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Hydrogen has become one of the most debated topics in the energy industry. As an energy
vector, hydrogen has been touted as a possible path to decarbonize energy sectors that are
considered difficult to electrify, such as heavy-duty transport. While hydrogen expansion faces
challenges associated with introducing it into new sectors and decreasing the cost of green
(or low-emission) hydrogen, major economies such as China, the EU, and the United States
have been looking to integrate its use into their decarbonization strategies.? Demand for
hydrogen could more than quintuple in a global net-zero-carbon-emissions scenario.’

Given that hydrogen’s role is expected to increase significantly over the coming decade and
expand into new sections of the energy system, it is essential to have more clarity on its
current and future demand profile. The energy community is used to relying on statistics for
more traditional fuels such as oil or natural gas; they enable analysts and investors to follow
market developments, identify trends, and anticipate investment needs and opportunities.

For policy makers, they can help to measure progress toward decarbonization objectives or
against targets set within their hydrogen strategies as well as help them compare their activity
with other countries’ developments. Understanding demand, production, and trade through
data transparency is also a key element in energy security.

Among the challenges facing hydrogen are some basic data issues. They revolve around three
major items:

e The definition of hydrogen demand, which leads to different estimates of current
hydrogen demand

e The availability of basic data on current demand and production at national levels

e The use of different units of measurement and conventions for hydrogen, which can
lead to widely varying estimates

This commentary represents the research and views of the author. It does not necessarily
represent the views of the Center on Global Energy Policy. The piece may be subject to
further revision.
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HYDROGEN: A HOT COMMODITY LACKING SUFFICIENT STATISTICS

In this piece, the author explores the different issues around measuring hydrogen demand,
production, and trade, and makes recommendations to improve data coverage and harmonize
unit conventions. The fact that hydrogen is still at a relatively nascent stage requires some
thinking by statistical agencies on what definition of hydrogen to use, which data to collect,
and how and whether to include hydrogen-related fuels such as ammonia and methanol

in demand statistics. Being at the early stages of the hydrogen economy also offers an
opportunity to build something robust in preparation for its future while at the same time
solving some existing issues around definitions, methodologies, and units. While some
agencies are already working to fill in the blanks, these efforts are likely to take some time.
The ultimate goal will be to speak a common language around this new energy vector.

A Definition Issue

The problem starts with a very simple question: how much hydrogen does the world consume
today? The answer is: it depends on how one defines hydrogen. The International Energy
Agency (IEA) distinguished the following three categories in The Future of Hydrogen*report
and in subsequent reports such as the Global Hydrogen Review 2021:°

e Pure hydrogen demand, mostly used in oil refining and ammonia production, estimated
at about 72 million tons (Mt) as of 2020

e Hydrogen demand, which includes pure hydrogen as well as about 18 Mt of hydrogen
mixed with other gases for the production of steel and methanol, at 90 Mt.

e Total hydrogen demand, including pure hydrogen and a further 45 Mt (as of 2018) used
in industry without prior separation from other gases (including the 18 Mt mentioned in
the previous bullet), estimated at about 120 Mt.

Other organizations use one of these different categories, either drawing on their own analysis
or using IEA data. For example, the International Renewable Energy Agency (IRENA) used the
largest definition in its latest report about the geopolitics of hydrogen.®

Very Few Statistics on Hydrogen Exist

In order to better understand the inner workings of any aspect of the energy system, statistics
are essential. The IEA, Eurostat (which covers the European region), APEC (which covers

the Asia Pacific region), and the United Nations are well-known sources of such energy
statistics at global and national levels. Countries’ own statistical agencies are another source
of data. However, access to a similar level and quality of data commonly found for oil, gas,
and electricity generation is not available for hydrogen. In fact, there are very few statistics

on hydrogen consumption, and when they do exist, they do not cover demand in all existing
sectors or do so only for specific plants.

Meanwhile, there is hardly any data on how the hydrogen is produced. That may largely

be explained by the much lower interest in hydrogen until a few years ago, and the fact

that a significant part of hydrogen production never leaves production sites. What is not
consumed on site is transported by truck or pipeline: there were only about 4,000 kilometers
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of hydrogen pipelines in the world in 2016, the bulk of which were in the hands of three
companies: Air Products, Air Liquide, and Linde.

