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A range of opinion polls shows that Americans are very concerned about energy. 

They are worried about dependence on imported oil and its geopolitical and 

national security ramifications, and increasingly about the environmental conse-

quences of energy consumption. And they expect policy makers to do something 

about it. A Pew survey in March 2006 found overwhelming support for action to 

raise requirements for auto fuel efficiency, to increase research on alternative 

energy sources, and to make tax cuts available to companies to encourage them 

to invest in such technologies. 

Policy makers responding to this public concern need to look beyond energy sup-

ply policies—such as securing oil imports or subsidizing alternative fuels—to the 

economically attractive opportunities that are available to curb energy demand 

growth. New research by the McKinsey Global Institute (MGI) and McKinsey’s 

Global Energy and Materials Practice finds that a concerted effort to boost US 

energy productivity—or the level of output that the United States achieves from 

the energy it consumes—would have spectacular results.1 

By capturing the potential available from existing technologies with an internal 

rate of return (IRR) of 10 percent or more, the United States has the potential to 

cap its energy demand, as well as its greenhouse gas (GHG) emissions, at today’s 

levels. What’s more, an intensive focus on improving energy productivity would 

1  Our year-long research project examined the underlying microeconomic drivers of energy 

demand in each end-use segment in the United States, China, and other major demand 

regions; how company and consumer behavior affect energy demand; and the impact of energy 

policies. We then built a model of global energy demand and productivity evolution to 2020. 

Wasted Energy:  
How the US Can Reach its Energy 
Productivity Potential
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spur new markets for demand-side innovation and thus represents an important 

business opportunity for manufacturers, utilities, and other companies. 

A drive for higher energy productivity is therefore an obvious place to start in 

order to meet US energy-policy goals—and an effort around which to build politi-

cal consensus. 

thE unItEd statEs Is thE world’s larGEst EnErGY ConsuMEr 

In 2003, the United States consumed 92 quadrillion British thermal units (QBTU) 

of energy—or 22 percent of global energy consumption in that year. The US 

share of oil consumption was even higher at 26 percent of the global total. This 

makes the United States the single biggest energy consumer in the world, even 

before accounting for the energy used in producing US imports. 

One of the main reasons behind the high energy consumption of the United 

States is that the country has the lowest energy productivity of any developed 

economy. For instance, the United States consumes more than double the energy 

per unit of GDP that Japan does (Exhibit 1). Each person in the United States 

today consumes the equivalent of over six gallons of oil per day—80 percent 

more energy than Northwestern Europe, 9� percent more than Japan, and seven 
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times the level of China.2 As a result, the United States is also the most CO2-

intensive country, producing 19 tons of CO2 per capita annually—more than twice 

the level of Northwestern Europe and Japan. 

Almost two-thirds of US energy usage today comes from consumer-driven indus-

tries. Road transportation leads the pack with 25 percent of the total. Residential 

energy consumption comes next with 21 percent of total energy demand, while 

commercial buildings account for another 16 percent. Within industrial energy 

demand, which accounts for 35 percent of total US energy demand, chemicals is 

the largest sector, with 9 percent of total industrial energy usage. The rest is frag-

mented across diverse sectors such as steel, apparel, and food processing. 

us EnErGY-EFFICIEnCY Gap wIth othErs wIll wIdEn to 2020

If there is no change to current policies, US energy demand will accelerate slightly 

from its long-term growth rate to some 1.1 percent a year (Exhibit 2).3 This is 

despite the fact that, like other developed economies that have a growing weight 

of service sectors, industrial energy usage will actually grow more slowly at some 

0.8 percent a year (or even fall as in the case of steel). The one exception is the 

2  Northwestern Europe includes Belgium, France, Germany, Iceland, Ireland, Luxembourg, the 
Netherlands, Norway, Switzerland, and the United Kingdom.

3  Our base-case scenario assumes 3.1 percent annual GDP growth to 2020 and a $50 per 
barrel oil price. For the full set of assumptions behind each of the sector analyses, see the full 
research report at www.mckinsey.com/mgi/publications/Curbing_Global_Energy/index.asp. 

Exhibit 2

1.1

US ENERGY DEMAND GROWS MOST QUICKLY IN 
CONSUMER-DRIVEN SECTORS

* Transformation losses allocated to end-use segments.
** Including refining.

