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Abstract
Energy security and the anthropogenic emissions of greenhouse gas are two of the most
significant energy-related challenges facing the world in the twenty-first century. Policies and
programs put in place today will have long-term and far-reaching economic, social, and
environmental impacts. Despite the importance of energy to the world’s well-being, many
people, policymakers, and politicians have difficulty understanding these energy challenges.
The four ‘R’s is an approach to clarifying energy issues and making energy policy
understandable. In this case they are applied to energy security and greenhouse gas emissions:
review (understanding the problem), reduction (use less energy), replacement (replace existing
supply with sources that are secure or low-carbon, or both), and restriction (limit new demand
to sources that are secure or low-carbon, or both).
This paper introduces a graphical representation of the four ‘R’s known as energy wedges.
Wedges allow the long-term effects of energy policy to be visualized and hence explained to—
or by—those who are developing energy policies, enacting them, and being affected by them.

1

Introduction

It is generally agreed that the world is facing two significant energy-related challenges: energy
security and the increased emissions of greenhouse gases. Despite this, the general public,
many policymakers, and politicians have difficulty understanding energy issues in general and
these problems in particular (Smith 2002, McKeown 2007). As a result, one finds energy
policies that are often unclear, counterproductive, and motivated by short-term political
expediency (Brown 2007, Bryce 2008). These energy challenges suggest that there is a need for
efficient and effective energy policies that are understandable to the public, policymakers, and
politicians.
A methodology, known as the four ‘R’s of energy security, allows for the development of energy
policies targeted to specific energy services or tasks and can be used to explain the state of a
jurisdiction’s energy security and how it can be improved. The methodology consists of four
‘R’s: review (understanding the problem), reduce (using less energy), replace (shifting to secure
sources), and restrict (limiting new demand to secure sources) (Hughes 2009). It can be applied
to the energy services used by individuals and organizations and can also be employed as a
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method for developing a jurisdiction’s energy policies and improving its energy security.
Although originally intended for energy security, the four ‘R’s are equally applicable to other
energy policy issues, such as greenhouse gas emission reduction, as will be demonstrated in this
paper.
Energy policy is temporal in nature, spanning years or even decades. By classifying different
energy policies into one of reduction, replacement, or restriction in terms of time, it is possible
to see the effects of past energy policies or the anticipated outcomes of existing ones. As
policies effectively start at a zero point and change consumption patterns over time, a wedge
shape is created with a horizontal axis (time) and a vertical axis (demand).
Energy wedges have occurred throughout history; for example, as one fuel source replaces
another. More recently, they have been proposed as a means of addressing greenhouse gas
emissions (Pacala and Socolow 2004), illustrating the potential policy benefits of restricting all
new energy supply and services to low- or non-carbon energy sources, thereby effectively
stabilizing existing greenhouse gas emissions at a known level. This paper extends the generic
energy wedge into three distinct ones that can be applied to both energy security and
greenhouse gas emissions. The paper also demonstrates the versatility of energy wedges: as an
educational tool, a policy instrument, and a way to consider different energy futures.

2

Energy Demand

Even the most casual examination of a graph representing energy demand will show demand
changing over time.

Depending upon the jurisdiction, this demand is met by a variety of

primary energy sources. In most, but by no means all, cases, the demand for each energy
source increases over time; an example of the changes in the demand for primary energy in the
United States is shown in Figure 1.
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Figure 1. Primary energy sources in the United States (DOE/EIA 2002)
The demand for primary energy is not limited to the United States, as most other developed
countries show similar trends. When a decline in demand does occur, it can be explained by a
variety of factors, including:


Political, typified by the first brief drop in demand for petroleum in the 1970s caused by the
two “oil shocks”,



Economic, the declines in petroleum and natural gas consumption in the United States in
the 1980s,



Technological, the shift away from petroleum for electrical generation and the rise of
nuclear power, and



Consumer preference, the decline of wood in the late 1800s due to the availability of other,
more convenient, energy sources, notably coal and then petroleum.

