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a b s t r a c t

In recent years, it has become apparent that oil prices may not rise endlessly. Unconventional oil is likely
to be especially affected by low prices because it tends to be high-priced to extract. To estimate the
impact prices might have on future Chinese oil production, we develop a model in which only future
unconventional oil production is affected by price. We analyze three price scenarios: Stays Low, Best
Estimate, and Ever-Rising Prices. In these scenarios, remaining Ultimate Recoverable Resources (URR) are
estimated to be 10%, 50%, and 90% of remaining Technically Recoverable Resources, respectively. Since oil
price can be expected to affect the shape of the extraction curve, we spread estimated URR to year using
models that do not assume that future production will ultimately produce a symmetric Hubbert-type
curve (Multi-Cycle Generalized Weng Model and Stochastic Resource-Constrained Growth Model). In
the Best Estimate Scenario, China's oil production is expected to reach a maximum of 226.79 million tons
in 2020. In the Ever-Rising Prices Scenario, China's maximum oil production occurs in 2023. In the Stays
Low Scenario, maximum production has already been reached.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

China is the world's largest oil consumer and the world's fourth
largest oil producer [1]. One issue that has arisen, especially since
mid-2014, is the issue of low prices and their potential impact on
China's future production. The goal of this paper is to provide a
range of estimates of future oil production under selected price
scenarios, to better understand the impact that low oil prices might
have on future production. We also discuss some reasons why oil
prices should not be expected to continue to rise endlessly.

In order to accomplish this, we analyze conventional and un-
conventional oil separately, since unconventional oil tends to be
high-priced to extract, and thus is likely to be affected by low oil
prices to a greater extent than conventional oil. Furthermore,
conventional oil tends to be extracted first because it is cheapest
and easiest to extract. As a result, the oil resources that remain
contain a disproportionate share of unconventional oil.

A number of other researchers have developed estimates of
China's future oil production [2e4]. None has considered the con-
ventional/unconventional split and the impact of price on these
estimates.
verberg).
2. Oil prices and expected quantity extracted

2.1. How economic limits affect oil extraction

Often estimates of future oil production are based on estimates
of technically recoverable resources (TRR), given today's technol-
ogy. In some cases, particularly climate analyses, estimates are
based on Oil in Place (OIP), assuming that technology will gradually
improve, allowing an increasing proportion of the OIP to be
extracted.

There is an economic question that needs to be considered as
well. Often, the assumption is made that oil prices will keep rising,
allowing all of the oil to be extracted that technology permits. We
know that the cost of producing oil will keep rising because we
extract the cheapest to produce oil first, leaving the more
expensive-to-produce oil for later. The question, which many have
never considered, is, “Will the p rice which the marketplace offers
for oil continue to rise as quickly as the cost of producing oil? Or will
the price of oil lag behind, and production be cut off as a result of
the lagging price?”

The IEA in its Figure 1.4 of World Energy Outlook 2015 (WEO
2015) assumes that oil prices can rise to $300 per barrel by 2100 [5].
Even this price may not act to extract all TRR, since some oil may be
in very small deposits or ones that are very deep and away from
needed resources. Some TRR is located under cities, necessitating
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Fig. 2. Average GDP growth rate, divided between increases in energy consumption
and other influences, such as technology and efficiency improvements. Data sources:
[1,8e10].

Fig. 3. Oil price scenarios of interest. The first three scenarios listed are based on
scenarios from IEA WEO 2015 [5]. Values for dates through 2040 are as given by IEA.
Values after 2040 are estimated assuming that prices will follow the same linear
change pattern after 2040 as IEA indicates will occur between 2030 and 2040. The
Stays Low Scenario is a creation of the authors. It assumes that oil prices will remain at
or below $50 per barrel indefinitely.
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moving large numbers of people to access the resource. Such a
move would be very expensive, quite possibly more than $300 per
barrel. Fresh water is often needed for extraction, but is not avail-
able locally. In theory, it could be trucked long distances, or it could
be obtained by desalinating seawater and installing pipelines so
that this desalinated water could be pumped uphill to where it is
needed. While technically feasible, the cost is likely to be
prohibitive.

