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“We are honored and humbled to be 
part of the emerging twenty-first-
century global power system. Our 
digital future has just begun, and the 
best is yet to come.”

Maher Chebbo 

Chief Innovation Officer, Power Digital 

GE Power

The global power system is in the midst of a grand 

transformation. The global power industry is going to 

change more in the next 10 years than it has in the last 

125. The world is transitioning from an electricity system 

based primarily upon large, centralized generation and 

transmission and distribution (T&D) technologies, to one 

that also embraces distributed, digitally-enhanced, and 

low-carbon technologies. Traditional and emerging, physical 

and digital, large and small, are all converging to create a 

new twenty-first-century power network.

General Electric (GE), together with our customers, is 

leading this transformation and co-creating the future of 

energy with our customers across the globe. GE started 

the global electric power system, and we have been an 

integral part of it since Thomas Edison unveiled the world’s 

first thermal power plant in 1882. We continually innovated 

across the course of the twentieth century, developing 

many of the power technologies the world enjoys today. GE 

technology helps create one-third of the world’s electricity, 

we have equipped 90 percent of power transmission 

utilities worldwide, and our software helps control 70 

percent of the power grids in North America, Africa, and the 

Middle East.

We believe that the future of energy is digital. This is why, 

after decades of providing software to the energy industry, 

we re-committed to digitalization in 2011 and built a 

world-class industrial software with predictive analytics 

capability. We have since accelerated the digitalization of 

all GE solutions through the development of digital energy 

platforms. As a result of our increased digital commitment, 

every GE Renewable wind turbine shipped is digitally 

enabled, and over 20 percent of GE Power products and 

services have adopted GE digital solutions in the last two 

years.1   Customers across the globe are now adopting 

GE digital applications that increase asset performance, 

improve operations, and unlock new sources of revenue.

And that’s just the beginning. We envision the widespread 

adoption of a broad array of digital tools that will 

fundamentally transform the ways in which energy is 

produced, delivered, and consumed. Imagine a world 

where power plants, transmission and distribution 

lines, and end-use energy devices work in harmony to 

deliver reliable, low-cost, and sustainable energy when 

and where it is needed. Envision a future energy system 

that operates largely autonomously, providing economic 

and environmental benefits to homes, businesses, and 

factories. That’s the future we see, and we are committed 

to helping the world realize it.

As we strive toward the digitalization of energy, we will 

continue to balance the vision of that enticing future with 

the requirements of helping our customers meet their most 

pressing demands in the present. As a global company 

serving over 180 countries, we see ourselves as the world’s 

electricity company. And we don’t just sell machines, or 

software, or services; we deliver outcomes—like well-lit 

classrooms and automated factories of the future. We feel a 

responsibility to help power schools, factories, businesses, 

and homes around the world. Our focus will remain on being 

a world energy innovation leader by providing technology, 

solutions, and services across the entire electricity value 

chain from the point of generation to final consumption.

FOREWARD
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EXECUTIVE SUMMARY

The world is transitioning from an electricity system based 

upon traditional central generation, T&D technologies, 

to one that also embraces emerging, distributed, 

digitally-enhanced, and decarbonized technologies. 

The global system is evolving toward an integrated and 

hybridized network that contains elements of old and new 

technologies working synergistically to provide reliable, 

affordable, and sustainable electric power to factories, 

businesses, and communities around the world.

As large, centrally-located power plants become 

increasingly efficient over the next decade, their energy 

production will be supplemented by new, often smaller, 

energy hardware systems that are distributed throughout 

the T&D system. At the same time, digital tools will become 

increasingly integrated with technologies throughout the 

electricity network—in the generation plants themselves, 

within fleet and system-wide control systems, and within 

T&D systems. All of this will occur against a backdrop of 

policies designed to decarbonize the electric power system 

in response to the growing threat of climate change. The 

world is transitioning from an electricity system that is 

anchored in traditional technologies to one that embraces 

emerging technologies.
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• Local control     • 2-way �ow     • Network micro-optimization

• Scalable load and generation

• Bigger scale lowers cost       • E�ciency through technology

• Local solutions have economic value     • Simpler, solid state     • E�ciency through data

GW values represent rounded 2017 industry orders

138 K30 GW

14 GW45 GW

38 GW 13 GW

73 GW65 GW

700 K1.8 GWh

HIGH VOLTAGE TRANSMISSION

DISTRIBUTION NETWORKS

GW values represent rounded 2016 industry orders.

