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ABSTRACT 

The best way to connect CCUS-EOR carbon source 
and carbon sink is Supercritical long-haul pipeline 
containing impurities of carbon dioxide. Due to the 
variety of source of carbon and capture technologies, the 
combination of carbon source impurities has diversity. 
Carbon sink also has certain requirements on carbon 
source components owing to the specificity of reservoir 
and the requirements of oil displacement and storage 
injection system facilities. To sum up, it is necessary to 
study the limit of carbon source temperament 
composition which can not only satisfy the matching of 
carbon source and carbon sink, but also ensure the safe 
long-distance transport of carbon dioxide containing 
impurities in the supercritical phase [10]. This article 
obtains from the source of carbon source and capture 
process analysis of carbon source, and the content limits 
of various impurities are studied according to the 
requirements of carbon sink injection engineering and 
oil reservoir enhanced oil recovery, which in all at the 
same time in the process of research and analysis 
through the impurities in supercritical carbon 
dioxide/dense-phase long-distance pipeline safety 
transportation technology requirements and 
characteristics of Daqing area meteorological 
environment, in the end, the suitable source - sink 
matching temperament is given. Impurities in 
supercritical carbon dioxide long-distance pipeline 
temperament limit mainly include carbon dioxide, water, 
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total quantity of non-condensable gas and hydrogen, 
hydrogen sulfide, nitrogen oxides, carbon monoxide, 
sulfur oxide content limit value, whether its value is 
scientific or not is not only crucial to the safe operation 
of the pipeline, but also have a huge impact on the 
benefit and effect of CCUS-EOR as well as the investment 
and cost of capture construction. This study will provide 
technical support for the construction and operation of 
the whole industrial chain of CCUS-EOR in Daqing Oilfield. 
 
Keywords: CCUS-EOR, carbon dioxide pipeline, 
supercritical phase transport, impurity component limit 

1. INTRODUCTION 

Long-distance CO2 pipeline transportation is a key 
link in the whole industrial chain of CCUS-EOR. The 
development of large-scale CO2 long-distance pipeline 
transportation technology is a strong support for the 
low-cost and large-scale development of CCUS-EOR. 
Existing CCUS demonstration projects in China are small 
in scale and mostly use tank trucks for delivery. Domestic 
CO2 pipeline transportation started late, in the industrial 
demonstration stage, mainly gas phase transportation. 
Compared with gas-phase CO2 pipeline transportation, 
supercritical CO2 has higher density with smaller 
diameter and higher wall thickness pipeline, and slightly 
lower overall construction investment. Compared with 
liquid phase CO2 pipeline transportation, supercritical 
CO2 has lower viscosity, smaller pressure drop and 
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slightly lower overall operating cost. Therefore, 
supercritical CO2 pipeline transportation is the first 
choice for long-distance large-scale pipeline 
transportation [2]. Due to the small scale of domestic 
CCUS projects, there is no long-distance supercritical CO2 
transmission pipeline with a transport distance of more 
than 100km. Daqing oilfield "Difference" to undertake 
major r&d projects, China national petroleum group co., 
LTD. The scale of the carbon dioxide capture and storage 
and oil displacement are industrial chain key technology 
research and demonstration zz01 (2021) ", expand the 
scale of capture project demonstration and make 
breakthrough in key technologies of supercritical 
pipeline, enhance oil displacement engineering system, 
the research of carbon asset development methodology, 
Building a demonstration zone for the whole industrial 
chain. In the process of pipeline transportation 
technology research, the combination of carbon source 
impurities is diversified due to various source of carbon 
and capture technologies, and carbon sinks also have 
certain requirements on carbon source components due 
to the specificity of reservoir and the requirements of oil 
displacement and storage injection system facilities. 
Therefore, it is necessary to study the limit of carbon 
source temperament composition which can not only 
satisfy the matching of carbon source and carbon sink, 
but also ensure the safe long-distance transport of 
carbon dioxide containing impurities in the supercritical 
phase. This article obtains from the source of carbon 
source and capture process analysis of carbon source, 
according to carbon sink injection engineering and 
reservoir enhanced oil recovery requirements, which in 
all at the same time in the process of research and 
analysis through the impurities in supercritical carbon 
dioxide/dense-phase long-distance pipeline safety 
transportation technology requirements and 
characteristics of Daqing area meteorological 
environment, Finally, the suitable source - sink matching 
temperament is given. 

