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Abstract

Adipic acid is an important petrochemical product, and its production process emits a high concentration of greenhouse gas
N,O. This paper aims to provide quantitative references for relevant authorities to formulate greenhouse gas control road-
maps. The forecasting method of this paper is consistent with the published national inventory in terms of caliber. Based on
the N,O abatement technical parameters of adipic acid and the production trend, this paper combines the scenario analysis
and provides a measurement of comprehensive N,O abatement effect of the entire industry in China. Four future scenarios
are assumed. The baseline scenario (BAUY) is a frozen scenario. Three emission abatement scenarios (ANAS, SNAS, and
ENAS) are assumed under different strength of abatement driving parameters. The results show that China’s adipic acid
production process can achieve increasingly significant N,O emission abatement effects. Compared to the baseline scenario,
by 2030, the N,O emission abatements of the three emission abatement scenarios can reach 207-399 kt and the emission
abatement ratios can reach 32.5%—-62.6%. By 2050, the N,O emission abatements for the three emission abatement scenarios
can reach 387-540 kt and the emission abatement ratios can reach 71.4%-99.6%.
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1 Introduction

Industrial production process emissions refer to greenhouse
gas emissions generated by chemical reactions and physical
changes in industrial production (IPCC 1996). These emis-
sions do not include energy activities. The petroleum and
chemical industries are the main sources of greenhouse gas
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emissions from industrial processes in China due to a large
number of chemical reactions involved. In 2014, greenhouse
gas emissions from China’s petroleum and chemical produc-
tion process reached 238 million tCO, equivalent (NDRC
China 2018), which accounted for about 14% of the total
industrial production process emissions. Adipic acid is an
important petrochemical product, and its production process
includes a greenhouse gas emission source, namely N,O
emissions. N,O is a by-product of the adipic acid produc-
tion process, and it is mainly derived from the oxidant nitric
acid in its production (IPCC 2006).

The commercialized production of adipic acid in China
mainly adopts the cyclohexane method. This method
mainly comprises two steps (Shimizu et al. 2000; Frutos
et al. 2018): The first step is to conduct catalytic hydrogena-
tion of pure benzene in order to obtain cyclohexane, and
then, cyclohexane is further oxidized to obtain a mixture of
cyclohexanol—cyclohexanone (Alcohol ketone, also known
as KA oil). This step does not involve greenhouse gas emis-
sions. The second step is the oxidation of KA oil, which uti-
lizes nitric acid to oxidize KA oil and then produces adipic
acid after crystallization and drying. This step will generate
nitrous oxide (N,0) emissions.
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The Chinese government released China’s greenhouse
gas inventories in 2005 (NDRC China 2014; NDRC China
2016), 2010 (NDRC China 2018), 2012 (NDRC China
2016), and 2014 (NDRC China 2018). The four years’ green-
house gas inventories are consistent in the accounting meth-
ods and data caliber of adipic acid production processes.
They combined the methodologies of the Good Practice
Guidance and Uncertainty Management in National Green-
house Gas Inventories (GPG2000) (IPCC 2000) and the
2006 IPCC Guidelines for National Greenhouse Gas Inven-
tories (2006 IPCC GLs) (IPCC 2006) with China’s actual
situation. The level of activities (adipic acid production),
N,O emissions, and the sectoral average emission factors
(implied emission factors) are shown in Table 1.

The data show that both the adipic acid production and
N,O emissions from China’s adipic acid industry continued
to increase during 2005-2014. Howeyver, the year 2012 was a
critical point that the variation trends of adipic acid produc-
tion and N,O emissions diverged. In 2005-2012, the average
annual growth rate of adipic acid production was 20.3% and
the average annual growth rate of N,O emissions was 15.6%.
During this period, the growth rate of N,O emissions from
the adipic acid production process was significantly lower
than the growth rate of adipic acid production. The main
reason is that in 2010-2012, based on the cooperation of
the international Clean Development Mechanism project,
the adipic acid industry conducted a series of N,O emis-
sion abatement activities (Tong 2011; Lee et al. 2011; Yan
et al. 2018; Lu 2009) so that the implied emission factors
decreased. However, due to the suspension of international
cooperation in 2013 (Tong et al. 2012), domestic compa-
nies were unable to withstand high abatement costs (Tong
et al. 2012; Frutos et al. 2018), and the implied emission
factor in 2014 rebounded to beyond 2005 level. Therefore,
in 2012-2014, although the average annual growth rate of
adipic acid production was only 0.6%, the average annual
growth rate of N,O emissions was as high as 16.9%. The
historical variation trends of adipic acid production and N,O
emissions reflect the important role of emission abatement
measures on the production side in controlling greenhouse
emissions from adipic acid industry.

