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H I G H L I G H T S

• Present a first effort to systematically
measure GHG emissions from ONG
exploration and development in China;

• An improved method is proposed to esti-
mate GHG emissions from ONG systems;

• The GHG emissions of ONG systems in
China were seriously overrated by IPCC
method.
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Greenhouse gas (GHG) emissions from oil and gas exploration and development aremajor contributors to emission
inventories in oil andnatural gas (ONG) systems. For the developing countries, including China, studies of this aspect
of the industry, being at an early stage, lack a unified method of calculation, and this leads to varied projections of
national emissions. In this paper, progress is reported on direct measurement of CH4 and CO2 emissions along
the oil and gas value chain, for four oil and gas fields. An improved calculation method (classification calculation
method), which considers the production status of each type of oil and gas field in China, is proposed for the first
time in this study. Based on in situ measurement, it is used to estimate the national CH4 and CO2 emissions from the
process of petroleum exploration and development. The results showed that CH4 and CO2 emissions in 2013 were
73.29×104 and20.32×104 tonnes, respectively (inCO2 equivalent: 1559.36×104 tonnes). Comparedwith the results
(731.52 × 104 tonnes of CH4, 1031.55 × 104 tonnes of CO2, 16,393.48 × 104 tonnes of CO2 equivalent) in 2013 deter-
minedby the Tier 1methodof the Intergovernmental Panel onClimate Change (IPCC), the carbon emissions fromfield
measurementmethodweremuch lower than that of IPCCmethod,which indicated that carbon emissions of ONG sys-
tems in Chinawere severely overrated by IPCC. Hence, the GHG emission results reported herein could fundamentally
improve the knowledge and understanding of GHG emissions from ONG exploration and development in China.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

At present, global warming is considered one of the biggest environ-
mental problems (Glagolev et al., 2008; Jeon et al., 2010; Steffen et al.,
2015; Xuet al., 1999). The gases contributingmost to the greenhouse ef-
fect are CO2 and CH4 (Amjad et al., 2011), accounting for approximately
60% and 15–20% of global greenhouse effect (Houghton et al., 1992;
Rodhe, 1990; Shindell et al., 2009). CO2 concentrations in the atmo-
sphere increased from 370 to 392 ppm over the period 2000–2011
(Harsono et al., 2013), while global CO2 emissions reached
34,475.64 MMT in 2010 (WRI, 2014), CH4 concentrations increased
from 1.52 to 1.81 ppm during 1978–2012 (WMO, 2012) and global
CH4 emissions reached 7195.56 MMT CO2eq in 2010 (WRI, 2014). De-
spite the comparatively low concentration of CH4 as compared to CO2

in the atmosphere, its global warming potential (GWP) is 25 times
that of CO2 given a 100-year time horizon (Griggs and Noguer, 2002;
IEA, 2008). The International Panel on Climate Change (IPCC) reports
have demonstrated that the global mean sea level has risen by 0.19 m
over the period 1901–2010 and the global average temperature in-
creased by 0.85 °C over the interval 1880–2012 (IPCC, 2014). Global
warming potential is expected to accelerate in the coming decades
(Bradley, 2001; Hansen et al., 2002; Katyal, 2009), and Dlugokencky et
al. (2011) claimed that a reduction in CH4 emissions would rapidly ben-
efit the global climate; thus, it is particularly imperative to investigate
and reduce GHG emissions to mitigate global warming to a certain ex-
tent (Choudhary et al., 2008).

A variety of human activities (Fig. 1) can become sources of
manmade GHG emission (Duxbury et al., 1993; IPCC, 2007; Yuan et
al., 2012; Steffen et al., 2015). The energy supply for these activities is
the second largest CH4 emission source, accounting for 37% of the global
CH4 emissions produced by human activities (emissions of 2713.2
MtCO2eq in 2010: EPA, 2012). Furthermore, oil and natural gas systems
(ONG) are the leading CH4 emission source in the field of energy supply,
with emissions of 1677.3 MtCO2eq in 2010 (EPA, 2012).

