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2016 2017

INVESTMENT
New investment (annual) in renewable power and fuels 1 billion USD 274 279.8

POWER
Renewable power capacity (including hydro) GW 2,017 2,195
Renewable power capacity (not including hydro) GW 922 1,081

  Hydropower capacity 2 GW 1,095 1,114

  Bio-power capacity GW 114 122

  Bio-power generation (annual) TWh 501 555

  Geothermal power capacity GW 12.1 12.8

  Solar PV capacity3 GW 303 402

  Concentrating solar thermal power (CSP) capacity GW 4.8 4.9

  Wind power capacity GW 487 539

  Ocean energy capacity GW 0.5 0.5

HEAT
  Solar hot water capacity 4 GWth 456 472

TRANSPORT
  Ethanol production (annual) billion litres 103 106

  FAME biodiesel production (annual) billion litres 31 31

  HVO production (annual) billion litres 5.9 6.5

POLICIES5

Countries with national/state/provincial renewable  
energy targets # 176 179

Countries with 100% renewable electricity targets # 57 57

Countries with 100% renewable heating and cooling targets # 1 1

Countries with 100% renewable transport targets # 1 1

Countries with 100% renewable energy in primary  
or final energy targets # 1 1

States/provinces/countries with heat obligations/mandates # 21 22

States/provinces/countries with biofuel mandates6 # 68 70

States/provinces/countries with feed-in policies # 110 113

States/provinces/countries with RPS/quota policies # 33 33

Countries with tendering (held in 2017) # 34 29

Countries with tendering (cumulative)7 # 73 84

1  Investment data are from Bloomberg New Energy Finance and include all biomass, geothermal and wind power projects of more than 1 MW;  
all hydropower projects of between 1 and 50 MW; all solar power projects, with those less than 1 MW estimated separately; all ocean energy projects;  
and all biofuel projects with an annual production capacity of 1 million litres or more.

2  The GSR strives to exclude pure pumped storage capacity from hydropower capacity data.
3  Solar PV data are provided in direct current (DC). See Methodological Notes in this report for more information.
4  Solar hot water capacity data include water collectors only. The number for 2017 is a preliminary estimate.
5  A country is counted a single time if it has at least one national or state/provincial target.
6  Biofuel policies include policies listed both under the biofuel obligation/mandate column in Table 2 (Renewable Energy Support Policies) 

and in Table R7 (Renewable Transport Mandates at the National/State/Provincial Levels, End-2017.)
7  Data for tendering reflect all countries that have held tenders at any time up through the year of focus.
Note: All values are rounded to whole numbers except for numbers <15 and investment, which are rounded to one decimal point. 
Where totals do not add up, the difference is due to rounding.
FAME = fatty acid methyl esters; HVO = hydrotreated vegetable oil.
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  Ethanol Production: 3% 
  Biodiesel Production: 0% 
  HVO Production: 10.1%

Source: REN21.org
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Global annual production of ethanol increased 3.8% between 2016 
and 2017, from 101 billion litres to 105.5 billion litres.58 The United 
States and Brazil maintained their leads in ethanol production, 
together accounting for 84% of global production in 2017.59 The 
next largest producers were China, Canada and Thailand.60

US ethanol production rose 2.8% to 60 billion litres during the year, 
following a good corn harvest.61 More than 90% of this fuel was 
used in the United States – with a record average blend rate of 
10.08% – to meet the annual volume requirements under the US 
Environmental Protection Agency’s (US EPA’s) final Renewable 
Fuel Standard (RFS2) allocations.62 The remaining fuel was 
exported to more than 60 countries.63

Ethanol production in Brazil was stable in 2017 at 28.5 billion litres, 
despite high global sugar prices favouring sugar production.64 The 
fuel was used mainly within Brazil but some was exported, for 
example to the United States.65

China continued to rank third for ethanol production globally in 
2017 and produced an estimated 3.3 billion litres, a 4% increase 
over 2016.66 China aims to shift to an E10 ethanol/gasoline blend 
by 2020, which would push demand up by a factor of at least four.67 
The country’s ethanol production has grown, based largely on 
maize (70%) but with significant contributions from cassava (25%) 
and molasses from sugar beet and sugar cane (5%).68

Ethanol production in Canada, which ranked fourth globally in 
2017, increased 3% to 1.7 billion litres.69 In Thailand, the fifth largest 
producer, production increased 23% to 1.5 billion litres.70

Global trade patterns for ethanol have been changing, in part in 
response to rapidly rising demand in China and to the introduction 
of protective import tariffs in several countries. In 2015, China 
became a major importer of ethanol, especially from the United 
States; however, as domestic production in China increased, 
the country introduced tariff barriers in early 2017 that greatly 
reduced these imports.71 Brazil also introduced an import quota 

in 2017 aimed at US-produced ethanol; if the quota is exceeded, 
an import tariff is imposed.72

Biodiesel production is more geographically diverse than ethanol 
production and is spread among many countries. Although 
Europe was the highest-producing region in 2017, the leading 
countries for biodiesel production were the United States (16% 
of global production), Brazil (11%), Germany (9%), Argentina (9%) 
and Indonesia (7%).73 Global biodiesel production rose around 
1% to 36.6 billion litres in 2017.74 The increase was due mainly to 
increases in the United States, where production grew 1.6% to  
6 billion litres in response to improved opportunities for biodiesel 
in the RFS.75 Biodiesel production in Brazil increased 13% in 
2017 to reach a record 4.3 billion litres, with the blending level of 
biodiesel in diesel rising to 9%.76 Germany was again the largest 
European producer at 3.5 billion litres.77 In Argentina, biodiesel 
production increased 8% to 3.3 billion litres, and in Indonesia 
production fell 10% to 2.5 billion litres in 2017.78

International trade in biodiesel was greatly affected by changing 
import tariffs. The United States introduced “anti-dumping” tariffs 
on imports from Indonesia and Argentina.79 In Europe, however, 
the EU ended tariffs on imports of biodiesel in 2017.80

HVO/HEFA, produced by treating vegetable oils and animal 
fats (including wastes and residues) with hydrogen, have fuel 
properties that are closer to those of fossil-based fuels and that 
can be tailored to particular end-uses. Production is concentrated 
in Finland, the Netherlands, Singapore and the United States.81 
Global production of HVO grew an estimated 10% in 2017, from 
5.9 billion litres to 6.5 billion litres.82 

The United States is the largest market for biomethane, and 
production of the fuel has been stimulated in the country since 
2015, when biomethane was first included in the advanced 
cellulosic biofuels category of the EPA’s RFS, thereby qualifying 
for a premium.83 US biomethane consumption grew nearly 

Note: HVO = hydrotreated vegetable oil; 
HEFA = hydrotreated esters and fatty 
acids; FAME = fatty acid methyl esters Source: See endnote 56 for this section.

FIGURE 19.   Global Trends in Ethanol, Biodiesel and HVO/HEFA Production, 2007-2017
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1 Data do not include heat pumps.
2 Data do not include air collectors.
Note: Annual additions are net, except for the additions pertaining to solar collectors for water heating, which are gross. Numbers are rounded to the nearest 
GW/GWth/billion litres, with the exceptions of numbers <15, which are rounded to first decimal point; where totals do not add up, the difference is due to 
rounding. Rounding is to account for uncertainties and inconsistencies in available data. Data reflect adjustments to year-end 2016 capacity data (particularly 
for bio-power and hydropower). Solar PV data are provided in direct current (DC); for hydropower, the GSR strives to exclude pure pumped storage capacity 
from hydropower capacity data. For more precise data, see Reference Tables R15-R21, Market and Industry chapter and related endnotes. FAME = fatty acid 
methyl esters; HVO = hydrotreated vegetable oil
Source: See endnote 1 for this section.

  TABLE R1.   Global Renewable Energy Capacity and Biofuel Production, 2017

Added During 2017 Existing at End-2017

Power Capacity (GW)

  Bio-power 8.1 122

  Geothermal power 0.7 12.8

  Hydropower 19 1,114

  Ocean power ~0 0.5

  Solar PV 98 402

  Concentrating solar thermal power (CSP) 0.1 4.9

  Wind power 52 539

Thermal Capacity (GWth)

  Modern bio-heat 3 314

  Geothermal direct use1 1.4 25

  Solar collectors for water heating2
 35 472

Transport Fuels Production (billion litres per year)

  Ethanol 2.9 106

  FAME Biodiesel 0.1 31

  HVO 0.6 6.5
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CO2  Carbon
Carbon dioxide emissions

Million tonnes of carbon dioxide 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Growth rate per annum
Share
20172017 2006-16