Source: GE Power.

Figure 1: The Emerging Twenty-First Century Global Power System

With the addition of emerging digital and physical technologies to complement existing infrastructure, 
the global electric system is evolving toward an integrated, hybridized network that provides reliable, 
low-cost and sustainable electric power to communities around the world..
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“GE was the first to see the 
opportunity in the Industrial Internet 
(IIoT). We created the market and 
first began investing seven years 
ago. We recognized early that the 
future was digital, and we made GE 
the proving ground for our vision.”

We believe that the future of energy is digital. This is why, 

after decades of providing software to the energy industry, 

we re-committed to energy digitalization in 2011 and built 

a world-class industrial software center. We have since 

accelerated the digitalization of all GE solutions through 

the development of new digital energy platforms that 

complement our hardware. As a result of our increased 

digital commitment, every GE Renewable Wind turbine 

shipped is digitally enabled, and over 20 percent of GE 

Power products and services have adopted GE digital 

solutions in the last two years. Customers across the globe 

are now adopting GE digital applications that increase asset 

performance, improve operations, and unlock new revenue 

opportunities.

The truth is, GE was the first to see the opportunity in the 

Industrial Internet (IIoT). We created the market and first 

began investing seven years ago. We recognized early that 

the future was digital, and we made GE the proving ground 

for our vision. And we are still at the beginning of the IIoT 

revolution, and GE’s commitment to this space deepens 

every day. Driving additional efficiency across the electricity 

network will continue to be a significant area of focus for 

the industry, and IIoT plays a huge role in that. Delivering 

outcomes for industrial customers requires three very 

specific things: first-hand domain knowledge, operational 

systems, and a scalable platform.

Every day, GE runs more than a million analytic operations 

on the world’s largest fleet of gas, steam, wind, and hydro 

turbines under management across the world. Having 

access to these operational systems not only allows for 

real-time monitoring, but it also gives the ability to optimize 

and automate as part of a fully secure, fail-safe, closed-loop 

process. We have no doubt that in the future more solutions 

will leverage public cloud infrastructure. Cloud providers are 

clearly aware of this trend and are increasingly building tool 

kits to address these needs. We completely expect, want, 

and embrace this evolution. We look forward to leveraging 

public cloud technologies as a backbone for solutions that 

require 100 percent up-time.

Our customers are already enjoying the benefits of 

GE’s digital energy applications. For example, a large 

electric utility deployed GE’s digital asset performance 

management (APM) solution across its 1-gigawatt (GW) 

wind power fleet, covering multiple regions with turbines 

from six original equipment manufacturers (OEMs). 

Historically, the utility’s inventory and maintenance 

strategies resulted in an average wind turbine downtime 

of 30 to 40 days, significantly impacting fleet production 

and revenue. GE’s digital solution improved wind turbine 

availability and reduced unplanned downtime and 

maintenance costs. The utility realized a savings of more 

than US$3 million attributable to the deployment of the 

APM solution. Aside from the solution itself, GE’s main 

differentiator was the value validation methodology that 

was established prior to the investment decision. It enabled 

the utility’s board to make a decision based on a business 

case that captured both qualitative and quantitative values 

and was agreed upon by all stakeholders.

In another example, GE helped Engro Corporation improve 

operational reliability at its 217-megawatt (MW) Powergen 

Qadirpur plant in Pakistan using GE’s digital power 

generation solutions. We are building on this success with 

a ten-year agreement to roll out GE’s APM solution to 

enhance performance at six power plants across Pakistan 

and Nigeria. The plants are expected to generate up to a 

combined total of 1,600 MW and are equipped with both GE 

and non-GE OEM equipment.
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These are just two recent examples. If we broaden the lens, 

it is clear that the potential economic and environmental 

benefits of the digitalization of energy are enormous. 

