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Abstract

This general paper addresses the conflicting and competing challenges in E&P. It provides a high level overview of the challenge ahead in meeting global energy demand and also describes the status of the E&P business today and the forces changing the industry nature. It asks where will the industry go to find the oil and gas needed to replace field decline and achieve growth, and what might it cost. Global hydrocarbon demand from wellbores is forecast to almost double to around 220 mln boe/d by 2030 in association with the energy needs of a global population of 8 billion. In addition to installing supply capacity for such growth, E&P must also replace reservoir decline at existing fields. Meeting this supply need translates to E&P being a growth business with high single digit growth of supply capacity. 

The current world hydrocarbon proven reserves pool is  broadly 1100 bln bbl oil, 750 mln boe of gas and 3000 bln boe of unconventional oils like bitumen and oil sands resources. There is sufficient conventional hydrocarbons for 40 years supply at current demand levels and more if unconventionals are included. The historical success of the E&P industry in ensuring demand is met in a volatile and changing world, has perhaps led society as a whole to take energy demand needs for granted. The paper suggests that the future for the E&P industry is going to be much more difficult given the scale of demand growth and the investment levels required which are almost beyond  belief. 

We in E&P need to educate society to the scale of R&D and investments required, the time taken to access and develop hydrocarbons and to translate them from geological deposits to vital fuels or feedstock’s. For demand to be met, the E&P industry will have to be highly innovative whilst providing acceptable returns for investors. This is a significant task.

1. History, Supply /Demand and Growth

Global hydrocarbon demand from wellbores has grown from around 90 mln boe/d in 1980 to around ~128 mln boe/d today (of oil plus gas). The E&P industry has  collectively been a marvel of both technological innovation and of improving E&P cost structures in accomplishing this increase.  

A wide range of technologies have been developed and deployed since 1980. Reflect on seismic, 2D, to 3D to long spaced, large offset  3D, to PSDM, now to 4D. In wellbore technology, we have had highly deviated wellbores, extended reach drilling, horizontal wells, multilateral wells, multiple fracced horizontal wells, underbalanced drilling and coiled tubing drilling. In offshore technology, there has been the development of deepwater fixed structures, then the tension leg platforms, there are  floating production systems and subsea wells in water depths to 7000 ft. The industry has introduced a whole new set of materials from fusion bonded epoxy pipes, gratings and coatings to special steels in our pipelines and facilities. The industry has become significantly more efficient at locating hydrocarbons, at putting in place optimum reservoir drainage systems which connect the maximum amount of reservoir rock and minimise reservoir and production system pressure drop with maximised facilities and pipelines uptime. 

Over the next thirty years technological innovation will have to be as successful as we have been and there are early signs that it will occur. In wellbore technologies, we are seeing expandable tubulars develop rapidly, intelligent well technology and the further evolution of multi-lateral wells towards complete selectivity and sand control coupled to downhole measurement and automation is on the near horizon. We have new tools for measuring and sampling downhole rock properties. Eventually we may get as efficient or better than a tree root system in extracting nutrients and water. The concept of a tree root, comprising semi permeable membranes, which seeking out the remaining oil, evolving once below ground over time as needed certainly merits some reflection. This is using  technology to mimic nature, but focusing on hydrocarbon extraction (not water). Surface facilities will become much more efficient and reliable with considerably more automation capabilities. One might reflect on the scale of the produced water production in 2030 associated with 220 mln boe/d and how the industry will manage it. There is potential to develop efficient downhole separation of oil and water on a commercial scale which would substantially reduce development costs by reducing surface handling systems. Locating hydrocarbons will also become even more efficient with improved surface detection and quality subsalt seismic.  E&P industry will continue to drill dry exploration wells but they will be cheaper and there will be much less of them.       