US 5881.4 5704.0 5295.8 5508.3 5374.7 5168.6 5309.1 5360.1 5214.4 5129.5 5087.7 -0.5% -1.2% 15.2%
Canada 551.6 545.9 502.1 525.7 532.1 513.6 529.1 538.0 529.9 543.0 560.0 3.4% 0.3% 1.7%
Mexico 428.9 431.6 433.0 442.4 465.4 473.7 474.0 461.7 457.4 488.7 473.4 -2.9% 1.4% 1.4%
Total North America 6861.9 6681.6 6230.9 6476.4 6372.2 6156.0 6312.2 6359.8 6201.7 6161.3 6121.1 -0.4% -0.9% 18.3%
Argentina 156.7 160.2 152.7 166.2 169.2 175.6 182.5 183.8 187.0 187.3 183.7 -1.7% 2.7% 0.5%
Brazil 351.4 374.9 352.1 400.3 426.4 449.7 489.0 511.9 497.2 462.1 466.8 1.3% 3.2% 1.4%
Chile 76.5 77.4 74.3 76.1 87.0 89.4 91.1 88.4 88.9 94.2 92.3 -1.7% 3.7% 0.3%
Colombia 59.6 69.5 64.7 71.8 70.6 79.9 83.3 88.0 90.9 91.5 84.7 -7.1% 4.2% 0.3%
Ecuador 26.8 27.3 27.7 31.9 32.7 34.0 36.2 38.1 37.3 35.1 34.0 -2.9% 2.9% 0.1%
Peru 30.7 34.3 34.1 38.3 42.1 43.2 44.7 45.8 48.3 52.1 50.9 -2.1% 6.7% 0.2%
Trinidad & Tobago 26.0 26.3 25.1 26.8 26.7 26.1 27.4 26.8 26.3 24.0 23.8 -0.7% 0.3% 0.1%
Venezuela 164.0 172.2 169.9 168.3 169.3 180.1 177.1 168.0 162.4 154.0 147.0 -4.3% -0.7% 0.4%
Other S. & Cent. America 214.1 208.8 203.6 207.7 213.6 210.9 207.9 211.2 220.5 227.0 226.6 0.1% 0.8% 0.7%
Total S. & Cent. America 1105.8 1150.9 1104.2 1187.3 1237.6 1288.8 1339.2 1362.1 1358.9 1327.3 1309.8 -1.0% 2.3% 3.9%
Austria 68.0 68.5 62.6 67.8 65.2 62.6 62.8 58.8 61.2 61.5 64.2 4.8% -1.5% 0.2%
Belgium 139.6 141.6 129.0 137.1 123.2 118.8 119.5 111.9 118.7 119.6 122.1 2.4% -1.6% 0.4%
Czech Republic 127.4 120.0 111.3 115.7 111.2 106.7 104.9 99.2 102.9 104.5 103.9 -0.3% -1.9% 0.3%
Finland 67.6 60.2 57.7 65.7 56.8 50.3 50.8 45.8 44.3 46.9 45.0 -3.8% -3.9% 0.1%
France 371.2 371.1 356.2 361.5 335.9 337.7 337.7 304.2 309.2 314.8 320.3 2.0% -1.9% 1.0%
Germany 807.2 806.5 751.0 779.9 761.0 770.7 795.1 749.4 753.5 765.4 763.8 0.1% -0.9% 2.3%
Greece 109.2 104.1 100.5 93.6 93.0 88.1 79.8 76.2 73.7 71.0 74.9 5.8% -3.9% 0.2%
Hungary 55.6 54.5 48.2 49.0 48.6 44.6 42.0 40.8 43.8 45.0 47.7 6.4% -2.4% 0.1%
Italy 460.9 448.1 405.1 410.9 401.0 381.5 350.9 325.9 339.1 339.7 344.0 1.5% -3.2% 1.0%
Netherlands 234.1 231.2 222.8 232.5 224.6 216.3 210.9 199.7 207.4 210.9 209.1 -0.6% -1.1% 0.6%
Norway 37.4 36.3 36.8 37.5 36.7 36.5 36.5 35.9 36.0 35.2 35.3 0.5% -0.6% 0.1%
Poland 317.0 319.2 305.0 323.1 322.9 307.5 310.1 293.2 293.0 304.3 308.6 1.7% -0.5% 0.9%
Portugal 59.2 57.5 56.9 51.5 51.3 50.6 49.0 48.9 53.5 54.8 59.8 9.3% -1.1% 0.2%
Romania 96.6 93.9 79.9 77.4 83.2 80.3 68.7 69.4 70.2 69.3 74.1 7.3% -3.4% 0.2%
Spain 378.6 352.4 314.6 299.0 308.3 306.5 275.3 272.9 288.9 283.2 301.9 6.9% -2.5% 0.9%
Sweden 59.1 57.4 53.9 57.0 53.5 50.8 49.0 48.0 46.7 48.5 48.0 -0.8% -2.3% 0.1%
Switzerland 40.3 43.0 43.6 41.3 39.4 40.7 42.8 38.1 38.9 37.4 38.4 2.9% -1.7% 0.1%
Turkey 273.0 276.9 276.1 278.6 301.5 316.9 305.5 337.9 346.8 365.6 410.9 12.7% 3.9% 1.2%
United Kingdom 568.4 560.2 513.0 529.0 494.2 510.9 497.4 455.7 435.7 410.4 398.2 -2.7% -3.4% 1.2%
Other Europe 418.2 414.0 386.5 398.8 399.5 374.9 370.4 353.9 364.1 372.9 382.0 2.7% -1.1% 1.1%
Total Europe 4688.8 4616.6 4310.5 4406.9 4311.0 4252.7 4159.1 3965.9 4027.5 4060.6 4152.2 2.5% -1.5% 12.4%
Azerbaijan 29.9 29.6 25.9 24.8 28.5 29.6 30.2 31.0 33.8 33.3 32.2 -3.1% ◆ 0.1%
Belarus 57.1 59.8 57.6 60.5 57.6 58.8 59.3 56.5 52.2 52.8 53.8 2.1% -1.0% 0.2%
Kazakhstan 175.5 189.4 170.6 183.9 202.5 209.7 211.0 212.5 205.8 207.7 218.5 5.4% 2.6% 0.7%
Russian Federation 1528.1 1554.3 1448.5 1489.8 1555.8 1571.0 1524.4 1533.3 1495.5 1510.5 1525.3 1.3% -0.2% 4.6%
Turkmenistan 60.8 61.5 57.3 65.2 67.8 74.4 67.6 74.1 82.4 83.6 79.1 -5.1% 4.5% 0.2%
Ukraine 315.4 317.3 271.8 286.9 303.0 296.7 281.2 241.5 188.9 200.2 179.4 -10.1% -4.6% 0.5%
Uzbekistan 113.9 115.9 97.7 97.5 100.2 98.4 97.4 101.2 107.3 94.5 95.3 1.1% -1.1% 0.3%
Other CIS 22.6 24.4 23.9 23.1 24.1 28.5 26.8 27.3 29.2 29.7 29.8 0.7% 4.0% 0.1%
Total CIS 2303.3 2352.3 2153.4 2231.7 2339.4 2367.1 2297.9 2277.5 2195.1 2212.3 2213.3 0.3% -0.3% 6.6%
Iraq 79.0 82.4 93.2 99.1 104.0 111.1 119.5 115.6 116.2 131.7 140.8 7.2% 5.7% 0.4%
Iran 490.5 514.0 527.7 530.0 542.3 545.6 575.4 602.0 595.5 598.6 633.7 6.1% 2.7% 1.9%
Israel 70.4 71.6 68.4 71.6 73.1 78.9 72.1 68.0 71.0 69.9 71.4 2.3% 0.4% 0.2%
Kuwait 73.1 79.6 81.2 87.0 85.9 96.0 100.5 89.7 97.8 99.1 99.4 0.6% 2.8% 0.3%
Oman 35.4 42.3 42.1 48.9 52.3 57.6 65.6 65.2 69.0 70.4 70.5 0.5% 7.0% 0.2%
Qatar 53.8 47.6 47.8 58.5 65.5 77.0 82.6 91.6 103.8 104.7 114.8 9.9% 9.4% 0.3%
Saudi Arabia 392.5 424.4 443.2 485.1 501.5 525.5 534.3 570.4 587.1 590.8 594.7 0.9% 4.7% 1.8%
United Arab Emirates 185.7 211.5 205.4 214.9 222.0 233.1 247.9 244.8 265.2 272.4 267.3 -1.6% 4.9% 0.8%
Other Middle East 149.2 154.8 155.3 150.8 143.9 134.2 130.5 132.3 125.1 120.2 119.7 -0.2% -1.7% 0.4%
Total Middle East 1529.5 1628.3 1664.4 1745.8 1790.5 1859.0 1928.4 1979.5 2030.6 2057.9 2112.3 2.9% 3.6% 6.3%
Algeria 85.4 90.8 95.8 94.2 100.6 108.9 115.4 123.6 128.6 128.2 128.1 0.2% 4.7% 0.4%
Egypt 160.2 170.5 177.2 188.8 189.5 200.4 198.1 201.6 204.5 212.1 217.3 2.7% 3.4% 0.6%
Morocco 43.8 48.6 45.2 49.1 52.9 53.9 54.0 55.9 56.7 57.0 58.5 3.0% 2.5% 0.2%
South Africa 411.8 447.5 446.7 449.3 440.7 435.2 437.0 440.5 420.4 425.1 415.6 -2.0% 0.6% 1.2%
Other Africa 265.0 277.9 279.8 297.1 288.2 309.3 328.4 348.6 357.4 362.9 385.3 6.5% 3.8% 1.2%
Total Africa 966.1 1035.4 1044.6 1078.5 1072.0 1107.8 1132.9 1170.2 1167.7 1185.2 1204.9 1.9% 2.5% 3.6%
Australia 396.8 407.1 402.1 397.6 403.5 396.2 392.3 399.4 407.1 407.1 406.0 ◆ 0.4% 1.2%
Bangladesh 39.7 43.0 47.7 50.8 55.0 60.3 61.5 65.3 77.7 79.6 82.8 4.2% 7.7% 0.2%
China 7214.8 7351.8 7680.7 8104.9 8792.3 8966.3 9204.2 9206.5 9163.2 9113.6 9232.6 1.6% 3.2% 27.6%
China Hong Kong SAR 85.7 79.2 86.5 88.4 92.1 88.8 91.6 89.8 90.6 92.8 99.0 7.0% 1.5% 0.3%
India 1365.5 1466.9 1594.4 1661.8 1737.2 1850.5 1930.9 2084.6 2146.3 2251.0 2344.2 4.4% 6.0% 7.0%
Indonesia 386.5 376.0 387.8 427.0 478.7 510.8 524.2 476.5 485.2 486.0 511.5 5.5% 3.1% 1.5%
Japan 1266.0 1273.1 1110.7 1182.4 1192.1 1284.5 1274.6 1231.8 1196.9 1180.5 1176.6 -0.1% -0.6% 3.5%
Malaysia 190.5 197.8 190.4 216.5 213.8 226.6 232.8 241.0 245.7 252.1 255.8 1.7% 2.9% 0.8%
New Zealand 36.0 37.2 34.2 34.3 33.7 35.2 34.8 35.0 35.3 35.2 37.0 5.4% -0.5% 0.1%
Pakistan 142.0 146.4 146.0 145.7 144.1 145.5 145.5 152.3 160.6 176.7 189.2 7.4% 3.1% 0.6%
Philippines 71.8 74.0 74.6 80.1 80.8 83.4 92.2 97.6 106.6 111.7 119.9 7.7% 5.2% 0.4%
Singapore 151.4 163.4 176.7 185.3 192.7 192.0 192.8 192.6 204.4 218.6 226.7 4.0% 4.5% 0.7%
South Korea 545.4 556.8 559.0 609.8 645.6 644.1 646.5 644.4 655.5 665.2 679.7 2.5% 2.5% 2.0%
Sri Lanka 13.8 12.6 13.2 13.1 14.8 16.1 13.9 16.9 19.2 20.2 21.4 6.1% 4.5% 0.1%
Taiwan 276.3 258.9 248.1 261.3 271.4 266.1 266.2 271.8 267.7 274.6 284.5 3.9% ◆ 0.9%
Thailand 236.9 238.1 237.1 249.3 254.2 271.7 275.1 282.2 290.1 294.0 298.8 1.9% 2.7% 0.9%
Vietnam 79.2 104.3 102.4 121.9 135.0 132.7 140.8 157.5 183.5 194.9 196.0 0.9% 10.4% 0.6%
Other Asia Pacific 125.1 130.3 114.7 117.2 110.8 115.7 112.4 126.4 134.9 159.2 168.7 6.2% 1.9% 0.5%
Total Asia Pacific 12623.2 12916.9 13206.3 13947.5 14847.8 15286.6 15632.3 15771.7 15870.4 16013.0 16330.4 2.3% 3.1% 48.8%
Total World 30078.7 30381.8 29714.2 31074.2 31970.5 32317.8 32802.0 32886.8 32851.9 33017.6 33444.0 1.6% 1.3% 100.0%
of which: OECD 13629.7 13413.6 12506.8 12970.7 12815.3 12652.8 12717.9 12533.6 12411.1 12398.4 12448.4 0.7% -0.8% 37.2%

Non-OECD 16449.0 16968.3 17207.4 18103.5 19155.1 19665.0 20084.1 20353.2 20440.8 20619.3 20995.5 2.1% 2.9% 62.8%
European Union 4222.6 4144.0 3838.6 3933.7 3808.6 3742.0 3657.5 3445.5 3488.0 3499.3 3541.7 1.5% -2.0% 10.6%

 
◆ Less than 0.05%.
Notes: The carbon emissions above reflect only those through consumption of oil, gas and coal for combustion related activities, and are based on ‘Default CO2 Emissions Factors for 
Combustion’ listed by the IPCC in its Guidelines for National Greenhouse Gas Inventories (2006). This does not allow for any carbon that is sequestered, for other sources of carbon emissions, 
or for emissions of other greenhouse gases. Our data is therefore not comparable to official national emissions data.
Growth rates are adjusted for leap years.
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CO2  Carbon
Carbon dioxide emissions

Million tonnes of carbon dioxide 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Growth rate per annum
Share
20172017 2006-16