Consider GE’s Digital Power Plant (DPP) solution, a suite of 

digital applications that improve the performance of power 

plants and reduce asset downtime using cloud-based 

analytics on GE’s digital platform. If the digital power 

generation solutions were installed across the global 

fleet of coal and gas-fired power plants, carbon dioxide 

emissions from power plants would be reduced by up to 

10 percent. That’s roughly equivalent to taking all the cars 

in the United States (US) off the road. This single digital 

application represents a US$200 billion opportunity for the 

global power industry.2  The potential impact of the digital 

grid is also vast. Recent GE analysis suggests that if digital 

grid technologies were fully deployed globally, electricity 

consumption could be reduced by as much as 12 percent 

and carbon dioxide emissions could be reduced by up to 2 

billion metric tons by 2030.3

Even more broadly, the Global e-Sustainability Initiative 

(GESI) recently found that an IIoT-enabled world of 2030 

can be cleaner, smarter, and more prosperous. These 

findings indicate that Information and Communications 

Technologies (ICT) can bring about a 20 percent reduction 

in global carbon dioxide emissions by 2030 through the 

application of Internet-enabled solutions. This would also 

reduce energy costs by US$4.9 trillion by 2030, with US$1.2 

trillion in reduced electricity expenditures, and US$1.1 

trillion in reduced fuel expenses.4

Blockchain, artificial intelligence (AI), and machine 

learning (ML) are three digital technologies that are 

undergoing rapid development today and have the 

potential to bring disruptive changes to the energy 

landscape. Blockchain technology presents an exciting 

opportunity for decentralized energy environments to 

enable, validate, record, and settle energy transactions 

in real-time. Blockchain is a distributed digital ledger built 

on a decentralized transaction verification system; this 

framework could enable peer-to-peer transactions, where 

neighbors transact directly with each other and trade 

energy generated from their rooftop solar panels and 

electric vehicles through the grid.

To achieve the economic and environmental benefits of a 

digital energy future, we envision the widespread adoption 

of a broad array of digital tools that will fundamentally 

transform the way energy is produced, delivered, and 

consumed. Imagine a world where power plants, T&D, 

distributed energy resources (DER), and consumer 

devices work in harmony to deliver reliable, low-cost, and 

sustainable energy when and where it is needed. Envision a 

future energy system that largely operates autonomously, 

providing economic and environmental benefits to homes, 

businesses, and factories. 

To realize this vision, a range of new digital technologies 

must be developed and successfully integrated with 

existing and new energy technologies. GE’s strong 

tradition of innovation, along with our enthusiasm for 

collective endeavors, will help transform markets and 

revolutionize the energy landscape. The world will never be 

the same. We will cultivate new digital technologies while 

revitalizing traditional ones so that they can work together 

synergistically in the twenty-first-century global energy 

system.

Despite the long-term potential and early success of energy 

digitalization efforts, there remain several challenges that 

must be overcome in order to unlock the full potential of our 

digital energy future:

• Digital energy adoption needs to be encouraged. As with 

all technological innovation, many stakeholders initially 

resist adoption because of the perceived risks involved, 

up-front costs, and projected uncertainty around positive 

outcomes. Policy makers and regulators may want to 

consider both financial incentives and digital technology 

requirements that compel industry to adopt and adapt 

and begin their digital transformation.

• Industry, government, and universities must advance 

digital energy research and development (R&D). Industry 

participants have moved forward with a wide array of 

digital energy pilot projects. These projects should not 
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only be encouraged but also supplemented by public 

research dollars that enable market participants to 

verify the positive outcomes of energy digitalization. 

Establishing a positive track-record will foster increased 

confidence among market participants for digital 

outcomes and the reduced risk of digital technology 

implementation.

