Comments by Jean Laherrere on the article by Paul Holberg & Richard Hirsch:

"Can we identify limits to worldwide energy resources" 

OGJ June 30, 2003 p20-26

What goes up must come down. Yet, people do not want to think about decline when our society is based on growth. The US oil industry has been in decline for a long time. US oil discovery peaked in the 1930s (see EIA 90-534), US oil production peaked in 1970, the number of US wells in 1981, the members of AAPG (Association of American Petroleum Geologists) in 1985.

Furthermore, people are very conservative and reluctant to move. During the past 50 000 years mankind has survived because it was always moving in front of necessities; glaciation, other climate or sea level changes, lack of food, invasion. Evolution means change. The modern consumer does not want to change his way of life.

The US has been so accustomed to be ahead of the world that they refuse to consider that they are now behind. The US with Liberia and Bangladesh are the only countries refusing to apply the metric system called SI ( international system of units). The USDOE (as every federal agency) has been obliged since 1993 to use the SI, and this article is a good example, since the US energy resources are given in quads which is an obsolete unit (quad = 10E15 Btu = 1.05 EJ when the Joule is the SI energy unit. Canada and Australia report energy in PJ (petajoules) or EJ (exajoules). There are several official definitions applying to the US barrel (a barrel, liquid measure, is usually 31 1/2 gallons, a barrel of flour is 196 lbs., of beef and pork, 200 lbs., in Maine a barrel of fish is 200 lbs.), but not for a barrel of oil and the USDOE has to add "42 US gallons" every time it mentions barrels. Hardwicke (1958) points out that Texas had (and maybe still has) a 31 1/2 gallon definition for a barrel of any liquid including oil.  This weights and measures' statute therefore forces the parties to specify 42 gallons as being a barrel in any bulk oil barrel deal.  If not specified in the contract, the barrel of oil will be judged to be 31 1/2 gallons by the State and in the courts.  This is one state's difference between common usage (42 gallons) and that stated in a statute.
The standardized 42 gallons size was decided by the oil producers in 1866 (before, it varied from 40 to 50 gallons) and has been in fact 40 gallons with an allowance of 2 gallons in favor of the buyer. It was adopted in 1872 by the Petroleum Producers Association and in 1882 by the US Geological Survey and the US Bureau of Mines. The US oil industry uses the abbreviation of bbl for barrel without knowing what it means. After a long search I found that the term means blue barrel and there are two explanations for the blue color: one, it was the color of crude oil barrels in a refinery when the red barrels were of refined product; second it was the color of the Standard Oil which was ruling the industry at the time. All these obsolete practices should be changed.

Norway reports oil production in cubic meters and UK in tonnes.

The US oil industry uses M for thousand when every American used Y2K (and not Y2M) for the year 2000 and when the SI (which is the law for the rest of the world) uses M (mega) for million, as the US consumer who uses RAM memory from 128 to 512 MB (million byte or megabyte) for his computer. US temperatures are reported in Fahrenheit when in Europe it is in Celsius. This seems of little importance but confusions are costly and unforgivable. The loss of Mars Climate Orbiter in fall 1999 was due to the fact that the NASA sent the instructions to the probe in newtons (SI) when Lockheed had designed it in pounds. None wants to be accused of using "French" units and figure 6 is entitled offshore to 9 840 ft, which is in fact 3 000 m. Indeed royalties in the Gulf of Mexico are now measured by depth in meters (SI rules of 1993) and not anymore in feet. But “meter” and “decline”, are politically incorrect words.

The US were ahead 20 years ago for credit cards, but now US cards are without chip (microprocessor) when in Europe everyone has credit cards with chips that are much safer.

The US industry is obliged by the SEC to report proved reserves when the rest of the world reports proven+probable. The proved reserves are designed to provide growth to please the banker and the shareholder. In onshore a field is slowly developed and reserves grow in time with the drilling of producing wells and the installment of injection wells. Proved reserves grow with investments. But in deep offshore with expensive platforms everything is installed at the start (producers and injectors) where infrastructures are designed to fit not the proved reserves (high degree of certainty) but the expected reserves (mean value or proven+probable). Designing a platform to the proved reserves will be a costly mistake for being too small, the discounted production will be less and installing further developments on a platform costs much more than at the start. Statistically a mean value does not grow, some will increase but others will decrease. From the USDOE annual reports from 1977 to 1999, in over 90 % of the additions of proved reserves, the average reserve additions come from revisions of past fields by reserve growth, and the positive revisions were about twice the negative revisions (meaning that the probability of existence was about 65 % and not 90% as instructed by the SPE/WPC rules). But for 2000, the USDOE reports that the negative revisions were higher than the positive revisions, meaning that reserve growth does not work anymore in the US. MMS (Mineral management Services) for the Gulf of Mexico has reported the same thing for their reports 1998 and 1999 (the 2000 report is still pending!). The SEC was approached by the SPE/WPC (2001) team to change their definition, but they still refuse the probabilistic (modern) approach. "Probabilistic methods of reserve estimating have become more useful due to improved computing and more important because of its acceptance by professional organizations such as the SPE. The SEC staff feels that it would be premature to issue any confidence criteria at this time."