Source: MGI Global Energy Demand Model
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chemicals industry, which will see relatively rapid annual growth of 1.7 percent 

to 2020. 

The story is quite different among those sectors of the economy driven by 

consumer demand. Energy demand in the transportation sector will grow at an 

above-average rate. Air transportation will have the fastest growth rate at 2.7 

percent annually, although this will be from a low base. Demand for road trans-

portation fuels will grow 1.5 percent annually, increasing by more than 25 percent 

by 2020 and contributing a third of overall energy demand growth. Commercial 

sector energy demand will grow by 1.0 percent annually. Finally, US residential 

energy demand, the largest single energy end-use sector worldwide, will grow at 

0.7 percent per annum to 2020 to reach 21 QBTUs. 

Under this base-case scenario, the United States will remain the most energy-in-

tensive developed economy and the country with the highest energy consumption 

per capita to 2020 (Exhibit 3). Road transportation is a notable example. Driving 

one mile in the United States currently requires 37 percent more fuel on average 

than in Europe, due both to the larger average size of vehicles and to less ef-

ficient engine technology. Under current policies, this gap will widen even further 

to �2 percent by 2020 (Exhibit �). About two-thirds of this gap in 2020 reflects 

Europe’s higher adoption rate of energy-saving engine and design technologies; 

the other third is due to the fact that the United States will continue to have a 

Exhibit 3

Source: MGI Global Energy Demand Model
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higher share of larger, less fuel-efficient vehicles. Europe’s higher fuel taxes and 

more stringent fuel-economy standards, which together increase incentives for 

consumers and auto manufacturers to reduce their fuel consumption, explain 

both of these factors.

Other sectors show a similar pattern. In the US residential sector, households, 

on average, have both larger houses with less insulation and bigger appliances 

with lower energy efficiency than is the case in several European countries as 

well as Japan. With current policies, the United States will show a lower rate of 

energy-efficiency improvement to 2020 than other developed economies. This 

means that other countries will pull even further ahead of the United States in 

terms of energy efficiency across all main end-use segments (Exhibit 5).� The 

corollary of that is that the United States will also remain the nation with the 

highest energy-related CO2 emissions per capita and the highest CO2 intensity of 

developed countries (Exhibit 6). 

US energy demand growth is moderately sensitive to the rate of GDP growth 

and the oil price. Our base case assumes 3.1 percent annual growth of the 

US economy to 2020 and an oil price of $50 a barrel. If GDP growth is 0.5 

�  Because of significantly faster projected GDP growth in the base case (3.1 percent annually 
in the United States compared with 2.0 and 1.7 percent in Northwestern Europe and Japan 
respectively), the energy-intensity gap with other developed regions will narrow despite a lower 
US rate of energy efficiency improvement. 

Exhibit 4

LOWER FUEL ECONOMY OF THE US LIGHT-VEHICLE STOCK LEADS
TO 37 PERCENT EXTRA DEMAND VS. EUROPE FOR THE SAME MILES 
DRIVEN – A GAP INCREASING TO 42 PERCENT IN 2020

* Includes the difference in fuel economy by power train (ICE gasoline in Europe vs. United States) and the mix of 
power trains (share of higher-efficiency ICE diesel in Europe vs. United States).

Source: McKinsey Global Institute analysis
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Exhibit 5

UNITED STATES WILL SEE THE LOWEST ENERGY EFFICIENCY 
IMPROVEMENTS ACROSS ALL SECTORS

Source: EIA; Lawrence Berkeley National Laboratory China Energy Group; McKinsey Global Institute analysis
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Exhibit 6

UNITED STATES WILL CONTINUE TO PRODUCE THE HIGHEST CO2
EMISSIONS PER CAPITA TO 2020
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percent above or below this level, energy demand in 2020 would swing about 

� percent in the same direction. The impact of different oil-price scenarios is 

similar. Assuming $30 or $70 oil prices, US energy demand would increase 

by 3 percent or decrease by � percent respectively. This swing largely reflects 

changes in transportation fuel demand. A sustained oil price of $70 a barrel 

would reduce light-vehicle fuel demand by more than 10 percent from the level 

that would be seen with oil at $30 a barrel through declining vehicle miles trav-

eled, and by another 8.5 percent due to improved fuel economy in the US vehicle 

fleet by 2020 (Exhibit 7). Taken together, our different GDP-growth and oil-price 

assumptions produce an energy demand range of 7 percent around our base 

case (Exhibit 8). 