Only a few countries in the world, such as the USA, the
European Union member states, Japan, and China, are able
to produce adipic acid. Due to the confidentiality needs by
the small number of enterprises, statistics of adipic acid

Table 1 Historical N,O emissions from China’s adipic acid industry

Year 2005 2010 2012 2014

203.17 666.70 740.32 749.00
0293 0206 0222 03
59.53 137.34 164.35 224.70

Adipic acid production, kt
Implied emission factor, tN,O/t
Total N,O emissions, kt
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production are rarely published in these countries. At pre-
sent, the research on N,O emissions and abatements in the
production process of adipic acid is very limited in China
as well as other countries. The focus of the existing litera-
ture is laid on emission inventories and emission abatement
technology review, and there is no published literature fore-
casting N,O emission from the adipic acid production pro-
cess. Furthermore, within the current literature on emission
inventories and emission abatement technology, the follow-
ing limitations exist:

(1) Emissions inventories Due to data confidentiality rea-
sons, the foreign emission inventories rarely disclose
the sectoral average emission factors (implied emission
factors) of the adipic acid production process (US EPA
2019; German FEA 2019; Japan MOE 2019; France
CITEPA 2019; Canada ECC 2019). Therefore, the pen-
etration rates as well as the effect of emission abate-
ments by abatement technologies cannot be reflected in
national inventories, and the research results are lack of
transparency.

(2) Abatement technologies Some source control technolo-
gies only stay in the stage of laboratory research (Kang
1999; Zhang 2002; Hao et al. 2012; Shi 2015), and
therefore, it will be difficult to implement these tech-
nologies before 2050 taking into account the situation
of overcapacity in China’s adipic acid industry. There
are also some end treatment technologies described in
the literature, and they focus on the design of process
routes (Cao et al. 2018; Yan et al. 2018; Zhu 2013;
Jiang et al. 2018), or case studies (Yu 2016; Zhang
2009; Zhao 2008), which do not present the quantita-
tive results for N,O abatements for the entire adipic
acid industry.

Although the adipic acid industry has a small number of
companies, it emits a high concentration of N,O exhaust gas.
N,O is a type of greenhouse gas with a high global warm-
ing potential, and one ton of N,O emissions is equivalent to
310 tons of CO, equivalent (IPCC 1995). China now is one
of the world’s major producers of adipic acid. Therefore,
it is not only necessary to prepare the emission inventory
and understand the emission status, but also to predict the
emission abatement potential of the adipic acid production
process. The forecasting method of this paper is consistent
with the published national inventory in terms of caliber.
Starting from the emission abatement technical parameters
of adipic acid (the production side) and the production trend
(the demand side), this paper combines the scenario analysis
method and provides the measurement of comprehensive
emission abatement effect of the whole industry in China.
It presents the N,O emission forecast and abatement path
analysis of China’s adipic acid production process by 2050.
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It can fill in the corresponding research gaps in China and
provide quantitative references for the relevant authorities
to formulate relevant roadmaps.

The remainder of this paper is organized as follows.
Section 2 describes research methodologies and scenario
assumptions based on N,O abatement technology penetra-
tion and adipic acid production forecast. Section 3 discusses
the results, including implied emission factors, activity data,
and N,O emissions from adipic acid production. Section 4
draws conclusions which could provide relevant implications
for related administrative departments and policymakers.