Environmental concerns can also drive changes in the demand for different energy sources. In
the case of the European Union, the demise of the Soviet Union and its satellite states led to a
significant drop in energy demand, especially from coal. The expansion of the EU into Eastern
Europe was followed by an uptake in natural gas rather than a return to coal. These changes in
primary energy demand are shown in Figure 2.
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Figure 2. Primary energy demand in the European Union (BP 2008)
In recent times, one of the most significant arguments for changing energy demand in much of
the developed world has been the increase in anthropogenic greenhouse gas emissions,
notably carbon dioxide. For example, in 2001, the Intergovernmental Panel on Climate Change
(IPCC) released its third assessment report, which presented a 50-year “business-as-usual” case
where, by mid-century, greenhouse gas emissions doubled from seven to 14 gigatonnes of
carbon (GtC) per year (IPCC 2001).
In an attempt to avoid these levels of emissions and to impose a degree of rigor to any
emissions reduction strategies, Pacala and Socolow proposed holding world emissions constant
at seven GtC/year by replacing the business-as-usual (represented as a triangle) with a set of
seven “stabilization wedges” (Pacala and Socolow 2004). Each stabilization wedge would start
at zero, grow linearly, and after 50 years would be reduced to the equivalent of one GtC/year;
together, the seven wedges would eliminate a total of seven GtC/year by mid-century. The
authors proposed fifteen stabilization wedges, including increased building efficiency, a shift to
natural gas, nuclear, wind, solar (PV), and biomass, and carbon capture and storage.

3

Energy Wedges

Over time, all energy sources exhibit changes in consumption, growing or declining, depending
on a variety of factors, including price and availability. Each of these changes can be attributed
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to factors that encouraged reduction in the consumption of energy from one or more sources,
replacement of one energy source with one (or more) others, and restriction of new
consumption to specific sources.
The effect on demand depends upon the type of wedge being applied. A reduction wedge
represents actions that reduce demand for a given energy service. Replacement wedges are
employed when an existing insecure or environmentally destructive energy source is replaced
by one that is secure. A restriction wedge is for new demand and limits the supply to secure
sources. All three wedges illustrate the annual interim steps required of a jurisdiction to meet
some long-term target.
The three energy wedges can also be applied to environmentally-related energy issues such as
greenhouse gas emissions. Ideally, the energy sources used for replacement and restriction
wedges should be both secure and low-carbon; however, when security of supply is lost,
political expediency can lead to the development of wedges that favour security over the
environment.
The remainder of this section shows how these three ‘R’s can discussed in terms of energy
wedges. (Review, the fourth ‘R’ is still required, as it is necessary to determine the state of a
jurisdiction’s energy supplies, the infrastructure required for producing, distributing, and
possibly storing the energy, and the associated costs to the consumer.)
3.1

Reduction wedges

Policies that lead to a reduction in energy demand can have an impact on energy security,
greenhouse gas emissions, or both. Energy reduction can be accomplished through both
energy conservation and energy efficiency measures. In energy conservation, less energy is
available for a particular energy service, often meaning that the same service is not performed
to its previous levels, whereas improvements in energy efficiency allows the same level of
service to be achieved with less energy. It should be noted that improving energy efficiency
does not necessarily result in a reduction in energy consumption (Sorrell 2007).
An energy reduction wedge is one that, over time, brings down existing or potential demand. A
reduction wedge is shown in Figure 3.
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Figure 3. Existing (or potential) demand is decreased by the reduction wedge
Policies for reducing potential demand can be applied to most energy services. Examples
include building codes that require a reduction in energy intensity or vehicle fuel-economy
standards that expect less fuel demand per kilometre.
3.2

Replacement

The impact of reduction policies is limited by the fact that any anthropogenic system (whether
it is household, industry, or country) requires a minimum level of energy to function.
Therefore, in addition to reducing demand, policies intended to improve energy security and
reduce greenhouse gas emissions also require the replacement of those energy supplies
deemed insecure and carbon-intensive with ones that are secure with lower carbon intensity.
Most, if not all, replacement policies are achieved by either diversifying energy supplies or
changing infrastructure to allow alternative energy sources. Figure 4 shows how a replacement
wedge supersedes existing demand over time.
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Figure 4. Existing demand is supplanted by the replacement wedge
In diversification, the same form of energy is used the meet the demands of the energy service,
but the supplier changes.