Exhibit 7

HIGH OIL PRICE REDUCES LIGHT-VEHICLE FUEL DEMAND GROWTH 
THROUGH LOWER MILES DRIVEN AND IMPROVED FUEL ECONOMY 

* Vehicle miles traveled.
** Other effects include fuel-economy improvements through engine enhancements, changes in the size/segment    

mix of new vehicles, and changes in the mix of power trains (diesel vs. gasoline, ICE vs. hybrid, etc.).
Source: McKinsey DRIVE model; MGI Global Energy Demand Model
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IMprovInG EnErGY produCtIvItY Could Cap us EnErGY 

ConsuMptIon and Co2 EMIssIons to todaY’s lEvEl

The good news is that there are enough opportunities—using existing tech-

nologies with an IRR of 10 percent or more—to boost energy productivity by 22 

QBTUs. This is the equivalent of 11 million barrels of oil per day or 21 percent of 

base-case demand in 2020 (Exhibit 9), and is equal to avoiding 1.3 gigatons of 

CO2 emissions annually (Exhibit 10). Capturing these opportunities would more 

than compensate for growing end-use demand and enable the United States to 

cap annual energy consumption and CO2 emissions at their current levels by 

2020. 

The largest opportunities—some 2� percent of the potential for improving 

energy productivity—lie in the residential sector. By 2020, this sector’s energy 

demand could be almost 30 percent lower than today’s level (Exhibit 11). If 

the highest-efficiency heating and cooling systems were put in place, this would 

contribute a quarter of the sector’s opportunity—15 percent of this would come 

through replacing equipment in existing homes with high-efficiency heat pumps, 

and an additional 10 percent would come from installing both heat pumps 

and higher-insulation building shells in new houses. Replacing incandescent 

lightbulbs with compact fluorescent lighting (CFL) would contribute another 17 

percent of the potential. Installing high-efficiency water heating (both solar and 

Exhibit 8

ALTERNATIVE GDP-GROWTH AND OIL-PRICE SCENARIOS SHOW US 
2020 ENERGY DEMAND VARYING BY +/- 7 PERCENT IN 2020

* 0.5% vs. Global Insight GDP growth projection.
** $30- and $70-oil scenarios vs. base case of $50-oil scenario.

Source: EIA; MGI Global Energy Demand Model
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Exhibit 9
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demand-instantaneous) would contribute another 20 percent. The purchase of 

higher-efficiency appliances, large and small, would provide the remaining 38 

percent of the potential.

In the industrial sector, several technologies and processes are available that 

would not only save energy across a large number of subsectors but also would 

reward those businesses that invest with rapid payback times. Two of the larg-

est energy-saving opportunities are the recovery of the heat generated in the 

production of mechanical or electrical power and the optimization of motor-driven 

systems such as pumps and compressors. Waste heat in a plant can be recov-

ered in several ways. Combined heat and power systems generate electricity 

and thermal energy in a single, integrated system much more efficiently than in 

separate systems. Optimizing the use of steam across the plants can save up 

to 5 percent of total steam inputs. The integration of energy systems to create 

synergies between energy sources and sinks throughout the plant can reduce 

total losses by up to an additional 3 percent. In energy-intensive sectors, the op-

timization of processes has the potential to greatly reduce process times (e.g., in 

smelting, in transportation between process stages, and through an increase in 

hot charging), thereby cutting energy losses significantly. Other sector-specific op-

portunities include near-net-shape casting in the metals industry and membrane 

technology in the chemicals and food-processing industries (Exhibit 12). Across 

Exhibit 11

LARGE ENERGY EFFICIENCY OPPORTUNITIES EXIST IN THE US 
RESIDENTIAL SECTOR 

* ENERGY STAR home exceeding current building standard by 50%.
** Based on future improvements.

