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About McKinsey & Company

McKinsey & Company is a global management-consulting company dedicated to helping 
the world’s leading organizations address their greatest challenges. Consultants in 
more than 50 countries around the world advise companies on strategic, operational, 
organizational, and technological issues. For more than eight decades, McKinsey’s 
primary objective has been to serve as an organization’s most trusted external advisor on 
critical issues facing senior management.

About the McKinsey Innovation Campus

Launched in 2012  in partnership with the government of Singapore, the McKinsey 
Innovation Campus (MIC) brings together global and local expertise to help Asian 
companies address their innovation challenges. The first of its kind for McKinsey 
globally, and the first in Asia, the MIC explores cutting-edge capabilities in areas such 
as energy efficiency, data analytics, consumer insights, public-sector management, 
macroeconomics, healthcare analytics, productivity, and digital.

About the McKinsey Green Campus

The Green Campus is McKinsey’s Singapore-based energy-efficiency research and 
capability center. Through technology reviews  and proprietary methodologies, the Green 
Campus develops research insights on advanced analytical tools that can transform 
energy operations. It also offers hands-on learning opportunities in energy-efficiency 
management for executives and frontline managers at a working refinery on Singapore’s 
Jurong Island. 
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As the world grows in both wealth and population, so 
will the demand for energy:  global primary-energy 
consumption is on course to increase 25 percent 
between now and 2030. At the same time, concerns 
over pollution and climate change are forcing business 
and government to think hard about how they produce 
and use energy. Energy efficiency, which is sometimes 
called the “fifth fuel” (after coal, gas, nuclear, and 
renewables), can play an important role in helping the 
world meet its demand for power and mobility.  

Since the turn of the 21st century, energy costs 
have risen steadily. Even when prices have fallen, 
as happened most dramatically with oil from 2014 
to 2015, such rapid swings can be difficult for 
companies to cope with. Moreover, when costs are 
low, there is a tendency to question whether energy-
efficiency measures are worth the effort. The answer 
is, yes, many are. In addition, energy efficiency is a 
protection against price volatility. 

Energy also forms a sizeable share of operating costs 
(Exhibit 1). Globally, the chemicals, cement, and 

metals and mining sectors, for example, spend about 
one-third of their operating budget on energy. Those 
figures are typically higher in developing regions, 
where the cost of labor is lower.

Our research shows that operational improvements 
can reduce energy consumption by 10 to 20 percent; 
investment in energy efficiency technologies can 
boost that to 50 percent or more. For example, the 
cost of clean-room-environment control could be 
reduced from 50 percent of energy consumption to 
a fifth of that, and there are also sizeable gains to be 
made in cement, refining, and steel. There are real-
life examples in every industry of companies that 
have significantly reduced their energy costs and 
recouped their investment in three years or 
 less (Exhibit 2).

In short, it is not an impossible dream for 
manufacturing, which accounts for half of global 
energy consumption, to meet energy demand in a 
way that is both economically and environmentally 
efficient. Innovative technologies could significantly 
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Industry sector

Energy forms a sizeable share of operating costs.
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1 Including cosmetics, food and beverage, and pharmaceuticals.

Chemical 30

Consumer goods1 15

Oil refining 7

Mining 25

Pulp and paper 15

Power 50–80

Steel 30

Cement 35

Advanced industries 15

Energy cost % out of overall operating costs
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reduce energy consumption and save industry more 
than $600 billion a year.

In what follows, we describe 33 innovations that 
could help industry significantly improve its use 
of energy. (For detailed explanations of these 33 
technologies, see the graphics beginning on page 6. 
Exhibit 3 sets out the basic list, and the appendix at 
the end of this article itemizes other technologies 
that look promising.) We list these innovations 

in nine categories: advanced industries, cement, 
consumer goods, mining, oil refining and chemicals, 
power, pulp and paper, steel, and those that can 
be used generally. We also estimate their energy 
impact, defined as how much energy consumption 
could be reduced on a typical production site. If, 
for example, a specific technology reduces energy 
consumption by 80 percent, but that use accounts 
for half of the total energy consumption, the 
estimated impact is 40 percent. 