All of the new technologies above and a large number of new innovations will be required if the industry is going to meet demand growth from 128 mln boe/d to around 220 mln boe/d by 2030 (Figure 1) which is double the increase in demand over the last twenty years. This   equates to 1-2 % pa for oil and 3 % pa for gas. It is possible that by 2030 the mix is 50 % oil/ 50 % gas. In addition to installing supply capacity for growth E&P must also replace reservoir decline at existing assets. Decline rates vary from only 2-3 % pa in some OPEC/major hydrocarbon resource holding areas and ranging from 7 % pa up to 20 % per annum in some deepwater and mature environments. Global average decline may be approximated as some 4-5 % heavily weighted by OPEC/major resource holding countries. Meeting supply growth (1-2%) and replacing decline translates to E&P being a growth business with high single digit growth of supply capacity under most cases. 

The logic of demand growth may be explained in terms of global GDP growth of 1 % resulting in some 0.5 % energy demand growth. A more simple answer is (Figure 2) that about 70 % of oil demand ends up as transportation fuels and this area is forecast to grow fast. Developed societies tend to enjoy their cars, trucks, and buses and like flying in planes. Today globally there is some 700 million cars and trucks and it is forecast that there may be about twice as many by 2030 as the rest of the world develops and expects the same standards of living as those experienced by those fortunate to live in developed world in areas like N America, Japan or Europe. But there is a challenge, one might consider Warren Buffet’s ’99 Fortune magazine warning, “the Automotive industry meets the needs of society… but did not create much value” and has not be an entirely rewarding for investors. Oversupply, state aid in a number of nations, irrational pricing have all contributed to a poor record of profitability in the automotive industry.  These cars may be small with 0.5 litre engines or perhaps  large vehicles with 6 litre engines. It is possible that high compression (or diesel) combustion engines may  become the common vehicle of choice. Almost universally it is agreed there will be considerably more cars and fuel consumption. 

Considerable effort has been made to date to provide alternatives to the car, several developed countries  have world class trains/buses/trams & infrastructure as alternative transportation. Also the use of fuel taxes and taxation on car engine size has been used, resulting in gasoline (petrol) costs higher than $4/gallon. Despite these introductions, large engined cars and four wheel drive vehicles are still a fast growing option in many countries. The reasons given are that affluent people can choose big cars, which are considered fun, fashionable and safe.  Also the costs of motoring are relatively insignificant and larger vehicles offer a means to demonstrate affluence, like jewellery. The introduction of hybrids and equivalent alternative fuel cars will have some impact, however it should be remebered that their degree of penetration is still very small (eg USA 0.6 mln vehicles out of 205 mln), and that the engines of such vehicles are required to be large to meet the acceleration, size and feel needs of their affluent owners. 

A similar demand growth indicator is observed with aircraft (Figure 3) today we have about 15,000 commercial jets worldwide. We have seen in North America in the last 8 years about a 70 - 80 % increase in numbers of short haul flights daily representing rapid on ground turnarounds and improved uptime. Forecasts suggest that we may see some 32,000 jets by 2030; this could represent a huge increase in fuel demand. There will be considerably more people on the planet and there will be more flights. 

In natural gas, which is becoming the choice fuel for power generation and domestic heating etc there will be growth even faster than oil demand, of 3 % pa as a global average. In localised areas it may be as high 8 % pa growth. Perhaps there may also be major inroads into transportation by natural gas, but in any case we are likely to be in a world by 2030 where hydrocarbon demand is around 220 mln boe/d in energy equivalents.

Essentially what we are observing is that people are becoming more temperature sensitive and “adjusting the thermostat” more than in the past, and requirements in terms of both central heating and air conditioning per person in OEDC is higher than in the past.

If one considers global proven hydrocarbon resources today we have 1100 bln boe oil; 750 bln boe gas and 3000 Bitumen/oil sands. Global consumption is 44 bln boe per year which may grow to 88 bln boe per year by 2030. We have sufficient to meet the next 40 years of demand or more. In short the world is long on hydrocarbons, about 80 % of these is in onshore areas, in low cost areas controlled by governments. Some of these areas are relatively mature and more are opening up each day. Whilst there is an abundance of hydrocarbons on the planet earth, there is not an abundance of quality E&P investment opportunities. A quality investment is one where there is a likelihood of achieving an acceptable return for the different risks taken given the uncertainties around commodity prices. 