The USGS 2000 report did a terrible mistake by confusing the proved reserves (assumed to correspond to a probability of 90 % from the SPE/WPC 1997 rules) - as reported in the US and Canada - and the reserves of the rest of the world coming from Petroconsultants (as of end of 1995) which are the proven+probable (probability of 50 %). The USGS 2000 study headed by Tom Ahlbrandt applied to the rest of the world a reserve growth function coming from past old fields, mainly heavy oilfields found one century ago) . This reserve growth was not obtained by USGS Ahlbrandt's predecessor Chuck Masters, (who provided the world resources for the WPC of 1994 and 1997) using only inferred reserves and not proved reserves. Most of the USGS 2000 study relies on  a probabilistic approach, using Monte Carlo simulation to provide reserves distribution to every petroleum system from a very simple sheet of paper (called the seventh approximation), where a single geologist was asked to tell only the mini, median and maxi number of future undiscovered fields and  their size. From these simple six numbers without any connection to the past discovery, all the undiscovered distribution of the world was estimated.

The paper by Holtberg and Hirsch (H&H) has fairly old references, as the most recent articles are only from 2001. My paper with Colin Campbell is dated 1998, and since then we both have published many more recent papers, updating data and changing definition. We improved ourselves from our mistakes (our dry holes). We have been accused to use a static approach, it is the opposite, and we change our definitions in particular. In the past we considered only the conventional, now we consider all liquids, such as synthetic oil from tarsands, natural gas liquids and even the refinery gains, since in a refinery one barrel of crude oil increases its volume when cracked and hydrogenated (hydrogen from natural gas), it is in fact a kind of gas-to-liquids (GTL).

Colin Campbell has published in ASPO (Association for the Study of the Peak Oil see www.peakoil.net) a complete set of discovered and ultimate by country and a chart giving the conventional oil, as the total liquids, from 1950 to 2050 (peaking at 30 Gb/a around 2012 for liquids). His definition of conventional excludes heavy oil, deepwater and polar fields.

My definition of conventional excludes only the extra-heavy oils (Athabasca and Orinoco.

Since 1998 (see www.oilcrisis.com/laherrere/bibliography) I have published about 70 papers in English and French. My comments on the USGS 2000 report have been published in several papers in 2002 and 2000. My last paper on future of oil supply was presented at the Swiss Institute of Technology in May 2003.

I am mainly interested by facts and graphs. And I update my graphs as soon as I get new data.

The H&H article brings the following remarks: 

Figure 1 is presented in quad which is an illegal unit for a federal agency.

Figure 2 is a beautiful example of the bad impact of technology which allows to producing quicker but increases depletion without adding reserves. The study of many conventional oilfield declines shows that new investment and new technology increases for a while the annual production but not the final recovery (Forties for example) when in other cases the decline and the ultimate recovery worsen, for instance East Texas oilfield where ultimate decreases from 6 Gb to 5.4 Gb. In AAPG memoir 74 Sneider ("New oil in old places") claims that Auk oilfield in the UK was a good example of reserve growth with estimate at 93 Mb in 1988 and 180 Mb in 1998. In fact in 1988 the oil decline on the following graph was already well established with ultimate around 160 Mb. From 1993 to 1998 annual production raises, thanks to more investment in horizontal wells, but in 1999 the decline was back and steeper (as usual after technology miracle) and ultimate from the decline is still around 150 Mb (cumulative production up to 2002 is 132 Mb, for Brown Book 162 Mb and for the operator 144 Mb.  The claim by Sneider that recovery was improved from 17% to 30% by the new drilling is false.

Graph 1: Auk oil decline
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Auk is a good example of no reserve growth but of steeper decline after a rise in production. In terms of dollar it is unlikely to be a success, as the discounted advance in production will not match the additional investment, but it is definitively not a success in term of leaving some oil for our children.

