energy costs by government consumption and
investments are not included in the analysis. Therefore, the final demand vector Y covers

only household consumption.

We created a row vector &€ = (&) to represent the energy cost coefficient (that is, energy
cost per unit of total output), with the element &/ representing the energy cost coefficient
of sector i inregion r:

industry,g,k,r
ec V.9

) A L i
g = — Equation 5
i

industry,g,k,r

where ec; is the industrial energy costs of the expenditure group g for fuel k

of sector i inregion r, which can be calculated as follows:

industry,g,k,r
ec; V.9

industry,g,k,r

_ .k .
=p" Xen Equation 6
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industry,g,k,r

where en; is the industrial energy consumption, and p* is the price of fuel k as

defined in Equation 2.

indirect

Thus, the indirect energy costs ec matrix can be calculated by pre-multiplying X

with an energy cost coefficient as follows:
ecindirect — el - A)—l? Equation 7
indirectgkr

i
the household final demand of group g for fuel k insector i inregion r.

where the element ec in ecindirect rafars to the indirect energy costs induced by

Burden of rising energy costs on households

Given an increase in energy prices, we can calculate direct and indirect energy cost changes,
separately. We introduced three indicators to evaluate the household burden due to energy
price hikes.

One is energy cost change, which includes direct energy cost changes for fossil fuel bills and
indirect energy costs affecting price changes of goods and services based on the energy
requirements throughout global supply chains. It is worth mentioning that the change in
indirect energy costs does not refer to the increase in the actual purchasing price for products
but the increase in energy costs reflected in products. In this case, the change in indirect
energy costs can be much higher than direct cost changes. The second indicator is the energy
cost burden rate, which refers to the share of direct and indirect energy costs in total
household expenditures. The last is the change in the energy cost burden rates, which
measures the increase in the energy burden rate compared with the pre-crisis level (SCO).

Additional poverty caused by the energy crisis

The global energy crisis is exacerbating the plight of the world’s poor #!. Given the combined
crises of COVID-19, growing inflationary pressures, and the war in Ukraine, many reports and
news have mentioned the impacts on global poverty **. However, quantitative research on the
potential consequences of rising energy prices on global poverty is still lacking but much
needed. To fill these gaps, we assessed the households’ additional expenditures due to
increased direct and indirect energy costs. We considered the differential impacts on
households with various consumption patterns. Assuming that the total expenditure of
households remained the same in the short term as before the price increase, the additional
energy costs will lead to a reduction in the purchasing power for other essential needs. As a
result, some people living above USS$2.15 a day in 2017 PPP (that is, the international poverty
line, a global absolute minimum, updated in September 2022) would be pushed to extreme
poverty due to their inability to meet basic living needs. In this context, we assessed the
additional population in extreme poverty under each energy price scenario. According to a
recent World Bank report %, the global poverty rate (at the extreme poverty line) in 2021 is
8.9%. On the basis of this poverty rate and our matched expenditure and population data for
201 expenditure groups, we derived a relative poverty line for the year 2021. For each
expenditure group, we subtracted their additional energy costs from the corresponding total
household expenditures. The rest was compared with the relative poverty line to determine
whether the group has been pushed into extreme poverty. Our approach makes it possible to
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obtain an additional number of people in poverty due to costs of living pressures under each
price scenario.

In addition, rising energy prices are also putting more people at risk of energy poverty. Energy
poverty is a multi-dimensional issue and can be measured by various definitions and indicators
39 0On the basis of our estimated rises in energy costs during this crisis, we selected the
maximum percentage of household energy costs in consumer income or expenditure as a
measure of energy poverty. We use 10% of households’ total expenditure spent on energy bills
(for residential fuels and electricity use) as our energy poverty set point *°. For each
expenditure group, the additional number of people considered to be energy poor due to
increased energy bills was estimated under each price scenario.