Source: EIA; literature search; McKinsey Global Institute analysis
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Exhibit 12

SEVERAL TECHNOLOGIES AND METHODS HAVE THE POTENTIAL TO 
CURB US INDUSTRIAL ENERGY DEMAND GROWTH

* In order of largest to smallest by estimated absolute value of energy savings. 
** Based on aluminum, chemicals, food processing, steel, pulp and paper, refining.

*** Percentage of total steam energy inputs.
**** Percentage of total energy losses.

Source: United States Department of Energy; Lawrence Berkeley National Laboratory; McKinsey Global Institute analysis
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the diverse range of US industries, we estimate that the potential to raise energy 

productivity is equivalent to � QBTUs—19 percent of the total opportunity.

We believe our assessment to be a relatively conservative estimate of the 

overall potential to improve energy productivity to 2020. The currently available 

opportunities that we identify do not account for technological innovations, scale 

benefits, and the learning curve that will accrue over time. Nor do we assess 

the potential available from more radical solutions like comprehensive system 

redesigns.

MarKEt ForCEs alonE wIll not CapturE thE Full potEntIal For 

IMprovInG EnErGY produCtIvItY 

Market forces in today’s policy environment will not capture the full potential 

for higher energy productivity and lower energy demand growth. A number of 

market inefficiencies are at work, which prevent consumers and companies from 

securing the available savings. 

Consumers tend to base their decisions about energy use on the convenience 

and comfort associated with the fuel and appliances they use, and not simply on 

financial considerations. And even if consumers wanted to make cost a higher 

priority, they often lack the capital to invest in more efficient technologies, the 

information they need to make the right choices, or both. For instance, most 
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household bills don’t break down the electricity consumption of different appli-

ances. If consumers are not willing to pay for high-efficiency appliances with lower 

operating costs, then house builders and appliance suppliers are less likely to 

choose positive-return energy-saving features when they are buying materials or 

investing in technology.

Businesses, too, often miss the opportunities for higher energy productivity be-

cause of the small and fragmented nature of their energy costs. It is often people 

who are not responsible for ongoing operating costs (e.g., technology choices for 

new capital or computer-hardware decisions by IT departments) who make the 

decisions that affect energy efficiency. Identifying the fragmented potential for 

higher energy productivity will not be easy without effective management focus 

(as is the case with Toyota’s Kaizen program of continuous improvement). 

In the commercial sector, buildings have a high turnover rate, which reduces the 

payback time that many businesses consider acceptable when making energy-

saving investments. In the United States, nearly three-quarters of commercial 

energy users require a payback of less than two years (Exhibit 13). In many ba-

sic-materials industries, too, companies routinely apply very high hurdle rates to 

all capital investments in their plants. This caution may be justified when energy 

and output prices are volatile and there is uncertainty about whether specific 

plants will remain open. However, procyclical financing is common. Managers 

Exhibit 13

HIGH HURDLE RATES SLOW THE ADOPTION OF MORE EFFICIENT 
TECHNOLOGIES IN THE COMMERCIAL SECTOR

Source: EIA NEMS Commercial Model Documentation, 2005; disguised client interview, May 2006
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tend to focus on high-return capacity-expansion investment when prices are high 

and hold back investments in low-efficiency, marginal plants for fear of closure 

when prices are low. Together, these factors limit investment in opportunities 

to raise energy productivity despite the fact that they can generate operational 

cash-flow savings with lower inherent risk.

ChanGEs In thE polICY EnvIronMEnt Can ovErCoME BarrIErs to 

hIGhEr EnErGY produCtIvItY

Yet, there is a lot that the US government can do to help overcome market 

inefficiencies and to create an environment that encourages companies to in-

novate and tap into opportunities from higher productivity. For companies that 

understand the new market opportunities, they represent great potential for 

growth. We highlight some of the main opportunities here: 

residential sector—Under a business-as-usual scenario, we project that the 

residential sector will post an improvement in its energy efficiency of only 0.2 

percent a year. However, as shown above, it could do dramatically better than 

this. The potential exists to cut the sector’s energy demand in 2020 by one-third 

from its current level—or the equivalent of 8 QBTUs—merely by taking advantage 

of existing technologies with an IRR of 10 percent or more. To capture the full 

potential, individual households, energy intermediaries and other businesses, 

and policy makers all need to play their part.