Hydrogen production plants can be divided into three main categories:

e Captive production facilities, where the hydrogen is produced on site for the plant’s
own consumption

e Merchant production facilities, where hydrogen is sold externally

e By-product production, where hydrogen is a by-product of other processes (such as
chlor-alkaline production)

Though a significant part of the hydrogen consumed today is captive, statistics sometimes
only report the merchant portion. The treatment of by-product hydrogen varies. These factors
can lead to different estimates for hydrogen demand. In a comparative study looking at the
size of the hydrogen market in the United States and globally, the US Department of Energy
(DOE) found that estimates for hydrogen production in 2016 from three different sources (2
on production and 1 on production capacity) varied from 9 to 15 Mt for the United States and
from 65 to 100 Mt for the world.” DOE concluded that the difference within these estimates
came mostly from by-product hydrogen, while the variation for estimates of merchant and
captive hydrogen production was within £10 percent.

Officially reported statistics on hydrogen are limited. Available sources on hydrogen demand
and use, based on the author’s knowledge, include the following:

e Inthe IEA’s as well as Eurostat’s and APEC’s statistics, data on hydrogen are found and
included in the “other hydrocarbons” category,® not singled out individually.® In the
IEA’s extended energy balances, the production of “other hydrocarbons” in the world
amounted to 2.5 exajoules (EJ) in 2020, which would equal about 21 Mt of hydrogen if
that category included only hydrogen.® This is significantly below any other demand
numbers quoted above because not all hydrogen consumption is reported. For example,
hydrogen consumption in the production of ammonia, which is done in captive plants,
does not appear directly in the balances. Ammonia production is included in the “non-
energy use” sector, but the consumption of “other hydrocarbons” there is zero. The
energy used for “non-energy use” is directly reported through the consumption of
primary fuels such as natural gas or coal, but not as hydrogen. Additionally, in oil refining,
hydrogen produced and consumed inside the refinery is not tracked in energy statistics:
only the hydrogen coming from outside the refinery (merchant or by-product) is counted.

e FEurostat reports total hydrogen production in the European Union" in a database on
manufactured goods. It is estimated to be about 14 billion cubic meters (bcm), which
translates to about 1 Mt (compared to other estimates ranging between 6 Mt and 8 Mt
for Europe, as noted in Table 1).?

e The Fuel Cell and Hydrogen Observatory published the most comprehensive dataset for
Europe by country and by use based on different sources for the year 2019—the first
and as yet only time it has published such data. European demand is estimated at 8.4 Mt.
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e The US Energy Information Administration (EIA) publishes data on hydrogen demand
in refineries in the United States, as well as the consumption of natural gas used to
produce hydrogen at refineries.”” Canadian statistics use the same definitions.”® The
hydrogen quantities reported by refiners include hydrogen produced from plants
located at refineries and hydrogen purchased from third-party suppliers, but do not
include hydrogen produced from catalytic reformers. Hydrogen input from refinery
reformer units is counted indirectly as input of crude oil and unfinished oils. Moreover,
the use of hydrogen in manufacturing is collected every four years as part of the EIA’s
Manufacturing Energy Consumption Survey.” But because hydrogen is produced and
consumed in only a few industries and regulations protect disclosed data from being
identifiable, hydrogen demand data is most often hidden within the “other” category.

Table 1 presents hydrogen demand estimates from the IEA and a few other sources that give
individual data by country in specific regions.

Table 1: Estimates of hydrogen demand by country or region (Mt)

IEA (2020) IRENA (2020) FCHO (2019) Mills (2019)
United States n 1.3
Canada 3 2.5
Latin America 3.5 T&T: 1.5
EU 7 5.8 (inc. UK) EU: 78
EU+UK: 8.1
EEA, UK, Sw: 8.4
Ger: 1.6
ND: 1.3
Russia na 6.4
Africa 3 Egy: 1.4
Middle East n KSA: 3.4 66,176 GCC: 70
Iran: 3.6 KSA: 2.4
China 25 23.9
Japan 2 1.7
Korea 1.8 1.3
India 7 7.2
Indonesia n/a 1.5
Rest of the world | About 15.7 15.7
WORLD 90 87

Sources: IEA, IRENA, Fuel Cell and Hydrogen Observatory, and Mills and Friedmann.’®
Note: T&T: Trinidad and Tobago, KSA: Saudi Arabia, Sw: Switzerland, Ger: Germany, ND: Netherlands,
Egy: Egypt.
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Estimating Hydrogen Data and Inputs to Produce Hydrogen

Given that the data appearing in official statistics are different from what appear in
publications on global hydrogen market trends, the question is where are the data coming
from? Hydrogen is presently used in the refining sector and to produce ammonia, methanol,
and steel.”” Global estimates published by entities such as the IEA and IHS Markit are found by
back-calculating hydrogen demand from data on ammonia and methanol production as well
as use of hydrogen in steel production and in refineries. Estimating the hydrogen consumed
in refineries is a complex endeavor, as one needs to estimate the flows of oil that go through
hydrotreatment and hydrocracking. As mentioned above, this can lead to different estimates.