2. CCUS-EOR CARBON SOURCE 

As there are many types of CCUS-EOR carbon 
sources and capture technologies, different gas sources 
and capture technologies will produce different impurity 
combinations. At present, the carbon sources of CCUS 
projects have come from carbon-containing natural gas, 
refineries, coal chemical industry, coal-fired power 
plants, etc. In the future, the carbon sources of potential 
industries will be more diverse and the temperament 
components will be more complex. 

The carbon source components are mainly divided 
into two parts: the main component (CO2) and the 
impurity component (H2S, H2O, total hydrocarbon, N2, O2, 
H2, CO, NOX, SO2, fluoride, hydrocarbons, Ar, etc.). 

In addition to CO2 as a product, impurities can be 

mainly divided into five categories according to 
component properties: (1) Corrosive components: H2S, 
CO, SOX, NOX and O2; (2) Toxic and harmful components: 
H2S, CO, SOX and NOX; ③ Non-condensing gas 
components: N2, Ar, H2, CH4 and O2, etc. ④ Hydrocarbon 
components: CH4, C2H6 and C3

+, etc.; ⑤ Solution 
components: H2O, amine and alcohol, etc. Some impurity 
components belong to more than two categories [3]. 

In foreign countries, it is usually mandatory to 
specify part of corrosive components (H2S and O2), part 
of toxic and harmful components (H2S), part of non 
condensing gas components (O2, N2 and CH4) and part of 
solution components (H2O) for CO2 pipeline 
transportation temperament standards [9]. In addition, 
other components are selective provisions without 
unified requirements. 

3. CARBON DIOXIDE CONTENT REQUIREMENTS 

CO2 is the main body of CCUS-EOR carbon source 
pipeline transportation. From the comprehensive 
consideration of investment and operation cost, the CO2 
content of conventional supercritical pipeline should be 
greater than or equal to 95% [6]. As for CCUS-EOR, the 
purity of CO2 directly affects the flooding effect, Daqing 
oilfield takes Aonan CCUS demonstration area under 
construction as the research object. Through 
displacement experiment, reservoir numerical 
simulation and coupling of pipeline gas and associated 
gas, it is suggested that the purity of CO2 for oil flooding 
should be above 95%, and the purity of CO2 for pipeline 
gas carbon source should be above 99%. 

3.1 Displacement experiments 

In Daqing oilfield, the formation crude oil from well 
Nan168-deviation 276 in Ao 9 block was selected to 
measure the minimum miscible pressure of CO2 flooding 
by the fine tube method. According to the relationship 
curve between the recovery degree of CO2 flooding and 
the displacement pressure, the minimum miscible 
pressure of this block was 19.81MPa, while the 
formation pressure was 16MPa, so it was determined as 
immiscible displacement. On this basis, the long rock 
core displacement test was carried out as follows: 

（1）90%CO2 long core flooding experiment: 16MPa 
water flooding 0.6PV, water flooding recovery degree 
47.09%; Then gas flooding 0.4PV, a large amount of gas 
from gas to gas water injection at the outlet, gas-liquid 
ratio 2:1, total injection CO21.9 PV, total recovery degree 
63.92%. 

（2）95%CO2 long core flooding experiment: 16MPa 
water flooding 0.6PV, water flooding recovery degree 
46.59%; Then gas flooding 0.4PV, a large amount of gas 
to gas water injection at the outlet, gas-liquid ratio 2:1, 
total injection CO21.9 PV, total recovery degree 68.82%, 
4.9 percentage points lower than 90% CO2. 
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（ 3 ） Pure CO2 long core flooding experiment: 
16MPa water flooding 0.6PV to more than 98% water cut, 
water flooding recovery degree 46.61%; Then gas 
flooding 0.4PV, a large number of gas to gas water 
injection at the exit, gas-liquid ratio 2:1, total injection 
CO21.9 PV, total recovery degree 74.75%, gas water 
injection can increase the oil recovery on the basis of 
water flooding 28.14 percentage points, 10.83 
percentage points higher than 90% CO2. 

It can be seen from the above tests that the 
recovery efficiency increases by 1 percentage point for 
every 1 percentage point increase in CO2 concentration. 