The oil embargos of the 1970s resulted in the United States

diversifying its oil supplies by replacing much of its Middle Eastern oil imports with supplies
from Canada, Venezuela, Mexico, and Nigeria (EIA 2008).
Alternative energy sources are ones that differ from the existing one but perform the same or
similar task, often using different infrastructure. One such example is the worldwide switch
from oil to coal and nuclear for electrical generation in the late 1970s due to rising oil costs,
driven in part by the first oil shock in 1970s (Gue 2008). The move from coal to natural gas and
nuclear in the UK for electrical generation is another; due largely to the coal miners’ strike in
the UK which threatened supply in the early 1980s (Parker and Surrey 1995).
3.3

Restriction

Jurisdictions undergoing industrialization, economic growth, or increasing affluence will often
experience an increased demand for new supplies of energy. Ideally, any of these should be
restricted to energy sources that improve energy security and reduce greenhouse gas
emissions. Restriction differs from replacement in that it targets new, rather than existing,
demand.

Hughes: Energy wedges

8

Restriction policies may be easier in theory than in practice as the jurisdiction may not have
access to the necessary energy sources or infrastructure to meet the new demand from secure
or low-carbon sources, meaning that a portion of the energy may not come from sources that
address security or emissions issues.
As with reduction and replacement, restriction wedges increase in size over time.
Figure 5 shows a restriction wedge atop existing demand.
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Figure 5. New demand is met by a restriction wedge
An example of an energy restriction policy is the German government’s Renewable Energies
Heating Law, which requires homeowners to use renewable energy sources to meet 14 percent
of their household’s heating and domestic hot-water demand (Burgermeister 2007). This can
be represented as a restriction wedge that raises the use of renewables as the housing stock
increases.
Several jurisdictions are attempting to introduce energy wedges that restrict the type of fuel
used for transportation.

In the United States, the focus is on promoting ethanol for

transportation, where there have been several attempts to mandate the manufacture of flexfuel vehicles that can operate on fuel blends of up to 85 percent ethanol. This is a restriction
wedge intended to demand the use of ethanol in new vehicles.
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The European Union has directives that require the bioenergy content in transportation fuels
(i.e., petrol and diesel) to increase from 2 percent in 2005 to 5.75 percent in 2010 (EU 2003).
This can be considered either a replacement or restriction wedge: if transportation energy
demand remains constant or falls, the bioenergy can be considered as a replacement, whereas
an increase in demand, met all or in part by bioenergy, would be a restriction.

4

Example

In the Canadian province of Nova Scotia, space and water heating demand in the residential
and commercial sectors are met from three principal sources: oil products, electricity, and
wood. Nearly all oil products are imported (from the North Sea and various OPEC countries),
while most of the province’s electricity is generated from imported coal and petroleum coke
(from Columbia and Venezuela), meaning that the energy sources for space and water heating
are not particularly secure and are greenhouse gas intensive (Hughes 2007).
Nova Scotia has limited supplies of domestic energy and virtually no access to the rest of
Canada for energy supplies. With these limitations in mind,
Figure 6 shows a hypothetical case in which the three energy wedges are applied to projected
space and water heating demand for Nova Scotia’s residential and commercial sectors between
2000 and 2020.
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Figure 6. Wedges applied to Nova Scotia’s space heating demand (Hughes 2007)
In the above figure, the topmost line is the actual (2000 to 2005) and business-as-usual
projection (2005 to 2020) for consumption of space and water heating in Nova Scotia’s
residential and commercial sectors (NRCan 2006). Demand for space and water heating is
expected to grow from 47.7 PJ and 62.9 PJ between 2000 and 2020, driven in large part by
more people choosing to live alone and by a trend toward increased energy consumption in the
residential sector. The energy wedges below this line are examples of reduction, replacement,
and restriction wedges using a variety of secure and low-carbon energy sources.
Wedges 1 and 2 are reduction wedges:
1. The reduction wedge for new buildings.