Exhibit 2

Industry sector Industry sector

Operational-improvement efforts have typically led to energy savings 
of 10 to 20 percent.
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1 Including cosmetics, food and beverage, and pharmaceuticals.
2 Combined-cycle gas turbine.
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Exhibit 3

Industry Technology

Many technologies have emerged as game changers, promising 
significant energy savings.
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Finally, we estimate the payback period for each 
technology. “Quick return” is defined as those that 
pay back costs in two to three years. “Investment 
decisions” are those that need special management 
consideration because the payback is three to five 
years. “Strategic assets” refer to technologies that 
pay for themselves over their lifetime. Of course, 
the numbers will not be identical for all companies.  
That said, these estimates do provide a sense of 
direction and scale. 

Most of these technologies are already available; 
the challenge for companies is to figure out which 
ones to use, how to put them into practice, and how 
to renew them so that they continue to work year in 
and year out (Exhibit 3). 

Five principles that can help to make sense of what 
technologies to use and how to put them into long-
term practice.

Think lean: Build a resource-productivity strategy 
within the organization. Lean thinking and green 
thinking are based on the same fundamentals and 
work together well. For instance, an Indonesian 
power plant reduced its cost per megawatt by 7 
percent in four months by creating performance 
indicators and then tracking them systematically. 

Think limits: Use the theoretical limit concept—an 
analysis that identifies the lowest amount of energy 
required for a given process—to set ambitious but 
realistic goals. This fosters the kind of creative 
thinking that can deliver substantial resource-
productivity improvements. One Chinese iron and 
steel enterprise reviewed its theoretical limits and 
analyzed its key sources of operational loss; on that 
basis, it changed its operations to use waste heat to 
generate additional power, significantly cutting its 
production costs. 

Think profit per hour: Review the full profit 
equation when making changes. Evaluate trade-
offs such as throughput, yield, energy, and the 
environment as a whole—changes in one will likely 
affect the others. Profit should be the main factor 
in making final decisions. By applying advanced 
statistical analysis, a pharmaceutical company was 
able to increase its yield 20 percent, while using the 
same amount of energy.

Think holistic: Making and sustaining change is not 
only a matter of technical improvements; it also 
means changing mind-sets, behaviors, and the 
management system throughout the organization. 

Think circular: Consider your product as a future 
resource that can be used repeatedly, moving 
from the usual linear supply chain toward supply 
circles. A global data-services company applied 
the “think circular” principle by using analytics to 
design a facility that streamlined energy to its most 
important function. Result: more capacity and less 
capital expenditure. 

Around the world, and across sectors, getting 
smart about energy should be seen as a strategic 
imperative. The chance to do better is there for  

the taking. 

The authors wish to thank Sharmeen Alam, Valerie Chan, 
Markus Hammer, Pieter Hoek, Jochen Latz, David Lee, 
Carlos Mendes, Azam Mohammad, Jonathan Ng, Abby 
Phung, Mrinalini Reddy, Khoon Tee Tan, and Oliver Tonby 
for their contributions.

Harsh Choudhry is an expert in McKinsey’s Singapore 
office, where Joris Van Niel is a specialist. Mads 
Lauritzen is an expert principal in Bangkok, and  
Ken Somers is a master expert in Antwerp. 
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The Asia outlook

Asia has a particularly important role to play in 
shaping how energy is used in the near future, 
because it accounts for 60 percent of the world’s 
population and the region’s economy continues to 
grow strongly. In Asian countries that are not part 
of the Organisation for Economic Co-operation and 
Development (everywhere except Japan and South 
Korea), industry accounts for two-thirds of energy 
consumption (exhibit). In addition, Asia and other 
developing regions are well positioned to benefit 

from efficiency innovations because they are still 
building their energy-consuming infrastructure. 

Asia is diverse, and different countries have different 
economic strengths, based on their history, natural 
resources, and level of development. Therefore, 
each country will have a different set of choices on 
how to reduce energy costs and increase energy 
security. For example, advanced industries such 
as semiconductors, electronics, and data centers 

Exhibit Manufacturing accounts for half of global energy consumption.
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are particularly important for South Korea and 
Taiwan. This sector is also growing in Malaysia 
and Singapore, which are tropical climates in 
which keeping clean rooms cool and dry is energy 
intensive. In addition, advanced industries are critical 
to the development of the solar industry, a sector 
that China, India, and Japan are investing in on  
a big scale.

In Indonesia and Malaysia, mining is an important 
sector, and one that is going through tough times 
because of reduced demand from China.  In this 
context, cutting energy costs has obvious appeal. 
Specifically, advanced analytics that can lead to 

improvements in yield and cost savings can be 
attractive because the up-front costs are minimal.  

