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LIFE CYCLE ASSESSMENT AND TECHNO-ECONOMIC ANALYSIS OF PRODUCING
AMMONIA BY ALGAL BIOMASS GASIFICATION

LIAO Chengfeng LIU Yuchen TANG Yuting® TANG Jiehong MA Xiaogian
( Guangdong Key Laboratory of Efficient and Clean Utilization of Energy School of Electric Power
South China University of Technology Guangzhou 510640 China)

Abstract: Producing ammonia by biomass gasification is one of the important ways to alleviate energy shortage and achieve
sustainable development. In order to explore the environmental and economic performance of ammonia production by algal
biomass gasification this paper used life cycle assessment ( LCA) and techno-economic analysis methods to analyze the energy
consumption environmental impacts and economic performance of four ammonia production routes including supercritical
water gasification and plasma gasification to produce hydrogen chemical chain air separation and cryogenic air separation to
produce nitrogen and Haber-Bosch ( HB) process to produce ammonia. The results showed that in terms of the total
environmental impacts the best ecodriendly route was supercritical water gasification to produce hydrogen & deep-cooled air
separation to produce nitrogen & H-B process to produce ammonia of which the total environmental impacts potential was
36001. 9 mPE. Although plasma gasification required pre-drying of the material but the production cost of liquid ammonia per
ton when adopting plasma gasification was lower than adopting supercritical water gasification. The most economic route was
plasma gasification to produce hydrogen & chemical chain air separation to produce nitrogen & H-B process to produce
ammonia of which the production cost of liquid ammonia per ton was 5891. 67 CNY. The process of microalgae gasification to
produce ammonia was more eco-riendly than the traditional ammonia production processes but it is still necessary to improve
the equipment and technology to increase the ammonia yield and reduce the production cost.
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Table 3 Total emission list of life cycle of 1 ton of liquid ammonia kg
1 2 3 4
MJ 5155.12 3526. 21 5155.12 3526. 21 14
MJ 1175. 69 5044.9 1175. 69 5044.9 9 14 21
MJ 791. 67 791. 67 457.24 457.24 17 22
MJ 18600 18600 18600 18600 23
CO, kg 5624. 41 3847.22 5624. 41 3847.22 14
H,0 kg 980. 31 670. 56 980. 31 670. 56 24
NH, kg 0.39 0.27 0.39 0.27 24
( NH,) ,HPO, kg 0. 04 0.02 0. 04 0.02 24
kg 0.79 0.54 0.79 0.54 19
kg 3937.01 2693 357. 14 2693
kg 7874. 02 — 9435. 88 — 9
Ru/C kg 118. 11 — 30. 19 — 25
Mn;0, kg 230. 21 230. 21 — — 16
kg — — 361. 87 361. 87 17
Fe, 0, kg 0. 001 0.001 0.001 0.001 23
CO kg 243.06 2645. 17 150. 54 2645. 17 14 16 17 19 23 25
CO, kg 3231.087 -2214.41 348. 44 -2098. 35
CH, kg 6512. 31 2.74 4107. 64 2.74
C,Hg kg 822.05 — 2057. 14 —
C,Hg ke 10. 24 — 371.43 —
S0, kg 0.17 0.12 0.17 0.12
N,O kg 0.01 0.01 0.01 0.01
NO, kg 0.54 0.37 0.54 0. 37
HCN kg — 0.97 — 0.97
COD kg 0.28 0.19 0.28 0.19
HC kg 0.29 0.20 0.29 0.20
PM,, kg 0. 06 0. 04 0. 06 0. 04
H,S kg — 19. 39 — 19.39
COS kg — 0.97 — 0.97
NH, kg 1000 1000 1000 1000
45 *
Table 4 Standardized values and weighting factors for 6
Table 6 Assumption for fixed operating cost calculation
5 types of environmental impact ** (of TIC)
2%
GW 8700 kgCO,_, /(  *a) 0.83 1%
AC 36 kg S0, ., /( *a) 0.73
NE 61 kg PO, /( *a) 0.73 2%
PO 0.65 kg C,H, . /( *a) 0.51 1%
SA 18 kg/( -a) 0.61 80000 /(ax100 )
20%
5 15%
Table S Assumption on proportions of direct cost and 50%x( + )
indirect cost 1
(of TEC)
14% ( N
10%
20 ) ( ~
8% )2 o
16%
7% 46.757 GJ/t
4% 71.80%  28.20%.,

5%
10%
10%
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Table 7 Standardized and weighted environmental impact

load value of 1 ton of liquid ammonia

1 2 3 4
GW 15903. 2 311. 16 9875.27 322.23
AC 11. 11 746.78 11. 11 746.78
NE 9.41 6.44 9.41 6.44
PO 41488.92  62278. 15 26103.97  62278.15
SA 2.13 1.46 2.13 1. 46

57414.78  63343.97 36001.90  63355. 05

mPET milliperson equivalent

7 4
57414.78 63343.97 36001.9 63355.05
mPET,,,
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Diaz °  Aspen plus

co, CCUS
co,
Co,
33 34 o ~
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