While the demand side has been to some extent covered by these estimates, there is still a
paucity of country-specific data for many nations. There is even less data on the production
side for individual countries, in terms of fuel inputs. This is covered only by the IEA’s Global
Hydrogen Review (for 2020) and by EIA data on natural gas’s use for hydrogen production in
US refineries. Country-specific data on production are necessary to understand how hydrogen
is produced as well as the carbon footprint of this production. This will become even more
necessary in the future as the ways to produce hydrogen diversify, with an increasing amount
of it being produced from solar, wind, biomass, and possibly nuclear or grid electricity as well
as natural gas with carbon capture and storage.

It might take years to put in place better data collection and reporting approaches, even with
institutions such as the IEA, Eurostat, the UN, and APEC already taking the first steps and
starting discussions on how to include hydrogen in energy demand statistics. Statistical work
is based on questionnaires sent by these institutions to member countries to collect various
energy data,?° and the process takes time, not only because countries need to establish

the means of gathering and reporting these data, but also because the institutions need to
determine which data categories they want to include on demand, production, and trade.
According to these institutions, once data categories are chosen, countries could start to
report data on hydrogen on a voluntary basis this year at the earliest and on a mandatory
basis from 2024.7

Which Data to Collect

The fact that hydrogen is still at a relatively nascent stage requires some thinking about which
data would be most useful, but it also offers the opportunity to build something robust. Given
that some of these institutions have member countries in common, they are already in close
contact and could ensure this new data collection is done uniformly. That includes deciding
which hydrogen is to be considered so that the definitions are consistent across countries.

Besides, the hydrogen economy will go well beyond strictly hydrogen; it is already associated
with hydrogen-related fuels such as ammonia and methanol. It is therefore likely that one
would include ammonia and methanol in data collection when those compounds are used as
energy vectors. There are already a lot of data on ammonia traded internationally, but only
for its use as a fertilizer product, not as an energy product. It will be important to keep them
separated because only the use of ammonia as an energy product should appear as a fuel in
the energy balances.
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Hydrogen, being an energy vector, has statistics on both the production side and the demand
side, exactly like for electricity. On the production side, statistics should include the amount
of primary fuels used (e.g., solar, wind, biomass, natural gas) and the carbon emissions
associated with each. Statistics should also include data on production capacity (electrolyzer
and methane reformers); this can be considered equivalent to monitoring the evolution of
electricity capacity by fuel in the power generation sector.

On the demand side, statistics should include final consumption of hydrogen in buildings,
industry, and transport as well as consumption in the transformation sector (e.g., power and
refineries). To be comprehensive, the statistics should cover all hydrogen use, including the
use of hydrogen in captive plants (such as the use of hydrogen to produce ammonia), even

if that hydrogen does not appear outside of the facilities and may be difficult to effectively
measure. The methodology to calculate these hydrogen quantities from the fossil fuel inputs
must be fully disclosed. Understanding the quantities at stake will be crucial if countries are to
reach their decarbonization goals because grey hydrogen produced mostly from fossil fuels
will have to be replaced with low-carbon hydrogen, which in the future could be captive and
produced on-site or potentially replaced by merchant hydrogen.

Unit and Convention Issues

This data-gathering process could also be an opportunity to standardize reporting on
hydrogen by using energy units (joules or watt-hours) rather than weight or volumetric units
such as kilograms (kg), cubic meters (m?3), cubic feet (ft*), and thousands of barrels per day.
This would build on an existing trend to move away from weight units, volumetric units,

and energy units that are clearly linked to fossil fuels (such as million tons of oil equivalent
[mtoel): over the past two years, both the IEA and energy company bp have replaced mtoe
units with EJ in their flagship publications. In a world that will be increasingly electrified,
there is a case for harmonization by all players. This goes beyond the world of statistics to
encompass all stakeholders to make sure everyone is speaking the same language.

