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Abstract. The life cycle assessment and environmental impacts of a 1000MW coal-fired power
plant were carried out in this paper. The results showed that the operation energy consumption
and pollutant emission of the power plant are the highest in all sub-process, which accounts for
93.93% of the total energy consumption and 92.20% of the total emission. Compared to other
pollutant emissions from the coal-fired power plant, CO, reached up to 99.28%. Therefore, the
control of CO, emission from the coal-fired power plants was very important. Based on the BP
neural network, the amount of CO, emission from the generation side of coal-fired power
plants was calculated via carbon balance method. The results showed that unit capacity, coal
quality and unit operation load had great influence on the CO, emission from coal-fired power
plants in Guangdong Province. The use of high volatile and high heat value of coal also can
reduce the CO, emissions. What’s more, under higher operation load condition, the CO,
emissions of 1 kWh electric energy was less.

1. Introduction

With the rapid development of economy in China, the amount of energy consumption has increased
continuously by 120% in recent decade, resulting in the increasingly serious environmental problems.
Guangdong Province is a big economic province in China. However, with the rapid economic
development, it has been with high pollution, high emissions and high energy consumption. The CO,
emissions during energy conversion process in the electric power industry of Guangdong Province
accounted for 50% of the total emissions, thus the CO, emissions reduction of electric power industry
should be attained great attention.

Since coal-fired power plant is one of the largest CO, emission source in China, calculating the
CO, emission amount accurately and scientifically is necessary. Life Cycle Assessment (LCA) can
comprehensively analyze the environmental impact of coal-fired power plants from construction to
decommissioning, which can provide valuable advice for environmental management of coal-fired
power plants. This work focused on the analysis of CO, emission amount during the operation process
of the power plant and the sensitivity analysis of CO, emission. These findings can provide important
information for reducing the CO, emission from the coal-fired power plant efficiently and
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economically to achieve the goal of energy saving and emission reduction and ecological environment
protection.

2. Life cycle assessment of coal-fired power plants
2.1. System boundary

The lifecycle system boundary of coal-fired power plant was shown in Fig.1. Especially, it focused on
the CO, emissions from the operation process of power plant.
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Figure 1. System boundary

2.2. Mining, smelting and transportation of raw material

The raw materials needed to construct a coal-fired power plant included steel, concrete, iron, copper
and aluminum. The energy consumption required for mining, smelting and transporting of the raw
materials and gaseous pollutants were listed in the Table 1.

Table 1. The energy consumption required for mining, smelting and transporting of raw materials and
gaseous pollutants (kg/t)

Ttem Stiré‘;?rd Cco, | so, | Nox | CH, CO | voC | N,O | COD | Dust
2435. | 5.914 | 5.242 | 0.009 | 0.8097 | 0.178 | 0.0040 03.4248
Steel | 1523.62 1 “eor | 704 | 415 | 022 6 762 | a1 | 02 2
6893 | 0.813 | 1.378 | 0.896 | 0.1258 0.2423
Concrete | 191.6065 64 11 57 079 1 — — 53 1.031
. 53593 | 1535 | 4.034 | 5242 %'ggf 0.8097 | 0.178 | 0.0040 | | 32.7213
¢ . 862 | 742 | 415 | To | 59883 | 762 | 4137 5
1838 | 1298.
Cu 120.1 B | 54.1
Al 77.8 822 | 2.09 | 298 | 9.16 | 0.761 | — — — 2.39

2.3. Mining, processing and transportation of coal
(1) Resource consumption and pollutant emission

Mining phase required the consumption of coal, steel, wood, gasoline, diesel, and electricity.
Previous study [1] provided the information of resources consumption for coal mining stage. In the
processing stage, the coal jigging method was used in this study, according to the 2011th national
average, washing 1 t of coal consumed 6.52 kWh of electric power [2] which converted into about
2.1842 kg of standard coal.

Pollution generation from the coal mining and processing included: air pollution, water pollution,
solid waste pollution, coal-bed methane escape and so on.

(2) Coal transportation
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In this paper, the railway transport distance was estimated to be 524 km based on the average
transport distance of Datong-Qinhuangdao Railway [3].Water transport distance was estimated to be
2452 km based on shipping distance from Qinhuangdao to Guangzhou [3]. In terms of highway,
combining with the traffic volume based on the vehicle axle load characteristics, the average mileage
of highway was estimated to be 171.31 km. The actual coal demand of 1000MW unit was
0.615kg/kWh. Therefore, Based on the above data and calculating methods [4-8], the energy
consumption and pollutant emission during the mining, processing and transportation of coal for
1000MW unit were listed in Table 2.