US 5881.4 5704.0 5295.8 5508.3 5374.7 5168.6 5309.1 5360.1 5214.4 5129.5 5087.7 -0.5% -1.2% 15.2%
Canada 551.6 545.9 502.1 525.7 532.1 513.6 529.1 538.0 529.9 543.0 560.0 3.4% 0.3% 1.7%
Mexico 428.9 431.6 433.0 442.4 465.4 473.7 474.0 461.7 457.4 488.7 473.4 -2.9% 1.4% 1.4%
Total North America 6861.9 6681.6 6230.9 6476.4 6372.2 6156.0 6312.2 6359.8 6201.7 6161.3 6121.1 -0.4% -0.9% 18.3%
Argentina 156.7 160.2 152.7 166.2 169.2 175.6 182.5 183.8 187.0 187.3 183.7 -1.7% 2.7% 0.5%
Brazil 351.4 374.9 352.1 400.3 426.4 449.7 489.0 511.9 497.2 462.1 466.8 1.3% 3.2% 1.4%
Chile 76.5 77.4 74.3 76.1 87.0 89.4 91.1 88.4 88.9 94.2 92.3 -1.7% 3.7% 0.3%
Colombia 59.6 69.5 64.7 71.8 70.6 79.9 83.3 88.0 90.9 91.5 84.7 -7.1% 4.2% 0.3%
Ecuador 26.8 27.3 27.7 31.9 32.7 34.0 36.2 38.1 37.3 35.1 34.0 -2.9% 2.9% 0.1%
Peru 30.7 34.3 34.1 38.3 42.1 43.2 44.7 45.8 48.3 52.1 50.9 -2.1% 6.7% 0.2%
Trinidad & Tobago 26.0 26.3 25.1 26.8 26.7 26.1 27.4 26.8 26.3 24.0 23.8 -0.7% 0.3% 0.1%
Venezuela 164.0 172.2 169.9 168.3 169.3 180.1 177.1 168.0 162.4 154.0 147.0 -4.3% -0.7% 0.4%
Other S. & Cent. America 214.1 208.8 203.6 207.7 213.6 210.9 207.9 211.2 220.5 227.0 226.6 0.1% 0.8% 0.7%
Total S. & Cent. America 1105.8 1150.9 1104.2 1187.3 1237.6 1288.8 1339.2 1362.1 1358.9 1327.3 1309.8 -1.0% 2.3% 3.9%
Austria 68.0 68.5 62.6 67.8 65.2 62.6 62.8 58.8 61.2 61.5 64.2 4.8% -1.5% 0.2%
Belgium 139.6 141.6 129.0 137.1 123.2 118.8 119.5 111.9 118.7 119.6 122.1 2.4% -1.6% 0.4%
Czech Republic 127.4 120.0 111.3 115.7 111.2 106.7 104.9 99.2 102.9 104.5 103.9 -0.3% -1.9% 0.3%
Finland 67.6 60.2 57.7 65.7 56.8 50.3 50.8 45.8 44.3 46.9 45.0 -3.8% -3.9% 0.1%
France 371.2 371.1 356.2 361.5 335.9 337.7 337.7 304.2 309.2 314.8 320.3 2.0% -1.9% 1.0%
Germany 807.2 806.5 751.0 779.9 761.0 770.7 795.1 749.4 753.5 765.4 763.8 0.1% -0.9% 2.3%
Greece 109.2 104.1 100.5 93.6 93.0 88.1 79.8 76.2 73.7 71.0 74.9 5.8% -3.9% 0.2%
Hungary 55.6 54.5 48.2 49.0 48.6 44.6 42.0 40.8 43.8 45.0 47.7 6.4% -2.4% 0.1%
Italy 460.9 448.1 405.1 410.9 401.0 381.5 350.9 325.9 339.1 339.7 344.0 1.5% -3.2% 1.0%
Netherlands 234.1 231.2 222.8 232.5 224.6 216.3 210.9 199.7 207.4 210.9 209.1 -0.6% -1.1% 0.6%
Norway 37.4 36.3 36.8 37.5 36.7 36.5 36.5 35.9 36.0 35.2 35.3 0.5% -0.6% 0.1%
Poland 317.0 319.2 305.0 323.1 322.9 307.5 310.1 293.2 293.0 304.3 308.6 1.7% -0.5% 0.9%
Portugal 59.2 57.5 56.9 51.5 51.3 50.6 49.0 48.9 53.5 54.8 59.8 9.3% -1.1% 0.2%
Romania 96.6 93.9 79.9 77.4 83.2 80.3 68.7 69.4 70.2 69.3 74.1 7.3% -3.4% 0.2%
Spain 378.6 352.4 314.6 299.0 308.3 306.5 275.3 272.9 288.9 283.2 301.9 6.9% -2.5% 0.9%
Sweden 59.1 57.4 53.9 57.0 53.5 50.8 49.0 48.0 46.7 48.5 48.0 -0.8% -2.3% 0.1%
Switzerland 40.3 43.0 43.6 41.3 39.4 40.7 42.8 38.1 38.9 37.4 38.4 2.9% -1.7% 0.1%
Turkey 273.0 276.9 276.1 278.6 301.5 316.9 305.5 337.9 346.8 365.6 410.9 12.7% 3.9% 1.2%
United Kingdom 568.4 560.2 513.0 529.0 494.2 510.9 497.4 455.7 435.7 410.4 398.2 -2.7% -3.4% 1.2%
Other Europe 418.2 414.0 386.5 398.8 399.5 374.9 370.4 353.9 364.1 372.9 382.0 2.7% -1.1% 1.1%
Total Europe 4688.8 4616.6 4310.5 4406.9 4311.0 4252.7 4159.1 3965.9 4027.5 4060.6 4152.2 2.5% -1.5% 12.4%
Azerbaijan 29.9 29.6 25.9 24.8 28.5 29.6 30.2 31.0 33.8 33.3 32.2 -3.1% ◆ 0.1%
Belarus 57.1 59.8 57.6 60.5 57.6 58.8 59.3 56.5 52.2 52.8 53.8 2.1% -1.0% 0.2%
Kazakhstan 175.5 189.4 170.6 183.9 202.5 209.7 211.0 212.5 205.8 207.7 218.5 5.4% 2.6% 0.7%
Russian Federation 1528.1 1554.3 1448.5 1489.8 1555.8 1571.0 1524.4 1533.3 1495.5 1510.5 1525.3 1.3% -0.2% 4.6%
Turkmenistan 60.8 61.5 57.3 65.2 67.8 74.4 67.6 74.1 82.4 83.6 79.1 -5.1% 4.5% 0.2%
Ukraine 315.4 317.3 271.8 286.9 303.0 296.7 281.2 241.5 188.9 200.2 179.4 -10.1% -4.6% 0.5%
Uzbekistan 113.9 115.9 97.7 97.5 100.2 98.4 97.4 101.2 107.3 94.5 95.3 1.1% -1.1% 0.3%
Other CIS 22.6 24.4 23.9 23.1 24.1 28.5 26.8 27.3 29.2 29.7 29.8 0.7% 4.0% 0.1%
Total CIS 2303.3 2352.3 2153.4 2231.7 2339.4 2367.1 2297.9 2277.5 2195.1 2212.3 2213.3 0.3% -0.3% 6.6%
Iraq 79.0 82.4 93.2 99.1 104.0 111.1 119.5 115.6 116.2 131.7 140.8 7.2% 5.7% 0.4%
Iran 490.5 514.0 527.7 530.0 542.3 545.6 575.4 602.0 595.5 598.6 633.7 6.1% 2.7% 1.9%
Israel 70.4 71.6 68.4 71.6 73.1 78.9 72.1 68.0 71.0 69.9 71.4 2.3% 0.4% 0.2%
Kuwait 73.1 79.6 81.2 87.0 85.9 96.0 100.5 89.7 97.8 99.1 99.4 0.6% 2.8% 0.3%
Oman 35.4 42.3 42.1 48.9 52.3 57.6 65.6 65.2 69.0 70.4 70.5 0.5% 7.0% 0.2%
Qatar 53.8 47.6 47.8 58.5 65.5 77.0 82.6 91.6 103.8 104.7 114.8 9.9% 9.4% 0.3%
Saudi Arabia 392.5 424.4 443.2 485.1 501.5 525.5 534.3 570.4 587.1 590.8 594.7 0.9% 4.7% 1.8%
United Arab Emirates 185.7 211.5 205.4 214.9 222.0 233.1 247.9 244.8 265.2 272.4 267.3 -1.6% 4.9% 0.8%
Other Middle East 149.2 154.8 155.3 150.8 143.9 134.2 130.5 132.3 125.1 120.2 119.7 -0.2% -1.7% 0.4%
Total Middle East 1529.5 1628.3 1664.4 1745.8 1790.5 1859.0 1928.4 1979.5 2030.6 2057.9 2112.3 2.9% 3.6% 6.3%
Algeria 85.4 90.8 95.8 94.2 100.6 108.9 115.4 123.6 128.6 128.2 128.1 0.2% 4.7% 0.4%
Egypt 160.2 170.5 177.2 188.8 189.5 200.4 198.1 201.6 204.5 212.1 217.3 2.7% 3.4% 0.6%
Morocco 43.8 48.6 45.2 49.1 52.9 53.9 54.0 55.9 56.7 57.0 58.5 3.0% 2.5% 0.2%
South Africa 411.8 447.5 446.7 449.3 440.7 435.2 437.0 440.5 420.4 425.1 415.6 -2.0% 0.6% 1.2%
Other Africa 265.0 277.9 279.8 297.1 288.2 309.3 328.4 348.6 357.4 362.9 385.3 6.5% 3.8% 1.2%
Total Africa 966.1 1035.4 1044.6 1078.5 1072.0 1107.8 1132.9 1170.2 1167.7 1185.2 1204.9 1.9% 2.5% 3.6%
Australia 396.8 407.1 402.1 397.6 403.5 396.2 392.3 399.4 407.1 407.1 406.0 ◆ 0.4% 1.2%
Bangladesh 39.7 43.0 47.7 50.8 55.0 60.3 61.5 65.3 77.7 79.6 82.8 4.2% 7.7% 0.2%
China 7214.8 7351.8 7680.7 8104.9 8792.3 8966.3 9204.2 9206.5 9163.2 9113.6 9232.6 1.6% 3.2% 27.6%
China Hong Kong SAR 85.7 79.2 86.5 88.4 92.1 88.8 91.6 89.8 90.6 92.8 99.0 7.0% 1.5% 0.3%
India 1365.5 1466.9 1594.4 1661.8 1737.2 1850.5 1930.9 2084.6 2146.3 2251.0 2344.2 4.4% 6.0% 7.0%
Indonesia 386.5 376.0 387.8 427.0 478.7 510.8 524.2 476.5 485.2 486.0 511.5 5.5% 3.1% 1.5%
Japan 1266.0 1273.1 1110.7 1182.4 1192.1 1284.5 1274.6 1231.8 1196.9 1180.5 1176.6 -0.1% -0.6% 3.5%
Malaysia 190.5 197.8 190.4 216.5 213.8 226.6 232.8 241.0 245.7 252.1 255.8 1.7% 2.9% 0.8%
New Zealand 36.0 37.2 34.2 34.3 33.7 35.2 34.8 35.0 35.3 35.2 37.0 5.4% -0.5% 0.1%
Pakistan 142.0 146.4 146.0 145.7 144.1 145.5 145.5 152.3 160.6 176.7 189.2 7.4% 3.1% 0.6%
Philippines 71.8 74.0 74.6 80.1 80.8 83.4 92.2 97.6 106.6 111.7 119.9 7.7% 5.2% 0.4%
Singapore 151.4 163.4 176.7 185.3 192.7 192.0 192.8 192.6 204.4 218.6 226.7 4.0% 4.5% 0.7%
South Korea 545.4 556.8 559.0 609.8 645.6 644.1 646.5 644.4 655.5 665.2 679.7 2.5% 2.5% 2.0%
Sri Lanka 13.8 12.6 13.2 13.1 14.8 16.1 13.9 16.9 19.2 20.2 21.4 6.1% 4.5% 0.1%
Taiwan 276.3 258.9 248.1 261.3 271.4 266.1 266.2 271.8 267.7 274.6 284.5 3.9% ◆ 0.9%
Thailand 236.9 238.1 237.1 249.3 254.2 271.7 275.1 282.2 290.1 294.0 298.8 1.9% 2.7% 0.9%
Vietnam 79.2 104.3 102.4 121.9 135.0 132.7 140.8 157.5 183.5 194.9 196.0 0.9% 10.4% 0.6%
Other Asia Pacific 125.1 130.3 114.7 117.2 110.8 115.7 112.4 126.4 134.9 159.2 168.7 6.2% 1.9% 0.5%
Total Asia Pacific 12623.2 12916.9 13206.3 13947.5 14847.8 15286.6 15632.3 15771.7 15870.4 16013.0 16330.4 2.3% 3.1% 48.8%
Total World 30078.7 30381.8 29714.2 31074.2 31970.5 32317.8 32802.0 32886.8 32851.9 33017.6 33444.0 1.6% 1.3% 100.0%
of which: OECD 13629.7 13413.6 12506.8 12970.7 12815.3 12652.8 12717.9 12533.6 12411.1 12398.4 12448.4 0.7% -0.8% 37.2%