The world recently has struggled for roughly 24 months with
low oil prices. A similar problem happened in the second half of
2008 and in 2009. We can no longer simply assume that prices will
rise with rising cost of extraction. If nothing else, if oil prices rise to
$300 per barrel or higher, substitutes such as coal to liquids will
become competitive, and thus can be expected to hold oil prices
down.

Physicist François Roddier has given a thermodynamic expla-
nation of the difficulty we are encountering. Roddier describes all of
human society as a dissipative structure that self-organizes to
maximize its use of energy [6,7]. With this understanding of the
role of energy (not just oil), the growing use of energy is essential to
the growth of the economy; a reduction in the growth in energy
consumption can be expected to lead to slowing economic growth.
This view is supported by the fact that there is a high correlation
between world Gross Domestic Product (GDP) and world energy
consumption since 1975, as illustrated in Fig. 1. In fact, there seems
to be a strong relationship between energy consumption and eco-
nomic growth, going back as far as 1820 (Fig. 2). The fact that GDP is
growing more rapidly than the use of energy on Fig. 2 would sug-
gest that other factors, such as improved technology and energy
efficiency, may also be contributing to GDP growth.

The rising cost of producing energy products (including oil) is a
sign that diminishing returns are affecting the system. Companies
that had previously extracted conventional oil at relatively low cost
are forced to move on to higher-cost unconventional oil. As pro-
duction costs rise more quickly than the inflation rate, more re-
sources are transferred into the energy-production sector of the
economy, and away from the production of other goods and ser-
vices. If this pattern continues, the growth of the economy can be
expected to slow. With slowing economic growth, demand for
energy products, including oil, seems likely to fall. Instead of ever-
rising prices, we may encounter recession and low or falling oil
prices, such as we have been seeing recently. These low prices may
eventually lead to the end of oil production.
2.2. Selection of oil price scenarios

Clearly, different observers have different ideas regarding how
Fig. 1. World GDP compared to Energy Consumption 1975 to 2014. Data sources: [1,8].
oil prices may change in the future.We have chosen to look at three
different oil price scenarios. In our Best Estimate Scenario, we as-
sume that approximately 50% of remaining TRR1 for unconven-
tional oil will ultimately be recoverable. The way we might expect
this to happen is if future oil prices are somewhat in the range of
IEA's “Low Price Scenario” and “450 Scenario” in IEA's WEO 2015
[5], as shown on Fig. 3. In this scenario, a typical price between now
and 2100 might be in the $100 to $125 per barrel range.

Our second scenario is called the “Ever-Rising Prices Scenario.”
In this scenario, we expect that 90% of remaining TRR for oil will be
recovered. This scenario is expected to be in the range of IEA's
“Current Policies Scenario” shown on Fig. 3. In this scenario, prices
will keep rising as needed to keep up with higher extraction costs.
Thus, prices may rise as high as $270 or $300 per barrel by 2100.
Over time the view of TRR may rise, because high prices encourage
the development of new resources and new techniques.
1 Definitions to TRR diverge among different agencies. In order to make it clear in
this paper, we use “TRR” to indicate total amount of technically recoverable re-
sources that exist underground before the production starts, while we use
“remaining TRR” to indicate resources yet to be extracted technically. The same
explanation applies to “URR” and “remaining URR” used in this paper.



Fig. 4. Summary of research results regarding China's total oil URR
(conventional þ unconventional) Note: Numbers beside the blue points reflect refer-
ences to published reports [17e26]. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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In our third scenario, “Stays Low Scenario,” we expect that 10%
of remaining TRR will be extracted. Prices are expected to remain at
or below $50 per barrel, indefinitely.

We apply the selected relativities of remaining URR to remain-
ing TRR for unconventional oil production only. Conventional oil
production is forecast without adjustment, since its cost of pro-
duction is much lower, and thus less likely to be affected by low
prices.