2.4. Construction of coal-fired power plants

The construction stage of power plant mainly included the mining, processing, transportation of raw
materials, plant construction and equipment installation. The transportation mode of the building
materials was mainly highway, and the average transportation distance was 171.31 km. According to
the amount of building materials demand for Pinghai Power Plant (1000MW), the energy consumption
and pollutant emission during the consumables production, power plant construction and
transportation were shown in Table 2.

2.5. Coal-fired power plant operation

For the gaseous pollutants emission during unit operation, the amount of emissions were the sum of
the amount of direct emissions from the unit after tail gas treatment and the amount of indirect
emissions from the production process of desulfurization and denitration catalyst. The amount of
pollutant emissions during the operation process of a 1000MW power plant were listed in Table 2.

2.6. Power plant decommissioning

Due to the lack of plant removal and waste recycling data, the decommissioning phase only considered
the impact of transportation of building material waste. The calculation method of total energy
consumption, resource consumption and pollutant emission of the decommissioning phase are
consistent with those of other stages. The building materials waste was transported by road . The
average transportation distance was estimated to be 171.31 km. The energy consumption and pollutant
emissions during the decommissioning phase of a 1000MW unit were shown in Table 2.

2.7.Solid waste treatment

During the operation process of power plant, the main solid waste were ash and gypsum[9]. The
amount of ash residue was based on the amount of electricity supplied, the ash content of coal, and the
amount of coal used. All the solid wastes were transported to the landfill[10]. In this study, only the
energy consumption and pollutant emissions during the transport of solid waste were considered. The
average transportation distance was estimated to be 171.31 km. The energy consumption and pollutant
emissions of solid waste transportation were shown in Table 2.

2.8. Comprehensive analysis
According to the inventory analysis of each sub-process, the total life cycle inventory of the 1000MW
coal-fired power plant was shown in Table 2.

Among the energy consumption of coal-fired power plants, coal accounts for 98.13%. And CO,
emissions account for 99.28%among the pollutant emissions. It could be seen that operation phase has
significant influence on the LCA of coal-fired power plant. Therefore, it was necessary to adjust the
operation mode of coal-fired power plants to achieve the goal of energy saving and emission reduction.
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Table 2. The total life cycle inventory of the 1000MW coal-fired power plant

Energy consumption kg/kWh Pollutant emissions g/kWh
Process
Natural Standard 0il
atural - coal CO, | CH, | NOx | SO, | Dust | CO |VOC| N,O [NH;
gas (ke/t) (kg/t)
g/t
Consumables
production and | 1.6942 |0.0005223 1.85981E21i151921 fé%%% 0.002(0.006| 0.0262 gﬁ%‘; 5333é6 196936 -
power plant | 3E-10 63 05 ; g [55305/40498) 18142 [ 0| 7 7|7
construction
0.0216.098]0.000(6.899 7.000[1.319
Transportation | — | — |/ %2 1F72043) 38E- 14384| 23E- | 20207 | 98E- | 09E- || —
3107 | 7 | 06 05 | 05
. 41.02(3.300/0.272]0.288 0.037[0.001[0.000
Mrl(r)lclre‘fsf‘;d — 0'0138926 0'028360 80719(99879|57989(52561 325’?91 79151(63757/39994| —
p g 1|6 | 3|5 9 | 9 | 2
12.07(0.000{0.230{0.137 0.007/0.000
Transportation | — 0.001794710.002282), 510142 58102641|79899| ©-017419-037 |5 176054081 —
61 835 8268 (70875
2 1 2| 3| 4 3| 8
0.012(0.662(0.279 0.133 1.38
. 0.2934065 726.8 ; “710.1175 ] ; 0.003|368
operation A 0.0022 | 20',5/00676(04731(37625 ¢, > [45210] 0 |7 |
6 1| 6 8
08
decommissioning 7.10851E 2.172 6.1E- 1.43816.899 2.9539 7.00011.319 7.84E
— — 94E- 47E- | 23E- 98E- | 09E- —
phase -06 0 07 04 06 5E-06 05 05 -07
. 2.814(7.897/0.018(0.000 0.009(0.001[0.000
Sggftrvn":ze — —  10.000921|01732| 56E- [62860|89346 %’32253 06645[70825/10150] —
8 | os| 7 | 8 2 1 6 | 3
1.38
783.9(3.313|1.186]0.713 0.218(0.010/0.003
Total 1.69420.30881620.005896| 1| <5c199375|12296/00621| %2217 [42046(95008]92200( 303
3E-10 84 908 86757 E-
8 | 9| 8 | 3 2 | 4 | 4 |

3. Sensitivity analysis of CO, emission from power generation side

From the LCA of coal-fired power plants, it could be seen that the CO, emission from coal-fired
power plants accounted for the most proportion, especially from the generation side. Therefore, the
sensitivity analysis of CO, emission was particularly important. The unit capacity, coal quality, unit
efficiency, and operation load would affect the CO, emissions during the operation process.