2 Methodology and scenario assumptions
2.1 Methodology
2.1.1 Forecasting N,O emissions

The prediction method is consistent with the published
national inventories, which can forecast the nitrous oxide
emissions from adipic acid production using the so-called
“Emission Factor Method” (IPCC 2006), as shown in for-
mula (1). Based on the latest available data for 2014, the
activity data (adipic acid production) and emission factors
for the target year are predicted separately, and the multipli-
cation of the two parameters is the nitrous oxide emissions
from the adipic acid production process in the target year.

Ey,0 = EFXAD 1)

where Ey  is the nitrous oxide emission (ktN,0O) from the
adipic acid production process in the target year; EF is the
nitrous oxide emission factor (tN,O/t) from the adipic acid
production process; and AD is the annual adipic acid produc-
tion (kt) in the target year.

2.1.2 Emission factor forecasting

The emission factors analyzed in this paper are sectoral
implied emission factors that take into account the effects
of greenhouse gas emission abatement technologies imple-
mented from the production side (Tong et al. 2019).

The greenhouse gas abatement technologies for adi-
pic acid production process include the following two
categories:

(1) Source control technologies
The adipic acid industry in China now mainly adopts
cyclohexane production technology. The adipic acid
production capacity from the cyclohexane method
accounts for more than 95% of the total adipic acid
production capacity in China (Zhu 2013). Therefore,

the N,O source control technology of the adipic acid
industry mainly uses other raw material routes or meth-
ods to replace the adipic acid production capacity of
the cyclohexane method (Zhao 2008; Hao et al. 2012).
The cyclohexanol method was first used by Asahi Kasei
Corporation of Japan. Although the raw material is
similar to the cyclohexane method, the consumption of
hydrogen and nitric acid is significantly reduced. There-
fore, the N,O emission abatement effect is obtained.
In addition, the literature also reports the adipic acid
production method which can completely remove N,O
emissions. With 30% hydrogen peroxide in the action
of sodium tungstate and catalyst, this method directly
oxidizes cyclohexene into adipic acid with a 90%
production rate (Kang 1999; Hao et al. 2012). How-
ever, this method is only attractive when the price of
hydrogen peroxide is not high and in a policy environ-
ment where the N,O emissions are strictly controlled.
Also, the industrialization of this method has not been
achieved yet. Moreover, butadiene method, ozone plus
ultraviolet radiation, and other methods have no N,O
emissions due to the lack of nitric acid oxidation (Hao
et al. 2012; Shi 2015). These methods are currently
in the stage of laboratory research. As to the adipic
acid industry where overcapacity has emerged, whether
these technologies can be commercialized by 2050 is
highly uncertain and not enforceable.
(2) End treatment technology

One of the end treatment technologies for adipic acid
industry involves catalytic decomposition, and its N,O
abatement mechanism is similar to the end treatment
technology of the nitric acid industry. However, due
to the disadvantages of high cost and short lifespan of
catalyst, the thermal decomposition method is more
widely used than the catalytic decomposition method
as the end treatment technology in adipic acid industry.
The thermal decomposition method directly sends the
N,O exhaust into the incinerator and decomposes N,O
to N,, O,, and NO at high temperature with no catalyst.
It can also achieve a part of nitric acid recycling and
waste heat utilization. However, the disadvantage is that
fuel is consumed, which generates additional carbon
dioxide emissions. The theoretical abatement efficiency
of catalytic decomposition and thermal decomposition
technology can reach 98% (IPCC 2006; Lee et al. 2011;
Yan et al. 2018; Lu 2009).

In addition, the literature proposes methods for the
direct purification and recycling of N,O generated from
the chemical production process, which can further pro-
duce phenol and medical laughing gas anesthetics, etc.
(Jiang et al. 2018; Yan et al. 2018). These methods are
significantly associated with the prices of downstream
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products from the demand side, and they have not been
commercialized yet.

Therefore, the scenario analysis in this paper only incor-
porates the parameters of commercialized end treatment
technologies into the deduction of emission factors taking
into account the overcapacity situation of China’s adipic acid
industry and abatement technology availability.

