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Global Progress Toward Renewable Electricity:
Tracking the Role of Solar (Version 2)

Nancy M. Haegel , Member, IEEE, and Sarah R. Kurtz , Fellow, IEEE

Abstract—Renewable electricity continued to grow in 2021 de-
spite energy demand and installation disruptions and anomalies
associated with the ongoing global pandemic. In 2021, the combined
contributions of photovoltaics and wind to electricity generation
slightly exceeded that of nuclear power plants, advancing the con-
tribution of carbon-free electricity sources globally to 38% of the
total. Following its initial presentation in 2021 with data from 1990–
2020, this periodic publication will continue to collect and update
information from multiple sources and present it systematically as
a convenient reference for IEEE JPV readers.

Index Terms—Net expansions, renewable energy sources, solar
energy, solar power generation.

I. INTRODUCTION

E LECTRICITY generation from renewable energy sources
continued to grow in 2021, both in absolute magnitude

and as a fraction of global generation, despite global energy
and electricity use anomalies associated with the COVID-19
pandemic. Total electricity from all sources consumed globally
in 2021 was ∼28,500 TWh, representing about 17.2% of total
energy consumption, similar to 2020 [1]. The share of renew-
ables power generation [hydro and nonhydro renewables, mainly
wind and photovoltaics (PV)] approached 30%, illustrating both
continued progress (that fraction was 24% just five years earlier)
and the major challenge ahead. In contrast, the newly installed
generating capacity in 2021 for hydro, PV, and wind, as Fig. 2(c)
will show, was 79% of the global total. This is the sixth year
in a row that these renewable electricity generating sources
have constituted more than half of newly installed capacity. The
2022 BP Statistical Review of World Energy [1] reports that
the increase in primary energy between 2019 and 2021 (8 EJ
increase from 2019) was “entirely driven by renewable energy
sources.”

PV continues to play a growing role in this energy transition.
Although fully vetted data will not be available until early 2023,
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multiple sources have reported that the milestone of 1 TWDC

global installed capacity was reached in the first half of 2022.
Combined global electricity generation from wind and solar in
2021 (∼2900 TWh) was comparable to electricity generation
from nuclear power plants (∼2800 TWh), representing another
milestone. Combined non-CO2 emitting generation sources
(nuclear and combined renewables) contributed 38% of the
world’s electricity in 2021. The percentage of global electricity
generated by PV, which we reported as 3.4% for 2020, is now
3.6%—major progress from less 0.15% of 2010, but also an
indication of the deployment challenges ahead for PV to reach
its potential.

The goal of this annual presentation is to present data, in
consistent graphical and tabular form, on the global progress
toward renewable energy. As previously discussed in the initial
2021 presentation [2], multiple entities and institutions provide
this global energy data on a yearly basis. Different institutions
have variations in original sources or methodologies and may
change methodologies over time. Assembling this collection of
frequently used and cited sources in one place illustrates both
the major trends and the nature and degree of these variations.

We present the following three sets of graphs:
1) annual generation by broad fuel source for global electric-

ity (see Section II);
2) yearly generation and newly installed capacity for specific

fuel sources with a focus on renewables (see Section III);
and

3) generation and capacity over time with a more detailed
breakout of fuel sources, including PV (see Section IV).

Data are summarized from six primary sources: the Statisti-
cal Review of World Energy, published yearly by BP [1]; the
international data presented by the U.S. Energy Information
Administration (EIA) [3]; the World Nuclear Association [4],
the International Energy Agency (IEA) [5]; the International
Renewable Energy Agency (IRENA) [6], and REN21 [7]. Short
summaries of the mission and history for these six organizations
were provided in the Appendix of the 2021 publication [2].

II. TRACKING PROGRESS TOWARD RENEWABLE ELECTRICITY

Fig. 1 shows yearly global electricity generation (a) and
generating capacity (b) from 1990 to 2021. Source data are
presented in Tables I and II, respectively, in the Appendix. Data
from the Statistical Review of Energy, now in its 71st edition
and the longest running compilation of global energy statistics
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Fig. 1. (a) Annual electricity generation and (b) electricity generating capacity.
Data are tabulated in Tables I and II with lines for the bolded data and open circles
for the other sources.