2.   Investment costs 

Using the last thirty years of investment as an indicator,  one can extrapolate a possible scale of the investment required to meet this demand (Figure 4). Public oil company data is available but national oil company investment levels (OPEC etc) are more difficult to estimate. In 1970 the E&P business (approximated by top 500 E&P companies, excluding national oil companies) spent an estimated $20 bln pa which grew to ~$60 bln pa by 2000. This reflects a huge effort in the Non-OPEC countries, funding large new developments in North Sea, N America (from Alaska to the GoM Deepwater), SE Asia, S America and W Africa whilst investing heavily to offset decline in the main producing areas. [It is likely that we will see huge investments being needed growing to above $100 bln pa by 2010 and continuing to potentially to $200+ bln pa by 2030.]

There may be a significant impact of technology in reducing future investment costs proves very difficult to estimate. If one arbitarily assumes a thirty percent saving every year of the future based on extrapolating the past for the benefits of new technology, this equates to savings of tens of billions of dollars per annum. However, irrespective of the impact of technology, the absolute investment levels are almost unimaginably large. To achieve these large assumed savings requires considerable R&D investment and there is much industry debate if the present levels of research and development by the industry are high enough when compared to levels of other major industries. (Figure 5).  The E&P oils have in aggregate  reduced research and development funds in the last decade both resulting from mergers and possibly under pressure to achieve acceptable shareholder returns in the shorter term. Today the entire E&P industry research annual spend is about 40 % of Pfizers, which seems light, given the capex pressures ahead. Essentially if one accepts the reality of a E&P capex in excess of a trillion dollars per decade over the next three, then R&D levels will need to be higher than current levels or alternatively, the industry R&D efficiency factor or value creation ratio, is going to rise exponentially. I don’t see this as a likely outcome. There has been an increase in R&D by the major oilfield service companies, perhaps reflecting in part a handing over responsibility for innovation and technology development in the E&P industry but it does not offset the decline in spend by the bigger oil companies. There will always be some debate about how we label R&D in E&P and the appropriate accounting treatment of R&D, but I would advocate that the R&D spend is insufficient at present to achieve the scale of cost reductions required.

If huge E&P technology leaps forward do not continue, oil companies will have rapidly increasing investment levels and achieve very low returns on invested capital for their shareholders. If commodity prices remain high this effect will be limited for a while, but over the next two decades it will become quite severe. An alternative way to achieve acceptable returns at lower prices would be  government subsidy or tax breaks for energy companies, I don’t consider this a popular idea or likely at present.  

Calibrating the above global investment picture with the five largest integrated oil & gas companies (Exxonmobil, BP, Shell, ChevTex, TFE) may be useful. The big five oil companies have grown production volume in aggregate by some 20 % in oil and 15 % in gas since 1993 to a level today of 14.8 mln boe/d. The associated investment levels were some $18 bln pa in 1993 and $32 bln in 2003. This significant increase in investment has been in deepwater developments in GoM and West Africa, onshore gas, major Caspian devts, LNG devts, China devts, Oil sands/heavy oil devts, and many others and considerable investments in the existing producing heartlands.

Amongst the next tier down the big four independent N. American gas players (Encana, Anadarko, Burlington and Devon) in 2002 in aggregate invested about $ 8 bln to maintain about 1.7 mln boe/d (8 Bcf/d of gas plus some oil) and are forecasting increasing investment levels. To this $40 bln a year for the above nine companies one can add roughly another $20 bln for the remaining E&P oil companies of all shapes and forms (excluding the national oil companies). 

Another possible cause of increased investment is the scale of E&P investment projects which are getting larger. In the last decade, a mega E&P investment was a $1-2 bln deepwater development or a $6 bln integrated LNG scheme, nowadays a big E&P investment is $10 bln. Some examples being Sakhalin II development, $7 Bln for a GTL scheme or the reported $10 bln  Khizomba (A, B, C) developments in Angola or the $10 - 20 bln development of a giant Caspian oil field like Kashagan. On this basis it is possible that investment levels in the E&P business are rising strongly. 