The oil industry should look more at the impact of new technology in the fishing industry. The North Atlantic cod, which provided food, wealth and job for more than 500 years to many countries, is now extinct. The new technology was the trawlers which provided very quickly large landings but also very quicker, larger declines. Quotas were issued and everyone agrees that the catch should be only 20% of the resource. But the scientists of the DFO (department of Fisheries and Oceans in Canada) estimated with a "Virtual Population Analysis" (reminding the USGS seventh approximation) too optimistic values of the resource and in fact 60 % of the cod resource was caught (the cod food being the caplin). Two months ago, the fishing industry of the North Atlantic cod was definitely closed after 10 years of moratorium, where tens of thousands of fishermen were paid unemployed in the hope of a recovery which did not come.

Figure 3 displays the saturation of the US compared to the rest of the world. But H&H fail to recognize that the US is different from the rest of the world as onshore oil is owned by the owner of the land when in the rest of the world oil is owned by the State. There are more than 20 000 producers in the US against few tens in other countries.

The creaming curve (cumulative discovery versus cumulative number of New Field Wildcats (NFW)) is the best tool to estimate the Ultimate and the following graph displays the creaming curves by continent and for the US. The cumulative number of NFW is displayed in log scale, since for the Middle East over 800 Gb were found with less than 4000 NFW when in the US 210 Gb were found with over 330 000 NFW, which is 4 times less reserves with about 100 times more exploratory wells.

Graph 2: Oil creaming curves by continent
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For the Middle East the first 1000 NFW found 650 Gb, the last 1000 NFW found about 20 Gb, and the next 1000 NFW will only find  less than 10 Gb, except if there is a new cycle but as there is no deepwater in the ME it is unlikely. 

Graph 3: Middle East oil creaming curve

[image: image3.wmf]Middle East oil & gas creaming curve 1905-2002

0

100

200

300

400

500

600

700

800

900

0

1 000

2 000

3 000

4 000

5 000

6 000

7 000

8 000

cumulative number of NFW

1962-1969 U=770 Gb

1970-1973 U=820 Gb

1925-1961 U=600 Gb

1974-2002 U=870 Gb

O+C Gb

G Tcf/10

number of fields divided by 2

Jean Laherrere 03/2003


Figure 4 is from John Wood’s (USDOE/EIA) 2000 paper "Long term world oil supply " and presents our (Campbell-Laherrere) 1998 Scientific American estimate. In a recent paper Wood 2003,  uses again our 1995 estimate of 1800 Gb conventional ultimate to compare to USGS 3003 Gb estimate with an interpretation of a hypothetical 6000 Gb world original oil-in-place resources base. H&H in figure 4 shows the same graph but omitting to mention the hypothetical volume in place indicated by Wood. He wrote " Campbell and Laherrere's prediction relies on their own estimate that ultimate recovery will be about 1.8 trillion bbl of crude oil (out of an in-place resource of 6 trillion bbl"   "Both assume that the in-place crude oil resources is roughly 6 trillion bbl. However, the USGS resource estimate used by EIA assumes that 50% of the in-place resource will be ultimately recovered, when Campbell and Laherrere assume that only 30% of the resource will be recovered."  These statements are false. We have never mentioned the world oil in place and we do not assume anything on recovery, as in many papers I mention that recovery factors are unreliable since oil-in -place is never known with certainty (as opposed to reserves) and is politically biased when published. It is obvious that H&H have not read our papers.

Figure 5 displays the potential of deepwater but if deepwater discoveries have been impressive in the last decade, most of experts agree that the peak of oil discoveries is over.

Figure 6 is titled "offshore to 9840 ft": why choosing this odd value?

H&H state that the flaw in our approach is that the potential for worldwide exploration has expanded significantly. Holtberg and Hirsch are not geologists and they ignore that the potential of basin depend primarily of the potential of the source-rocks. We have been studying the world potential for more than 12 years, as independent geologists, and our ultimate has not changed much since we are convinced that 90 % of the oil has been already discovered. What has changed is the definition of oil, because primarily it was for conventional oil and now we cover all the liquids. It is the main reason for the change in the timing of the peak oil, as in fact it is not the same oil!

In the chapter on Hubbert curve, H&H state that the Hubbert theory depends on three factors; oil-in-place, recovery factor and that production cannot be asymmetrical with technology application. These three factors are wrong. Hubbert assumed that oil needs to be found before being produced and that the production pattern of a country is similar to the discovery pattern. He assumes that the ultimate of the US was about 200 Gb and for this ultimate he forecasted in 1956 a peak for 1970. He also used an ultimate of 150 Gb. As the ultimate of the US 48 is about 200 Gb, his forecast for 1970 was right and then people started to listen to his theory. Everyone knows that the production pattern of a well is asymmetrical: if produced as full capacity its production will decrease the next day with the pressure. An oilfield production pattern is also asymmetrical: quick rise, a plateau depending on the good practice and of the transport potential and a slow decline. But in most countries discoveries occur through cycles; in the US there was the cycle of the Lower 48, then the cycle of Alaska and now the cycle of deepwater.

