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Energy and Water - The Real Blue Chips

By Nate Hagens and Kenneth Mulder

“The economy is a wholly owned subsidiary of the environment, not the reverse.”
Herman Daly, Steady-State Economics

odern economic theory has inculcated in financial professionals a nearly unas-
sailable belief that technology and human ingenuity will synergistically create higher and
higher stock market wealth over time. Evangelized by the financial industry, the belief that
equity indices will rise 10% per annum on average over the long run has become so
widespread it is viewed as a natural law in American investing culture and beyond.

But ecology, biology, and systems theory suggest a reality that is quite different. Dollars (and
all financial capital for that matter) are just markers for real capital, which is comprised of not
only natural capital (resources) but also of built, social and human capital. Primary goods
(water, energy, materials) are finite and as they are needed to make secondary goods (refrig-
erators, wind turbines, cars, etc.), these, too, are finite. However, tertiary goods (mortgage
derivatives, collateralized debt obligations, natural gas futures contracts, etc.) have been
limited only by the demand for them.

Due to its reliance on fiat currencies as a metric, standard economic analysis does not
accurately account for the physical depletion of a resource, just as it does not distinguish
between wants, needs or happiness on the demand side. The unfolding international credit
crisis highlights the dangers of relying on strictly monetary measures for biophysical plan-
ning — credit and debt can be created with no underlying physical foundation. Energy and
scarce natural resources, not dollars, are thus what must first be evaluated and ultimately
budgeted to spend.

In a fiat system in which currencies are based on the full faith and credit of governments
rather than gold and silver reserves, dollars only (temporarily) represent who controls these
resources. Once it is understood that the difference between 1 trillion dollars and 100 trillion
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dollars is merely paper, ink, and some unquantifiable deterioration in trust, a logical and im-
portant question to ask is: how much does it cost to procure and process the resources we
want and need denominated in the resources themselves? This question lies at the core of
biophysical economics, which attempts to look beyond short term market-based distortions
using resource linked analysis.

With origins in biology’s optimal foraging theory — which posits that organisms which maxi-
mize their flow rate of energy (food) minus their own energy (caloric) expenditures have had
adaptive advantages — the concept of spending energy in order to obtain energy translates
to the human sphere via the field of net energy analysis. Variously named energy profit ra-
tio, energy gain, energy surplus, and EROI (energy return on energy invested), net energy
analysis looks beyond the short term pricing signals of the market and attempts to evaluate
longer term trends in resource quantity, quality and availability.

If it takes more than a barrel of (equivalent quality) energy to find, extract and refine the
marginal barrel of oil, it doesn’t much matter if oil is $100 or $100,000 per barrel — because
more dollars can’t get us more gas. More dollars cannot create energy — they only allow us
to free up existing fossil stocks and harness renewable flows faster — using finite energy and
other depleting resources as inputs. The price of a product (e.g. oil) accepted for the current
period is one that equilibrates supply and demand at the last, or marginal, unit of supply. In
theory, a long series of these short term marginal prices will indicate scarcity or surplus for
the long term.

Marginal unit pricing, however, does not reflect true scarcity in a world of non-perfect sub-
stitutes. Oil this year is at roughly the same inflation adjusted price of 35 years ago, yet the
world has consumed almost 900 billion barrels in the interim, while oil-based transport has
become the foundation of global trade. Therefore, basing energy and economic policy on
dollar-based signals alone may lead to serious long term dislocations. Instead, calculating
our costs in terms of critical natural capital may be a more fundamentally sound investment
paradigm.

The two most important natural resources on a planet nearing seven billion people are water
and energy. In most cases, each is required to procure the other. First, we use water directly
through hydroelectric power generation at major dams, indirectly as a coolant for thermo-
electric power plants, and to help produce biofuels. By sector, the two largest consumers of
water in the United States are agriculture and electrical power plants, both prominent play-
ers in our future energy landscape. If we count only freshwater, fully 81% of U.S. use is for
crop irrigation. For American corn production, an average of 2,100 gallons of irrigation water
is required per bushel which yields 2.7 gallons of corn-based ethanol (Hill et al. 2006). This
equates to 206 gallons of water needed per gallon of gasoline substitute, ethanol, before
refining.