A 50 percent decrease in heating demand

(compared with existing buildings) resulting in an overall reduction of 5.2 PJ from the
business-as-usual case. This is achieved primarily through the introduction of new building
standards.
2. The reduction wedge for existing buildings. A 7.9 PJ reduction is achieved through lowering
heating demand in existing buildings by one percent per year; by 2020, this is 15 percent less
than in 2005. In this case, standards for existing buildings are improved and owners are
encouraged to meet the new standards.
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Wedges 3 through 6 are replacement space and water heating wedges for existing buildings:
3. A biomass reduction wedge, with biomass meeting 10 percent of heating demand by 2020 (5
PJ). Demand for biomass increases by about 0.33 PJ per year. The available biomass is
assumed to come from waste biomass and improved silviculture practices (Dhaliwal and
Joseph 2007).
4. The smallest reduction wedge, for cogeneration from thermal power stations, assumes
limited uptake of cogeneration because of costs, limited interest on the part of electricity
suppliers, and the location of existing thermal power stations in Nova Scotia. Cogeneration
(i.e., district heating) would meet 1.5 percent or 0.7 PJ of heating demand by 2020.
5. A reduction wedge meeting 30 percent (15 PJ) of demand by 2020 using storage heaters
charged from electricity generated by the wind. This wedge requires the addition of about
130 MW of wind capacity per year (1,900 MW over the 15 years).
6. A reduction wedge using active solar heating in existing buildings. This assumes a one
percent increase in the uptake of solar energy per year, meeting 15 percent of heating
demand (7.5 PJ) by 2020. This wedge is limited by building location.
Wedge 7 is a restriction wedge. In it, new buildings are to meet 75 percent of their demand
(3.9 PJ) from solar sources by 2020.
In this example, had these wedges been introduced in 2005, by 2020, the reduction wedges
would mean the demand for energy for space and water heating would have been reduced by
13.1 PJ. Energy replacement and restriction would meet 33.4 PJ and 3.9 PJ of demand,
respectively, meaning that 16.6 PJ must be obtained from other sources.

5

Discussion

An energy wedge offers a means of explaining the temporal effects of an energy policy. It can
show the expected long-term benefits and can act as a guide to whether the implementation of
a policy is meeting the expected goals. Similarly, a wedge can be expressed in terms of, for
example, carbon emissions, thereby allowing the jurisdiction to determine the state of its
greenhouse gas emissions.
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Multiple wedge-scenarios can be developed to illustrate the differences between possible
policies. This can prove useful when comparing approaches to improving energy security or
reducing greenhouse gases. It can also show the potential conflicts between security and
emissions.
Wedges need not start at the same time because of, for example, lack of capital. In some cases,
a wedge may take a period of time to become established, for example, as industry retools or
production lines are changed (Hirsch, Bezdek and Wendling 2005).
In the above example, energy wedges were shown as increasing linearly over time. This need
not—and probably would not—be the case in most instances. They could be choppy or nonlinear, depending upon, for example, the application, energy supply availability, the state of the
infrastructure, and access to capital.
Finally, energy wedges can show the difference between policies that reduce energy
consumption and those that replace one form of energy with another. This concept is often
misunderstood, as replacement energy sources (such as solar panels) are sometimes presented
as means of reducing energy consumption (Pérez-Lombard, et al. 2008).

6

Concluding Remarks

This paper has introduced a methodology, referred to as energy wedges, for visualizing the
temporal changes on energy demand caused by existing and potential energy policy and
programs. An energy wedge has a horizontal axis (time) and a vertical axis (demand). The
effect on demand depends upon which of the three types of energy wedge is being applied. A
reduction wedge represents actions that reduce demand for a given energy service.
Replacement wedges are employed when an existing insecure or environmentally destructive
energy source is replaced by a source (or sources) that are secure and preferably low-carbon. A
restriction wedge is for new demand and limits the supply to secure and low-carbon sources.
Since energy wedges allow “what-if” scenarios to be created, they have a variety of
applications, including public education and policy development. The paper showed how
wedges can be used to illustrate the interim steps required of a jurisdiction or organization to
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meet a long-term energy target. The paper also used wedges to illustrate the impact of the
introduction of new energy supplies and technologies on energy demand.
By allowing the effects of energy policy to be visualized, energy wedges can highlight the
shortcomings of policies that fail to address energy security or greenhouse gas emissions, or
both. In fact, wedges can also show the detrimental impact of conflicting energy policies,
which, for example, can pit improving energy security against reducing greenhouse gas
emissions.
As part of our continuing research into energy security, we are developing software tools that
allow the examination of different energy scenarios by generating reduction, replacement, and
restriction wedges to determine the costs and benefits of existing and potential energy policies
and programs.
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