For the forecasting of emission factors, this paper consid-
ers the application and corresponding influence of the end
treatment technology in the adipic acid production industry
in China, and the end treatment technology is mainly based
on thermal decomposition technology. The nitrous oxide
emission factor of the adipic acid production process can be
quantitatively predicted using formula (2).

EF = EF; x (1 - Ty XR) 2)

where EF is the nitrous oxide emission factor (tN,O/t) of
the adipic acid production process in the target year; EF,
is the nitrous oxide emission factor (tN,O/t) of the adipic
acid production process in the base year (2014); Ty is the
penetration rate of the N,O decomposition technology in the
target year; and R is the decomposition efficiency of the N,O
decomposition technology in the target year.

2.1.3 Activity data Forecasting

According to the 2006 IPCC GLs, the activity data are adipic
acid production.

According to the China Industrialization Process Report
released by the Chinese Academy of Social Sciences, China
has entered the late stage of industrialization and will basi-
cally achieve industrialization by 2020 (Wen 2017). Refer-
ring to the trends of major developed countries’ chemical
industry, the productions will peak before the end period of
industrialization. China’s chemical industry is currently fac-
ing problems such as overcapacity and operating below the
productive capacity. Therefore, in this paper, the total adi-
pic acid production is assumed to peak in 2020. The major
developed countries such as the USA, Japan, and the Euro-
pean Union have a longer history of adipic acid production
than China, and these countries have accumulated 28 years
of emissions inventory data. According to the inventory
data of these countries, most of their adipic acid production
peaked in the last century, and then, the data presented a
downward trend with different rates. The rate of change in
adipic acid production in developed countries can provide a
quantitative reference for China’s forecasting work.

According to the industry’s “13th Five-Year Plan” and
other policy objectives, this study forecasts peak production
in 2020. By referring to the decline in production in major
developed countries such as the USA, Japan, and the Euro-
pean Union, this paper sets the annual average rate of adipic
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acid production decline (five-year cycles) for the period of
2020 to 2050. This study uses formula (3) to calculate the
output of each target year from 2025 to 2050.

AD, = ADy x (1 —d)y’ A3)

where AD, is the annual adipic acid production (kt) in the
target year; AD,, is the adipic acid production (kt) in the base
year for a five-year period; and d is the annual average rate
of decline in adipic acid production.

2.2 Scenario assumptions

Four scenarios are assumed for forecasting analysis.

2.2.1 Business as usual scenario (BAUS)

The baseline scenario (BAUS) is a frozen scenario, and it
does not consider any technological progress (Yang et al.
2016). Since N,O is not a conventional pollutant, there is no
mandatory N,O emission abatement requirement in China,
and it is reasonable to set up a technical freeze. The emission
factor for each target year is consistent with the base year,
which is 0.3 tN,O/t. The adipic acid production for 2020 is
expected to be 2300 kt (Jinzhi Innovation Company 2019).
The annual average rate of decline in production for each
target year thereafter is set to 0.8% with reference to the
British trend (UK BEIS 2019).

2.2.2 Appropriate N,0 abatement scenario (ANAS)

On June 30, 2015, the Chinese government submitted
“Strengthening Actions to Address Climate Change-China’s
National Independence Contribution” to the United Nations
(NDRC China 2015). The document proposed “actively
controlling greenhouse gas emissions from industrial pro-
duction processes” but did not specify quantitative control
objectives.

Based on the above policy documents, the ANAS sce-
nario quantifies the control objectives (or drive parameters)
for both the production side and the demand side of adipic
acid production, including.

For the production side, this scenario assumes that there
will be policy guidance to promote the use of end treatment
technology in adipic acid industry. The technology penetra-
tion rate is set at 9% in 2020. This means the end treatment
devices of China’s adipic acid producers that were shut down
in 2013 could be put back into operation in 2020. The tech-
nology penetration rate will increase to 60% in 2050 (Zhu
et al. 2017). Correspondingly, the efficiency of technology
decomposition will gradually increase from 88% in 2020 to
98%. The scenario uses interpolation to estimate emission
factor-related parameters for the intermediate target years.
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For the demand side, this scenario assumes that there
will be policy guidance to moderately reduce the demand
for adipic acid in downstream industries, thus achieving the
adipic acid production control. The adipic acid production is
expected to be 2300 kt by 2020 (Jinzhi Innovation Company
2019). The annual average rate of decline in production for
each target year thereafter is based on the German trend
(German FEA 2019), which is set at 2%.