Internationally, several assessments suggest that up to two-thirds of the global population
could experience water scarcity by 2050. This will be driven by the agricultural demand for
water, which is currently responsible for up to 90% of global freshwater consumption. Water
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shortages could become much more acute if there is widespread adoption of energy produc-
tion technologies that require significant amounts of water, such as biofuels. In a resource-
limited context, water could be diverted from current uses to be invested in energy production,
especially if the market dictates this as society’s priority. This would have significant impacts
upon food production and human welfare.

Our media and science historically have not often considered water limitations in assessing
scalability of bioenergy nor have policy assessments of future water needs typically incor-
porated increased irrigation demands related to biofuels production. However, Senator Jeff
Bingaman, Democrat of New Mexico, recently introduced legislation that would require en-
ergy producers to account for the impact of energy development and production on the water
resources of the United States. Another telling signal on the interconnectedness of water
and energy came during Secretary of Energy Steven Chu'’s first press interview, when he
stated that in a worst case scenario, up to 90% of the Sierra snowpack could disappear, all
but eliminating a natural storage system for water vital to agriculture. Though the focus was
climate change, water is emerging as a major variable interrelated with energy.

This resource interdependency goes both ways. In California for example, where water is
moved hundreds of miles across two mountain ranges, water delivery is responsible for ap-
proximately 15% of the state’s total electricity consumption. Cities without nearby reservoirs
require energy to pump water from below ground to their citizens. Irrigated crops also require
energy, including those crops used for alternative energy production, like corn. Dryland farm-
ing produces significantly lower and more volatile crop yields. For example, from 1947-2006,
irrigated corn acreage in Nebraska had a 43% higher yield than dryland corn.

There are discrete costs in energy and water terms whenever we harness these valuable
resources. As the cheapest, most accessible fossil fuel supplies are depleted, the biophysi-
cal ratio of energy output to energy input (EROI) tends to offset technological improvements,
gradually yielding less surplus energy for the productive economy. In the 1930s in the United
States, one unit of energy input used to return over 100 times the energy output in oil and
gas. This ratio of 100:1 fell to 30:1 in the 1970s and to a range of 10-17:1 by the year 2000
(Cleveland, C. 2005). Anecdotal evidence based on physical costs suggests it is much less
than this today. Essentially, we are in a race between technology, consumption and depletion
— so far depletion is winning. In fact, much of the oil and particularly natural gas remaining in
the US is uneconomic to drill at current prices.

15



16

The Corporate Examiner « Vol.37, No. 4-5

Figure 1.
(Service, R.F. 2009)

Figure 2.

Net EROWI (Energy
Return on Water Invested)
for Selected Fuels
(Mulder, K. et al.)

Water Requirements For Energy Production (Liters per megawatt hour)

Petroleum extraction 10-40
Oil refining 80-150
Oil shale surface retort 170-681
NGCC* power plant, closed loop cooling 230-30,300
Coal integrated gasification combined cycle ~900
Nuclear power plant, closed loop cooling ~950
Geothermal power plant, closed loop tower 1,900-4,200
Enhanced oil recovery ~7,600
NGCC*, open loop cooling 28,400-75,700
Nuclear power plant, open loop cooling 94,600-227,100
Corn ethanol irrigation 2,270,000-8,670,000
Soybearn biodiesel irrigation 13,900,000-27,900,000

*Natural Gas Combined Cycle

A similar “biophysical analysis” can be undertaken treating water as the investment input.
Unlike energy, human use of water, in theory, can be largely recycled. While this does not
imply unlimited water withdrawals, it does suggest that water that is withdrawn is not neces-
sarily rendered unusable. For example, cooling water withdrawn for use by a nuclear power
plant may be returned and withdrawn again farther downstream to irrigate biofuels crops.
However, some water does get consumed, either by being lost as steam or by being
contaminated. Figure 1 above indicates water requirements for a variety of energy produc-
tion technologies, expressed in liters per megawatt hour.
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Although the primary perceived advantage of fossil energy resources has been their large
energy return, our recent analysis combining statistics on the energy return (EROI) with the
water invested per unit of energy using various technologies, suggests that fossil fuels also
have a strong advantage in terms of their return on water invested (EROWI). With the energy
return data, and the water requirement data, one can estimate a composite return statistic
of these two natural resource inputs — a “net EROWI.” The calculations we performed sug-
gested that the most water-efficient fossil electricity source examined yielded almost 600
times the energy per unit of water invested as did the most water efficient biomass source of
electricity reviewed (Mulder, K. et al.). So, not only would the development of bio-energy on
a scale sufficient to be a significant source of energy likely have a strong, negative impact
upon the availability of fresh water, but it would require energy inputs far in excess of what
we have traditionally allocated to the fossil energy sector.