• Data privacy concerns need to be fully addressed. A major 

barrier to the increased use of digital technologies in the 

energy arena is industry and public concerns about data 

privacy and security. Energy use, cost, and production 

data are highly sensitive, and the risk of data loss or theft 

as a result of increased connectivity is a disincentive for 

companies as they attempt to embrace digitalization. 

Increased interoperability and standardization will enable 

energy data systems to interact with one another in a 

reliable, safe, secure, and user-friendly manner. Beyond 

this, policymakers will need to fully address privacy 

concerns by adopting regulations to specifically address 

energy data protection, which will lead to significant 

changes to business practices for many companies. 

• Cybersecurity needs to be improved. The digitalization 

of energy infrastructure opens the door to increased 

risk for energy security from unintended cyber 

incidents and intentional cyber-attacks. Today, there 

is an ever-increasing threat landscape for energy 

infrastructure. Because of these risks, digital energy 

security needs to be built around the concepts of digital 

system resilience, cyber hygiene, and security by design. 

There is a need for standards and specifications to be 

developed and implemented at the company, country, 

and international level in order to increase cybersecurity 

and reduce risks.

• Talent should be cultivated. Digitalization will require 

creating and growing new talent pools. Beyond the 

technical skills in engineering, there will be a need for 

a wave of new technical, analytical, and leadership 

roles that are explicitly cross-disciplinary in nature. 

Talent needs to be carefully cultivated, and this starts 

with a commitment to the continued development of 

educational institutions and scientific facilities. This 

will require stronger collaboration between companies, 

governments, and universities to help define and develop 

digital leaders of the future.

“At GE, we are committed to helping 
the world realize the benefits of 
digitalization through our 
continuous investment in 
innovation, which has created a 
stream of new opportunities and 
offerings that unlock new value in 
the transformed energy system.”
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GE is committed to helping the world realize the benefits 

of digitalization through our continuous investment 

in innovation, which has created a stream of new 

opportunities and offerings that unlock new value in the 

transformed electricity system. We know that creativity 

and flexibility will be keys to successful adaptation in 

this new era. In this environment, our mission will be to 

continue to aggressively cultivate new technologies, to 

improve legacy technologies, and strive to ensure their 

capability so they can work synergistically in the emerging 

twenty-first-century global power system. We have the 

right technologies, platforms, people, and mindset to 

successfully lead this transition.
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Power is the underpinning of modern life. It is the spark 

that sets progress in motion, moving the world forward 

and enabling economic growth, health, connection, and 

safety in communities large and small. The modern miracle 

of electricity, which started in earnest with Thomas 

Edison’s Pearl Street Station in 1882, continues to be 

delivered to a growing number of people around the world. 

From a fledgling industry near the turn of the twentieth 

century, electricity has become an integral part of society, 

commerce, and technology, and we expect electricity to 

play an increasingly important role in the future as digital 

technologies become increasingly prevalent.

The Global Energy Imperative
Demand for electricity is on the rise across the globe. There 

are several factors that impact the magnitude and direction 

of global electricity demand:

• First, more than one billion people are without access 

to electricity, and nearly three billion people rely on 

the use of biomass, such as wood, for cooking. More 

than 95 percent of those living without electricity are in 

countries in sub-Saharan Africa and developing Asia. As 

these countries electrify, there will be an increase in the 

demand for electricity. 

• Second, electricity use has the potential to extend 

to other sectors because of new technologies and 

innovations. Electric transportation vehicles provide the 

clearest example of this. Transportation accounts for just 

over 20 percent of global primary energy demand today 

but is only 1 percent electrified. This represents a large 

opportunity for increasing electricity demand growth. 

About 750,000 electric vehicles (EVs) were sold in the 

world in 2016, a number that is projected to grow to more 

than ten million per year by 2026. By 2040, over half of all 

vehicle sales will be electric. That global electric vehicle 

fleet is expected to add an additional 1,800-terawatt 

hours (TWh) of demand by 2040.5

• Third, there is an emergent middle class in many regions 

of the developing world that is driving adoption of modern 

conveniences such as electric appliances. The electricity 

INTRODUCTION

demand per capita in Organisation for Economic 

Co-operation and Development (OECD) countries is more 

than three times that in the non-OECD. Americans use 16 

times the electricity used in India on a per capita basis.6  

Economic growth in countries such as India and Indonesia 

will create rapid and significant electricity demand 

growth.