It is expected that there will be changes in this trend in response to technology breakthroughs and perhaps oil price collapses, during which historically the industry costs have reduced. I would advocate that the significant upward trend is unavoidable. EP will be an increasingly capital intensive business in future.     

Technology development and implementation has allowed development of increasingly complex and economically marginal fields. The rate at which these benefits have come is not fast enough to drive unit costs down materially further. We have still a lot to do in technology deployment and in reducing the industry cost structure further. There will need to be hundreds of great new technological innovations like tree root wells or whatever which can be rapidly exploited. 

3   Six Competitive Forces Shaping the E&P Industry 

There are six logical forces evident in the Exploration & Production business today, which may shape its future. 
The first is continual pressure to achieve structural cost reduction. Essentially this is improving business efficiency through process reengineering, improved supply chain management, globalising to remove duplication of activities and achieving economies of scale.  The second is E&P portfolio restructuring. This involves upgrading the E&P portfolio by selling off fields and assets ideally to a buyer with either some competitive advantage or simply offering a high price based on a different outlook on the future. The aim being to reinvest the sales proceeds in a better E&P investment opportunity elsewhere achieving a higher return or return the funds to shareholders. 

The third is shifting to gas for all the environmental, economic factors mentioned earlier. There is a huge effort ongoing in the development of gas both in terms of building regional pipeline infrastructure and also export options like liquefied natural gas LNG. Many companies are also seeking a way to transport gas more effectively than the costs of purifying and cooling it down to minus 160 degrees C and exporting as LNG. Large scale gas conversion to liquids at economically attractive prices remains one of the E&P industries great challenges. Pilot plants have been built successfully in a number of areas globally, but the next step to a 50,000+ bbl/d scale plant has yet to be made, but it is close. When it is finally achieved, it may finally transform the utility of gas from a less desirable exploration byproduct in many new hydrocarbon basins to a highly marketable global commodity like oil. 

The fourth is achieving growth in earnings via production volume growth, which is the expectation of shareholders in general. These growth routes being either through exploration or taking over management of either greenfield or brownfield developments for a resource owning government or acquiring the fields and facilities of others.  

This choice could be viewed simplistically as a choice of investment; i) “Old world” E&P, effectively the OEDC countries (N America, North Sea, a number of former European colonies and a few legacy Middle East positions), ii) reentering the big five low cost oil major resource holding countries of the Middle East, or iii) investing in the less developed “New world” E&P  countries. The “New World” E&P comprises all other hydrocarbon basins outside the Middle East. Choosing which of the three options to actively pursue and at what pace remains a challenge. The options on offer being; high cost/high price upside, low costs with low and fixed return or potentially variable costs with possibly variable risk and return. 

Today “Old World” E&P is where EP has made the majority of its earnings since the 1970s. Essentially these are often higher cost areas with considerable risks but with considerable price upside at higher oil prices. “New world” E&P (Caspian, West Africa, S America, SE Asia, Russia) is where the remaining significant hydrocarbons reside in the future. Many of these areas do no not have the attractions of low cost to develop hydrocarbons. As in the Middle East, in these “New World” locations governments control hydrocarbon access, profitability and often development pace. The commercial terms of these investment opportunities  represent a gradual shift from Tax & Royalty type commercial environments through Production Sharing Agreements to Buyback Contracts and to Multiple Service Contracts beyond. Often the hydrocarbon opportunities involve immature gas markets or absence of infrastructure, and require long investment time periods with payback periods measured in decades for which investors need deep pockets and patience. Oil companies need technology and commercial creativity to make these huge ventures work. At the extreme these E&P opportunities are very large complex government contracts (cost plus) with very challenging conditions and often very limited upsides.  