Non-OECD 16449.0 16968.3 17207.4 18103.5 19155.1 19665.0 20084.1 20353.2 20440.8 20619.3 20995.5 2.1% 2.9% 62.8%
European Union 4222.6 4144.0 3838.6 3933.7 3808.6 3742.0 3657.5 3445.5 3488.0 3499.3 3541.7 1.5% -2.0% 10.6%

 
◆ Less than 0.05%.
Notes: The carbon emissions above reflect only those through consumption of oil, gas and coal for combustion related activities, and are based on ‘Default CO2 Emissions Factors for 
Combustion’ listed by the IPCC in its Guidelines for National Greenhouse Gas Inventories (2006). This does not allow for any carbon that is sequestered, for other sources of carbon emissions, 
or for emissions of other greenhouse gases. Our data is therefore not comparable to official national emissions data.
Growth rates are adjusted for leap years.
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RFS

Source: Hart Energy’s Global Biofuels 
Center, August 2011

Latin America: more 
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Countries beginning 
to set mandates
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Note: Figure does not show all policy types in use. In many cases countries have enacted additional fiscal 
incentives or public finance mechanisms to support renewable energy. A country is considered to have a 
policy (and is counted a single time) when it has at least one national or state/provincial-level policy in place. 
Power policies include feed-in tariffs/premiums, tendering, net metering and renewable portfolio standards. 
Tendering is counted cumulatively. Heating and cooling policies include solar heat obligations, technology-
neutral heat obligations and renewable heat feed-in tariffs. Some countries with regulatory policies for 
heating and cooling also have other heating and cooling policies. Transport policies include biodiesel 
obligations/mandates, ethanol obligations/mandates and non-blend mandates. For more information see 
Table 2.

Source: REN21 Policy Database.

in heating, cooling and transport benefit from rising shares of 
renewable power to the extent that electricity is used in these 
sectors. A focus also is emerging on integrating VRE into existing 
energy systems, which may necessitate sector coupling

The European Union (EU) was the only regional entity to adopt 
a collective regional commitment to renewable energy in 2017.7 
The EU’s Clean Energy for All Europeans package covers the 
energy market, renewable energy and efficiency policies, and will 
use a common reporting framework to measure the impact of 
policies on the power system as well as on emission goals.8 The 
first legislative element of the package, on energy efficiency, was 
passed in 2017.9 The debate around the next round of European 
energy targets extending to 2030 continued throughout the year, 
with the European Parliament voting in January 2018 in favour of 
a goal for renewables to meet 35% of regional energy demand 
by 2030.10

Local government continues to play a leading role in the global 
energy transition, as demonstrated by the ambitious targets 
that many have set, with hundreds of jurisdictions having 
made commitments to 100% renewable energy or electricity by 

end-2017. (R See Reference Table R14.) These targets typically 
take one of two forms: either the establishment of a renewable 
energy goal for energy use across the municipality, or a 
commitment to use renewable energy for government-controlled 
energy generation and consumption. Municipal leaders in Japan 
released the Nagano Declaration in 2017 committing to work 
towards 100% renewable energy for cities and regions across the 
country.11 New 100% renewable energy or electricity targets were 
established in 8 US cities in 2017, bringing the nationwide total to 
48, of which 5 had already met their 100% goals by year’s end.12

Cities also have taken collective action to aggregate the impacts of 
their commitments. In 2017, more than 250 US mayors committed 
to the US Conference of Mayors’ goal of 100% renewable energy 
by 2035 (although these have not all been enacted in legislation 
yet).13 In Germany, over 150 districts, municipalities, regional 
associations and cities had committed to 100% renewable 
energy by the end of 2017 through the 100% Renewable Energy 
Regions network.14 Initiatives such as C40 Cities also are driving 
collaboration, allowing cities to share practices to advance their 
energy transitions.15

FIGURE 10.   Number of Countries with Renewable Energy Regulatory Policies, by Sector, 2004-2017

Insufficient 
policy support 
persists for renewables  
in heating and cooling  
and transport
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 1 2 3 4 5
Investment in renewable power  
and fuels (not including hydro  
over 50 MW)

China United States Japan India Germany

Investment in renewable power  
and fuels per unit GDP1

Marshall 
Islands Rwanda Solomon Islands Guinea-Bissau Serbia

 Geothermal power capacity Indonesia Turkey Chile Iceland Honduras

 Hydropower capacity China Brazil India Angola Turkey

 Solar PV capacity China United States India Japan Turkey

 Concentrating solar thermal   
 power (CSP) capacity2 South Africa - - - -

 Wind power capacity China United States Germany United Kingdom India

 Solar water heating capacity China Turkey India Brazil United States

 Biodiesel production United States Brazil Germany Argentina Indonesia

 Ethanol production United States Brazil China Canada Thailand

 1 2 3 4 5

POWER
Renewable power capacity  
(including hydropower) China United States Brazil Germany India

Renewable power capacity  
(not including hydropower) China United States Germany India Japan

Renewable power capacity per 
capita (not including hydro)3  Iceland Denmark Germany/Sweden Finland

 Bio-power generation China United States Brazil Germany Japan

 Bio-power capacity United States Brazil China India Germany

 Geothermal power capacity United States Philippines Indonesia Turkey New Zealand

 Hydropower capacity4 China Brazil Canada United States Russian Federation

 Hydropower generation4 China Brazil Canada United States Russian Federation

 Solar PV capacity China United States Japan Germany Italy

 Solar PV capacity per capita Germany Japan Belgium Italy Australia

 Concentrating solar thermal  
power (CSP) Spain United States South Africa India Morocco

 Wind power capacity China United States Germany India Spain

 Wind power capacity per capita Denmark Ireland Sweden Germany Portugal

HEAT
  Solar water heating collector 
capacity5 China United States Turkey Germany Brazil

 Solar water heating collector  
 capacity per capita Barbados Austria Cyprus Israel Greece

 Geothermal heat capacity 6 China Turkey Iceland Japan Hungary

1   Countries considered include only those covered by Bloomberg New Energy Finance (BNEF); GDP (at purchasers’ prices) data for 2016 from World Bank. BNEF data include the 
following: all biomass, geothermal and wind power projects of more than 1 MW; all hydropower projects of between 1 and 50 MW; all solar power projects with those less than 
1 MW (small-scale capacity) estimated separately; all ocean energy projects; and all biofuel projects with an annual production capacity of 1 million litres or more. Small-scale 
capacity data used to help calculate investment per unit of GDP cover only those countries investing USD 200 million or more. 

2   Only one country brought CSP capacity online in 2017, which is why no countries are listed in places 2, 3, 4 and 5.
3   Per capita renewable power capacity (not including hydropower) ranking based on data gathered from various sources for more than 70 countries and on 2016 population data 

from the World Bank.
4   Country rankings for hydropower capacity and generation differ because some countries rely on hydropower for baseload supply whereas others use it more to follow the electric 

load to match peaks in demand. 
5   Solar water heating collector rankings for total capacity and per capita are for year-end 2016 and are based on capacity of water (glazed and unglazed) collectors only. Data from 

International Energy Agency Solar Heating and Cooling Programme. Total capacity rankings are estimated to remain unchanged for year-end 2017.
6   Not including heat pumps.
Note: Most rankings are based on absolute amounts of investment, power generation capacity or output, or biofuels production; if done on a basis of per capita, national GDP or other, 
the rankings would be different for many categories (as seen with per capita rankings for renewable power not including hydropower, solar PV, wind power and solar water heating 
collector capacity).

Annual Investment /  Net Capacity Additions / Production in 2017

Total Capacity or Generation as of End-2017

TOP 5 COUNTRIES 2017

Source: REN21.org
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FIGURE 12.   National Targets for Share of Renewable Energy in Final Energy, by a Specific Year, in Place at End-2017

Most national targets  
focus on the power sector, 
where the level of ambition  
is typically higher than for 
heating and cooling and  
for transport.

146
countries have 
national targets 
for renewable 
energy in power.

48 countries 
have national 
targets for 
renewable energy 
in heating and 
cooling.

42 countries 
have national 
targets for 
renewable energy 
in transport.

Only 

Denmark 
has a 100% 
renewables target 
for total final 
energy

Note: Each dot can represent more 
than one country and is based on 
the highest target that a country 
has set at the national level. Figure 
includes only countries with 
targets in these sectors that are for 
a specific share from renewable 
sources by a specific year, and does 
not include countries with other 
types of targets in these sectors. 
The total number of countries with 
any type of target for renewable 
energy (not specific to shares by a 
certain year) is 48 in heating and 
cooling, 42 in transport and 146 in 
power.
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World biofuels production increased by 3.5% in 2017, well below the 10-year average of 11.4%, but the fastest for three years. The US provided the largest increment  
(950 thousand tonnes of oil equivalent, or ktoe). By fuel type, global ethanol production grew at a similar rate of 3.3%, and contributing over 60% to total biofuels growth. 
Biodiesel production rose by 4%, driven mainly by growth in Argentina, Brazil and Spain.

Biofuels production

Thousand tonnes oil equivalent 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Growth rate per annum
Share
20172017 2006-16

US 14709 20934 23761 28044 31184 29808 31057 32890 33849 35986 36936 2.9% 12.9% 43.9%
Canada 502 543 761 787 899 1004 1059 1188 1142 1197 1239 3.8% 21.4% 1.5%
Mexico 5 5 5 10 13 9 7 7 5 14 14 – – ◆

Total North America 15216 21481 24527 28841 32095 30821 32124 34086 34996 37197 38190 3.0% 13.1% 45.4%
Argentina 173 635 1055 1670 2234 2295 2014 2644 2038 2828 3131 11.0% 57.3% 3.7%
Brazil 12427 15486 15277 16866 14403 14739 17114 18005 19332 18168 18465 1.9% 6.6% 22.0%
Colombia 155 158 320 455 572 627 650 676 693 626 617 -1.1% 15.8% 0.7%
Other S. & Cent. America 606 806 634 232 313 304 359 382 385 409 456 11.8% -2.3% 0.5%
Total S. & Cent. America 13360 17085 17285 19223 17522 17965 20136 21707 22448 22030 22669 3.2% 7.9% 26.9%
Austria 222 269 373 391 390 390 374 329 381 419 391 -6.5% 14.4% 0.5%
Belgium 146 282 486 523 525 536 526 666 482 477 471 -1.0% 35.8% 0.6%
Finland 54 101 231 301 208 263 330 367 432 109 219 101.9% 24.2% 0.3%
France 1153 2064 2408 2353 1935 2145 2306 2573 2559 2405 2224 -7.3% 13.4% 2.6%
Germany 3243 2805 2834 3022 2967 3031 2770 3460 3191 3228 3293 2.3% 2.2% 3.9%
Italy 448 623 772 678 486 298 454 575 572 600 595 -0.5% 0.1% 0.7%
Netherlands 82 78 242 391 674 1276 1495 1980 1816 1477 1658 12.6% 51.4% 2.0%
Poland 103 290 408 439 414 652 697 750 940 928 920 -0.6% 19.7% 1.1%
Portugal 162 149 226 284 330 276 274 301 321 298 315 5.9% 15.5% 0.4%
Spain 378 384 1001 1312 851 620 749 1030 1122 1200 1541 28.7% 16.0% 1.8%
Sweden 150 183 254 339 400 491 635 789 222 211 185 -12.0% 8.7% 0.2%
United Kingdom 374 289 220 304 322 303 517 403 310 554 617 11.8% 9.3% 0.7%
Other Europe 504 956 1153 1153 1259 1413 1449 1494 1679 1745 1738 -0.1% 15.7% 2.1%
Total Europe 7019 8473 10609 11490 10761 11692 12578 14717 14025 13652 14167 4.1% 10.0% 16.8%
Total CIS 2 7 36 34 28 29 23 25 19 19 19 – – ◆