3.2 Numerical reservoir simulation 

Taking the actual geological model of a block in 
Daqing Aonan Oilfield as an example, the influence of 
CO2 concentration on the oil displacement effect was 
studied. With the increase of N2 content in CO2, the EOR 
points decreased rapidly first and then became smooth. 
The concentration of CO2 increased from 90% to 100%, 
and the EOR increased from 21.57 to 26.13 percentage 
points, an increase of 4.56 percentage points. According 
Figure 1 for details. Therefore, it is recommended that 
the purity of CO2 for oil displacement be above 95%. 

 
Fig.1. The relationship between the number of points 

increased in the numerical simulation recovery and the 

concentration of CO2 

3.3 Pipeline gas is coupled with associated gas 

When CO2 is injected into the reservoir to displace 
the oil, some of the injected gas will be produced along 
with the oil in the producing well, and this part of the gas 
will be recycled and injected back. According to the 
preliminary study, the mixing of carbon source and oil 
field associated gas is the lowest cost cycle gas injection 
mode. According to the development plan, the oil field 
will produce 75.6t/d to 737t/d of associated gas and 64.5% 
to 94% of CO2 from 2024 to 2030. After the carbon 
source is mixed with the associated gas in the oilfield, the 
CO2 content needs to be above 95% to ensure the 
requirements of CO2 injection and reservoir 
development in the oilfield. Therefore, the CO2 content 
in the pipeline gas carbon source needs to be above 99%. 

 

Fig.2. Purity of CO2 after mixing CCUS-EOR associated gas 
with carbon source(mol%) 

4. WATER CONTENT REQUIREMENT 

The water content in CO2 should be controlled no 
matter in CO2 transmission pipeline or oil displacement 
surface injection system. There are two main reasons: 
First, from the corrosive point of view, the water content 
limit should ensure to prevent the corrosion of free 
water on the pipeline; Second, from the perspective of 
hydrate generation, the limit of water content should 
ensure that no hydrate will be formed under the design 
conditions. The two main reasons are attributed to a 
control measure, namely: "The water content limit 
should be considered to prevent the release of free 
water in the pipeline and injection system"[11]. In 
engineering design, the limit value of "water dew point" 
is set to prevent the production of free water. According 
to "Code for Design of Gas Pipeline Engineering" (GB 
50251-2018), the gas temperament standard for pipeline 
transportation should meet the requirements of Class II 
in the natural gas standard, that is, the dew point of gas 
water entering the gas pipeline should be 5℃ lower than 
the lowest ambient temperature under transportation 
conditions. Since there are no specific regulations on CO2 
transport and injection, the dew point limit of CO2 water 
is intended to be designed as "5℃ lower than the lowest 
ambient temperature". 

In Daqing Oilfield, the proposed CO2transmission 
pipeline and demonstration area mainly involve 4 
Administrative Districts include Longfeng, Datong, 
Zhaoyuan and Anda, Suihua City of Daqing City. The 
temperature conditions of these areas are shown in 
Table 1. 
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Table 1. Temperature condition table of the administrative 
region mainly involved in the proposed CO2 transport pipeline 

and demonstration area 

No county 

Temperature(℃) 

Extr
em
e 

min
imu
m 

Mean 
monthl

y 
minimu

m 
temper
ature 

Average 
temper
ature of 

the 
hottest 
month 

Maximu
m 

monthl
y mean 
maximu

m 
temper
ature 

Annual 
mean 

temper
ature 

1 Anda -38 -23.8 23 28 4.2 

2 
Longfen

g 
-38 -23.9 23 27.8 4.4 

3 Datong -38 -23.9 23 27.7 4.4 

4 
Zhaoyu

an 
-41 -24.8 23 28 5 

As can be seen from the above table, in Daqing 
Oilfield, in order to fully guarantee the safe operation of 
transportation pipeline and ground injection system, the 
limit value of water dew point is selected as -30℃. 

In order to clarify the water content requirements, 
the relationship between water content and water dew 
point under different pressure conditions was simulated, 
analyzed and calculated, and the results were shown in 
Table 2. 