Most of our calculations and exhibits are on a Best Estimate
basis. We discuss the indications of the Stays Low Scenario and the
Ever-Rising Prices Scenario in Section 5.3 and show expected future
extraction amounts on Fig. 12.
Fig. 5. China's historical oil production by type of oil. Note: u
3. Resources and production

3.1. URR of China's oil

Ultimate Recoverable Resources (URR) is an estimate of the total
resources that will ever be produced. This amount tends to change
over time, depending on technology available and economic con-
ditions, particularly oil price [1,11]. In general, the higher the price,
the more advanced the technology that can be profitably used and
the larger the amount of oil that can be profitably extracted. The
selection of URR is very important to the peak production forecast,
since its selection affects the amount distributed to year by
modeling techniques.

For conventional oil, we estimate URR based on the work of
others, because low oil prices are expected not to have a material
impact on these amounts. For unconventional oil, we estimate
remaining URR as a percentage of remaining TRR. These ratios vary
by scenario: Best Estimate, 50%; Ever-Rising Prices, 90%; and Stays
Low, 10%.
3.1.1. URR of China's conventional oil
There are two difficulties in dealing with published information

regarding expected URR of China's conventional resources: (a)
Often, estimates are for a combination of conventional and un-
conventional resources, and (b) estimates by China's official
agencies tend to be high compared to those from other sources.

As an example, the following are URR estimates by China's
official agencies. The “New Round Evaluation of Domestic Oil and
Gas Resources,” published by China's Ministry of Land and Re-
sources (CMLR) in 2005, shows China's conventional oil URR as 21.2
billion tons [12]; the number was raised to 23.3 billion tons in the
“Dynamic evaluation of oil and gas resources in China” published in
2010 [13]. It was again raised in the “Dynamic evaluation of oil and
gas resources in China” published in 2015, this time to 26.8 billion
tons [14].

There are several reasons for an optimistic bias in these
nconventional oil shown in stacked bar chart at bottom.



Fig. 6. Historical production of China's viscous oil.

Fig. 7. Historical production of China's light tight oil (separated between extra-low
permeability oil and other).

Fig. 8. Historical production
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estimates. One reason is confusion between conventional and un-
conventional oil; the officially published conventional oil URR, if
calculated in accordance with international standards, includes
some unconventional oil [15]. Also, official estimates consider only
technological limitations, but ignore the possibility that prices
cannot rise high enough to enable extraction. A third issue is
possible over-optimism in estimating future technology advance-
ments. Finally, a high bias may be creeping in, if field production
managers who need tomeet production targets aremaking some of
the estimates [16]. For these reasons, we expect that China's true
conventional oil URR will be smaller than the amounts published in
official reports.

URR estimates from academia (which are also on a combined
conventional/unconventional basis) average only about half as
much as estimates from the official agency. The dispersion of these
estimates can be observed on Fig. 4. The average academic URR
estimate made in years 2000e2015 is 12.31 billion tons.

Among the many academic researchers, only Mohr et al. [27]
provide URR estimates of China's conventional oil and unconven-
tional oil separately. According to Mohr et al., China's conventional
of China's kerogen oil.



Fig. 9. Forecast of China's conventional oil production.

Fig. 10. Best Estimate forecast of China's viscous oil production.
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oil URR is 12.80 billion tons under the “Low Scenario” and 14.37
billion tons under the “Best Guess Scenario.”

In this paper, we have chosen an estimate of 12.80 billion tons as
our URR estimate for conventional oil. Arguably, this estimate is a
high estimate, since the average estimate of all academic re-
searchers is only 12.31 billion tons for the sum of conventional and
unconventional oil. This selection is equal toMohr's “Low Scenario”
estimate for China's conventional oil.