Total Middle East – – – 5 5 5 5 5 5 5 5 – – ◆

Total Africa 6 11 18 8 8 23 32 40 40 40 40 – 15.8% ◆

Australia 75 111 174 222 223 241 210 163 162 183 144 -21.1% 13.4% 0.2%
China 982 1194 1224 1584 1970 2103 2346 2609 2653 1811 2147 18.8% 6.9% 2.6%
India 100 154 61 123 192 168 198 198 438 544 435 -19.9% 22.0% 0.5%
Indonesia 217 530 469 723 1110 1397 1750 3110 1314 2238 2326 4.2% 48.1% 2.8%
South Korea 78 146 358 511 309 283 321 337 385 386 406 5.3% 25.1% 0.5%
Thailand 148 525 656 700 765 1054 1330 1490 1603 1610 1846 15.0% 33.9% 2.2%
Other Asia Pacific 227 390 478 443 692 1067 1363 1522 1777 1767 1727 -2.0% 28.5% 2.1%
Total Asia Pacific 1827 3051 3419 4306 5262 6313 7518 9429 8333 8540 9031 6.0% 20.1% 10.7%
Total World 37429 50109 55894 63906 65680 66848 72415 80009 79866 81483 84121 3.5% 11.4% 100.0%
of which: OECD 22297 30020 35413 40832 43107 42773 44936 49000 49235 51054 52552 3.2% 12.2% 62.5%

Non-OECD 15133 20090 20481 23074 22573 24074 27478 31009 30630 30429 31569 4.0% 10.1% 37.5%
European Union 6944 8332 10460 11387 10569 11581 12492 14632 13906 13532 14044 4.1% 10.0% 16.7%

 ◆ Less than 0.05%. Source: Includes data from F.O. Lichts; Strategie grains;
Notes: Consumption of fuel ethanol and biodiesel is included in oil consumption tables.  US Energy Information Administration (March 2018).
Growth rates are adjusted for leap years.
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BIOFUELS FOR TRANSPORT ROADMAP

Key findings

 X  By 2050 biofuels provide 27% of total transport fuel, and avoid around 
2.1 Gt CO2 emissions per year when produced sustainably.

 X  To meet this vision, the most cost and GHG efficient biofuels will be 
needed including considerable amounts of advanced biofuels.

 X  Commercial deployment of advanced biofuels will require further 
substantial research, development and demonstration, as well as 
deployment investment.

 X  Support policies should incentivise the most efficient biofuels in terms 
of overall green-house gas performance, and be backed by a strong 
policy framework which ensures that food-security and biodiversity are 
not compromised and that social impacts are positive.

 X  This roadmap requires around 65 EJ of biofuel feedstock in 2050, 
occupying around 100 Mha. With a sound policy framework in place, 
it should be possible to source the required biomass from residues and 
wastes, along with sustainably grown energy crops.

 X  Trade in biomass and biofuels will become increasingly important 
to supply biomass from biomass-rich regions to areas with high 
production and/or consumption levels and can help trigger 
investments in certain regions.

 X  Increasing scale and efficiency improvements will reduce biofuel 
production costs. The competitive position of biofuels will depend on 
a number of factors. Most biofuels are competitive by 2030, except 
when their production costs are strongly coupled to oil prices. In the 
longer term, the marginal savings or costs of deploying biofuels are a 
very small percentage of overall fuel costs.
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Alternative fuels

Vehicle efficiency

Biofuels

205020302010 20402020

Regulatory framework and support schemes

Sustainability framework

Technology and RD&D

Introduce sound support mechanisms for 
commercialisation of advanced biofuels

Incentivise biofuels based on lifecycle
greenhouse gas (GHG) performance Adjust incentives to evolving market conditions

Adopt medium-term targets for biofuel uptake Monitoring of progress (deployment and sustainability) against targets

Progressively eliminate subsidies on fossil fuels and price CO2 emissions

Viable concepts for biomass cascading and biorefi nery integration of biofuel production Continue collaboration between different industries on biorefi nery development

Establish large-scale feedstock fi eld trials Continue feedstock development and research on promising feedstocks

Raise conversion effi ciency of conventional biofuels 
to provide >50% lifecycle GHG emission reductions

1st commercial-scale BtL, 
cellulosic-ethanol and 
bio-SG plant

Commercial-scale deployment of BtL,
cellulosic-ethanol, and bio-SG Continued reduction of capital costs and improved conversion effi ciency

1st demonstration plant for algae-based fuel and 
other innovative diesel/kerosene type biofuels

1st commercial plant for algae-based fuel
and other innovative diesel/kerosene type biofuels

Further improve framework for international biomass and biofuel tradeReduce tariffs and other barriers to enhance
biomass and biofuel trade

Support assessment of sustainable land and feedstock potential Support updating of biomass potential analysis and RD&D of new feedstock varieties

Establish targets for biofuel GHG
and environmental performance Review and refi ne GHG reduction targets for biofuels

Adopt sound land-use policies for biofuels and bioenergy Align biofuel sustainability policies with agricultural, forestry and rural development policies

Enhance international collaboration on 
technology transfer and capacity building Support capacity building and adoption of state of the art best practices in particular in developing countries

Further alignment of different certifi cation schemes between sectors and regions

Establish internationally agreed sustainability indicators

Adoption of sound certifi cation schemes

Government

Industry

NGOs/IGOs

Stakeholders:

Biofuels contribution to emission reductions
in the transport sector

Biofuel use 5.0 EJ 10.0 EJ 16.5 EJ 31.5 EJ
Share of total transport fuel 5.0 % 9.5 % 14.9 % 27.2 %



22 Technology Roadmap Delivering Sustainable Bioenergy

Bioenergy plays an important role in delivering the 
emission reductions needed between the RTS and 
the 2DS. It provides some 18% of the total annual 
savings in 2060 (5.7 gigatonnes of carbon dioxide 
[GtCO2] out of 31 GtCO2), and is responsible for 

some 17% of the cumulative reduction in emissions 
to 2060 (128 GtCO2 out of the total of 763 GtCO2) 
(Figure 8). It is therefore an essential part of the 
portfolio of technologies needed to make these 
reductions.

Figure 8:  Contribution of bioenergy to emissions reductions in 2DS 

Figure 9:  Transport final energy demand in the 2DS
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In the 2DS, final energy demand for transport 
is lower than under the RTS due to efficiency 
improvements and other measures, such as changes 
in transport modes and reductions in the need for 
travel (Figure 9). In addition:

 z  Fossil fuel consumption (gasoline, diesel and jet 
fuels) is sharply reduced. 

 z  There is a major expansion in the role of 
bioenergy in the sector, reaching nearly 30 EJ in 

2060 (nearly 10 times 2016 levels), and providing 
29% of total transport final energy demand. 

 z  Electricity use in transport also grows sharply to 
nearly 27 EJ (26% of total transport final energy 
demand) in 2060.9

9.  Bioenergy will also make a contribution to electricity 
consumption in transport, as 7% of electricity generation in 2060 
will come from biomass and waste fuels.



Data Overview
An overview of the percentage 
of renewable energy in the total 
primary energy supply in 2014 for all 
investigated countries is presented 
in Figure 1. Norway, Brazil and New 
Zealand have the highest shares of 
renewable energy, mainly coming 
from bioenergy in Brazil and from 
hydropower in Norway and New 
Zealand.
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Figure 1: Percentage of renewable energy in year 2014

(Source: World Energy Balances © OECD/IEA 2015)

Note: values for Brazil, Croatia and South Africa are from year 2013

The percentage of bioenergy in the 
total primary energy supply in 2014 
for all investigated countries is 
presented in Figure 2. Brazil, Finland, 
Denmark, Sweden and Austria have 
the highest shares.
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Figure 2: Percentage of bioenergy in year 2014

(Source: Renewables Information © OECD/IEA 2015)

Note: values for Brazil, Croatia and South Africa are from year 2013
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(Source: World Energy Balances © OECD/IEA 2015)

Note: values for Brazil, Croatia and South Africa are from year 2013

The percentage of bioenergy in the 
total primary energy supply in 2014 
for all investigated countries is 
presented in Figure 2. Brazil, Finland, 
Denmark, Sweden and Austria have 
the highest shares.
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Biofuels market



Country Current  
mandate/target 

Current  
status 

Future andate/  
target (2020) 

China E10 (9 rovinces),  
B5 

    M E10 (9 provinces), E15 (T) 

Korea B2.5    M B3 (2018) 

Japan ETBE, B5     T 10% biofuels (2030) 
United States 9.02% 

renewable  fuels 
    M 136 billion litres biofuels by 2022 

B: 68.5 billion litres 
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Natural gas: Production by region
Billion cubic metres

Natural gas: Consumption by region
Billion cubic metres

Global natural gas production increased by 131 billion cubic metres (bcm), or 4%, almost double the 10-year average growth rate of 2.2%. Russian growth was the largest 
by far at 46  bcm, followed by Iran at 21 bcm, and Australia at 17  bcm. Gas consumption rose by 96  bcm, or 3% – the fastest growth since 2010. Growth was driven by 
China (31 bcm, or 15.1%), the Middle East (28  bcm) and Europe (26  bcm). Consumption in the US fell by 1.2%, or 11 bcm. 
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Natural gas: Consumption per capita 2017
Million tonnes oil equivalent
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Source: Includes data from FGE MENAgas service, IHS.
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4.8

109.2

3.3

5.0
10.6

14.35.5

3.1

6.2

5.0

24.1

US
Canada
Mexico
S. & Cent. America
Eu rope

Middle East
Africa 
Asia Pacific

CIS

Major trade movements 2017
Trade flows worldwide (billion cubic metres)

Gas trade in 2016 and 2017
 2016 2017

Billion cubic metres
Pipeline  
imports

LNG  
imports

Pipeline  
exports

LNG  
exports

Pipeline  
imports

LNG  
imports

Pipeline  
exports

LNG  
exports

US 79.5 2.4 58.6 4.3 80.7 2.2 66.1 17.4
Canada 21.1 0.3 79.5 † 24.0 0.4 80.7 †
Mexico 37.5 5.9 † – 42.1 6.6 † –
Trinidad and Tobago – – – 14.3 – – – 13.4
Other S. & Cent. America 16.2 15.6 16.2 6.4 15.4 13.8 15.4 5.8
France 32.2 9.1 – 1.5 33.5 10.8 – 1.0
Germany 95.6 – 9.1 – 94.8 – 7.1 –
Italy 60.5 5.9 – – 53.8 8.4 – –
Netherlands 36.8 1.3 46.8 0.9 40.9 1.6 43.3 0.8
Norway † – 109.4 6.0 † – 109.2 5.8
Spain 15.5 13.8 0.6 0.2 14.4 16.6 0.1 0.1
Turkey 36.9 7.8 0.6 – 42.8 10.9 0.6 –
United Kingdom 35.2 11.0 9.7 0.6 39.4 7.2 10.8 0.3
Other Europe 94.8 7.9 13.9 1.3 103.7 10.2 21.6 0.2
Russian Federation 18.1 – 200.1 14.6 18.9 – 215.4 15.5
Ukraine 10.5 – – – 13.3 – – –
Other CIS 29.3 – 68.5 – 30.1 – 67.5 –
Qatar – – 18.5 107.2 – – 18.4 103.4
Other Middle East 25.8 13.7 8.0 18.8 22.2 13.0 12.5 19.1
Algeria – – 38.1 15.8 – – 36.4 16.6
Other Africa 8.3 10.7 8.6 30.0 7.6 8.2 8.7 38.9
Australia 6.4 0.1 – 59.2 5.8 – – 75.9
China 36.0 35.9 – – 39.4 52.6 – –
India – 23.6 – 0.1 – 25.7 – –
Japan – 113.6 – – – 113.9 – –
Indonesia – – 8.2 22.2 – – 8.0 21.7
South Korea – 45.7 – 0.1 – 51.3 – 0.1
Other Asia Pacific 18.1 32.5 20.0 53.4 17.7 40.0 18.8 57.2
Total World 714.4 356.7 714.4 356.7 740.7 393.4 740.7 393.4