In many of these hydrocarbon opportunity countries there are special social structures, politics and customs. They are at a very different stage of economic development to OEDC, their track record as a place for investment is different; their stability is also very different.  Some hydrocarbon basins are in places in the world where capitalism and market forces may not be the highest objective of the nation. The national priorities may be for example, economic development, healthcare, defence, and education which are placed equal or even above  the needs of investors. The E&P industry has experienced everything from nationalisation of fields and facilities to wars to just recently new taxes even in the relatively stable North Sea. The industry is resilient and has adjusted to many forms of change and will do so in future. The debate on how to slice up the pie for new developments between providers of capital, knowledge and technology and the resource holding country is continuous. 

In general, the smaller independent oil companies have largely decided that “Old world” E&P is their circle of competence and that they may not achieve the rewards from “New world” E&P. For the very largest oil companies, because of their much larger scale and volume needs (3.5-4.4 mln boe/d per company), there is no alternative to moving from Old EP to the Middle East big five and New world E&P, because of the rate of decline of their “Old world” E&P resources. The pace of movement into these areas and which opportunities to select, offers some difficult choices. This is a continuation of the same forces which led the US majors to shift to overseas exploration (Middle East, S America, European North Sea) in the earlier part of the century. One only needs to reflect what the North Sea area or the Lower 48 or Alaska oil contribution will be by 2030 to calibrate this movement. High commodity prices or tax incentives leading to renewed efforts in all forms of enhanced oil and gas recovery may delay the rate of migration from Old E&P, but the shift is inevitable.   
The fifth force is the increasing needs of oil company stockowner’s that require improved financial management of balance sheets and assets. They expect high returns on capital employed, annual reserves replacement, and a clear route to earnings growth. All of this coupled to increased need for transparency and credible future forecasts of earnings. This is a trend seen throughout the stock markets on all companies. 

The sixth force is industrial consolidation which has been a part of all major industries under the above five pressures. (Figure 7)  is a simple picture of the last 50 years showing the change in N American top 35 companies since 1950, now there are only 8 consolidated entities, large numbers of smaller E&P companies have sprung up and all are busy consolidating too. This has been and will be an essential part of the EP industry as fields and assets change ownership. Where this ends, it is difficult to predict other than there is a size above which regulators may get interested, although to date this has been around infrastructure leveraging and potential abuse of downstream scale. Over the next decade there will be further consolidation and we can only guess at what might happen, some company cultures logically fit with others and the geography and political elements of the industry are sure to play a part.  

The national oil companies and former national oil companies will be active players. One example is the former State Oil Company of the United Kingdom who today owns of much of Rockefellers legacy, BP. One interesting longer term scenario might be that E&P control moves to the lowest cost producer Saudi Aramco who after public floatation decides to consume or merge with the remaining super major player. The metrics used to value a Saudi Aramco with 200 bln boe of proven reserves and ultra low unit technical costs or a Gazprom (100 Bln proven) in the stockmarket simply fire the imagination.  These six forces above will shape the industry future.

One real high level concern over this industrial consolidation is that it often represents a transfer of ownership of fields and facilities and new exploration prospects and acreage, but do not result in an increase in global hydrocarbon supply capacity. Transfer of company assets may be beneficial in terms of efficiencies and gains to owners but does not generally increase the size of the global hydrocarbon resource pot. 

Given the demand growth challenge on a global scale, the E&P industry needs to look to ways increase the overall pot of hydrocarbons.  This will involve getting higher recovery factors from existing fields, more efficient exploration and reducing development costs through technology.

Much has been written about renewables and they will be a part of the energy mix in 2030. Hydrogen fuel is considered promising, but its generation consumes considerable energy in manufacture from either electricity or natural gas and it needs more technological breakthroughs or significant tax incentives to become a commercial proposition and widescale alternative.   

As the world evolves to 2030, with its projected population of 8 Bln people it is my express hope that we will not see half of that population existing on around $2/day as we do today, and that such poverty is substantially reduced. Equally I hope that the mechanism by which hydrocarbons get to markets like China, vs India vs USA is through a price mechanism and not alternative means of distribution (wars, political trading blocks etc).   