3.1.2. URR of China's unconventional oil
The four types of unconventional oil we have chosen to analyze

are viscous oil, light tight oil, kerogen oil, and oil sands. Our choice
of categories is very similar to those of the International Energy
Agency (IEA) in its “World Energy Outlook 2012”: extra-heavy oil,
light tight oil, kerogen oil, and oil sands [28]. The major difference
in our choice of categories is the use of “viscous oil,” instead of
extra-heavy oil, because this term has traditionally been used in
China to characterize heavy and extra-heavy oil. The use of the term
viscous oil may result in our definition including some oil that
would be characterized as “heavy oil” elsewhere. This does not
appear to be a major issue; other scholars have used a similar
approach [29,30].

We use a combination of two techniques to estimate the URR for
viscous oil, as shown in Table 1. One of these techniques is based on
the sum of production to date and 50% of the remaining TRR esti-
mated by international and domestic researchers [31e36], because
this analysis is being used in determining the Best Estimate level of
production. The other technique, Hubbert Linearization (HL), is a
curve fitting approach that is widely used when a long history of
historical production is available [37,38]. Recent patterns are based
on periods when oil prices were typically in our Best Estimate
Range, rather than at the other two price extremes.

Our Best Estimate total URR for China's major six viscous oil-
fields, considering the indications of two methods and the relative
maturity of each field's extraction, is 1.724 million tons (Table 1).

In China, the term “light tight oil” has become widely used only
very recently [39,40]. It is used to describe extra-low permeability
oil, similar to the oil extracted from the US Bakken oil formation.



Fig. 11. Forecast of China's total oil production under Best Estimate Scenario. Note: production amounts for 2014 and prior are historical data; production amounts after 2014 are
simulated data.

Fig. 12. Sensitivity analysis of China's oil production forecasts to different price scenarios.

Table 1
URR of China's major viscous oilfields (billion tons).

Field Liaohe Xinjiang Dagang Shengli Henan Bohai Total

TRR � 50% 0.425 0.429 0.137 0.256 0.020 0.459 1.724
TRR source [31] [32] [33] [34] [35] [36]
HL 0.242 0.120 0.077 0.223 0.020 0.312 0.994
% Weight to HL 80% 50% 50% 50% 50% 30%
Selected URR 0.278 0.275 0.107 0.240 0.020 0.415 1.334

2 Since production to date of China's light tight oil, kerogen oil and oil sands are
very tiny (or non-existent) compared with their remaining resource amount, we
regard their TRRs/URRs as equal to their remaining TRRs/URRs.
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While there are slight differences in similar groupings used his-
torically in China, these are not expected to materially impact our
analysis [41e43].

Several estimates of light tight oil resources are available. Our
review of indications from Chinese scholars shows a TRR range of
4.3e10 billion tons, averaging 7.15 billion tons [42,44e46]. An
analysis by the German Federal Institute for Geosciences and Nat-
ural Resources shows TRR to be 0.427 billion tons [47]. McGlade's
2012 review of estimates by other authors shows a TRR range of
0.273e8.458 billion tons, with an average value of 3.82 billion tons
[48]; according to EIA/ARI [49] and IEAWEO2013 [50], TRR is 4.393
billion tons. We have selected a Best Estimate URR of 1.974 billion
tons, which is 50% of the average of these amounts.2

There are also several estimates of China's kerogen oil resources.
The first authoritative estimate was issued in a 2006 report by
Chinese authority CMLR, indicating discovered TRR of China's
kerogen oil of 1.46 billion tons [51]. The German Federal Institute
for Geosciences and Natural Resources (BGR) [47] indicates TRR of
0.639 billion tons. The World Energy Council (WEC) [52] indicates
proved resources of 1.344 billion tons. We assume proved resources
reflect financial considerations so are equivalent to URR. This paper



Table 2
URR of China's unconventional oil used in this paper.

Viscous oil Light tight oil Kerogen oil Oil sands

URR (billion tons) 1.724 1.974 0.798 0.382

K. Wang et al. / Energy 113 (2016) 586e596592
uses the average of 50% of CMLR published discovered TRR, 50% of
BGR published TRR, and 100% of WEC published proven resources,
or 0.798 billion tons, as the Best Estimate URR of China's kerogen
oil.