[1], are indicated in Fig. 1(a) by solid lines, with open circles
used to mark other data sources as indicated. For Fig. 1(b),
solid lines represent the data in bold in Table II, with open
circles used to mark the other data sources. One sees that source
variations, although of interest for detailed understanding and
analysis, are not significant when assessing major trends over
time.

Electricity generation, a measure of energy provided, is pre-
sented in terawatt hour, where 1 TWh = 3.6 × 1015 J. Installed
nameplate capacity, commonly reported in watts, megawatts,
or gigawatts depending on system size, is the rated output of a
generator or other electric power production equipment under
specific conditions designated by the manufacturer. The “capac-
ity factor” is the ratio of the actual output of a system or collection
of systems under true operating conditions (reflecting, e.g.,
variable resource, facility downtime, performance variations,
large-scale climate effects, etc.) and the output of that electricity
source operating continuously at its commercial product or plant
rating. Capacity factors for electricity generating technologies
can vary significantly, both within a technology depending on
the performance, and between technologies as determined by
the physics of the particular energy conversion process and
the variability of the demand for electricity. Actual electricity
generation [Fig. 1(a)] is the most relevant for understanding
and tracking the evolution of the energy system in terms of
contributing fuel sources. Capacity [Fig. 1(b)] allows one to

understand and track global installations and new technology
investment.

Different organizations report source data using different fuel
subcategories. In Fig. 1, the BP values for fossil generation
and capacity are determined by summing component data for
oil, gas, coal, and “other” (where “other” is pumped hydro,
nonrenewable waste, and statistical discrepancies) [1] to obtain
a total fossil value. Nonhydro renewable totals are calculated
by subtracting the sum of total fossil, nuclear, and hydro from
the total electricity value. This addresses the fact that individual
values for certain nonhydro renewable components (PV, wind,
concentrating solar power, geothermal, etc.) were not uniformly
reported in earlier years, though that situation is evolving rapidly.
The EIA values are taken directly from the website [3] by
selecting the desired categories.

Several upcoming transitions are worth noting in Fig. 1.
Electricity generation from combined nonhydro renewables is
poised to equal electricity generated from hydropower world-
wide in 2022. The combination of non-CO2 emitting generation
sources could reach 50% of total global electricity genera-
tion in the next 10–12 years if recent growth rates of non-
hydro renewables can be sustained or increased. Finally, as
noted previously [2], continued projected growth in PV and
wind, compared to the growth rate in total electricity, sug-
gests major potential for future electrification of other energy
sectors, with corresponding benefits to overall efficiency and
decarbonization.

III. TRACKING THE RATE OF CHANGE

In Fig. 2(a)–(c), we plot data for the past five years (2017–
2021) for (a) global fraction of electricity generation, (b) global
fraction of electricity generating capacity, and (c) global fraction
of net expansions of electricity generating capacity for the given
year. Data for fossil, nuclear, and hydro are drawn from Table I
and are summarized by year in Tables III–VII. Data for wind,
solar and other technologies are drawn from Table VIII and also
summarized in Tables III–VII, with the electricity generation
data in Fig. 2(a) taken from Tables I and VIII and the electricity-
generation capacity data in Fig. 2(b) taken from Tables II and IX.
The net expansions of the electricity-generating capacity data in
Fig. 2(c) are obtained by subtracting the data in Fig. 2(b) for each
year from the following year. The choice of datasets to use for
Fig. 2 and tabulated in Tables III–VII is detailed in the Appendix.
Some values in Tables III–VII are not directly available and
were derived indirectly from the references, as described in the
Appendix.

The pie charts illustrate a persistent theme: we have a massive
global system, dominated by fossil energy [see Fig. 2(a)], under-
going a rapid rate of change [see Fig. 2(c)]. We plot electricity
generation, generating capacity, and net capacity expansions
(new installation minus any decommissioning) to highlight both
where we stand and the rate of change that will drive the future
electricity generating mix. Combined renewables (solar, wind,
hydro, geothermal, and biomass) constitute more than 60% of ca-
pacity expansions for the past five years. PV and wind combined
alone are more than 50% of capacity expansion each year over
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Fig. 2. (a) Pie charts showing global share of electricity generation by technology for the indicated years. Data taken from Tables I and VIII and summarized
in Tables III–VII (see Appendix). The “other” category includes biomass and geothermal. (b) Pie charts showing global share of electricity-generation capacity
by technology for the indicated years. Data taken from Tables II and IX and summarized in Tables III–VII (see Appendix for additional details). (c) Pie charts
showing global share of net expansions of electricity-generation capacity by technology for the indicated years. Data taken from Tables II and IX and summarized
in Tables III–VII (see Appendix for additional details).