Table 2. Simulation analysis and calculation table of the 
relationship between water content and dew point under 

different pressure conditions 

Simulated value of CO2 water dew point 

water content water dew point(℃) 

ppm 3.5MPa 6.0MPa 12MPa 

10 -38.2 -38.1 -37.8 

20 -28 -27.8 -27.5 

50 -13.3 -13 -12.6 

100 1.3 -0.9 -0.3 

500 14.4 23 31.7 

As can be seen from the above table, according to 
the "water dew point limit -30℃", the moisture content 
limit of 20ppm is appropriate, and according to domestic 
and foreign research and operation experience, when 
the water content in the pipeline exceeds 60% of the 
saturated water content under operation condition, free 
water will be formed, resulting in serious corrosion [25]. 
Therefore, from the perspective of safety, the water 
content limit is finally set at 10ppm. 

5. REQUIREMENTS FOR THE TOTAL AMOUNT OF 

NONCONDENSABLE GAS 

What is callednon-condensable gas refers to the 
chemical substances that exist partly in the gas state 
under the conditions of CO2 transport and injection. For 
example, N2, Ar, H2, CH4, O2 and so on. 

 
Fig.3. CO2 fluid phase diagram containing impurities 

 

Fig.4. Variation trend of quasi - critical region of impurity CO2 

From the perspective of ground engineering, 
compared with pure CO2, the influence of impurities on 
the CO2 phase equilibrium is mainly reflected in two 
aspects: first is to cause the change of critical properties, 
so that the position of the critical point is shifted; The 
second is to produce gas-liquid two-phase coexistence 
zone, which further affects the actual operating 
boundary conditions of the pipeline. The study found 
that the degree of influence of impurity components 

from strong to weak is:H2＞NO2＞N2＞CO＞SO2＞Ar＞

O2＞CH4＞H2S，the effect of H2S is basically negligible 

[13]。 
According to the actual operation experience of 

foreign CO2 transport pipelines, the non-condensing gas 
component (N2, Ar, H2, CH4, CO and O2) has the largest 
content in the pipeline transport medium besides the 
product component CO2. Although these components 
have no direct impact on the CO2 pipeline transport 
process, they will not only occupy a certain amount of 
additional pipeline transport, but also increase the 
critical pressure of the pipeline transport medium. More 
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compression work is required at the pipeline entrance to 
compress the CO2 fluid into the dense 
phase/supercritical state, and it becomes more difficult 
to maintain the dense phase in the subsequent pipeline 
transport process [26]. Therefore, it is necessary to limit 
the non-condensing gas component strictly in large scale 
and long-distance CO2 fluid pipeline transport to reduce 
the compression cost. Foreign countries usually limit the 
total amount of non-condensable gas to below 4%~5%. 
Considering the size of the pipeline and injection system 
proposed for the field, the limit of the total amount of 
non-condensable gas is recommended to be below 4%. 

From the perspective of geological utilization, at 
present, some relevant foreign scientific research 
institutions have given different recommended values of 
the quality indexes for CO2 flooding and salt water 
reservoir storage and other CO2 uses, and the differences 
are mainly reflected in the content of non-condensable 
gas components (N2, Ar, H2, CH4 and O2) [18]. These 
components are not conducive to miscible formation, so 
the noncondensable gas component in the temperament 
index used for CO2 flooding is more stringent than the 
geological sequestration. For example, both NETL and 
DYNAMIS projects suggest that the total amount of non-
condensed gas should be limited to 4% during geological 
storage, but NETL suggests that the total amount of non-
condensed gas should be limited to 1% during CO2 
flooding, while DYNAMIS project suggests that the total 
amount of non-condensed gas should be limited to 4%, 
specifically pointing out that the content of CH4 should 
be less than 2%. 

To sum up, it is suggested that "the total limit of 
non-condensed gas is below 4% (40,00ppm)". 