Another reason to avoid volumetric units such as m3, ft3, or barrels is their need to be
standardized and measured at the same pressure and temperature. Natural gas provides an
example of statistical mismatches that can result from volumetric units: countries use different
benchmarks, with consumption, production, and trade reported in a variety of units. Even
when comparing bcm among them, they are measured at different temperatures and based
on widely different calorific values, making comparison difficult.

However, another issue arises when using energy units. The low heating value (LHV) of
hydrogen is 120 megajoules (MJ) per kg (or 33.3 kilowatt-hours [kWh] per kg) and the

high heating value (HHV) is 142 MJ per kg (or 39.4 kWh per kg).?? There is an 18.3 percent
difference between LHV and HHV when one converts to energy units (for pure hydrogen);

it is therefore important to systematically specify which convention is being used to avoid
confusion. Because there are two ways to report heating value, there might be some
resistance to moving toward it and away from the weight unit—but using weight makes the
comparison with other energies difficult. Additionally, the importance of the heating value
should not be neglected, especially if hydrogen streams have different purities and therefore
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different heating values. A review of reports on hydrogen shows that both conventions (LHV
and HHV) are being used today, which can lead to some confusion when such numbers are
compared side by side (see Table 2).

Table 2: Selected global hydrogen demand forecasts, 2050

Study Original unit Convention used Energy unit (LHV)
World Energy Council 228 Mt HHV 27 EJ

Hydrogen on the Horizon

bp Energy Outlook 2020 58 EJ LHV 58 EJ

IEA Net Zero by 2050 60 EJ LHV 60 EJ

IRENA World Energy 614 Mt/73.9 EJ LHV 74 EJ

Transitions Outlook

Wood Mackenzie AET-1.5°C 530 Mt n/a 64 EJ

Hydrogen Council Scaling Up 78 EJ HHV 66 EJ

Sources: World Energy Council, bp, IEA, IRENA, Wood Mackenzie, Hydrogen Council.?*

Finally, another issue arises with hydrogen production capacity. Electrolyzer capacities

are often expressed in terms of the electrical input. In contrast, the capacity of steam gas
reforming represents the output in terms of hydrogen. This creates an issue when adding up
hydrogen production capacity.

Recommendations

The world will need to undertake a significant transformation of its energy system if it is to
achieve the goal of decarbonization. In order to understand and anticipate these changes and
design the correct policies to meet them, policy makers need solid and robust data. The same
applies to investors in various parts of the value chain. But with hydrogen and hydrogen-
related fuels, official and comprehensive statistics have been relatively absent. As hydrogen’s
potential is still emerging, there is a chance at this early stage to build an approach to data
gathering that brings transparency to a key sector in decarbonizing the energy system. The
following are possible steps toward that end:

e Countries could start working together to determine how best to collect hydrogen
data, both on the demand and production sides, and include existing consumption
as well as potential future consumption in new sectors. Statistics on the demand
side need to anticipate new uses in buildings, industry, transport, and power, as well
as account for hydrogen’s potential use to produce other energy products such as
ammonia and methanol.

e Current grey hydrogen production will have to be displaced by low-carbon and
renewable hydrogen to meet decarbonization goals, therefore visibility on how such

ENERGYPOLICY.COLUMBIA.EDU | APRIL 2022 | 7



HYDROGEN: A HOT COMMODITY LACKING SUFFICIENT STATISTICS

clean hydrogen sources are replacing existing flows while meeting new needs will
be paramount.

e Any country that expects to play a key role in the hydrogen economy from an early
stage should be a role model in terms of having good statistics. A current state of play
of a country’s hydrogen economy, including demand data by sector and production,
could be included in all hydrogen strategies.

e The improvement of statistics could likely require more funding or personnel for
statistical or energy offices; keeping sound data will need to be made a priority to
justify this investment.

e The world needs to speak one language, and energy units appear to be a useful fit
for hydrogen, as they enable a cross-fuel comparison. A mix of energy units, weight,
and volumes are used today, so there would need to be an agreement toward
harmonization from all stakeholders.

e All reports on hydrogen should make clear which convention is being used when
expressing hydrogen quantities in energy units: LHV or HHV. The author would like to
suggest low heating value be used because some statistical agencies are planning to
use terajoule (LHV) for data collection.?
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