Data sources and processing

To model the different impacts of rising energy prices on households, we applied the following
data sources and preparation steps:

Enerqgy prices data

Energy price data are based on daily price data from 1 January 2021 to 13 September 2022 for
five fossil fuels and fuel products: coal, coal products, crude oil, petroleum products and
natural gas. We used Newcastle coal futures, Brent futures and US natural gas futures as
benchmarks for coal and coal product prices, oil and petroleum product prices and natural gas
prices, respectively. All price data were collected from the Trading Economics website
(https://tradingeconomics.com/commodities).

Energy-consumption data and processing

Energy-consumption data are derived from IEA World Energy Balances 3 for the year 2019. On
the basis of a mapping approach provided by the Global Trade Analysis Project (GTAP) energy

data set °°

, we processed the final energy consumption for the year 2019, consistent with the
GTAP regional and sectoral classification. Final energy-use data cover energy used for
combustion and non-energy used as feedstock. Household direct energy use is considered a
separate vector, including private vehicle fuel use for mobility and residential energy use for
heating, cooling and cooking. We extrapolated the energy-consumption data to the year 2021
based on the average annual gross domestic product (GDP) growth rate (from 2019 to 2021)

for our research topic.

MRIO data and processing

The multi-regional input-output table is taken from the GTAP 11 Data Bases 2°, which contains
high-resolution information on the interregional and intersectoral transactions of the world
economy for the year 2017 in the purchaser’s price for 141 countries and regions. Each country
or region has 65 economic sectors. Using consumer price indices from the World Bank ¢, the
GTAP MRIO table of 2017 was inflated to the prices of 2021 to match our research topic.

Household-expenditure data and processing

Household-expenditure data are taken from the World Bank’s Global Consumption Database
(WBGCD) 2. The WBGCD provides consumer expenditure survey data for the year 2011 for
116 countries, representing 87.4% of the global population, especially with representation
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from developing countries ?. For each country, the expenditure share and corresponding
population share for 201 expenditure groups among 33 expenditure items are listed
(Supplementary Table 2). Expenditure groups represent consumption levels ranging from USS0
to USS1 million per capita per year, expressed in 2011 PPP. For example, Group Oth (that is,
the lowest consumption level) represents people consuming less than USS50 in 2011 PPP per
year and Group 200th (that is, the highest consumption level) is for the group consuming
between USS$0.95 million and USS1 million in 2011 PPP per capita per year. Not all countries
will have populations in all groups. For consistency reasons, we used the detailed expenditure
structure (instead of real consumption data) for the year 2011 from the WBGCD to
disaggregate the total household final demand in the GTAP MRIO table. Given the lack of more
recent consistent data, we assumed that the expenditure structure of each expenditure group
in each country remains the same as they were in 2011.

Bridging and matching WBGCD to GTAP 11 Data Bases

The expenditure data from the WBGCD come with different regional and sectoral
classifications than the GTAP, so it is necessary to transform them into a GTAP format.
Following the approaches of previous studies 26262, we bridged and matched the WBGCD with
GTAP 11 household final demand vectors in three steps.

First, we matched the country and region classification between the two datasets. First, we
downscaled household final demand of aggregated regions in the GTAP to the national level.
We assumed that households in countries within one aggregated region have similar
consumption patterns. Therefore, these aggregated final demand vectors can be divided into
country levels based on their population share in the overall population of the corresponding
aggregated region. We used the latest population data for 2020 from the World Bank 7.
Second, we calculated the final demand for each expenditure group in each country by
multiplying the expenditure share of groups from the WBGCD with the household final
demand from the GTAP MRIO. Third, using a bridging matrix, we linked the 33 expenditure
items in the WBGCD to the 65 economic sectors in the GTAP MRIO. The bridging matrix reflects
the corresponding relationships of sectors between the two datasets. We ended up with a
matrix of 9,165 rows by 23,316 columns, containing household final demand for 201
expenditure groups from 116 WBGCD countries from 65 economic sectors in 141 GTAP
countries and regions. Due to data availability, especially of the household-expenditure
dataset, which is the main focus of our study, we cover 116 countries representing 87.4% of
the global population and 80.3% of global GDP (more details in the Limitations section). We
list the 116 countries analysed in this study in Supplementary Table 3.