6.  HYDROGEN CONTENT REQUIREMENTS 

According to the current CCUS-EOR "14th Five-Year 
Plan" development plan of Daqing Oilfield, the main 
carbon sources are: ammonia synthesis unit of Daqing 
Petrochemical and Fertilizer plant (400,000 tons/year), 
power plant boiler of thermal power plant (1 million 
tons/year), catalytic cracking unit of refinery (1 million 
tons/year) and power plant boiler of CPC electric thermal 
power plant (600,000 tons/year). Through sampling 
analysis and investigation, the carbon source 
components are preliminarily determined as follows: 

①Carbon source of ammonia plant in Daqing 
Petrochemical and Fertilizer Plant: high concentration 
carbon source, the capture process is mainly dehydration. 
According to the sampling analysis conducted by Daqing 
Petrochemical and "Quality Supervision and Inspection 
Center of Petroleum Industry Crude Oil and Petroleum 
Products" commissioned by Daqing Oilfield, the dry base 
of carbon source (after dehydration) mainly consists of 
CO2, H2, N2 and CH4. The analysis results are shown in 
Table 3. It can be seen from the analysis results that the 

CO2 content is up to 99%, and the impurities are mainly 
H2, followed by a small amount of N2 and CH4. 
Table 3. Summary table of sampling analysis results of carbon 

source components (dry base) in ammonia plant of Daqing 
Petrochemical and Fertilizer Plant 

Component 

mole (%) 

December 
2021 

January 
2022 

February 
2022 

Methane 0.01 0.01 ＜0.01 

Ethane ＜0.01 ＜0.01 ＜0.01 

Propane ＜0.01 ＜0.01 ＜0.01 

Isobutane ＜0.01 ＜0.01 ＜0.01 

N-butane ＜0.01 ＜0.01 ＜0.01 

New pentane ＜0.01 ＜0.01 ＜0.01 

Isopentane ＜0.01 ＜0.01 ＜0.01 

Is pentane ＜0.01 ＜0.01 ＜0.01 

Hexane and more 
are divided 

＜0.01 ＜0.01 ＜0.01 

Carbon dioxide 99.22 99.16 99.00 

Oxygen ＜0.01 0.10 0.10 

Nitrogen 0.14 0.13 0.43 

Carbon monoxide ＜0.01 ＜0.01 ＜0.01 

Helium 0.01 0.01 ＜0.01 

Hydrogen 0.61 0.58 0.46 

Total 99.99 99.99 99.99 

②Carbon source of power plant boiler of Daqing 
Petrochemical thermal Power Plant and power station 
boiler of Petro China Electric thermal Power Plant: low 
concentration carbon source, and the capture process is 
planned to adopt the process package of Sinopec Nanjing 
Research Institute of Chemical Industry. Through 
consultation and data investigation with Nanhua 
Institute, the impurity of the two carbon sources after 
capture and dehydration is only N2, as shown in Table 4. 
In Table 4, the mole fraction before dehydration was 
provided by Nanhua Institute. 

Table 4. Carbon source component analysis table of CNPC 
Electric Power Thermoelectric No.1 Company 

Component 

Before 

dehydra

tion /% 

After 

dehydration/%(

10ppm) 

Temperature(℃) 40 50 

Component(

mol%) 

CO2 91.7 99 

O2 0 0 

N2 0.9 1 

H2O 7.4 0 

SO2(mg

/m3) 
0 0 

NOx(mg/

m3) 
0 0 

Total 100 100 

③Carbon source of catalytic cracking unit of 
Daqing Petrochemical Refinery: low concentration 
carbon source, and the capture process is planned to 
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adopt the process package that Research Institute of 
Petrochemical Industry of Petro China is working on. 
After consulting with the Petrochemical Institute, the 
reply is: "Low and medium concentration carbon source 
adopts the amine chemical absorption method, which 
realizes the capture of CO2 in flue gas through the highly 
selective absorption and desorption process of amine 
solvent. During the capture process, N2 and O2 
components (content > 85%) do not react with solvents 
and will not enter CO2 products. Harmful impurities such 
as SOx and NOx (< 100mg/L) enter the solvent but not 
the CO2 product." The gas composition of the captured 
product is shown in Table 5. 

Table 5. Chemical absorption of amine after combustion 
trapping product gas composition 

Gas composition of trapping 
product(mol%) 

Chemical absorption 
of flue gas after 

combustion* 

CO2 99 

H20 0.01 

H2S ˂0.01 

H2 ˂0.01 

N2 0.17 

O2 0.01 

CH4 0.01 

Ar ˂0.01 

SOx 0.001 

NOx 0.005 

CO 0.001 

C2+ 0.01 

*：Li H ,ivind Wilhelmsen,  Lv Y , et al. Viscosities, 
thermal conductivities and diffusion coefficients of CO2 
mixtures: Review of experimental data and theoretical 
models[J]. International Journal of Greenhouse Gas 
Control, 2011, 5(5):1119-1139. 