3.1. CO; emissions calculation method

Theoretically, the amount of CO, produced by coal combustion is the product of the complete
combustion reaction of C in the coal with the oxygen in the air. If the carbon content of the received
coal is Car%, 1 g of received coal would produce 44/12 Car/100 (g) CO, under complete combustion
condition.
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Actually, coal burning in the furnace could not be completely burned, resulting in part of C
remained in the fly ash and ash residue. Therefore, actual CO, emission amount should be deducted
from the C in the fly ash and ash residue, and CO, emissions could be expressed as:

MCOZ ZEB(CN_ZC) (1)

Where M, was CO, emissions amount (t/h); B was the fuel consumption amount,(t/h); Car was
the carbon content of the fuel as received basis(%); 2. C for the total amount of unburned carbon,
including fly ash and ash residue (%.).Consequently, the CO, emissions from 1 kWh of electric power
can be expressed as:

44 29.703

-
M =—b——(C %Gy /100 , g/kWh 2
,CO, 12 S (gamet ( ar OO— ) g ( )

Where bs was the coal consumption rate of power supply g/kWh; Q, . was the low heating value

of coal, MJ/kg; A, was the ash content of received coal %; Ca was the average carbon content of the
ash including fly ash and ash residue),%.

The average carbon content of the ashes was 0.93 according to the recommendations of the boiler
design. only the coal moisture, ash, volatile, heat value and other parameters of coal were tested.
Based on the relation between the proximate analysis and elemental analysis of coal, BP neural
network prediction method was adopted to obtain the C content in the coal[11].

3.2. Effect of coal quality on CO; emissionCO;

In this section, a 350MW supercritical unit in Guangdong Province was selected as the research object.
The operation data of the unit under the same operation load (70% THA) with different coal quality
were selected to calculate the CO, emission and comparative analysis. The proximate analysis of coal

was adjusted by the benchmark method. Table 3 showed the corresponding bs, Qyetars Cor and M, ¢
Table 3. CO, emissions from units with different coal quality

Date bs/g/kwh Qnet, ar/MJ/kg Car/% Aar/% Me,CO,/g/kwh
212 31109 22.00 57.44 12.33 888.82
20152/4  307.98 21.78 56.39 1139 866.79
20182 31279 22.12 59.39 10.82 913.08
20063 31081 21.98 58.46 10.93 898.74

As shown in Table 3, as the coal with higher volatile content was used, the CO, emission was
lower. The effect of ash and moisture content on CO, emissions was tiny. In general, the high ash
content of coal would increase the mechanical incomplete combustion loss of the boiler, thus it needed
more coal to supplement the heat loss. As a result, the CO, emission increased. When the ash content
of coal is high and the heating value is low, the poor combustion property and extra energy
consumption of the boiler would cause the increasing of CO, emissions.

3.3. Effect of operation load on CO; emission

The operation data from the same coal quality (Neimeng coal: Yitai coal = 1:2) under the different
operation load (75% THA, 50% THA and 40% The coal consumption rate at each operation load
could be obtained from the coal consumptlon —  operation load
curve( y = —4.630E —07x° +1.017E — 03x2-7.649E —01x + 4.701E +02, RZ =9.941E-0D It can be seen
from Table 4 that the higher operation load was, the less the CO, emitted.
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Table 4. CO, emissions under different operation load factor

Load factor bs/g/kwh Qnet, ar/MJ/kg Car/% Aar/% Me,CO,/g/kwh
75% 275.26 793.38
50% 285.56 21.95 58.31 23.48 823.06
40% 297.50 857.48

4. Conclusion
(1) The energy consumption and pollutant emission of operation phase of power plant are the biggest.
The energy consumption accounted for 93.93% of total energy consumption and pollutant emissions
accounted for 92.20%. The largest proportion of pollutant was CO, which accounted for 99.28%. It
was necessary to adjust the operation mode of coal-fired power plants to achieve the goal of energy
saving and emission reduction.

(2) The unit capacity, coal quality and unit efficiency would affect the CO, emission during the
operation of coal-fired power plants. The higher heating value of coal, the less CO, emission. The
lower unit operation load, the higher CO, emission.
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