There is a wide range of estimates available for China's oil sands
resources. CMLR's official estimate in a 2006 report is 2.26 billion
tons [53]. Geologist Chengzao Jia3 has noted that China's oil sands
resources are of poor quality, low continuity and are quite difficult
to extract [54]. The German authority BGR [55] estimates TRR to be
only 25 million tons, while Mohr and Evans [56] estimate the URR
to be only 4 million tons. In this paper, we choose the average of
50% of the official published TRR, 50% of BGR published TRR, and
100% of Mohr's published URR, or 0.382 billion tons as the URR of
China's oil sands.

Table 2 summarizes our selected Best Estimate URRs for the four
types of unconventional oil.

3.2. China's historical oil production

3.2.1. Historical production of China's unconventional oil
Historically, China's largest source of unconventional oil pro-

duction has come from viscous oil, shown in Fig. 6. China's viscous
oil is mainly located in six oilfields: Liaohe, Xinjiang, Dagang,
Shengli, Henan and Bohai [57].

China's second-largest source of unconventional oil is light tight
oil, shown in Fig. 7. According to published reports of CNPC, China's
extra-low permeability oil production comes mainly from
Changqing Oilfield; large-scale production began in the year 2008
and increased to over 8 million tons in 2013 [58]. China also has a
very small amount of other light tight oil that is in a pilot stage of
development, based on prior research [59] and discussions with the
person4 in charge at CNPC. Only two years of data are available for
it.

China's kerogen oil extraction has been in operation since 1930,
but the scale of production is very small (Fig. 8). Its production
follows amulti-cyclical pattern, with one growth cycle from1930 to
1959, followed by declining production from 1959 to 1994. Another
period of growth began after 1994 [29].

To date, there has been no oil sands production.

3.2.2. Historical production of China's conventional oil
An estimate of China's conventional oil is obtained by sub-

tracting estimated unconventional oil production from total oil
production, as illustrated in Fig. 5. China's unconventional pro-
duction began growing significantly in 1984, and reached 45.04
million tons in 2014. China's total oil production in 2014 was 211.43
million tons, implying that conventional oil production amounted
to 166.39 million tons, or 78.7% of China's total oil production.

Since 1984, China's conventional oil has grown by an average of
1.26% per year. With the inclusion of unconventional oil, its total oil
production has grown by an average of 2.06% per year during the
same period.

4. Selected forecasting methods

4.1. Multi-Cycle Generalized Weng Model

Many methods are available for forecasting the year-by-year
production of estimated URR, including the Generalized Weng
model [60], the Hubbert Model [61], the HCZ Model [62] and the
3 Former General Geologist of China National Petroleum Corporation (CNPC).
4 Director Kong, Department of Exploration and Development, CNPC (Interview

time: 2015/05/16).
System Dynamics Model [63]. None of these models handles the
possibility that oil production will have more than one cycle (peak
and decline), a situation that is becoming increasingly common for
oil fields. In addition, the widely used Hubbert Model and its var-
iants are rooted in the questionable simplifying assumption that
production of oil fields should be in symmetrical patterns. If the
reason for reduced consumption is lower oil prices, this assumption
is especially questionable.

Based on the above considerations, we chose to use the Multi-
Cycle Generalized Weng Model, developed by Feng et al. for the
types of oil for which historical production data for at least a few
years is available (that is, conventional oil, viscous oil, light tight oil,
and kerogen oil). Such a model can handle the possibility that oil
production would display multiple production cycles [64] and can
show asymmetric and flatter peak production (the longer peak
plateau), which are common characteristics for China's oil fields
[65]. This model was shown by Wang et al. to provide a suitable
method for simulating the production of China's fossil fuels [65],
and has been used to forecast China's conventional gas production
[66].