GHG emissions from ONG systems are projected to increase by 26%
between 2010 and 2030 (EPA, 2013). The absence of systematic direct
in situ measurements along infrastructures used in the process of oil
and gas exploration and exploitation, limits the opportunity to evaluate
GHGemission reduction strategies (Burnhamet al., 2012). Clearly, there
is limited understanding of GHG emissions from oil and gas exploration
and exploitation facilities, including those in the United States
(Howarth et al., 2011). Anifowose and Odubela (2015) presented a
modest attempt to estimate CH4 emissions from the System 2C crude
oil transport pipeline in Nigeria. Allen et al. (2013) first carried out a se-
ries of studies measuring CH4 emissions at natural gas production sites
in the US. To date, there has been no similar measurement study to

gather scientific estimates, or to locate specific sites of emission in the
oil and gas infrastructures in China. Presentation of carbon emissions
produced by the energy activities in China ismissing from the literature.
Based on the IPCC method, there have been several studies of the na-
tional-scale inventories of CH4 emissions in China's oil and natural gas
industry for year 1980–2007 (Liu et al., 2008; Zhang et al., 2014). How-
ever, because of the lack of measurement data and complex & volatile
emission sources in ONG systems, not all the estimates acquired essen-
tially are well reflective of the real situation in China. Therefore, the sci-
entific quality and accuracy of such estimates are inadequate (IPIECA,
2011; Penman et al., 2000; Zhu et al., 2015). This is because default
emission factors in the IPCCmethod include the performance of average
GHGemission levels in developing countries but do not fully reflect cur-
rent situation in China's oil and gas industries, given the advancement
and development of technology. Moreover, the default emission factors
were applied to the whole petroleum system in IPCC method, without
considering the production status of each field in China (CCCCS, 2000).
Furthermore, those estimates tended to focus mainly on CH4 emissions
and to ignore CO2 emissions.

In view of the above-mentioned facts, there is still limited estimate
about the GHG emissions from ONG systems in China. The estimates
in previous report still cannot reflect the actual situation. To understand
and estimate the actual emission of China's ONG systems, a more accu-
rate method, which can reflect the current situation of oil and natural
gas fields in China, is urgently required.

The purpose of this paper is twofold. First, establish an emission fac-
tor (country-specific factor) which is suitable for China's ONG systems
by measuring several representative oil and gas fields. Next, perform a
detailed estimate of carbon emissions in China during 2010–2013. The
national estimates based on field measurement are compared with
those by IPCC method. This comparison could provide reliable basic
data and a more scientific basis for policy making to alleviate global
warming.

2. Methodology

2.1. Conventional methodology (IPCC Tier 1) for estimating GHG emissions

At present, there is no uniform calculationmethod for estimating the
GHG emissions from oil and gas systems around the world. The Tier 1
approach (IPCC, 2006), of which the given emission factors have come
to be seen as applying to all developing countries, has been widely
employed to estimate GHG emissions of ONG systems in China. Accord-
ing to the recommendations of conventional method, where the emis-
sions are equal to an emission factor multiplied by the corresponding
activity factor along the ONG chain (category), the GHG emissions
from oil and natural gas systems can be calculated as indicated in For-
mula 1 and Formula 2.

Egas;industry sement ¼ Agas;industry sement � EFgas;industry sement ð1Þ

Egas ¼ ∑Egas;industry segment ð2Þ

where, Egas is the emission (Gg), Aindustry segment is the activity factor
(number of new drillings, testing wells, well servicing and production
wells, oil and gas production), EFindustry segment is the emission factors
(Gg/unit of activity), Egas is the total emissions of industry segments.
The exploration and development data corresponding to active factors
of different categories in the IPCCmethod, whichwere used to calculate
the GHG emissions of ONG systems, were collected from the statistical
yearbook (CNPC, 2014; CPC, 2014).

2.2. An improved method for estimating GHG emissions

Because of the limitations of the IPCCmethod, an improved method
(classification calculation method) that better considers the actual

Fig. 1. Global methane emissions from energy activities in 2010, categorized by source
(inlet: methane emission by sector) (EPA, 2012): 1-Natural Gas and Oil System; 2-Coal
Mining Activities; 3-Stationary and Mobile Combustion; 4-Biomass Combustion; and 5-
Other Energy Sources.
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