• Fourth, energy-efficient technologies are also negatively 

impacting global electricity demand growth. As 

developed regions like the US and Europe switch to 

more efficient lighting, heating, ventilation and air 

conditioning (HVAC), and other energy-related systems, 

total energy consumption is decreasing. In addition 

to recent breakthroughs in technology, policy drivers 

and increasing consumer demand for energy-efficient 

solutions will continue to impact total demand growth in 

these regions.

Overall, we estimate that total annual global electricity 

consumption was 21,400 TWh in 2016. Looking ahead, 

increasing amounts of electricity are expected to be 

delivered to more people around the world. Between 2016 

and 2025, we expect global electricity demand to grow by 

2.4 percent per year, reaching 26,500 TWh by 2025. That’s 

an aggregate electricity increase of approximately 24 

percent, or about 5,100 TWh, from 2017.7

The continued rise in energy demand is a positive 

development for people and the planet because safe, 

efficient, reliable, and affordable power has long been a 

driver of economic growth and rising living standards. As 

more sustainable, intelligent, and customizable energy 

solutions become available, economic opportunities and 

the quality of life will rise for millions. As illustrated in Figure 

2, increases in global energy use over the last century have 

been positively correlated with increases in economic 

growth, living standards, and health.
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Figure 2: Energy Use and Human Development

The continued increase in global energy consumption is a positive development for the world because 
increases in per capita energy use are positively correlated with increases in human development.

Source: World Bank, United Nations Development Programme 

(UNDP), US Energy Information Administration (EIA). 

China

India

H
um

an
 D

ev
el

op
m

en
t I

nd
Ex

 (H
D

I)
1.0

0.8

0.6

0.4

0 200 400 600 800 1000

Per Capita Energy Use (mmBtu/person)

0

176 Countries represented; size of circle represents GDP 

2015 Population (millions)500

1,000

1,375

“The continued rise in energy 
demand is a positive development 
for people and the planet. That’s 
because safe, efficient, reliable, and 
affordable power has long been a 
driver of economic growth and rising 
living standards.”

Electricity Reimagined
The magnitude and location of electricity demand 

growth isn’t the only thing that is transforming in the 

twenty-first-century power landscape. Change is also 

being driven by three powerful trends: the emergence of 

digital technologies, the arrival of increasingly affordable 

distributed power technologies, and decarbonization 

through the maturation of renewable energy and energy 

efficiency options. The convergence of these three 

drivers is creating a crucible of transformation that will 

remake the global power landscape in ways that were 

once unimaginable. These drivers are also changing the 

characteristics of electricity customers, as new customers 

are emerging with different needs and preferences. The 

transformation of electricity is a positive development 

between people and the planet because increasingly 

affordable, reliable, sustainable, and customizable power 

solutions are now at our fingertips. Indeed, the continued 

dynamism of the global electric power system is part of the 

beauty of what Edison helped to start in 1882.
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Digitalization
The concept of the Internet of Things (IoT) was first 

developed in 1994. The basic idea was to affix sensors to 

common objects to connect these items to the Internet. By 

2010, improvements in information technologies enabled 

the IoT to be applied to industrial machinery. This led to 

the Industrial Internet of Things (IIoT). The IIoT opens up a 

range of applications and potential for optimization across 

industries. For electricity, in particular, IIoT applications 

have been developed to operate and control T&D networks, 

improve the performance of individual and fleets of power 

plants, and optimize hybrid microgrid systems.