The Single-cycle Generalized Weng Model can be represented
by the equations below:

Q ¼ atbe�
t
c (1)

NR ¼ acbþ1Gðbþ 1Þ (2)

Qmax ¼ a
�

bc
2:718

�b

(3)

tm ¼ bc (4)

In these equations, Q stands for the annual production; Qmax

stands for the peak production; NR stands for the ultimate recov-
erable resource; t stands for the time of development; tm stands for
the peak year; a, b, c are all constants in the forecast model;
Gðbþ 1Þ stands for the Gamma Function, where Gðbþ 1Þ ¼ b! if b is
a positive integer.

To handle the multi-peak situation, Feng et al. developed a
modification of the GeneralizedWengModel that adds together the
production of several forecasting cycles [64]. The basic equation for
this model is the following:

Q ¼
Xk
i¼1

Qi ¼
Xk
i¼1

"
Qmax

�
et
tm

�b

e
�
�

bt
tm

�#
i

(5)

A more comprehensive description of the Multi-cycle General-
izedWengModel can be found in Feng et al. [64] orWang et al. [65].

4.2. Stochastic Resource-Constrained Growth Model

For the oil sands, no historical data exists. To model future
production, we have chosen to use the Stochastic Resource-
Constrained Growth Model, developed by Ward et al. [67]. This
method was developed for forecasting production of a resource
such as unconventional oil or gas when little historical production
data is available.
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This approach involves simulating future production with a
family of growth curves starting from a given value of initial pro-
duction. The group of growth curves is distinguished by different
production growth rates. In the simulation, growth rates are
assigned randomly within a selected value range, to approximate
future production uncertainties.

In this approach, production q(t) is allowed to grow exponen-
tially according to the specified initial growth rate r, but is pro-
gressively curtailed as the overall quantity of the extracted resource
approaches the recoverable resource quantity URR remaining at
time t ¼ 0. The model is given by:

qðtÞ ¼ q0e
krtð1� QðtÞ

URR
Þ (6)

In this model, Q(t) is the cumulative production at time t (and
Q ¼ 0 when t ¼ 0), q(t) is the production rate at t ¼ 0, and k is an
exponent scaling factor. k is used to force the model to yield
exponential growth conforming to the specified growth rate r for at
least the duration of the first time step (t1), and is determined by:

kz

ln½ð1þ rÞt1=ð1�
0
@q0ð1þð1þrÞt1Þt1

2URR

1
AÞ�

rt1
(7)

A more comprehensive description can be found in Ward et al.
[67].

5. Results

5.1. Production forecast for China's conventional oil

Fig. 9 shows expected future conventional oil production, based
on the Multi-cycle Generalized Weng Model, together with the
selected URR for conventional oil of 12.8 billion tons. As noted
previously, China's conventional oil production has already begun
declining, with peak production of 167.51 million tons in 2010.

5.2. Production forecast for China's unconventional oil

Based on our model, the largest contributor in the near term to
unconventional oil production is viscous oil, with peak production
of 43.76 million tons in 2019. Its expected pattern of future
extraction is shown in Fig. 10. China's light tight oil is expected to
reach peak production of 35.15 million tons in 2037. Based on our
model, production of kerogen oil will keep growing in the mid to
long term and reach peak production of 10.71 million tons in 2070.

Oil sands production, as noted in Section 4, is forecast using the
“Stochastic Resource-Constrained Growth Model.” This model re-
quires assumptions with respect to its initial production year, initial
production amount, and future production growth rate. Based on
expert interviews, this paper assumes the initial production year
will be 2020, the initial annual production will be 100 thousand
tons, and the growth rate in future production will be in the range
of 1%e12%. The upper limit of 12% is chosen based on the average
annual growth rate of Canadian oil sands production (1968e2014),
since Canadian oil sands resources are of better quality than Chi-
nese oil sands resources. The simulation result shows that the oil
sands production will grow gradually and will reach peak produc-
tion of 5.67 million tons in 2081, without a large impact on China's
total oil supply.