the same period. The growth in the fraction of wind and PV in the
new capacity mix that was evident from 2017–2020 has leveled
off in 2021. A number of factors, such as global supply chain and
shipping disruptions, worldwide policy variations, regulations
affecting PV imports in the United States, and global labor
shortages, may all be involved. These will likely be the subject of
future detailed analysis but may also be unique to the 2020–2021
period.

IV. TRACKING THE ROLE OF PV

Fig. 3 again shows yearly global electricity generation
(a) and generating capacity (b) from 1990 to 2021, but this time
breaking out the contributing technologies to the “nonhydro
renewables” from Fig. 1. Source data are presented in Tables
VIII and IX, respectively. In Fig. 3(a), the solid lines again
represent data from the work in [1], with open circles used to
mark other data sources. For Fig. 3(b), solid lines represent the
data in bold in Table IX, with open circles used to mark the other
data sources. As discussed previously, different organizations
have different mission goals and focus and report source data
using different fuel subcategories. We note again that source
variations, although of interest for detailed understanding and

analysis, are relatively minor when assessing major trends over
the time frames of interest for the global energy transformation.

The rapid growth in solar PV and wind since 2000, detailed
in the pie charts for recent years, has led to a number of major
milestones in the current decade. According to the work in [1],
global electricity generated from PV exceeded 1000 TWh in
2021 for the first time in history. New PV installation continued
to grow in absolute value, though the percentage growth from
the previous year decreased significantly. Solar PV and wind
installed global capacity are now comparable and both will likely
reach 1 TWDC in 2022, which is of note given the complemen-
tary nature of PV and wind for electricity generation in many
markets.

Five different sources for solar (BP, EIA, IEA, IRENA, and
REN21) are presented in Table IX and utilized in Figs. 2 and 3.
Variations in these values can arise for multiple reasons. Among
these are the following:

1) variations in reporting PV capacity as WDC or WAC;
2) differences that arise in reports of PV shipments versus in-

stallations, variations in cross-border electricity account-
ing, or handling of the balance between new and retired
resources; and

3) changing methodologies in source reporting.
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Fig. 3. (a) Annual electricity generation and (b) Electricity generating capacity
by fuel. Data are tabulated in Tables VIII and IX (see Appendix) with lines for
the bolded data and open circles for the other sources.

Those with interests in pursuing these variations can find
further details in the primary sources.

We also note that reporting of solar electricity and capacity
has been composed in the past of contributions from both PV
and solar thermal power, depending on the source. However, the
rapid growth in PV since 2005 has made PV the increasingly
dominant contributor to solar-generated electricity, a trend that
continued in 2021. Tables VIII and IX indicate whether solar
data are a combination of these technologies or PV only. These
tables also indicate our assessment of which data are WDC or
WAC. However, we note that there may be inconsistencies in the
documentation of dc and ac PV ratings and that some sources
may include a mixture of ac and dc data.

V. CONCLUSION

2021 was another PV milestone year in several regards. Total
global electricity generation from PV exceeded 1000 TWh, with
∼ 190 TWh of that added in 2021 representing an 18% increase
from 2020. PV installed capacity reached a new high, and PV and
wind now contribute electricity at a level comparable to nuclear
power. Year to year changes from 2020, however, are unusual
on a global scale for multiple reasons. For the first time since
the 2008 recession and only the second time since 1985 (the

starting point for Table I), global electricity generation dropped
going from 2019 to 2020, according to updated data in the BP
Statistical Review of World Energy [1], and then rebounded
significantly in 2021. Global travel, supply chain, and shipping
disruptions were also widespread.