Through the above analysis, the carbon source 
impurity in Daqing oilfield is mainly H2, and H2 content 
has the greatest influence on pipeline transportation. 
Therefore, special requirements are made for H2 content. 
Specific requirements are based on the international 
standard "Carbon Dioxide Capture, Transport and 
Geological Storage Pipeline Transport System" (ISO 
27913:2016), H2 content limit is 750 PPM. 

7. REQUIREMENTS FOR HYDROGEN SULFIDE 

CONTENT 

According to the standard GB/T 20972 (Materials 
for hydrogen sulfide Environment in Oil and Gas Industry), 
when the partial pressure of hydrogen sulfide is greater 
than 0.0003MPa, the stress corrosion cracking resistance 
of the material should be considered. Therefore, the 
concentration of hydrogen sulfide calculated by the 
major of Daqing oilfield production according to different 

pressures is as follows: 
(1) Bottomhole pressure of gas injection Wells in 

Fuhua Reservoir is 25-30MPa, H2S content <14ppm in 
some areas does not meet the requirements, 
therequiredH2S concentration should be less than 
10ppm. 

The hydrogen sulfide concentration under different 
pressure conditions is calculated according to the partial 
pressure of hydrogen sulfide of 0.0003MPa. The specific 
data are shown in Figure 5. If the H2S content is less than 
14ppm, there will be the risk of hydrogen sulfide stress 
corrosion cracking in some areas within the bottom hole 
pressure range of Aonan test area, so the H2S content 
should be less than 10ppm to avoid such risk. 

 
Fig.5.H2S concentration requirements of Putaohua reservoir 

(2) The bottom hole pressure of Fuyang reservoir is 
44-46MPa, and H2S content <14ppm in some areas were 
substandard, while the H2S content should be less than 
6ppmtomeettherequirements. 

The hydrogen sulfide concentration under different 
pressure conditions was calculated according to the 
hydrogen sulfide partial pressure of 0.0003MPa. The 
specific data are shown in Figure 6. If the H2S content is 
less than 14ppm, some areas will have the risk of 
hydrogen sulfide stress corrosion cracking within the 
bottom hole pressure range of Aonan test area. To avoid 
this risk, H2S levels need to be less than 6ppm. 

 
Fig.6. H2S concentration requirements of Fuyang reservoir 

To sum up, ordinary carbon steel is used for well 
casing in CO2 test area of Daqing oilfield. Casing damage 
was found in 13 Wells in Yushulin test area in 2015, 
which was detected and analyzed as H2S stress corrosion 
by Xi 'an Pipe Research Institute. Therefore, in order to 
ensure no H2S stress corrosion cracking in the wellbore 
of the test area, H2S content should be less than 6ppm. 
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8. OTHER REQUIREMENTS 

The CCUS-EOR "14th Five-Year Plan" of Daqing 
Oilfield involves four carbon sources. The components of 
high-concentration carbon sources before and after 
capture have been defined in the ammonia synthesis 
plant of Daqing Petrochemical and Fertilizer Plant, while 
the components of the other three low-concentration 
carbon sources after capture are the predicted 
components obtained according to the proposed process 
package. The actual emissions of each carbon source 
before capture were sampled and analyzed by Daqing 
Petrochemical and CNPC respectively, and the results of 
dry base component analysis are shown in Table 6-Table 
9. 

Table 6. Summary table of sampling and analysis results of 
carbon source components before flue gas capture in Daqing 

petrochemical thermal power plant 

Component unit parameter note 

Carbon source 

gas 

temperature 
℃ 30-55  

Carbon source 

gas pressure 
Pa 0 manometer pressure 

O2 

1#chimney % 9.4 On May 2, 2022, the 

temperature was 15-

7 ℃, and the 

samples were 

collected and 

analyzed in the 

laboratory 

2#chimney % 8.5 

3#chimney % 8.6 

4#chimney % 7.2 

CO2 

1#chimney % 6.87 On May 2, 2022, the 

temperature was 15-

7 ℃, and the 

samples were 

collected and 

analyzed in the 

laboratory 

2#chimney % 7.45 

3#chimney % 7.48 

4#chimney % 8.15 

humidity % 10  

NOx mg/Nm3 ≤50  

SO2 mg/Nm3 ≤35  

soot mg/Nm3 ≤6  

Table 7.Carbon Source Components (dry base) before flue gas 
capture in 1.4Mt/a Heavy oil Catalytic Cracking Unit of Daqing 