Price scenarios

To quantify possible effects on global household burdens, this study developed one base
case and nine scenarios drawn from daily energy prices. All references for price-scenario
settings are provided in Supplementary Table 1.

In short, we chose the average energy prices of 2021 as the base case, called the pre-crisis
energy price scenario (SC0). We developed an average price scenario (SC1) to capture the
distributional impacts of the global energy crisis on household living burdens. SC1 refers to the
price for coal and coal products (+176%), crude oil and petroleum products (+51%) and natural
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gas (+94%) from 24 February to 13 September 2022. As a sensitivity analysis, we also modelled
the possible effects of price increases under the monthly average price scenario (SC2-SC8). An
extreme scenario (SC9) was set, referring to peak prices for coal and coal products (+235%),
crude oil and petroleum products (+80%) and natural gas (+159%) from 24 February to 13
September 2022. This study makes no statements about the likelihood of SC9 occurring.

Limitations

In modelling the energy costs for households, consistent with existing research 3%, we
assumed that energy price changes in production sectors are fully passed on to final
consumers. In other words, households bear both the direct and indirect effects of rising
energy prices. Expenditure levels were used to group households, without specifically
considering other indicators that affect household consumption, such as household size,
housing area, and temperature #’. We assumed that under price shocks, households maintain
their previous consumption patterns in the short term. We focused on short-term
consequences without considering demand elasticities and substitution possibilities. The
short-term model assumes fixed coefficients of production and consumption and thus its
micro-foundation is based on Leontief production function , which is a commonly perceived
limitation of input—output studies ®%%%% but a reasonable assumption in the short-run where
economic actors cannot easily switch to new technologies or fuels. In this context, the ability
to adapt to and recover from energy disruptions, such as changing consumption patterns, fuels
or energy technologies, all factors contributing to energy resilience, was not addressed in our
research, given the relative short-term focus and assumption of technology lock-in. In addition,
the aggregation of economic sectors in the MRIO table leads to uncertainties in indirect energy
cost estimates. There are 65 sectors in the GTAP 11 Data Bases with all products and services
allocated. Such relatively high aggregation makes it difficult to distinguish the economic
activities of various products and services within sectors. Another major uncertainty comes
from the collected data and the balancing procedures for the MRIO table.

In terms of data and data processing, this study is limited by the availability of relevant datasets.
The consumer expenditure survey dataset from the WBGCD is for the year 2011. Consumption
patterns and population share for each expenditure group were assumed to be the same as in
2011. Another limitation is that the GTAP 11 Data Bases and the WBGCD do not cover the data
for all countries in the world. Some energy-consuming giants, such as Canada and Australia,
are not covered in this study due to data availability. However, 141 countries and regions in
GTAP 11 Data Bases account for 99.1% of the global GDP and 96.4% of the global population
29, Data on 116 countries in the WBGCD cover 87.4% of the global population in 2020,
especially with representation from developing countries. These datasets are the most
detailed available datasets to date. Final energy-use data leads to another limitation. We
assumed the same volume and structure of global energy demand in 2022 as in 2021, ignoring
the impacts of energy supply-related issues behind the Russia—Ukraine conflict (for example,
the import embargo of fossil fuels from Russia).

In price-scenario settings, we focused on the international price volatility of fossil fuels caused
by this crisis, without differences in purchase-price increases across countries. Global energy
prices fluctuate on a daily basis, and we selected nine representative price scenarios.

We did not investigate the economic impacts of the disruptions and destruction within Russia
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and Ukraine caused by the war as without current data and a clear overview of the level of
disruptions these cannot yet be assessed.
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Figure Legends/Captions

Fig. 1 Price increases for fossil fuels compared with the 2021 average level.