A typical US household can retrofit incandescent bulbs with CFL fixtures and get 

a payback in less than a year. The average household can also replace low-ef-

ficiency water heaters with demand-instantaneous or solar water heaters, which 

would save up to 65 percent of the energy used in water heating, with an IRR of 

around 11 percent. 

It makes economic sense for households to choose a high-efficiency option when 

replacing obsolete heating and cooling equipment. For an individual household, 

installing a state-of-the-art heat pump saves 25 percent on the average annual 

heating and cooling bill for an extra cost of less than $1,000. The potential sav-

ings are even larger in new homes. If new builds install the most efficient heating 

and cooling package, this would save 50 percent of the energy consumption 

required by current systems—and $�00 annually for an average household. 

In aggregate, the total annual investment required in the United States to capture 

the heating and air-conditioning opportunity (including building shell) would be in 

the range of $10 billion, while the water-heating opportunity would cost another 
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$10 billion to $15 billion per year. The lighting opportunity would entail a one-

time cost of about $10 billion in addition. So, the total investment required to 

capture the energy productivity opportunity is not inordinately high. 

How can we encourage households to make these investments? Energy interme-

diaries such as utility companies can play a key role. Traditionally, the revenues 

of utilities have been tied to the volume of electricity delivered, encouraging 

growth in electricity demand rather than in energy efficiency. In recent years, a 

number of states have revived their energy-efficiency programs by introducing 

energy efficiency resource standards (EERS), which set targets for reducing state 

electricity consumption. These are typically mandated through utilities and require 

the revision of their compensation mechanisms. Evidence from states that have 

introduced EERS indicates that when utilities have an incentive to help overcome 

the information and agency barriers to higher productivity, they have been able to 

generate annual savings of around 1 percent of energy consumption. 

Advanced metering is another area of opportunity. Utilities can establish 

technologies for two-way communication between a utility and its customers 

to facilitate changes in energy use. There have been a number of large-scale 

implementations of advanced metering as new two-way technologies are emerg-

ing, costs are declining, and most importantly, there are clear policy directives 

(e.g., broadband-over-power-lines implementation mandate in Texas and regu-

lated advanced metering in California). The motive behind a push for advanced 

metering is that if consumers understand their electricity consumption patterns 

over time and realize that they are paying premium prices for peak-time power, 

they are more likely to shift their consumption patterns away from peak times 

(e.g., by briefly cycling off energy-intensive appliances during these periods). By 

doing so, demand for expensive peak-power generation capacity can be reduced. 

Companies such as Centerpoint, Entergy, and PG&E are already experimenting 

with advanced metering. The pool of information created by advanced metering 

will also enable home-energy automation networks that allow customers to track 

the cost and operating patterns of individual appliances. 

Once utility bills and time-of-use patterns can be disaggregated, other interest-

ing financing options become viable. Some utilities are already experimenting 

with market-based programs that allow energy services companies (ESCOs) to 

aggregate and bid on demand reduction opportunities as alternatives to new 

power generation. ESCOs already combine the engineering expertise necessary 

to reduce energy consumption with financial services that allow municipalities, 

universities, schools, and hospitals—which typically operate under strong capital 

constraints—to bridge the gap between current expenditures and future energy 



19

savings. ESCOs do this by providing funds for upfront investments in energy 

savings in exchange for a share of the cash flow that these savings generate. 

Creating efficient market mechanisms to allow both peak and base-load demand-

side bidding could speed up the adoption of energy-saving mechanisms. 

Other opportunities include helping builders of new housing developments to 

finance positive-return investments in energy-efficient homes and creating incen-

tives to upgrade existing stock when these assets change hands (e.g., providing 

lower financing costs for buyers of energy-efficient homes or requiring commer-

cial-space upgrades and build-outs to meet new building codes). 

In addition to creating an environment that fosters innovative market solutions, 

the government should consider targeted interventions through tighter standards. 