Petrochemical Refinery 

Stable operating condition at present 

Diameter of desulfurization tower 

mouth(mm) 
2600 

Flue gas flow(Nm3/h) 233422 

Main components of flue gas(v%) - 

CO2 14.57 

H2 0.08 

N2 70.88 

CO 0.01 

O2 2.55 

Table 8. Carbon Source Components (dry base) before flue 
gas capture in 2Mt/a Heavy oil Catalytic Cracking Unit of 

Daqing Petrochemical Refinery 

Calibration condition in 2021 

Diameter of desulfurization tower 

mouth(mm) 
2800 

Flue gas flow(Nm3/h) 303000 

Main components of flue gas(v%) - 

CO2 14.53 

N2 81.54 

O2 3.93 

Table 9. Summary of sample analysis results of carbon source 
components (dry base) before flue gas capture of CNPC 

Electric Power Thermoelectric No.1 Company 

Mon

itori

ng 

point

s 

Wa

ste 

gas 

poll

uta

nt 

Monthly average 

concentration(mg/Nm3) 
exhaus

t gas 

temper

ature(

℃) 

perce

ntage 

conce

ntrati

on of 

CO2 

Ja

n. 

Fe

b. 

M

ar. 

Ap

r. 

M

ay 

Ju

n. 

Ju

l.  

A

ug

. 

Se

p. 

O

ct. 

1# 

chim

ney 

SO2 

12

.5

6 

12

.7

3 

18.

31 

21.

94 

28

.4

3 

18

.1

5 

17

.9

6 

12

.5

2 

12

.6

1 

12

.0
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According to the above sampling analysis results 
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before capture of low-concentration carbon sources, it 
can be seen that in addition to CO2 and H2, there are NOx, 
N2, CO, SO2 and O2. Therefore, when the trapping effect 
of low-concentration trapping process package is 
different from the previous investigation results, there 
will still be NOx, N2, CO, SO2 and O2 impurities after the 
capture of low-concentration carbon source. This time, 
the content limits of these 5 impurity components are 
also required. 

After reviewing a large number of domestic and 
foreign standards and literature, N2 and O2 are only 
regulated as non-condensable gases, which have no 
toxicity or other hazards except for the influence on 
pipeline transport volume [27], and their content can be 
limited according to the requirements of non-
condensable gas content. 

Due to the presence of NOx, CO, SO2 with water and 
O2 may occur many cross chemical reactions, it is 
possible to form sulfuric acid, sulfite, nitric acid and 
elemental sulfur. Therefore, in addition to the non-
condensable gas content requirement limit, some 
countries on its content limit provisions [29]. In the 
relevant specifications in Europe, the risk of accidental 
release of pipeline transport medium under special 
working conditions such as pipeline cavitation or leakage 
is taken into account, and the content limit of H2S, CO, 
SOX and NOX is generally set at 100ppm, 400ppm, 
100ppm and 100ppm. The Australian Carbon Net 
specification mainly refers to the DYNAMIS specification 
of the European Union, and then limits H2S content to 
100ppm, CO to 900ppm, SO2 to 200ppm and NOX to 
250ppm based on its domestic Occupational Health and 
Safety short-term Exposure Limit (STEL). Based on the 
investigation results, the limit of NOx content is 100ppm, 
the limit of CO content is 400ppm and the limit of SO2 
content is 100ppm. 

9. COCLUSION 

To sum up, according to the temperament 
requirements of carbon sink reservoir flooding, 
combined with the flooding injection process, the pre-
capture components of four carbon sources and the 
capture process, Daqing Oilfield investigated the 
relevant foreign projects and proposed specific 
requirements for the temperament of CCUS-EOR 
supercritical/dense phase pipeline transportation 
through comprehensive analysis. See Table 10 for details. 

Table 10. emperament requirements for CCUS-EOR 
supercritical/dense phase pipeline transport 
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