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Abstract
Hydrogen can be used as an alternative energy carrier to achieve energy systems with zero or near-zero carbon
emissions, if it is produced from renewable energy sources or through low-carbon processes. Hydrogen is a colorless
gas that is assigned symbolic colors to classify it based on the resources used in the production processes and energy
sources. Methods such as water electrolysis, biomass gasification, and steam methane reforming (with carbon capture
and storage) provide pathways for hydrogen synthesis. This study examines the main pathways associated with
hydrogen production and the colors assigned to each pathway, known as the “hydrogen rainbow”. Based on the
hydrogen source, production process, and carbon dioxide emission rate, hydrogen colors of green, gray, brown, black,
blue, turquoise, orange, pink, red, and yellow are explained in detail in this review. The color classification of
hydrogen production based on greenhouse gas emissions provides a framework for understanding their environmental
and economic characteristics. The environmental benefits of using hydrogen depend on the hydrogen production
methods and the primary sources used. Only green hydrogen has very low greenhouse gas emissions. Blue hydrogen
is also produced by incorporating carbon capture, utilization and storage technologies based on gray hydrogen
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processes, to significantly reduce its carbon emission intensity compared to gray hydrogen. On the other hand, the
introduction of an international market for hydrogen is important to reduce costs and produce hydrogen under the best

conditions.

Keywords: Renewable energy, Hydrogen production, Hydrogen colors, Carbon emissions, Low-carbon hydrogen
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7 Lignite

8 Brown hydrogen
9 Hard coal

10 Black hydrogen
11 Gray hydrogen
12 Fossil methane
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2 World meteorological organization
3 Net-zero emissions
4 Greenhouse gases

5 Carbon capture, utilization and storage
6 Cryogenic air energy storage
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7 Clean hydrogen

8 Low-carbon hydrogen

9 Partial oxidation

10 Autothermal reforming

11 Partial oxidation of methane
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2 Renewable energy sources

3 Polymer electrolyte membrane
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5 Solid oxide electrolysis cell

6 Green hydrogen
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7 Pink hydrogen

8 Red hydrogen

9 DNV

10 Yellow hydrogen

11 Thermolysis/thermochemical
12 Purple (violet) hydrogen

2 o jled <13 553 <1405 ¢ 5h 5 nan gleafoil el 4yl

199

39 Dgd g0 033 (pasd Jlo 50 dunSTgo 0,5 o AV Ly 85 aS el
Dbl (B 55 obew 5 Slosed (s ldlasl wszrse mlie (e
S S (9 e g oo o3liiul (6 S ()59 0 4 0)Lal sl
Ll 00,5 oo 715 -13 kg COYkg Hy 5l 02,8 uditons ,Lil 4y yonie
9 & Olise ) @S gy adg l Jol Gl slajls
4 SMR sl B @bl plie o (D) sl cond (Lol e
Sels sln b 050 S Gl (9) 5 sned 5SSl S
T13]ai 13 ol Gllos VL L83 (sl 5 51> 555

S5 (5 S (59,008 9 s sl 35l Ses (S
O3 Oy 4 ) Of cel Ses e (S o5 ol ' S 5
@ ez 5o ohg @ a5 (gle B wnld ol aiS ganaib gloged
Swle; plolp pl5 g (b S VL sanze b el Jds
Sy G 50 a3 00,8 Ll Oliee VL 4 e il il
[14]ces 50 18-25kg COYKg Hy 351 a8 00,5 o )55yt cilizee
Olsie 4 Jo3lSe o ghil 4 aST0cn S 0 5 36/4 seibi]
3 selonds a5 a5 55 (59 0 ()5 Jla sl g9l
£S5 94 sgam 4 S Gispnee ag Gl i Gl oS
TI5]ss s o0 595000 535 12 il & aSTgo 00 S

4 NS Gl S8se 501, lsie 4T T gy ol Sl 0
"ol 5apen” ol 05 oo S S50 S LS (55,008 (90
e gw 5l oas adss (9,0 4 oylal gl a5 cwl Jlo wim
L oKs Ojle @ cailonds gl CCUS (5,0L8 5l (6,50 40 b Lod
b @l Ui o2l Ju b gl Syl 9 CCUS (5 )5Ld oS 5
0u Adgi (55,00 09 o 95 Tl b (x5 51 eolil
e b 2l 5l alraslo Wil o vl 55 S0 wsile sy slas il )
b anslin yo (ol G0 adndy plonl clidlbe b ans (las ],
clojls jlasl o pals aoye 18-25 ki smsSl (55,0
Glo )5 1o 55l Jals cpl eipl g ogde 0)ls ol o 1) glaillS
jl8 o Siw s b orb B 5l i 120 plizes (oiale)S
[16]0sS o e slailsdS

R N TSN CHL e S P ISPISE RS PNVE W
(S Sl b sl )8 (s ol welz S ol Jpame
wile bl (Sl Jpame cnl cl plete pgure slagty, Sl
losis; b anglio jo 1) a8 n) il (lie 5 ool (3luo s
(Sl sz an b ates aw ol e 5l ey a0 o0 &l (i
2 Dok g9 ol Sl (695l s g Lewdly a2
5 AN & G s Gub il ehen o3 sl

1 Coal gasification

2 Blue hydrogen

3 Biomass
+Turquoise hydrogen
5 Pyrolysis

6 Orange hydrogen
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1 White hydrogen

2 Thermal energy storage
3 Microbial fermentation
4 Golden hydrogen
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