The premium pricing of products with above-standard efficiency is currently dis-

couraging the adoption of higher-efficiency technologies in many appliances. For 

instance, a room air conditioner that is 35 percent more efficient than the current 

standard costs 260 percent more—giving a substantially negative IRR and act-

ing as a financial disincentive to consumers. However, after the implementation 

of new standards, economies of scale in manufacturing and confidence in the 

marketability of new, more efficient products lead relatively quickly to the decline 

of high-efficiency appliance prices to levels that are similar to the prices of the 

less-efficient equipment that had previously prevailed. 

Experience has already shown that standards are an effective forcing mechanism 

toward higher efficiency. For example, beginning in the 1970s and spearheaded 

by California, refrigerator efficiency improved in the United States by �.� percent 

per year in 1970–1985 and at a slightly slower rate of 3.� percent a year in 

1985–2000 (Exhibit 1�). Similar improvements also occurred in insulation and 

there is still more potential available. Another area in which standards could 

have a major impact is standby-power consumption. This currently ranges from 

20 to 60 watts, equivalent to � percent to 10 percent of total residential energy 

consumption. However, the technology is already available to reduce standby 

power to 1 watt. 

Other private-sector players could also take a role in improving residential energy 

productivity. Among others, Wal-Mart has promoted the use of energy-saving 

CFL to its millions of customers. More generally, private-sector players can help 

overcome agency problems that are present at the microlevel by seeking ways 

to create economies of scale for energy-efficient products. For example, one 

could imagine a group of small-appliance manufacturers, marketers, or retailers 

forming a consortium to reduce global standby-power requirements.
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transportation sector—Although auto manufacturers are already incorporating 

many of the existing fuel-saving engine technologies in their future models, they 

are not introducing several available nonengine fuel-saving technologies with a 10 

percent or higher IRR. These technologies include vehicle light-weighting through 

material substitution and the reduction of rolling resistance through improved 

aerodynamics. Introducing such developments would achieve an improvement 

in the fuel economy of new vehicles of up to 20 percent by 2015—equivalent 

to increasing global vehicle fuel economy by up to an estimated 5 miles per 

gallon. 

Tightening fuel-economy standards would accelerate the introduction of fuel-

saving technologies. Europe and Japan already plan a progressive increase in 

standards in 2012 and 2010 respectively. If the United States were to match 

these efforts, the average fuel economy of the US vehicle stock would improve 

by up to 5 miles per gallon by 2020. This is the equivalent of cutting the US 

call on crude oil by up to � million barrels per day—or 20 percent of projected 

oil imports in 2020. At the same time, US action on this front would align the 

fuel-economy requirements of the US market more closely with those prevailing 

in the rest of the world. This would help to level the global playing field for US 

auto manufacturers. The question then remains how these manufacturers will 

be able to finance the costs of developing these technologies—even attractive 

payout projects go unfunded when capital is short.

Exhibit 14
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Industrial sector—To encourage industrial companies to capture energy-sav-

ing opportunities through operational improvements and to apply lower hurdle 

rates to energy-saving investments, government can undertake demonstration 

projects and energy audits. For example, the US Department of Energy (DOE) has 

helped perform energy assessments aimed at identifying savings opportunities 

in specific plants. The Martinez refinery project—an energy audit performed by 

the DOE—showed a potential to improve energy efficiency by 12 percent with 

a payback in two years or less. Following Hurricane Katrina in 2005, the de-

partment sent a team of experts to 200 industrial plants in the United States. 

Despite the fact that these plants were already considered world-class facilities, 

the team identified opportunities for energy savings of 8 to 10 percent. In terms 

of payback, the teams found that �0 percent of these opportunities would recoup 

the initial investment within nine months, and 75 percent of them within two 

years. Governments could also consider subsidies or tax credits to companies 

implementing certain energy-conservation technologies, a policy overwhelmingly 

supported by US public opinion. They might also opt to finance energy-conserva-

tion projects at low rates.

* * * * * 

The challenges of climate change and the security of energy supply often appear 

so huge as to be insurmountable, nowhere more so than in the United States. 

Without a change in the course of energy policy, in 2020 the United States will 

still be the world’s most energy-intensive economy and producer of the highest 

energy-related CO2 emissions per capita. Yet our analysis shows that the United 

States has in its hands a large, technologically viable opportunity to turn around 

its energy policies and to improve energy productivity in a practical, economically 

attractive way. We hope that policy makers will seize this opportunity. 
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