Water limitations on energy may also make some seemingly benign environmental choices
have unexpected drawbacks. The current move towards electric vehicles in response to
higher oil prices, without a major change in the sources of electricity, would create major new
water demand. If hybrid-electric cars fully replace gasoline vehicles, approximately 3 times
more water will be consumed and 17 times more water will be withdrawn, primarily due to in-
creased cooling of thermoelectric generation facilities (King, C. and Webber, M. 2008). This
would exacerbate existing limits to the water/energy nexus. The 2009 heat wave in Europe
raised river water temperatures so high that France could not reduce the heat of reactor cas-
ings for 14 of its nuclear plants, forcing reactor shutdowns. Although natural gas has been
touted as the “cleanest fossil fuel,” water used in hydro-fracturing and other concerns about
contamination are limiting drilling in the Marcellus Shale in New York and Pennsylvania.

Energy derived from finite and renewable resources is a function of multiple inputs includ-
ing land, labor, and raw materials — any of which may become a limiting factor for energy
production. A technology might have a high EROI and yet require sufficient levels of scarce,
non-energy inputs as to be extremely restricted in potential scale. For example, the amount
of land required for biofuels is between 100 and 1,000 times more than the land area re-
quired for conventional fossil fuels. In addition to non-energy inputs, energy technologies
vary in their waste outputs and impact on environment. Within the biofuels class itself, there
is a large disparity of pesticide and fertilizer requirements. For example, per unit of energy
gained, soybean biodiesel requires just 2% of the nitrogen, 8% of the phosphorous, and 10%
of the pesticides that are needed for corn ethanol, inputs that impact groundwater quality and
stream runoff (Hill et al. 2006). As such, future refinements to an energy and water frame-
work will likely have to extend beyond those two vital commodities.

When considering issues related to biophysical economics it is important to note that al-
though alternatives to fossil fuels are many, these alternatives may not provide equivalent
energy quality or quantity. Quality refers to a complex mix of physical, chemical, technical,
economic, environmental and social attributes that are unique to each form of energy. These
attributes include gravimetric (how much energy per unit weight) and volumetric energy den-
sity (how much energy per unit mass), power density (how much energy per unit of land/
area), emissions, cost and efficiency of conversion, amenability to storage, risk to human

17
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health, spatial distribution, intermittency, and ease of transport. It is also important to note
that the amount of energy resources is unrelated to their quality, their flow rates, or their
costs, measured in energy, environmental or financial terms. Essentially, large resource-
in-the-ground estimates do not tell us anything about how much is extractable at any given
point in time, nor to the costs in energy or financial terms.

The mainstream vision of our financial system has been based on numerous assumptions
developed during a period when the planet was still relatively empty of humans, our civiliza-
tion and our technologies. With so much unpopulated and undeveloped wilderness, there
was little concern about seemingly small environmental and social “externalities.” It made
more sense to focus on the growth of the market economy, as measured by GDP, profits and
the stock market indices, as the primary indicators of human progress. (Costanza, R. 2009)
But a long series of these short term settings has morphed into resource overshoot. Due to
the depletion of the easiest and cheapest resources and increases in both population and
consumption per capita, the two capital components of water and energy loom large from a
social needs perspective.

In a world constrained by energy and increasing environmental limitations, but with growing
human population, adherence to accounting frameworks based on natural capital will be es-
sential for policymakers to assess energy, water and other limiting factors. Such a framework
will help us discard energy dead-ends that are wasteful uses of our remaining high quality
fossil sources and perhaps equally as important, of our time and effort. Ultimately, we should
strive to have a renewable portfolio aggregating the highest returns on our most limiting
inputs. Analysis that examines our energy and environmental balance sheets may highlight
finite limits to human growth aspirations, and thus will be best matched with a similar frame-
work in the social sciences. Our modern world is in great need of science and policy that both
quantifies our available means, and reassesses the appropriate ends. Perhaps the market
as we know it, will function better as an arbiter of “wants” while our “needs” budget is tied
more tightly to our renewable ecosystem service balance sheet, of which debt and leverage
are not a part.
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