The marriage of the physical and the digital across 

industries is revolutionizing how machines work and 

providing cost and resource savings. Just as individual 

control systems are critical to the optimal operation of 

individual assets, digital solutions can now integrate 

entire power plants and energy systems to maximize their 

overall efficiency. This approach will grow in importance 

as assets operating on the grid face growing economic 

pressure to operate more efficiently and economically. As 

modern energy systems become increasingly hybridized, 

digitalization will become increasingly important to 

integrate the energy system at the T&D level. In the 

last decade, there have been increasing efforts to apply 

information technologies to the grid in order to make it 

smart or intelligent.

These efforts have accelerated recently with the growth 

of the IIoT. The digitalization of energy provides new 

consumer capabilities and business opportunities across 

the electricity value chain. For example, sensor-based 

lighting, smart controls, and a wide variety of new software 

technologies are helping commercial buildings, retail 

stores, and industrial facilities transform into intelligent 

environments.

Decentralization
GE has long recognized, encouraged, and contributed 

toward the trend of smaller, decentralized power systems 

that meet on-site electricity needs. In contrast, traditional, 

centrally-located power plants distribute electricity to 

customers through vast T&D networks. Known collectively 

as distributed power technologies or distributed energy 

resources (DER), aeroderivative turbines, reciprocating 

engines, and solar photovoltaic (PV) systems are being 

deployed throughout transmission networks and in remote 

locations in increasing volumes. Continued policy support 

for distributed solar PV systems, combined with recent 

innovations and cost declines, have given this trend new 

urgency, and adoption rates for solar in commercial and 

industrial facilities are increasing at a rapid pace. Traditional 

diesel and natural gas reciprocating engines continue to 

experience efficiency improvements. Their small size and 

dependability make them the generator of choice in many 

applications around the world, particularly in remote 

regions and applications.

Another advantageous aspect of distributed power 

systems is their ability to meet the heating, cooling, or 

steam needs of end-users. Many industrial processes 

require heat as well as electricity as an input into industrial 

production processes. Distributed, on-site generators 

such as reciprocating engines, steam turbines, and gas 

turbines can supply multiple products to meet customers’ 

power, heating, cooling, and steam needs. When operating 

in combined heat and power (CHP) or trigeneration 

mode, distributed technologies exhibit total efficiencies 

approaching 90 percent.

Another important part of the decentralization movement 

is the role of increasingly affordable, modular energy 

storage solutions such as batteries. These solutions 

enable distributed power systems to store energy from 

variable generation sources and discharge at periods of 

peak demand. The ability to time shift enables smaller, 

distributed systems, like solar PV, to meet a broader 

spectrum of on and off-grid customer needs. For example, 

GE’s Reservoir Solution provides flexible and modular 

energy storage for centralized or distributed power 

systems. This innovative and standardized architecture is 

designed for energy, power, and renewable applications. 

The Reservoir Solution is an integrated turnkey offering 

that combines GE’s advanced technologies and expertise 

in controls, power electronics, battery and operational 

management systems, and electrical balance of plant—all 

backed by GE’s performance guarantees.

Decarbonization
GE stands behind the worldwide consensus that has 

emerged among the majority of the scientific community, 
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At the Paris Climate Conference in 2015, 195 countries 

agreed to cut carbon dioxide emissions and review progress 

every five years. Beyond climate-specific policies, a broad 

set of associated policies have been implemented in the 

last two decades which have already led to sustained 

decarbonization of the global electricity system, which 

produces 42 percent of global carbon dioxide emissions. 

Among the most notable policies are renewable portfolio 

standards in the United States, feed-in tariffs in Europe, 

and a potpourri of other subsidies and tax incentives for 

low-carbon generation sources across the globe.

business leaders, politicians, and the public who believe 

climate change is an imminent and serious threat that 

can be addressed through decarbonization of the global 

energy system. This is a serious and pressing global issue 

as world carbon dioxide emissions continue to grow at a 

record pace. The recognition of the potential consequences 

of climate change has created political pressure to enact 

decarbonization policies in countries across the globe. 