For the consumer-goods sector, the challenge is 
to promote efficiency across long supply chains 
and widely dispersed manufacturing centers. One 
promising approach is advanced monitoring and 
tracking technologies. Other industries, such as 
cement, may not look particularly important in terms of 
GDP, but they use a lot of energy, making them good 
candidates for efficiency-related investment. Even 
in industries like oil refining, where lower prices have 
boosted profits of late, investing in efficiency could pay 
off in improved competitiveness when prices rise again.  
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Innovations
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Industry Technology
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Estimated impact Maturity level

<2%

2–5%
5–15%

C
om

m
ercial

D
em

onstration
Pilot

>15%

All 
industries

Energy-management

Advanced analytics

Smart grids

Robotized production systems

Variable speed drives

LEDs

Absorption chiller

High-efficiency compressor

High-efficiency motors

High-efficiency pumps

All 
industries

Mining Truck optimization

In-pit and high-angle conveying of ore and waste

Electric and hydro powered drilling

Continuous mining

Automated mine ventilation control and air reconditioning

Underground preconcentration

Fuel cell-powered mine vehicles

High-pressure grinding rolls

Stirred media mills

Low loss conveyor belts

Coarse flotation

Cement Conversion to high-efficiency grate coolers

Kiln-shell heat-loss reduction

Efficient pre-heating/pre-calcining

Bucket elevators for kiln feed

High-pressure roller press for grinding

High-efficiency fans for preheaters

Efficient kiln drives

Cement with pozzolana

Fluidized bed kiln

Combustion-system improvements

Low-pressure drop cyclones for suspension preheaters

Gravity type blending silos

High-efficiency separator/classifier for coal grinding

Vertical roller mills for finish grinding

Cement grinding with Horomill

Advanced 
industries

Immersion cooling technology

Liquid-dessicant technology

Dehumidifying coils

Low-face-velocity

Equipment-control programming

Pressurized plenum recirculation air system

Free cooling

Fluidized bed reactor

Hardware demand controlling

Consumer 
goods

Energy-efficient blanching (TURBO-FLO)

Evaporator-fan controls for refrigerated storage

Refrigeration heat recovery

Spray dryer heat recovery

Screw compressor oil-cooling conversion: 

Liquid injection to thermosiphon

Automated compressor staging and capacity control

Floating/variable head-pressure control

Direct-contact water heating

Two-stage compression

Fluidized bed spray dryer

Scroll compressors

26
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Industry Technology
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Estimated impact Maturity level

<2%

2–5%
5–15%

C
om

m
ercial

D
em

onstration
Pilot

>15%

Chemicals 
& oil refining

Advanced process control

Cogeneration

Improved catalysts

Reactive separation

Membrane separation

High-pressure recovery turbine

Steam compressors

High-emissivity coating

Gas turbines for air compression

Condensing heat exchanger

Welded plate heat exchanger

All 
industries

Pulp and 
paper

High consistency papermaking

Heat recovery in thermo-mechanical pulping (TMP)

Black liquor solids concentration

Batch digester modifications

Replacing pneumatic conveyors with belt conveyors

Directed green liquor utilization pulping

Condebelt drying

Advanced Thermo Mechanical Pulping (ATMP)

Low Consistency Refining (LCR)

Continuous digester

Drum pulpers

Black liquor gasification for gas turbine

Impulse drying in wet pressing process

Power Ultra supercritical

High efficiency combined cycle gas turbine

Integrated gasification combined cycle

Retrofit of coal plants

TriGen

CHP with district heating

Iron and 
Steel

Blast-furnace heat recuperation 

Blast-furnace slag heat recovery

Sensible heat recovery from electric arc furnace off gas 

Non-recovery coke ovens

Top pressure recovery turbines

Top Gas Recycling Blast Furnace (TGRBF)

Heat recuperation from hot blast stoves

BOF heat and gas recovery

Waste heat recovery in sinter plant

Post combustion of EAF flue gas

Direct current arc furnace

Hot DRI/HBI charging to EAF

FINEX process 

ITmk3 ironmaking process

Paired straight hearth furnace 

Cyclone-converte furnace/Hisarna

Coke dry quenching

Pulverized coal injection

Natural-gas injection

Coke-stabilization quenching

Thin-slab casting—Near net shape casting

Endless Strip Production (ESP)
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