  Source: Includes data from FGE MENAgas service, IHS.
 †Less than 0.05. 
Note: As far as possible, the data above represents standard cubic metres (measured at 15ºC and 1013 mbar) and has been standardized using a gross calorific value (GCV) of 40 MJ/m3.
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No other transport mandates/policies

No policy or no dataNational biofuel blend mandate, 10% or above

Sub-national biofuel blend mandate only

National biofuel blend mandate, below 10%

RENEWABLES 2018 GLOBAL STATUS REPORT

TRANSPORT
Renewable fuels and electric mobility can decrease reliance on 
fossil fuels, and – along with the promotion of fuel efficiency, public 
transport or smart planning options to reduce transport needs – 
they can provide an avenue for increasing national energy security 
and reducing local air pollution.56 The transport sector accounts 
for more than half of global oil demand.57 This has made transport 
an important target of transformation for the ever-growing list 
of jurisdictions seeking to achieve a 100% renewable energy 
share. Of course, electrification or hydrogen-based transport 
is only renewable to the extent that the electricity (or hydrogen 
production) is from renewable generation. An example of policies 
aiming to ensure an increased renewable share is the US state of 
California’s requirement that 33% of hydrogen fuel dispensed into 
fuel cell vehicles be produced from renewable sources.58

Several jurisdictions are seeking to better integrate renewable 
solutions in their transport sectors. For example, in Europe 10% of 
transport fuels consumed in each EU member state must come 
from renewable sources by 2020.59 If the proposed European 
renewable energy goal is adopted, this will be increased to 14% 
by 2030.60

Policies to promote renewable energy in the transport sector 
continued to focus primarily on road transport, especially at 

the national level. Other sub-sectors such as rail, aviation and 
shipping have drawn comparably less policy attention despite 
also being large energy consumers. However, action at the local 
level is rapidly expanding the traditional focus on road transport, 
with many cities taking steps to integrate renewable solutions 
into public transport fleets, including city rail systems. (p See Rail, 
Aviation and Shipping section in this chapter.)

ROAD TRANSPORT

Biofuels, electrified transport, and fuels such as hydrogen all have 
potential for the future transport energy mix. Their deployment is 
particularly critical to the growing list of jurisdictions that have 
announced plans to ban some or all fossil fuel vehicles from their 
streets.

Biofuel blend mandates remain one of the most widely adopted 
mechanisms for increasing renewable fuel use in the road 
transport sector. These mandates are prevalent across all 
geographic regions and countries at all economic development 
levels. As in past years, in 2017 national and sub-national 
governments continued to require specific shares of biodiesel 
or ethanol to be blended into transport fuels. (p See Figure 14 
and Reference Table R7.) However, concerns remain about the 
sustainability of some biofuels.61 (p See Box 2.) 

Note: Shading shows countries and states/provinces with mandates for either biodiesel, ethanol or both. 
Source: REN21 Policy Database.

FIGURE 14.   National and Sub-National Renewable Transport Mandates, End-2017
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ConnecticutConnecticutConnecticutConnecticutConnecticut
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OregonOregonOregonOregonOregon
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Source: REN21 Policy Database.

FIGURE 15.   Targets for Renewable Power and/or Electric Vehicles, End-2017

Note: Targets for Norway and the United Kingdom are national-level final 
energy targets. The United States does not have a renewable electricity 
target at the national level; de facto state-level targets have been set 
through existing RPS policies. The figure provides a sample of local 
renewable energy commitments worldwide. It does not aim to present 
a comprehensive picture of all municipal electric vehicle or renewable 
electricity goals. 
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Despite rapid growth, the EV passenger car market (including 
PHEVs) remains small, reaching only a 1.3% share of global 
passenger vehicle sales in 2017.182 By year’s end, EVs accounted 
for only a tiny portion of the total global passenger light-duty 
vehicle fleet. The market also is highly concentrated.183 China, 
Europe and the United States together accounted for 94% of the 
total global market.184 China alone accounted for about 49% of 
global unit sales.185

Norway remained well ahead of all other countries in market 
penetration, with EVs representing 32% of annual vehicle sales 
through most of 2017.186 Both Norway and Iceland (which also has 
a growing share of EVs) derive virtually 100% of their electricity 
from renewable sources (R see Reference Table POLR1), 
and EV charging has become a strong driver for new solar PV 
systems in Norway (although hydropower accounts for the vast 
majority of electricity generation and EV charging).187

Electric passenger car numbers are eclipsed by two- and three-
wheeled EVs. More than 200 million were on the world’s roads in 
2016, and over 30 million are added each year.188 The majority of 
these are in China, although the market in India is also large, and 
sales are increasing elsewhere in Asia as well as in Europe and 
the United States.189

EVs also come in the form of trains, trams, buses and other 
vehicles, including some marine vessels. By the end of 2017, 
around 386,000 electric buses were on the world’s roads, with 
about 99% of these in China.190 However, interest in electric 
buses is on the rise in other countries, with new orders from 
several cities in Australia, Europe, the US state of California 
and elsewhere around the world.191 Electric trains on the Dutch 

railway network, which carries about 600,000 passengers daily, 
began relying entirely on wind power at the beginning of 2017.192

The use of electricity for marine transport also advanced in 
2017. China saw the launch of the world’s first all-electric cargo 
ship; ironically, the ship will be used primarily to carry coal up 
the Pearl River for electricity generation, but the technology also 
is expected to be used in passenger or engineering ships.193 
In Sweden, two large ferries that carry more than 7.3 million 
passengers and 1.8 million vehicles annually were converted from 
diesel to electricity.194

In late 2017, a coalition of global corporations from China, Europe 
and the United States launched EV100, a campaign to accelerate 
the uptake of EVs and associated infrastructure; membership 
reached 16 corporations by year’s end.195 Members aim to use 
their buying power and influence on employees and customers 
to increase demand and make EVs more affordable around the 
world.196 Although the target is not directly linked to charging with 
renewable electricity, several members also have committed to 
going “100% renewable” through the RE100 campaign.197

In the United States, the governors of seven western states agreed 
in 2017 to develop a unified regional EV plan for a network of 
charging stations along 5,000 miles (more than 8,000 kilometres) 
of highways throughout the region. They agreed to advance 
opportunities to incorporate charging stations into planning 
processes, including building codes, metering policies and 
renewable energy projects.198 The state of Nevada’s participation 
in such initiatives has been driven in part by a desire to replace 
fuel imports with local renewable electricity.199

FIGURE 53.   Global Passenger Electric Vehicle Market (including PHEVs), 2012-2017

Source: See endnote 181 for this chapter.
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34 Evolution of the electric car stock (BEV and PHEV), 2010-16

35 EV sales and market share in a selection of countries, 2016
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 Figure 6.1 • Global EV stock by scenario, 2017-30 

Notes: PLDVs = passenger light duty vehicles; LCVs = light commercial vehicles; BEVs = battery electric vehicles; PHEV = plug-in hybrid 
electric vehicles. 

Source: IEA analysis developed with the IEA Mobility Model (IEA, 2018a). 

Key point: The EV30@30 Scenario sees 228 million EVs (excluding two- and three-wheelers), 
mostly LDVs, on the road by 2030. This is about 100 million more than in the New Policies 
Scenario. 

Two- and three-wheelers 

The number of electric two- and three-wheelers on the road increases from around 300 million in 
2017 to 455 million by 2030 in the New Policies Scenario, and 585 million in the EV30@30 
Scenario. Under both scenarios, the growth in electrification for these modes is significant. By 
2030, the number of electric units attains 39% of the global stock of two-wheelers in the New 
Policies Scenario and 50% in the EV30@30 Scenario. The majority of the two- and three-wheelers 
entering the market by 2030 are in the People’s Republic of China (“China”), India and the ASEAN 
countries. 

These projections reflect the good economic case for a transition to electric two-wheelers and 
indicate that the expected increase in battery production capacity for automotive applications 
will also enhance availability of affordable battery cells, suitable for the two- wheeler market (see 
Figure 5.7). The lower level of two-wheeler deployment in the New Policies Scenario also reflects 
a policy landscape that is less supportive of the electrification of two-wheelers than for LDVs. 
Examples include a lack of fuel-economy standards for two-wheelers and little use of access and 
circulation restrictions in countries other than China. 

These projections do not include any penetration of plug-in hybrids among two- and three-
wheelers. This is because BEVs are best suited for light-weight, short-range vehicles, as they do 
not incur costs associated with the use of complex PHEV powertrain architecture. 

Light-duty vehicles 

In both scenarios, by 2030, electric LDVs (including PLDVs and LCVs) are the second-largest mode 
in volume terms after electric two- and three-wheelers. If two- and three-wheelers are excluded, 
LDVs represent over 97% of new EVs on the road in 2030. This reflects the predominance of LDVs 
in the road vehicle fleet, as well as higher EV market penetration than in medium- and heavy-
duty long distance vehicles. 

 0
 20
 40
 60
 80

 100
 120
 140
 160
 180
 200
 220
 240

2017 2020 2025 2030

M
il

li
on

 v
eh

ic
le

s

New Policies Scenario

PLDVs - BEV PLDVs - PHEV LCVs - BEV LCVs - PHEV Buses - BEV Buses - PHEV Trucks - BEV Trucks - PHEV

 0
 20
 40
 60
 80

 100
 120
 140
 160
 180
 200
 220
 240

2017 2020 2025 2030

EV30@30 Scenario

© OECD/IEA 2018 Global EV Outlook 2018  
Towards cross-modal electrification 

Page | 89 

 Figure 6.5 • Cobalt and lithium demand, 2017 and 2030 

Notes: NPS= New Policies Scenario. Projected battery capacities and sales figures are used to estimate material demand in 2030. 
Demand figures refer to pure metal contents. In the low cobalt scenario, NMC 811 makes up 90% of battery sales in 2030, with the 
rest being NCA. In the high cobalt scenario, NMC 622 makes up 90% of sales with NCA the rest. In all scenarios battery demand for 
HDVs is assumed to be 80% LFP and 20% NMC 622. 

Key point: Lithium and cobalt demand from electromobility will increase in both scenarios. For 
cobalt, uncertainty over future battery chemistries increases variability of demand in 2030. 

The results shown in Figure 6.5 suggest that changes in cathode chemistries affect cobalt 
demand significantly more than lithium.  This reflects the fact that battery manufacturer’s 
research and development drive to increase the energy density of cells, by transitioning from 
NMC111 to NMC622 and NMC811 cathodes, has a major influence on the demand for cobalt. 
For lithium, on the other hand, only major battery design changes (such as a move to beyond 
Li-ion technology, which is not expected to become available until after 2030) might have a 
similar effect. 