Prices for crude oil (Brent; orange), natural gas (US natural gas futures; blue) and coal (Newcastle; red)
are shown. SC1 (horizontal dashed lines) refers to the average price for coal and coal products (+176%),
crude oil and petroleum products (+51%) and natural gas (+94%) from 24 February to 13 September
2022. 5C9 (black circles) refers to peak prices for coal and coal products (+235%), crude oil and petroleum
products (+80%) and natural gas (+159%) during this period. SC2-SC8 (highlighted by vertical dotted
lines) refer to monthly average prices. All references for price-scenario settings are provided in
Supplementary Table 1.
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Fig. 2 Global increase in direct and indirect household energy cost and burden rate by energy type
under different energy price scenarios.

a—c, Bars refer to per capita household energy cost increases compared with the pre-crisis energy price
(SC0) for total (a), direct (b) and indirect (c) costs. Stacked bars show the contribution of each fuel to
energy cost increases with blue representing natural gas, orange representing oil and petroleum
products and red representing coal and coal products. Yellow dots refer to the increases in per capita
energy cost burden rate (that is, the additional energy cost as a percentage of total household
expenditure).

Fig. 3 Impacts of rising energy prices on 116 countries under SC1.

SC1 refers to average prices for coal and coal products (+176%), crude oil and petroleum products (+51%)
and natural gas (+94%) from 24 February to 13 September 2022. a, Direct impacts. b, Total (that is,
direct and indirect) impacts. The colour of countries shows the per capita energy cost increase (grey
countries are missing from the WBGCD and are not analysed). The size of the circle refers to the change
in the per capita energy cost burden rate (that is, the additional energy cost as a percentage of total
household expenditure). The results shown here do not involve actual devastation and disruption of
production caused by the war and national measures to alleviate cost burdens such as national transfer
payments and subsidies (more information is provided in the Limitations section in Methods). Base map
layer: “World Countries”. Downloaded from http://tapiquen-sig.jimdo.com. Carlos Efrain Porto Tapiquén.
Orogénesis Soluciones Geogrdficas. Porlamar, Venezuela 2015. Based on shapes from Environmental
Systems Research Institute. Free distribution.

Fig. 4 Impacts of rising energy prices on household expenditures for three items in 116 countries.

The x axis represents the per capita energy cost burden rate (that is, the energy cost as a percentage of
total household expenditure) under SCO (that is, the pre-crisis energy price). The y axis represents the
change in per capita energy cost between SCO and SC1 (that is, average prices for coal and coal products
(+176%), crude oil and petroleum products (+51%) and natural gas (+94%) from 24 February to 13
September 2022). The size of the bubble indicates the average per capita daily expenditure, expressed
in 2021 purchasing power parity (PPP) for each country. The dotted lines represent the global average.
The numbers in the upper right corner of each box are the median (Med.) for that group. The
classification of countries by income is based on the World Bank 3.

Fig. 5 Impacts of rising energy prices on different population deciles under SC1.

SC1 refers to average prices for coal and coal products (+176%), crude oil and petroleum products (+51%)
and natural gas (+94%) from 24 February to 13 September 2022. Points/curves show the per capita
energy cost changes (in %) per expenditure decile. The size of the circle refers to the energy cost burden
rate (that is, the energy cost as a percentage of total household expenditure). The height of points on
curves and the size of circles are comparable only within each subplot. The range (A, the maximum
minus the minimum) among population deciles for each subplot is given in the upper right corner. Acc
equals the highest energy cost increases minus the lowest energy cost increases in each subplot. Abr
indicates the highest energy cost burden rates minus the lowest rates in each subplot.

Fig. 6 Sectoral structure of total energy costs under SCO.
SCO refers to the pre-crisis energy price. We aggregated 33 expenditure items represented in the WBGCD
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into nine sub-categories (Supplementary Table 2 for details). Energy use for private transport is included
in ‘Direct energy’. ‘Transport’ includes transportation services and motor equipment purchased by
households.
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