The driving parameters of abatement approaches in this
scenario are shown in Table 2.

2.2.3 Strengthened N,0 abatement scenario (SNAS)

The strengthened N,O abatement scenario (SNAS) considers
the same path to reduce N,O emissions from adipic acid pro-
duction process as the appropriate N,O abatement scenario
(ANAS), but it is with greater abatement strength as follows:

For the production side, this scenario assumes that there
will be policy guidance to promote the use of end treatment
technology in adipic acid industry. The technology penetra-
tion rate is set at 9% in 2020. This means the end treatment
devices of China’s adipic acid producers that were shut down
in 2013 could be put back into operation in 2020. The tech-
nology penetration rate will increase to 80% in 2050. Corre-
spondingly, the efficiency of technology decomposition will
gradually increase from 88% in 2020 to 98%. The scenario
uses interpolation to estimate emission factor-related param-
eters for the intermediate target years.

For the demand side, on the basis of the ANAS scenario,
this scenario assumes that there will be policy guidance to
further reduce the demand for adipic acid in downstream
industries to achieve adipic acid production control. The
adipic acid production is expected to be 2300 kt by 2020
(Jinzhi Innovation Company 2019). The annual average rate
of decline in production for each target year thereafter is set
at 3% with reference to the US trend (US EPA 2019).

Table 2 Driving parameters of abatement approaches under the ANAS

The driving parameters of abatement approaches in this
scenario are shown in Table 3.

2.2.4 Extreme N,0 Abatement Scenario (ENAS)

The extreme N,O abatement scenario (ENAS) consid-
ers the same path to reduce emissions as the SNAS and
ANAS, but it is with the largest abatement strength. In
terms of N,O emission abatement technology, it is spe-
cifically assumed that by 2050, the maximum emission
abatement effect will be achieved, which cannot be broken
through. The specific scenarios are as follows:

For the production side, this scenario assumes that there
will be policy guidance to greatly promote the use of end
treatment technology in adipic acid industry. The technol-
ogy penetration rate is set at 9% in 2020. This means the
end treatment devices of China’s adipic acid producers that
were shut down in 2013 could be put back into operation
in 2020. The technology penetration rate will increase to
100% in 2050. Correspondingly, the efficiency of technol-
ogy decomposition will gradually increase from 88% in
2020 to 98%. The scenario uses interpolation to estimate
emission factor-related parameters for the intermediate
target years.

For the demand side, this scenario assumes that there
will be policy guidance to significantly reduce the demand
for adipic acid in downstream industries, thus achieving
strict control of adipic acid production. The adipic acid
production is expected to be 2300 kt by 2020 (Jinzhi Inno-
vation Company 2019). The annual average rate of decline
in production for each target year thereafter is set at 6%
with reference to the French trend (France CITEPA 2019).

The driving parameters of abatement approaches in this
scenario are shown in Table 4.

Classification Driving parameters 2020, % 2030, % 2040, % 2050, %
Production-based End treatment technology penetration rate 9 26 43 60
End treatment technology efficiency 88 91.33 94.67 98
Demand-based The annual change rate of adipic acid production -2 -2 -2 -2
Table 3 Driving parameters of abatement approaches under the SNAS
Classification Driving parameters 2020, % 2030, % 2040, % 2050, %
Production-based End treatment technology penetration rate 9 32.67 56.33 80
End treatment technology efficiency 88 91.33 94.67 98
Demand-based The annual change rate of adipic acid production -3 -3 -3 -3
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Table 4 Driving parameters of abatement approaches under the ENAS

Classification Driving parameters 2020, % 2030, % 2040, % 2050, %

Production-based End treatment technology penetration rate 9 39.33 69.67 100
End treatment technology efficiency 88 91.33 94.67 98