The rapid ramp up in demand for cobalt and lithium requires investment in the supply of raw 
materials. However, material suppliers facing high uncertainty over demand might be reticent 
to make the needed investments. A potential instrument could be the use of long-term 
agreements between suppliers and manufacturers given that the demand for cobalt is very 
unlikely to wane in the next decade. The main role for public policy in this context is to 
facilitate investment by decreasing the uncertainty of the future of sales of electric vehicles by 
setting out a clear vision for the electrification of road transport. 

Electric vehicle supply equipment deployment 

As EV penetration grows, so do the number of charging outlets installed. Electric vehicle 
supply equipment (EVSE) will be deployed on private premises, both for individual vehicles (at 
home and work) and fleets (namely LCVs and taxis or ride-hailing cars), and complemented by 
publicly accessible chargers. The EVSE deployment will occur initially in cities, expanding over 
time to major arterials of the intercity road network, including highways. 

The scenario results outlined here reflect this by assuming that the future development of 
charging infrastructure will be bound to the magnitude of the development of electric 
mobility. They also attempt to account for differences on the choices made on recharging 
habits, looking at cases characterised by a greater reliance on private chargers, and at other 
cases where publicly accessible chargers are likely to play a more significant role.  
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31 Share of mitigation measures by mode in NDCs

32 Energy intensity development – Passenger modes

33 Transport energy use, by mode, 2015
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Note: Jobs estimates generally derive from 2016 or 2017 data, although some data are from earlier years. Estimates result from a review of primary sources 
such as national ministries and statistical agencies, as well as secondary sources such as regional and global studies. Totals for individual countries/regions 
may not add up due to rounding.

a Power and heat applications.   b Traditional biomass is not included.   c Although 10 MW is often used as a threshold, definitions are inconsistent across 
countries.   d Includes ground-source heat pumps for EU countries.   e Large-scale hydropower includes direct jobs only, so the table underestimates 
employment for this technology relative to others.   f Totals include waste (28,000 jobs), ocean energy (1,000 jobs) and non-technology-specific jobs (8,000). 
g About 225,400 jobs in sugarcane processing and 168,000 in ethanol processing in 2016; also includes a rough estimate of 200,000 indirect jobs in 
equipment manufacturing in 2016, and 202,000 jobs in biodiesel in 2017.   h Includes 237,000 jobs in ethanol and about 62,200 jobs in biodiesel in 2017.    
i Based on employment factor calculations for bioelectricity and combined heat and power (CHP).   j Combines small- and large-scale hydropower. 
k All EU data are from 2016 and include Germany.   l EU hydropower data combine small- and large-scale facilities; hence the regional total with large-scale 
hydropower is the same as the total without it. Figure is derived from EurObserv’ER data, adjusted with national data for Germany, the United Kingdom and 
Austria, as well as IRENA calculations. 
Source: IRENA

  TABLE 1.   Estimated Direct and Indirect Jobs in Renewable Energy, by Country and Technology

Source: IRENA

= 50,000 jobs

Bioenergy 
biomass, biofuels, 
biogas

Geothermal

Hydropower 
(small-scale)

Hydropower 
(large-scale)

Solar energy
solar PV, CSP, solar 
heating/cooling 

Wind power

World
Total:   10.3 million jobs

+ 1.5 million8.8 million

World China Brazil United 
States India Japan Germany Total EUk

Thousand jobs

 Solar PV 3,365 2,216 10 233 164 272 36 100

 Liquid biofuels 1,931 51 795g 299h 35 3 24 200

 Wind power 1,148 510 34 106 61 5 160 344

 Solar thermal  
 heating/cooling 807 670 42 13 17 0.7 8.9 34

 Solid biomassa, b 780 180 80i 58 41 389

 Biogas 344 145 7 85 41 71

 Hydropower  
 (small-scale)c 290 95 12 9.3 12 7.3j 74l

 Geothermal  
 energy a, d 93 1.5 35 2 6.5 25

 CSP 34 11 5.2 0.6 6

Total 8,829f 3,880 893 786 432 283 332 1,268

 Hydropower  
 (large-scale)e 1,514 312 184 26 289 20 7.3j 74l

Total (including large-
scale hydropower) 10,343 4,192 1,076 812 721 303 332j 1,268

FIGURE 9.   Jobs in Renewable Energy
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17Phase 1: Planning and preparation

production and collection and thus the economics 
of different conversion routes, taking into account 
the environmental and social impacts. Ultimately, 
the assessment of biomass potential should also 
take into account a range of institutional and 
geo-political considerations that will affect the 
implementation of bioenergy projects in the target 
region and within the roadmap timeframe. 

The availability of sufficient amounts of biomass 
resource is one of the key factors determining the 
potential role of bioenergy in the national or regional 
energy system considered in the roadmapping 
process. In this respect, it is important that the 
estimation of biomass potential takes into account 
the possible types and origins of biomass resource.  

Sources of biomass
Biomass resources can be classified into three main 
groups, determined by their origin (Figure 5): 

 z  Residues and waste: Biomass as a by-product, 
residue or waste of other activities and product 
streams

 z  Forestry: Biomass harvested from forestry

 z  Crops and fast-growing grasses: Biomass grown 
specifically for energy production.

Each type of biomass origin is discussed in detail 
below.

Figure 5: Biomass types according to origin

Source: adapted from FAO (2004), Unified Bioenergy Terminology – UBET, www.fao.org/docrep/007/j4504e/j4504e00.htm.

Residues and waste

The assessment of the biomass potential of residues 
and waste from agro-food and forestry supply 
chains, including residues of industrial processing, 
starts with the analysis of agricultural and forestry 
production and the identification of existing 
agro-food and wood processing industries to 
determine what residues are produced at each stage 
of the production process.4 

4.   For example, in rice mills residues will include rice husk, while 
sugar production facilities will generate sugar cane bagasse and 
molasses, if sugar cane is used as feedstock, or sugar beet pulp 
and molasses, if sugar beet is the feedstock. The identification 
of available residues is followed by analysis of the respective 
characteristics and the amount generated.

It is crucial to assess if and how residues are 
currently used and whether bioenergy might 
compete with existing uses. To ensure that the 
utilisation of residues will not have negative impacts 
on food security or the environment and will 
not undermine their use for other purposes, it is 
important to identify and quantify current uses as 
well as other potential non-energy uses. Crop and 
food processing residues are often used as animal 
feed, either directly or after further processing. 
Diversion from feed into the energy market may 
have detrimental effects on the feed market and 
directly or indirectly on food security (Maltsoglou et 
al., 2015). 

22 How2Guide for Bioenergy22

Economic aspects of sustainability

The economic impacts (both short and long term) 
of bioenergy use should be evaluated to determine 
whether, under which conditions, and to what 
extent expanding bioenergy supply can produce 
a net economic benefit for the country or region. 
The competitiveness of bioenergy technologies 
should be evaluated against that of alternative 
energy sources and technologies, both fossil-based 
and renewable. In addition, the economics of using 

biomass for bioenergy should be compared to the 
economics of using it for other economic activities. 
For example, crop residues could be used for 
bioenergy but could also be used as animal feed in 
agricultural production.9

9.  There is a rich and growing array of studies that analyse 
economic aspects of bioenergy projects and interactions along 
the biomass value chain, in some cases taking a combined 
approach inclusive of social and environmental aspects. 
Examples include the following: Cambero and Sowlati, 2014; 
Dale et al., 2013; Fazio and Barbanti, 2014; Vlysidis et al., 2011.

Box 6:  Brazil’s approach to assessing agricultural land as suitable for sugar 
cane production (continued)

Note: the ZAE Cana designated area is restricted to the total characterised by medium to high productivity; the sugar cane harvest 
includes both sugar cane for ethanol, based on IEA analysis, and sugar cane for sugar production, increasing by 1.7% per year.

Sources: IEA analysis drawing from information by the Brazilian Agricultural Research Corporation, Ministry of Agriculture, Livestock, 
and Food Supply (EMBRAPA); Teixeira de Andrade and Miccolis (2011), “Policies and institutional and legal frameworks in the 
expansion of Brazilian biofuels”, Working Paper 71, Center for International Forestry Research, www.cifor.org/nc/online-library/
browse/view-publication/publication/3509.html; IEA (2013), World Energy Outlook 2013; and presentation by Sandro Marschhausen at 
IEA/FAO workshop (Nov 2014). 

Figure 7: The ZAE Cana designation of land suitable for sugar cane production

Figure 8:  Environmental, social and economic sustainability aspects of biofuel 
and bioenergy production 

Source: adapted from IEA (2011a), Technology Roadmap: Biofuels for Transport.



434. Bioenergy technology 

The Illinois Industrial CCS Project, owned and 
operated by Archer Daniels Midland company 
in Decatur, Illinois, is the first large-scale project 
that combines CO2 capture and storage with a 
bioenergy feedstock. Operation started during 
the first half of 2017 (US DoE 2017) and the 
project will capture 1 MtCO2/year from the 
distillation of corn into bioethanol. The CO2 is 
then compressed and dehydrated, after which 

it is injected, on site, for permanent storage 
in the Mount Simon sandstone formation at 
approximately 2.1 kilometre (km) depth. 

The project has received USD 140 million in 
capital support from the US Department of 
Energy and will also be able to claim tax credits 
to the value of USD 20 per tonne of CO2 stored. 
The relatively modest level of

Box 6:  Bioenergy combined with CCS: A first large-scale project  
in Illinois, United States

Potential applications of BECCS include: 

 z  Biofuel production facilities, including ethanol 
distilleries and gasification plants.

 z  Dedicated or co-firing of biomass in power, co-
generation or heating plants. 

 z  Pulp and paper mills.

 z  Lime and cement kilns using biomass or  
waste fuels.

Figure 17:  Schematic view of BECCS 
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Five BECCS projects using ethanol plants as the 
source of CO2 are under way, including a large-scale 
project in Illinois (see Box 6). 

While the technologies needed for BECCS are 
available, it should be noted that there are 
significant efficiency or cost penalties associated 
with the technology. Work remains to be done to 

identify the optimum combinations of bioenergy 
technologies and CCS. A further important issue 
concerns the scale of bioenergy operations – often 
much smaller than fossil fuel equivalents – which 
may encourage the development of alternatives 
to large-scale geological storage, for example by 
making carbon biomass char. Further techno-
economic studies of such systems are needed. 

BIO-CCS and Bio-CCUS in climate change 
mitigation and extended use of biomass raw 
material

Kristin Onarheim and Antti Arasto, VTT Technical Research Centre of Finland, 
IEA Bioenergy Task 41 Project 5

What is Bio-CCU and Bio-CCS?

What is Bio-CCS?

The term Bio-CCS describes concepts that combine biomass use with carbon capture 
and storage. As opposed to fossil CCS, which only decreases the rate of CO2 entering the 
atmosphere to nearly zero at best, Bio-CCS has the potential to achieve net removal of 
CO2 from the atmosphere. By binding atmospheric carbon during growth of biomass and 
subsequently capturing CO2 from the biomass conversion process for permanent storage 
in geological formations carbon is extracted from the carbon cycle. Provided that the 
biomass use is sustainable, Bio-CCS has the potential to generate net negative emissions, 
and can remove historic CO2 emissions from the atmosphere and offset CO2 emission from 
sectors more challenging to decarbonise. The terminology in the literature is not fully 
consistent. Both Bio-CCS and BECCS (bioenergy and carbon capture and storage) are 
being used interchangeably. However, Bio-CCS usually has a wider context, including for 
instance biochemical production, whereas BECCS is literally referring to applications in 
the energy sector.

