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Abstract

This study aims to identify sources of fluorinated greenhouse gases and evaluate the capacity needs assessment
for consideration of these gases in the national GHG inventory and climate action planning for the "Climate
Promise" project. These GHGs have a shorter atmospheric lifetime compared to CO; but a high global warming
potential and can warm the earth faster compared to CO,. The first stage is to identify the main sources of
emissions by the mentioned greenhouse gases and collect the necessary information. The second stage is to
estimate the production and consumption of these gases in the country. Depending on the data, including import,
production, and consumption of gases or sales information of the devices producing these gases, we can use the
Tierl or Tier2 method to calculate the amount of emissions. Greenhouse gas emissions in 2019 were estimated at
62.3 million tons of CO, equivalent for HFC gases, 180 Gg of CO; equivalent for SFs gas, and 1,130 Gg of CO,
equivalent for PFC gases. There is no information to estimate the NF3 emissions. In the last stage, solutions to
reduce emissions of these gases are listed to be implemented in national development policies. The main
achievement of this research is empowering the government to count these new greenhouse gases.
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Extended Abstract

Introduction

In line with the Article 12 of the United Nations Framework Convention on Climate Change, which
states that each country party shall communicate to the Conference of the Parties a national inventory
of anthropogenic emissions by sources and removals by sinks of all GHGs, to the extent its capacities
permit, using comparable methodologies to be promoted and agreed upon by the Conference of the
Parties. There is growing recognition within the scientific and policy communities that efforts to
address climate change should focus on substantially reducing carbon dioxide emissions and on near-
term actions to reduce those climate pollutants that remain in the atmosphere for much shorter periods.
Unlike carbon dioxide, short-lived climate pollutants have a shorter atmospheric lifetime but have a
high global warming potential, meaning they can warm the Earth faster compared to carbon dioxide.
The objective of the current research is to estimate fluorinated GHGs (Hydrofluorocarbons (HFCs),
Sulfur hexafluoride (SFe), Perfluorocarbons (PFCs), Nitrogen trifluoride (NF3)) emissions in the
national GHG inventory and climate action planning.

Table 1 reports the CO.-equivalent emissions related to fluorinated GHGs for Annex | Countries in
2018. The highest emissions are from HFCs, so increasing their consumption is a concern, and
counting these emissions in emissions inventories and climate change operations plan is essential.
Under the Montreal Protocol (1987), the developed countries pledged to end the production and
consumption of ozone-depleting substances (CFCs, haloes, and carbon tetrachloride) in 2000 and
support the developing countries financially and technically. As a result of this Protocol, HFC gases
became more common in equipment as an alternative to ozone-depleting substances. Then in 1997,
under a protocol known as Kyoto, the industrialized nations pledged to reduce emissions of six gases,
including HFC.

Table 1. CO2 equivalent emissions related to fluorinated GHGs — Annex | Countries - 2018

Gas Emission - COz equivalent (Picogram)
HFCs 379,475

SFs 16,941

PFCs 15,720

NF3 980

Table 2 compares the GWP-100 years for fluorinated gases with conventional GHGs.Therefore
increasing the consumption of F-gases is a matter of concern, and it is necessary to consider these
gases for national emission inventory and climate action planning.

Table 2. Examples of emission metric values

Gas GWP (for 100 years) Life Time (y)

CO; 1 *

CHy 28 12.4
HFC-152a 138 15

N20 265 121

CF4 6,630 50,000

NF3 17,200 740

SFs 23,500 3,200

*No single lifetime can be given for CO;

Main Sources of fluorinated GHG emission

HFC gases are primarily produced for use in refrigeration and air conditioning and heat pump systems
(RACHP). Other applications include the production of foam insulation, aerosols, fire protection
systems and solvents. Figure 1 shows the contribution of GHG emissions due to HFC consumptions in
2015.
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Figure 1: Markets using HFCs, % of tonnes CO: in the world in 2015
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Figure 2: The share of CO: equivalent emissions related to different consumer sectors of SFs and for
various electrical equipment in the world in 2018

SFg gas is used in electrical equipment, magnesium casting, electronics industry, and other
applications; the highest consumption is related to electrical equipment. Figure 2 indicates the share of
carbon dioxide equivalent emissions related to different consumer sectors of SFe and, in particular
various electrical equipment in the world in 2018. The main sources of PFC emissions are the
aluminum industry and the electronics industry. The largest share of emissions is related to the
primary aluminum production sector and electronics industry (35%).
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Figure 3: The share of CO: equivalent emissions related to different sources of PFC in the world in 2018
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Asia currently has the most significant share in NF3 gas consumption due to the development of the
semiconductor industry in Japan, South Korea, and China. It is expected to increase demands for flat
panel displays in markets such as China and India, so NFz consumption will increase. In Europe,
government supports the semiconductor and electronics industries to compete with Asian and North
American markets, which is expected to increase NF; consumption

Emission Inventory Estimation

Using IPCC Guidelines for national GHG inventories, the emission of HFCs, SFs, PFCs and NF; is
calculated in Iran. According to the available information, one of the methods, Tier 1 or Tier 2, can be
used.

There are seven groups of HFC consumers in Iran which are unitary air conditioning, chillers, mobile
air conditioning, domestic refrigeration, commercial refrigeration, industrial refrigeration, and
transport refrigeration. The GHG emission for the Iranian refrigeration and air conditioning sector was
49.5 MtCO2eq in 2015. It is estimated to be 62.35 MtCOzeq in 2019 using Tierl. The unity air
conditioning accounts for 39% of total emissions. The amount of SF¢ gas emissions due to electricity
substations in the country in 2019 is estimated to be 180 GgCOzeq using Tierl. Emissions of PFC
gases (including CF4 and CzFs) owing to aluminum production are estimated to be 1130 GgCOzeq
using Tierl. According to the available information, the consumption and emission of NF3 gas in the
country are expected to be zero.

Conclusion

The consideration of new GHG gases in the national GHG inventory was addressed. Challenges for
completing the new GHG emissions inventory can be classified into four categories. Lack of access to
data and their reliability can be considered as one of the main issues in preparing the GHG inventory.
There is currently no process for recording, collecting, and managing fluorinated gas data in Iran.
Many of the available data are unreliable due to poor collection and management. In addition,
comprehensive data collection is challenging. Due to the lack of access to all emission sources data,
including small and informal industry data, significant gaps are created in the accuracy of the data.
Emission factors used for the calculation of the fluorinated GHGs emissions are the default values of
IPCC, and national emission factors have not been prepared in Iran. The use of these default values is
a factor in creating uncertainty in calculations. Another challenge is the limited technical capacity of
specialists and staffs. There are no plans for continues training. Also, financial support is needed to
improve the quantity and quality of the national GHG inventory.
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Combined Cooling Heating and Power (CCHP)
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11. Wetted drained cathodes

12. Inert anodes
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