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Objective
• Quantify the ammonia emissions from one of the major

potential carbon capturing processes, amine scrubbing.
• Evaluate the implications for air quality, focusing on

the impact on PM2.5.

1. Background

• Carbon Capture and Storage (CCS) is a potential
strategy for reducing CO2 emissions in the future.

• Amine scrubbing is one of the most proven CCS
technologies currently available [1].

• The major potential environmental concerns of amine
scrubbing are spent solvent, amine and NH3 emissions [2].

• A massive deployment of amine scrubbing to coal plants
may increase NH3, a PM2.5 precursor.

• Nitrogen deposition may increase to contribute to
eutrophication and soil acidification [3].

2. Emissions from Amine Scrubbing

• NH3 : Amine solvents are lost mostly by polymerization
and oxidation. One mole of NH3 is liberated per one
mole of amine oxidized.

• SO2 : Most SO2 would be removed since SO2 forms
heat-stable corrosive salts with amine.

• NOx : NOx are not influenced by amine, but would
increase by 30% since a CCS power plant burns 30%
more coal to produce the same amount of electricity.

3. NH3 emissions and CCS in 2050

Table 1: NH3 emission factor and CCS deployment in 2050
This study Literature

Amine loss [kg MEA/t CO2] 1.5a 0.5-3.1
CCS CO2 capture
in 2050 [Gt CO2 ]

US 2.0b 1.7-3.6
Global - up to 19

a equivalent to 0.24 kg NH3/t CO2 based on a coal
power plant model used in IPCC SRCCS (Rubin et
al. 2005).

b based on an assumption that a third of the cur-
rent coal fleet would phase out and existing or new
ones would be equipped with CCS. Amine scrubbing
would capture 70% or 1.4 Gt CO2 in 2050; others like
IGCC would capture the remaining. This compares
to 2.2 Gt CO2 in 2008 from all US coal generation.

4. Air Quality Regulations

• Current and future air quality improvement efforts would
reduce SO2, NOx, and NH3 emissions.

• The Transport Rule alone may bring 52% of SO2 and 28%
of NOx reductions from energy generating units over
2005 levels by 2014.

5. Chemical Transport Model

• PMCAMx, a 3D chemical transport model, models the
processes of advection, dispersion, wet and dry
deposition, gas phase chemistry, and aerosol formation
and growth [4].
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• The performance of PMCAMx to predict PM2.5 is average
for winter and good for summer [4].

6. PM2.5 and Ammonia

• PM2.5, particulate matter less than 2.5 µm in diameter, is
believed to pose the greatest human health risks.

• About 50% of PM2.5 consists of inorganic species: SO2−
4 ,

NO−3 , and NH+
4 , which react with each other nonlinearly

depending upon temperature, relative humidity, and gas
ratio to form PM2.5 [5].

• PM2.5 formation is known to be sensitive to NH3
concentrations in winter.

• NH3 affects PM2.5 by forming PM2.5 nitrate:
NH3 (g) + HNO3 (g)→ NH4NO3 (particulate)

Table 2: PM2.5 nitrate governing conditions.
NH3 availability PM2.5 nitrate form? Limited by
Limited No -
Moderate Yes NH3
Excess Yes HNO3

7. Scenarios
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Figure 1: January emissions of each scenario

• Total US NH3 emissions from CCS in 2050
= (Emissions Factor)× (CCS CO2 Capture)
= (0.24 kg NH3/t CO2)× (1.4 Gt CO2/year)
= 0.24 Tg N/year

• Emissions assumptions of each scenario:
• Current: based on 2001-2002 emissions inventories.
• 2050 No-CCS: 80% of SO2, 50% of NOx, and 30% of NH3 would be reduced from air

quality improvement efforts.
• 2050 CCS: Additional NH3 emissions from CCS added proportional to the amount of

SO2 emissions at SO2 point sources.

8. Results of Simulations
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(a) Current: January [PM2.5]
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(b) 2050 No-CCS: January [PM2.5]
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(c) 2050 CCS: January [PM2.5]

−2.0

−1.5

−1.0

−0.5

0.0

µg
/m

3

(d) Projected January [PM2.5] without CCS
∆[PM2.5] = (2050 No-CCS) − (Current)
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(e) Impact of CCS on January [PM2.5]
∆[PM2.5] = (2050 CCS) − (2050 No-CCS)
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(f ) Impact of CCS on July [PM2.5]
∆[PM2.5] = (2050 CCS) − (2050 No-CCS)

Figure 2: Results of Simulations: (a)-(c) show January PM2.5 concentrations of each scenario. (d) and (e) show the impact
of CCS on January PM2.5. And (f) shows the impact on July PM2.5.

9. Conclusions

• A significant deployment of amine scrubbing to coal
power plants may increase PM2.5 up to 0.8 µg/m3, a
considerable amount if not a tremendous increase.

• In many regions, PM2.5 increases by CCS may cancel out
30-80% of the PM2.5 reductions achievable without CCS
in 2050.

• Comparing the increase to the annual PM2.5 standard of
15 µg/m3, NH3 from CCS may be burdensome for PM2.5
non-attainment regions having 16-17µg/m3.

• PM2.5 increase may be worrisome especially during
winter while negligible during summer.

• CCS will require careful NH3 control to prevent
unacceptable PM2.5 increases.

10. Next Steps

• The reasons why the CCS impacts on PM2.5 formation
are regionally different need to be investigated further.

• Simulations for spring and fall will be run.
• Implications at a global level will be studied.
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