Figure 1. Conceptual comparison of carbon flows in fossil energy, bioenergy and Bio-CCS processes

4



It is fundamental for net negative CO2 emissions from Bio-CCS systems that the 
biomass utilised has been grown and harvested in a sustainable manner. Emissions 
induced as a result of land use changes (direct or indirect) during production of biomass 
for bioenergy can render the negative emissions from Bio-CCS smaller than the total 
net CO2 capture. Furthermore, in relation to slow rotation biomass (e.g. forests), it is 
important to understand the ongoing scientific debate on the climate impacts. The CO2 
released in combustion of slow rotation biomass will spend some time in the atmosphere 
before being sequestered back to growing plants. During this period in the atmosphere the 
CO2 will have a warming effect. As a consequence of this temporal scale, it could be argued 
that the net negative emission effect is not immediate, but will only be achieved once the 
carbon is fixed in the biomass again, see Figure 8.

Figure 8 Carbon sequestration over time

The carbon breakeven time, or the time required for the system to reach carbon neutrality, 
depends on land type and crop type and can vary significantly. On average, the carbon 
breakeven time for energy crops is around 4-30 years.

Another important issue is the so called foregone carbon sequestration, meaning the 
lower carbon sequestration of forests in intensive harvesting scenarios compared to less 
intensive harvests. From an atmospheric point of view, this lost carbon sequestration can 
be considered similar to carbon emissions and the resulting impact could be attributed 
to the products produced from biomass. The use of residual biomass is often considered 
sustainable and the best option for the climate as the residues could otherwise decay 
quite rapidly and release the carbon anyway. The situation is illustrated in Figure 9.
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The Chinese policy includes carbon taxes, as well as emissions 
trading, among some 1,700 power companies that collectively 
emit more than 3 billion tonnes of carbon dioxide (CO2) annually.59 
For comparison, in 2016, the European Union’s Emissions Trading 
Scheme (EU ETS) covered around 1.7 billion tonnes of CO2.60 In 
late 2017, EU members reached agreement on EU ETS reforms 
to increase the scheme’s impact; these included an agreement 
to reduce the number of emissions certificates issued and to 
accelerate the cancellation of surplus certificates.61 The Carbon 
Pricing in the Americas initiative, launched in 2017, includes 
members from North, Central and South America and aims to 
strengthen the implementation of carbon pricing as a central 
policy instrument in order to advance action on climate change, 
the shift to “clean” energy, innovation and the promotion of 
sustainable economic development.62

Developments in the wider energy landscape in 2017 have 
affected the context in which renewable energy is developing. 
Low fossil fuel prices continued to pose a challenge to renewable 
energy markets during the year, especially in the heating  
and transport sectors.63 The Brent crude oil price averaged 
around USD 54 per barrel in 2017, which was about half the 
average price of the 2011-2014 period but still nearly double  
the average price during the 1996-2005 period.64 Natural gas 
prices also have been relatively low in Europe, Japan and the 
United States in recent years.65

Global coal consumption increased an estimated 1% in 2017, 
reversing a two-year decline.66 This was due almost entirely to 
an increase in coal-fired electricity generation, and would have 
been even higher if not for a reduction in coal use in industry 
and buildings.67 Constructing a new coal-fired power plant, with 

a lifetime of approximately 40 years, can both lock in carbon-
intensive generation and lock out renewable power. Globally,  
654 GW of new coal plants are in development throughout  
the world.68

Direct global subsidies to fossil fuels were estimated to be at least 
USD 360 billion in 2016, a 15% reduction from 2015 but more than 
double the estimated subsidies to renewable power generation, 
at USD 140 billion.69 In 2017, the Group of Twenty (G20) reaffirmed 
its 2009 commitment to phasing out “inefficient fossil fuel 
subsidies”, yet progress is slow and large investors, insurers 
and civil society have called for both increased transparency 
and acceleration of the process.70 The main obstacles identified 
include the lack of a clear definition for “inefficient subsidies”, the 
absence of mandatory reporting and the lack of timelines for the 
phase-out commitments.71

At the same time, however, an increasing number of companies 
that own, develop or operate coal power plants shifted away 
from the coal business during 2017.72 Utilities in Africa, Australia, 
China, Europe, India and the United States have signalled their 
intention to move out of fossil fuel generation and into large-
scale renewables, and some are already doing so.73 For example, 
the French-owned utility ENGIE sold off coal and natural gas 
assets worth EUR 15 billion (USD 18 billion) between the start of  
2016 and the end of 2017, and will re-invest EUR 22 billion  
(USD 26 billion) by the end of 2018 in energy efficiency and 
renewables.74 Enel (Italy) moved from 25% renewable energy 
capacity in 2010 to 43% at the end of 2016, and electric utilities 
in 26 out of the 28 EU member states agreed to build no more 
coal-fired power plants from 2020 onwards and to decarbonise 
Europe’s electricity supply by 2050.75 The Port of Amsterdam, 

FIGURE 4.   Carbon Pricing Policies, 2017

Source: See endnote 57 for this chapter.
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TAXING ENERGY USE 2018 © OECD 2018

6 – KOREA

2. Country-specific notes

This note describes the taxation of energy use in Korea. It contains the country’s 
energy tax profiles, accompanied by country-specific information to complement the 
general discussion in Taxing Energy Use 2018 (OECD, 2018). Tax rates are those applicable 
in April 2015, energy use data are for 2014.

The data shown in the energy tax profiles is from the OECD’s Taxing Energy Use 
(TEU) Database. More detail on the TEU Database, the calculation of effective tax rates on 
energy use and the interpretation of the energy tax profiles can be found in Taxing Energy 
Use 2018 (OECD, 2018).

Korea operates a national emissions trading system (ETS), not shown in the energy tax 
profiles.1

Energy and carbon taxes
The main taxes on energy use in Korea are the following:

• The transport energy environment tax (TEET) applies to gasoline for road use and 
to diesel across all sectors;

• The Individual Consumption Tax (ICT) applies to kerosene, heavy fuel oil, LPG, 
natural gas and bituminous coal, at rates which sometimes differ across sectors;

• An education tax applies to all fuels taxed by the TEET or the ICT, as a percentage 
(15% or 30%) of their respective tax rate, and is added to the total per-unit tax;

• The regional motor fuel tax applies to all fuels taxed by the TEET, at 26% of the 
TEET per-unit rate.

The rates at which these taxes apply can differ further across fuels and different users, 
as described below.

These taxes are included in the energy tax profiles of Korea. Where more than one tax 
rate applies to an energy user or fuel, the energy tax profile shows their sum.

Effective tax rates on energy use for different fuels and users
The tax rates on different fuels and uses are linked to Korea’s energy use2 to calculate 

effective tax rates on energy use (in KRW/TJ and EUR/TJ) or CO2 emissions from energy 
use (in KRW/tCO2 amd EUR/tCO2). Energy use and the CO2 emissions associated with it 
are shown for six economic sectors: road transport, domestic offroad transport, industry, 
agriculture and fishing, residential and commercial, and electricity.

The Korean energy tax profiles (Figures 1 and 2) show effective tax rates for different 
fuels and uses in terms of the fuels’ energy and carbon content, respectively. Figures 1 
and 2 include energy use and carbon emissions from biomass and they show output taxes 
on electricity. Figure 3 is identical to Figure 2, except that taxes on electricity output are 
excluded. Figure 4 excludes carbon emissions from biomass and taxes on electricity output.

1. The OECD’s Effective Carbon Rates contains information on emissions trading systems.
2. Data on energy use is taken from the IEA’s Extended World Energy Balances, see Chapter 1 of 

Taxing Energy Use 2018 (OECD, 2018) for additional detail.
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Figure 1. Effective tax rates on energy use in national currency and EUR/GJ, 2015,  
including electricity output taxes and energy use from biomass
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Figure 2. Effective tax rates on energy use in national currency and EUR/tCO2, 2015,  
including electricity output taxes and carbon emissions from biomass
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Biofuels??

BEV

Hydrogen 
FCV 飮水思源

Are you ready?



연간 공급ㆍ사용량  X 의무비율 = 연간 의무이행량 

의무대상자 정부

•  고체 : 목재칩, 목재펠릿 등
•  액체 : 바이오디젤, 바이오에탄올 등
•  기체 : 바이오가스 등

    RPS (Renewable Portfolio Standard) : 신재생에너지 공급 의무화 제도
    RFS (Renewable Fuel Standard) : 신재생에너지 연료 혼합의무화 제도

    RHO (Renewable Heat Obligation) : 신재생열원 공급의무화 제도

RPS

RHORFS

발전분야
('12년부터 시행 중)

수송분야
('15년 7월부터 시행)

열분야
('16년부터 도입 검토)

바이오
연료 의무이행 실적서 제출
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Renewable energy policy in Korea



Biofuels market in Korea

Diesel

 * 상용보급 중, HBD(상용 전단계), 미세조류 바이오디젤,  BTL 디젤 등 R & D 중

Gasoline

 * BE 실증평가 완료, 2세대 바이오알코올(바이오부탄올, 셀룰로스계 바이오에탄올 등) R & D 중 

Natural gas

 * 바이오가스 생산 플랜트 증가 추세, 인프라 구축, 도시가스와 수송용연료 일부 공급 중

LPG

 * LPG 적용 가능한 바이오DME 연료 타당성 검토 및 R&D 중

Mandatory 
blending (2.5%)

N/A 

Used, but not 
mandatory

N/A

Biofuels

Biodiesel

BioEtOH

Biomethane

BioDME

Fossil fuels 



RFS - BD

 출처 : 신재생에너지법 시행령 개정문, 2015.6.15

시행 로드맵 

1단계 2단계

Megatory
Blending

2015

2015. 7. 31

BD 2.5

2016

BD 2.5

2017

BD 2.5

2018

BD 3.0

2019

BD 3.0

2020

BD 3.0

Re-examination Re-examination



BD– Distribution

Distribution

BD production company  
 * 2016.09 : 14 companies (active com. 9)

Oil refinery (5 companies) Gas stations

ConsumersHDV

BD100
 Blended 

diesel
(BD3.0)

 BD10 in 
winter season  

(11/1~3/31)

BD20

�46

 Blended 
diesel

(BD3.0)
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BD - Raw materials 

2015 2015

Imported
Domestic



Strategy for biofuel implementation

 Stability of raw material  
supply (Domestic??)

 Biofuels production with 
low energy consumption Issues

Infrastructure acquisition 
and pilot distribution 

business

Roadmap for 
implementation

Biofuels Market Expansion in Korea



Pilot 
implementation

Biofuels production
(Localized production)

Rapeseed 
(Ornament in fallow)

Energy crops
(Miscanthus/sorghum

at river basin)

Raw 
materials

for BD

Agricultural & forest
biomass

(Citrus peel, barley, etc.)

Wasted oils
(Collection centers)

Implementation
(지역 관용차,청소차 사용)

BD3/BD20 E3

Strategy for biofuel implementation using domestic biomass

Raw 
materials

for BE



Introduction strategy of bio-alcohol

BE import 
(Brazil/USA)

Domestic
biomass

Overseas 
biomass

Evaluation

Local
pilot business

Pilot 
implementation

Raw 
mate
rials

Strategy setup

Arrangement

Feasibility for
overseas plantation

BE production from miscanthus, 
sorghum, citrus peel, etc.

Evaluation of BE as vehicle fuels

Pilot BE production from 
Jeolla Province (miscanthus), Jeju island (citrus peel), etc.

2016 2017 2018 2019 2020 2021 2022

Pilot implementation

Small pilot 
implementation

Pilot
plantation Biomass supply from overseas plantation

Pilot Implementation

Biomass supply from domestic plantation

Pilot & mandatory
implementation 

1

2

3

4

Implementation
& commercialization 

Mandatory BE 



Pilot implementation and evaluation of BE3 

Supply Use

> 300 days

Gas station

Alcohol sensorInjection modulePhase separationAdditives / pumps

Blended gasoline

Gasoline

Bio-ETBE

BE

Biobutanol

> 40,000 km

Vehicles

Blending facility Monitoring QC Fuel injection pt. Engine performance





Thank you.
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