PV continues to grow but still represented less than 4% of
global electricity generation in 2021. This average of course
reflects large variations in the use of the solar resource and
PV technology around the globe. The continued growth of both
wind and PV point to a future where synergies between these
two technologies, with growing use of storage, can lead the
way to a clean, sustainable energy system as well as increased
electrification and efficiency across all energy sectors. In future
publications, we intend to begin tracking global storage capacity,
currently less than 200 GW worldwide, but predicted to grow
rapidly in the next 5–10 years.

The broad PV R&D community continues to play a significant
role. This has included ongoing technology and reliability ad-
vances, such as the rapid transition to passivated emitter and rear
contact as the dominant Si technology and continued efficiency
improvements. 2021 also saw increased attention to materials
use, sustainability, and future supply chain challenges, as well as
global cooperation in research and development of increasingly
sophisticated modeling and understanding of the role of PV in
the future energy system. Sustaining future growth will require
continued progress in all these areas as we continue to track
progress in renewable energy as a whole, PV as a key technology,
and the energy transformation that will determine our future.

APPENDIX

The sources of the data reported in Figs. 1–3 were described in
the Appendix of Version 1 [2]. The same sources [the Statistical
Review of World Energy, the Energy Information Association
(EIA), the International Energy Agency (IEA), the International
Renewable Energy Agency (IRENA), the World Nuclear Asso-
ciation (WNA), and REN 21 (renewables now)] were consulted
for Version 2, following the release of the 71st Statistical Review
of World Energy on June 28, 2022. Updated data from other
sources are as of July 21, 2022.

We note that most of these sources revise their data in retro-
spect, as new information comes in and/or reporting accuracy
increases. Where updated tabulated data are available for down-
load, we have incorporated updates from previous years into our
Version 2 tables. Minor changes in generation and new capacity
numbers for earlier years are updated in the tables, but we did not
recreate the pie charts for Fig. 2(a) and (b), since these changes
are minor and generally insignificant on a fractional basis. A
review of updates, for example, in the BP Statistical Review of
World Energy data for global electricity consumption, nonhydro
renewable electricity generation, solar electricity generation,
and PV capacity (AC), show variations generally of 1% or less
in the data from 2016 to 2020. Interestingly, there is no pattern
of decreasing fractional change with time. Solar generation
numbers revised down while PV capacity numbers revised up.
This historical revision can be another source of confusion when
comparing values cited from different sources over time. The
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TABLE I
GLOBAL ELECTRICITY GENERATION BY TECHNOLOGY CATEGORY (TWH FOR INDICATED YEAR)

TABLE II
GLOBAL ELECTRICITY GENERATION CAPACITY BY TECHNOLOGY CATEGORY (GW)
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TABLE III
GLOBAL 2017 DATA SUMMARY FOR CREATING PIE CHARTS IN FIG. 2

TABLE IV
GLOBAL 2018 DATA SUMMARY FOR CREATING PIE CHARTS IN FIG. 2

TABLE V
GLOBAL 2019 DATA SUMMARY FOR CREATING PIE CHARTS IN FIG. 2

TABLE VI
GLOBAL 2020 DATA SUMMARY FOR CREATING PIE CHARTS IN FIG. 2

TABLE VII
GLOBAL 2021 DATA SUMMARY FOR CREATING PIE CHARTS IN FIG. 2
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TABLE VIII
GLOBAL ELECTRICITY GENERATION BY FUEL (TWH FOR INDICATED YEAR)

data presented in Figs. 1–3 are tabulated in Tables I–IX. The
selection of data for Tables III–VI has little effect on the creation
of Fig. 2(a) and (b) but can have a greater effect on the appearance
of Fig. 2(c). While we were forced to mix data from different
sources to create Fig. 2, we attempted to be consistent from year
to year in our methodology so that the trends would be clear. The
electricity data in Fig. 2(a) and Tables III–VII were taken from

BP except the biomass and geothermal data, which were taken
from REN21. The capacity data in Fig. 2(b) and Table II used
WNA data for nuclear, BP data for wind, and solar and REN21
data for hydro, biomass, and geothermal. The fossil capacity
data were taken from EIA for the earlier years and estimated for
the later years by noting the REN21 assessment of the fraction
of capacity additions that could be related to fossil.
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TABLE IX
GLOBAL ELECTRICITY-GENERATING CAPACITY BY TECHNOLOGY (GW)
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