Fig. 11 shows modeled expected future oil production, divided
among conventional oil and the four kinds of unconventional oil.
Based on our analysis, at the Best Estimate level, China's total oil
production can be expected to reach a peak in 2020, with peak
production of 226.79 million tons. This peak, including unconven-
tional oil, is only 10 years after the peak in conventional oil.

5.3. Oil price sensitivity analysis

All of the estimates provided elsewhere in this report have been
based on the assumptions of our Best Estimate Scenario. As a
sensitivity analysis, we show two additional scenariosdour Stays
Low Scenario, in which oil prices stay at $50 per barrel or less, and
our Ever-Rising Prices Scenario, in which oil price will keep
increasing as extraction costs increase, perhaps reaching $300 per
barrel by 2100. When we make the calculations on this basis, our
estimate for future production of conventional oil is unchanged,
since we have assumed that it is not affected by very low prices.

Our sensitivity analysis model shows that in the Stays Low
Scenario, China's oil production can be expected to reach a
maximum value of 211.43 million tons in 2014; in the Ever-Rising
Prices Scenario, China's total oil production will peak at 234.63
million tons in 2023. Of course, we also know that actual 2015
production was higher than 2014 production. What the model is
telling us is that under the Stays Low Scenario, we can never expect
oil production to exceed that of 2015.

6. Discussion

6.1. Impact of disputed conventional/unconventional production

Exactly which oil should be considered conventional, and which
should be considered unconventional, is not entirely clear. Our
selection of oil to be treated as unconventional leaves out some
types of disputed production. If these had been included as un-
conventional, the proportion of unconventional oil would be even
higher.

One type of disputed oil production involves the part of Daqing
Oilfield extracted by unconventional methods. In order to keep its
annual production above 40 million tons, Daqing Oilfield has been
using more advanced Enhanced Oil Recovery (EOR) methods in
recent years, because gas drive and water drive EOR methods have
become less effective [16]. The primary advanced method used is
polymer flooding; at times, it is even using the ASP flooding
method. Both polymer flooding and ASP flooding are well known
for their high cost and large environmental impact. Because of the
high cost and adverse environmental impacts of these EOR tech-
niques, it could be argued that oil produced using these methods
should be categorized as unconventional oil. According to Fig. 13,
the use of these methods began in 1996, and in 2014, they
accounted for over 35% of Daqing's total production.

We noted in Part 3.2.1 that part of the oil produced in Changqing
Oilfield is considered as light tight oil. In that analysis, we assumed
that only extra-low permeability oil should be considered light
tight oil. This cut-off includes only about one-third of the oil from
Changqing. If the cut-off were raised to permeability of less than 1
mD [57], which is similar to the permeability of the Bakken, then
about 80% of the oil from Changqing would be considered uncon-
ventional, based on CNCP information. There is no fixed Chinese
standard for distinguishing low permeability oil, very-low perme-
ability oil and extra-low permeability oil, and the reservoir char-
acteristics, accumulation mechanisms, and development methods
are all significantly different from conventional oil [15]. Because of
these issues, perhaps this oil should also be categorized as uncon-
ventional oil.

We noted in Part 3.2.2 that according to the definitions we used,
unconventional oil amounted to 45.04 million tons in 2014, out of
total oil production of 211.43 million tons. Daqing extraction using
advanced EOR methods amounted to 14.06 million tons in 2014,
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and the Changqing extraction that should perhaps be includedwith
unconventional amounted to 10.74 million tons. Thus, if we define
unconventional oil more broadly, we increase the amount of un-
conventional oil extracted in 2014 by about 55%. With this broader
definition of unconventional, the peak year of China's conventional
oil is brought even earlier, to 2006.

Shifting part of the oil production from conventional to un-
conventional would also have an impact on expected total future
production and the shape of the decline curve. Our Best Estimate
analysis without adjustment indicates total production will reach a
peak in 2020. With this adjustment, this date is shifted to 2018,
because URR is estimated to be equal to 50% of TRR (instead of 100%
of TRR) for resources shifted from conventional to unconventional.