Demand-based The annual change rate of adipic acid production -6 -6 -6 -6

0.350 -
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Emission factor, tN,O/t
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—@—BAUS —@—ANAS
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2014 2020 2025 2030 2035 2040 2045 2050

Fi

g. 1 Emission factors for each scenario (tN,O/t)

3 Analysis of results
3.1 Emission factors

The baseline scenario BAUS is technically frozen, so the
emission factors for all target years are the same as for the
base year, which is 0.3 tN,O/t adipic acid. The emission
factors of the other three emission abatement scenarios
show decreasing trends in 2020-2050, in which the rate of
declining is accelerated in the order of ANAS, SNAS, and
ENAS. By 2030, the emission factors for the three emis-
sion abatement scenarios are 0.229 tN20/t adipic acid,
0.210 tN,O/t adipic acid, and 0.192 tN,O/t adipic acid.
Compared to the baseline scenario BAUS, the emission
factors are reduced by 23.7%, 30%, and 36%, respectively.
By 2050, the emission factors for the three emission abate-
ment scenarios are 0.124 tN,O/t adipic acid, 0.065 tN,O/t
adipic acid, and 0.006 tN,O/t adipic acid, and the emission
factors are reduced by 58.7%, 78.3%, and 98%, respec-
tively, compared to the baseline scenario. The results are
shown in Fig. 1.

3.2 Activity data

The adipic acid outputs in all four scenarios reach a peak
of 2300 kt in 2020. The adipic acid outputs in the base-
line scenario BAUS show a slow downward trend after
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Fig.2 Adipic acid outputs in each scenario

reaching the peak. The adipic acid output for this scenario
falls to 2123 kt in 2030 and further falls to 1807 kt in
2050. The outputs of the three emission abatement scenar-
ios show more obvious decreasing trends in 2020-2050.
By 2030, the adipic acid outputs for the three emission
abatement scenarios are 1879 kt, 1696 kt, and 1238 kt,
respectively, while their decrease ratios are 11.5%, 20.1%,
and 41.7% compared to the baseline scenario (BAUS). By
2050, the adipic acid outputs of the three emission abate-
ment scenarios are 1255 kt, 922 kt, and 359 kt, respec-
tively, while their decrease ratios are 30.6%, 49.0%, and
80.1% compared to the baseline scenario. See Fig. 2 for
details.

3.3 N,O emissions from adipic acid production
process

N,O emissions from the adipic acid production process in
the four scenarios will all peak in 2020. The baseline sce-
nario has a peak N,O emissions of 690 kt, followed by a
slow downward trend with 637 kt in 2030 and 542 kt in
2050. Although the peak of adipic acid production in the
three emission abatement scenarios is the same as the base-
line scenario, their peak of N,O emissions are lower than
the baseline scenario’s value due to the assumption of the
application of emission abatement technologies. The N,O
emissions of the three emission abatement scenarios show
decreasing trends after peaking, in which the emission abate-
ment paces are accelerated in the order of ANAS, SNAS,
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and ENAS. By 2030, the N,O emissions of the three emis-
sion abatement scenarios are 430 kt, 357 kt, and 238 kt,
respectively, while their decrease ratios are 32.5%, 44.0%,
and 62.6% compared to the baseline scenario. By 2050, the
N,O emissions of the three emission abatement scenarios
are 155 kt, 60 kt, and 2 kt, respectively, while their decrease
ratios are 71.4%, 88.9%, and 99.6% compared to the baseline
scenario. See Fig. 3 for details. Due to the integrated effects
from both the production side and the demand side control,
the decrease in N,O emissions from adipic acid production
process is faster than the decrease in adipic acid outputs. In
particular, the ENAS scenario will achieve near-zero emis-
sions by 2050.

3.4 Effect of emission abatement

Based on the emissions forecasting data of the BAU sce-
nario, this section compares the emission abatement
amounts and emission abatement ratios achieved in each
target year of each emission abatement scenario in order
to measure the emission abatement effects. The concept of
emission abatement ratio is similar to the decrease ratio of
N,O emissions compared to the baseline scenario which is
described in Sect. 3.3.