Graph 4: US oil creaming curve
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Now the aggregation of a large number of fields, as in the Lower 48 where there are more than 30 000 fields and more than 20 000 producers,  most actors behave independently (except during proration or depression or high price), therefore random prevails and the aggregation of a large number of asymmetrical curves give a symmetrical (normal) curve. It is the Central Limit Theorem.

The Hubbert curve fitted to the annual discovery of the US 48 peaks during the 1930s and when shifted by 35 years it fits perfectly the annual production. In fact it is not necessary to draw a Hubbert curve, the correlation of production with a shifted discovery allows to forecast future production using the shifted part of discovery.

Graph 5: US Lower 48 annual oil discovery and production
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Almost every production by country can be modeled using symmetrical cycles as I have shown in many papers, displaying the correlation between discovery and production after a certain shift. The problem is that production is often constrained by demand, as it was in 1979 when world oil production peaked because of high oil price (in fact not the present high oil price but the high price forecasted for the long-term which was for many about 100 $/b) and it took 15 years to return to the same level.

The world cumulative conventional oil graph displays a simple logistic curve, as shown in the following graph, which can be extrapolated to an ultimate of 2 Tb. The 2000 USGS estimated cumulative for 2025 at 3 Tb for conventional oil looks difficult to reach.

Graph 6: World cumulative oil discovery and production
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World annual oil "mean backdated" discovery has peaked in the 1960s. 

Graph 7: World annual oil discovery and production
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Since 1980, annual discovery has been lower than annual production, meaning that the remaining reserves have been declining since, but one cannot find this in  "political" (as reported by governments) reserves as published by the media. This graph is almost identical to the graph published by J.H. Longwell from Exxon-Mobil in 2003, confirming that proved reserves as published by the media are unreliable, because they have kept on growing since 1980.

Graph 8: World oil remaining reserves from political and technical sources
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Some of my graphs being published in the World Energy Council reports. 

In my presentation at the 2001 OPEC seminar I have displayed the correlation between gas discovery in North America and production, predicting a soon coming strong decline.

Graph 9: US+Canada+Mexico annual gas production and shifted discovery 
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This graph drawn in 2000 where gas production was rising is confirmed by the present decline and few people now hope that the situation will improve soon.

H&H state that Wood has displayed several scenarios for an ultimate of 3003 Gb (the accuracy of the estimate looks strange and shows the USGS’s lack of understanding of the accuracy of such estimate and furthermore the value given by the USGS 2000 http://greenwood.cr.usgs.gov/energy/WorldEnergy/DDS-60/ESpt4.html is 3012 Gb). They state that Wood forecasted peak between 2030 and 2075, assuming growth between 0 and 3%/a

The graph shown in Offshore 2002 is for a peak in 2037 with a growth of 2%/a and a decline of R/P=10. Using so much oil and leaving so little for their grandchildren is for me a criminal hypothesis. Hubbert curve is useful to display the future production and looks better for me than using constant growth and decline as Wood did. The comparison of Wood forecast for 3 Tb for conventional crude (25 Gb/a in 2002 when the liquids is 28 Gb/a) with Hubbert models for 2 Tb and 3 Tb is shown. I prefer the smooth peak than the angular peak.

Graph 10: World conventional crude oil production forecast from Wood and Hubbert models
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In reality,  poor economic forecast demand will constraint the demand, and crude production will display neither a smooth peak nor an angular high peak, but a bumpy plateau. But in fact this graph is just a part of the supply corresponding to a crude production of 65 Mb/d (25 Gb/a) when the oil demand (liquids) is 75 Mb/d. USDOE should provide the forecast of the full demand.

H&H mention the gas hydrates resources as 300 000 Tcf, again it is an obsolete estimate, the most recent (Soloviev, 1999) has decreased this estimate by a factor of 50 to about 6 000 Tcf (Laherrere 2002), much less than in the geopressured aquifers which were tested in the 70s in the Gulf of Mexico and abandoned.

I remind that Les Magoon, co-author of the USGS 2000 study, has published a separate poster which displays our supply peak as the "big roll-over" like other peaks.

USDOE is one of the best databases and I use it very often, but in terms of forecasting they are not as good, by far, on price and even on production.

.

In conclusion, H&H should try to update their views on oil and gas resources and read more recent articles.
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