Furthermore, for both the Best Estimate and the Stays Low
scenarios, the shape of the decline curve after the peak is reached
on Fig. 12 is steeper, because remaining TRR is adjusted by rela-
tivities of 50% and 10% instead of 100%. There would be virtually no
impact on the expected production under the Ever-Rising Prices
Scenario, since it uses a relativity of 90%, which is close to the 100%
relativity used for conventional.

6.2. Remaining time until decline begins

Under the Best Estimate Scenario, Chinawill reach its peak in oil
production in 2020, which is only four years away, and under the
Stays Low Scenario, the peak already appears to have taken place. In
either case, there is very little time to prepare for it.

Even under the Ever-Rising Prices Scenario, China's oil produc-
tion, including unconventional, is expected to reach a peak in 2023
and decline thereafter. The basic problem is that conventional oil
production is already declining, and unconventional oil production
cannot be expected to make up for the decline in conventional oil
production.

6.3. Parallels to the rest of the world

The situation that China is reaching is not very different from
the situation the world is reaching. Oil production is increasingly
from high-priced unconventional sources. If oil prices permanently
fall below $50 per barrel, a large share of unconventional oil
producers around the world is likely to find that their oil produc-
tion is too expensive for world markets. They, too, will find further
extraction unprofitable, and may choose to reduce production until
prices rise again. If prices stay below $50 per barrel, the time for
increasing production will never come.

Without the “ballast” of rising unconventional oil production,
total world oil production may begin to fall if prices remain under
$50 per barrel.
7. Conclusions

If oil price were not an issue at all, the oil information of primary
interest would be OIP. Prices could be expected to rise arbitrarily
high, and technology would be expected to gradually improve so
that eventually nearly all of the OIP could be extracted.

In this analysis, we consider a range of scenarios that are not as
extreme as basing our analysis on OIP. Instead, we look at a range of
scenarios that are defined as percentages, ranging from 10% to 90%
of today's estimate of remaining TRR. Based on this analysis, we
find that in the Best Estimate Scenario (50% of remaining TRR),
China's oil production is expected to reach a peak in 2020 at 226.79
million tons of oil production. This consists of 71.56% of conven-
tional oil and 28.44% of unconventional oil. Under our Stays Low
Scenario (10% of remaining TRR), China's oil production has most
likely already reached its peak. Under the Ever-Rising Prices Sce-
nario (90% of remaining TRR), China's total oil production is ex-
pected to peak at 234.63 million tons in 2023.

With these forecasts, China can expect that its oil production
will begin to decline in the next few years, even if prices do rise to
higher levels. Even at the highest price scenario, peak production is
expected in 2023. If prices remain below $50 per barrel, we expect
China's production will begin declining very soon, likely in 2016.

The world situation is likely somewhat parallel to China's,
especially if prices remain under $50 per barrel. It is difficult to
extract unconventional oil profitably with prices at such a low level.
Unconventional oil is becoming a larger share of total oil supply
elsewhere, including United States' oil from shale and Canada's oil
sands. If prices stay low, it would not be surprising if world oil
production declines, because unconventional oil remains
unprofitable.
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It might be helpful if researchers determining TRR of oil fields
could associate with each analysis the amount that is technically
recoverable at various price levels, such as $50, $100, $200, and
$300 per barrel. This may be difficult to do in practice, because
there are many components of required prices including the cost of
capital, likely tax levels, and costs associated with a particular field,
such as the cost of moving a city with a large population in order to
get to the resource.

The assumption that forecasters nearly everywhere make is that
we can always have as large a quantity of resources of each desired
type as we want, because prices will rise to an adequate level to
enable extraction, or substitutes will be found. If the assumption of
ever-rising prices isn't really true, perhaps we need to scale back
our view of what will be possible in the future. In fact, perhaps the
“Peak Oilers” will prove to be right, after all. The main difference is
that the peak in oil productionwill come through low prices, rather
than the high oil prices everyone was expecting.
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