Compared to the baseline scenario, by 2020, the N,O
emission abatements in the three emission abatement sce-
narios are 55 kt and the reduction ratio is 8.0%. After 2020,
the emission abatement effects of the three emission abate-
ment scenarios will increase in turn, which show differences.
By 2030, the N,O emission abatements for the three emis-
sion abatement scenarios are 207 kt, 280 kt, and 399 kt. The
emission abatement ratios are 32.5%, 44.0%, and 62.6%. By
2050, the N,O emission abatements for the three emission
abatement scenarios are 387 kt, 482 kt, and 540 kt. The
emission abatement ratios are 71.4%, 88.9%, and 99.6%. The
emission abatements for each scenario are shown in Fig. 4.

700 1 m BAUS m ANAS = SNAS = ENAS
600 -
500
400

300 -

Emissions, ktN,O

200

100

0
2014 2020 2025 2030 2035 2040 2045 2050

Fig.3 N,O emissions from adipic acid production in each scenario

600 1
B ANAS B SNAS m ENAS
540

520

500 1

400 A

300 1
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Emission abatements, kt

1071 55 55 55

2020 2030 2040 2050

Fig.4 N,O emission abatements in abatement scenarios compared to
BAUS emission levels

The emission abatement rates for each scenario are shown
in Fig. 5.

4 Conclusion

The results of this paper indicate that the abatement of N,O
emissions from the adipic acid production process can be
achieved bidirectionally from the production side and the
demand side. The main emission abatement approach from
the adipic acid production side is to promote the use of end
treatment technologies. The demand side of the emission
abatement path is to reduce the demand for adipic acid
in downstream industries, thereby controlling adipic acid
outputs.

In terms of production side emission abatements, the
end treatment control technology penetration rates of
the three emission abatement scenarios set in this paper
increase in turn, reaching 26%-39% in 2030 and 60%—-100%
in 2050. Based on this, the forecasted decrease rates of

100 1
80 1
60 A
40 -

20 A1

Emission abatement rates, %

—8—ANAS —@—-SNAS @ ENAS

2020 2030 2040 2050

Fig.5 N,O emission abatement rates in abatement scenarios com-
pared to BAUS emission levels
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sectoral average emission factors reach 24%-36% in 2030
and 59%-98% in 2050 compared to the baseline scenario.

In terms of demand side control, the current situation of
overcapacity and operating below the productive capacity in
adipic acid industry and its downstream industries has been
fully considered in this paper. Combined with the literature
research data, this study sets the same peaking value of adi-
pic acid outputs in four scenarios in 2020, which is 2300 kt.
Referring to the trend of adipic acid production in developed
countries, it is predicted that the adipic acid production of
the three abatement scenarios shows different decreasing
trends after peaking, in which the decrease rates are accel-
erated in the order of ANAS, SNAS, and ENAS. Compared
to the baseline scenario, by 2030, the adipic acid outputs
of the three emission abatement scenarios will decrease
11.5%—41.7% and 30.6%—80.1% in 2050.

Through the integration of the above two emission abate-
ment approaches, China’s adipic acid production process can
achieve increasingly significant N,O emission abatement
effects. Compared to the baseline scenario, by 2030, the
N,O emission abatements of the three emission abatement
scenarios can reach 207-399 kt and the emission abatement
ratios can reach 32.5%—62.6%. By 2050, the N,O emission
abatements for the three emission abatement scenarios can
reach 387-540 kt and the emission abatement ratios can
reach 71.4%-99.6%.

From the results of this paper, the following policy impli-
cations could be provided for controlling N,O emissions
from adipic acid industry in China: (1) From the production
side, since there would be additional costs burdened to adi-
pic acid producers to install and operate the end treatment
equipments, there should be some market measures or sub-
sidy policy to reduce the producers’ N,O abatement costs.
(2) From the demand side control, there should be some
guidance to green production and green life-style to reduce
the demand of adipic acid.
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