5.  Profits 

The E&P business is highly profitable, as a context, the big four integrated oil companies (Exxonmobil, Shell, BP, ChevronTexaco) in aggregate have grown E&P after tax earnings from around $10 bln in 1991 to around $20 - $30 bln today assisted by higher oil prices. By contrast the entire S&P 500 companies aggregate profitability is only in the range of $200-250 bln pa in the last 3 years (excluding the big negatives like AOL.), so the E&P component of these four is very large indeed. Historically this scale of earnings evokes government and public attention in terms of additional tax potential and political concerns.  But equally it will be required if the individual $10 bln scale investments are to be funded in the future. It  logically may make oil company and major resource holding government negotiations on appropriate risk/rewards and future slicing of the prize somewhat more challenging.   

Looking at the next level down of mini-majors and independents we see different drivers. Production growth is vital and where reinvesting all cash flows in pursuit of growth has been the accepted practice. The top ten independents have  aggregate earnings of $3 bln pa. Very few other capital intensive industries even approach this level of profitability. The desire to grow this scale of earnings may make the world almost too small for the super majors given that there are so few quality investment opportunities and considerable competition. However this will probably benefit consumers. 

It is useful to reflect on the markets and investor issues. The market has shifted its favour over time from asset intensive, absolute earnings, size and dominance towards high potential for growth and most recently high technology and Internet companies. The dotcom/telecom bubble over the last five years was just the latest in a long line. Today markets appear once again governed by the laws of physics, economics, finance and hopefully ethical behaviour. The migration away from owning assets and atoms to owning “bytes, intellectual capital and virtual equivalents where earnings involve travelling hopefully in the absence of free cash flows” appears to be rapidly reverting. It is clear that earnings today are very different to possible earnings tomorrow.    

As realistic expectations of returns become more likely, it is still not clear yet which companies will be market favourites in 2030 or the appropriate metrics which will be used to value them. Will it be sales growth or for EP production growth, or absolute earnings size offering stability, or return on average capital employed, or earnings diversity, or dividend reliability, or degree of debt?    

The super majors continue with returns on average capital employed versus weighted average cost of capital together with growth in net income normalised for mid cycle commodity prices to signal potential dividend growth. The independents to date have been tracked against volume growth and cash flow scale. If the bear stock market continues,  perhaps the independents  may  commence paying material dividends to offer shareholders an acceptable rent (like the majors) which will bring with it significant new cash flow management challenges. Irrespective, the value of a security over the long term reflects its earnings, many observers believe securities will only offer potentially 4 - 6 % (real) returns. It should be possible for the integrated oils to achieve that. 

My detailed reviews of E&P business histories have led me to conclude that holistically those that have succeeded have been characterised by a clear grasp of three elements :

1.   Accept that you cannot predict the future with any degree of accuracy

2.      If you want to survive, stay flexible, capable and open-minded, be humble 
3.      If you want to be a huge success, you must make large, high risk bets; accept that failure is a likely outcome and survival of the organization is put at risk.
In any case, in 2030 there will be representatives from the big oils and their exploration and production business in the top ten global companies in 2030. I am determined and driven to ensure that our company will be one of them!

Conclusion 

We in E&P are in a dynamic profitable growth business, which is capital intensive and requires high technology almost like space travel or the defence industry. We have an exciting challenge and the interesting conflicts of meeting global hydrocarbon demand and the needs of our various stakeholders. There are clear signals already that given the scale of investment required that it will be challenging. We will need to be as successful in R&D as we have been and should ensure we are not under investing in research we need. This will be vital if we are to meet the needs of society. 
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Nomenclature

bln  = 1 E09

mln = million

boe = barrel of oil equivalent

boe/d = barrel of oil per day

bcf/d = billion cubic feet per day

pa = per annum

OEDC = Organisation of Economically Developed Countries  

GoM = Gulf of Mexico

LNG = Liquified natural Gas