In the US, greenhouse gas (GHG) emissions from energy 

sources hit a 25-year low in 2017 as the power sector used 

less carbon-intensive resources such as renewables and 

natural gas.
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These policies have proven to be advantageous for 

renewable energy technologies. However, the drive to 

decarbonize hasn’t simply been about policy push — 

innovation is also creating technology pull. Over the last 

decade, the reliability, cost, and performance of renewable 

energy technologies, such as wind power, have improved 

dramatically. For example, wind power costs have fallen by 

two-thirds since 2005, dropping from as high as US$150/

MWh in 2005 to less than US$50/MWh today.8

These improvements have been driven primarily by 

innovation that has enabled the installed cost of wind 

turbines to decline, even as greater amounts of electricity 

are squeezed from a single turbine. The installed cost 

of solar has declined by approximately 60 percent over 

the past five years. Solar PV cost reductions have been 

the result of a combination of innovation and the rapid 

expansion of global solar PV manufacturing capacity. 

The result of both policy push and innovation pull toward 

decarbonization has been the rapid growth of renewable 

energy technologies.
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ENERGY SYSTEM TRANSFORMATION

DECENTRALIZATION
The distribution of small-scale generation 

throughout the T&D network.

DECARBONIZATION
The rapid deployment of low-carbon 
technologies such as wind and solar.

DIGITIZATION
The addition of intelligent control 

systems and internet-enabled software 
to optimize plants and the grid.

Figure 3: Decentralization, Digitization, and Decarbonization

Three primary drivers are transforming the global energy system: decentralization, digitalization, and 
decarbonization. Together, these factors are shifting the world’s power mix toward smaller, cleaner, and 
more intelligent technologies. This is occurring against the backdrop of the long-standing need for electric 
utilities to provide affordable, reliable, and sustainable power options.

Source: (Owens,  
Reimagining Our  
Electricity Future  
2017)
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THE DIGITAL ENERGY 
JOURNEY
Digital technologies have been used within energy 

systems for decades. The energy sector was one of the 

early adopters of large information and communications 

technology systems. In the 1970s, electric utilities used 

ICT to help manage the T&D system. Many electricity 

markets around the world are monitored and controlled 

in real-time across large customer bases and geographic 

areas. Likewise, oil and gas companies have a long history of 

using digital technologies to aid exploration and production 

efforts. Similarly, a variety of industries have used process 

controls and automation to optimize energy use. Digital 

technologies have long been used across transportation 

modes to improve safety and increase energy efficiency.

As a result of advances in ICT technologies and cost 

reduction, the rate of energy digitalization is now 

accelerating. Global investment in digital energy solutions 

has grown significantly. Global investment has increased 

by 20 percent annually since 2014 and now exceeds US$50 

billion. Global annual investments in digital technologies are 

now greater than total electricity investments in India.9

GE, which has provided software for its energy equipment 

for decades, enhanced its commitment to a digital 

energy future in 2011 when we announced a US$1 billion 

commitment to developing industrial software and 

analytics. In 2013, GE released its first software platform for 

the IIoT. By 2014, GE had developed forty IIoT applications. 

The IIoT Consortium was founded in 2014 to further 

accelerate development, adoption, and widespread use of 

interconnected machines, intelligent analytics, and people 

at work. In 2015, GE released an enhanced version of its 

IIoT operating systems that enables companies to connect 

machines, data, and people in a single cloud-based platform 

supported by an unmatched ecosystem of technologies 

and partners. In 2018, GE strengthened and deepened our 

commitment to fully integrate digital technologies across 

the entire spectrum of GE products and services. As a result 

of our increased digital commitment, every GE Renewable 

wind turbine shipped is digitally enabled, and over 20 

percent of GE Power products and services have adopted 

GE digital solutions in the last two years. Customers across 

the globe are now adopting GE digital applications that 

increase asset performance, improve operations, and 

unlock new revenue opportunities.

GE’s efforts in the digital energy arena today are centered 

around the IIoT, whose roots can be traced back to the 

1950s. Software has been used in industrial processes 

since 1959; that’s the year that Texaco’s Port Arthur refinery 

became the first chemical plant to use digital control. 

The Port Arthur refinery used an RW-300 mainframe 

manufactured by Ramo-Wooldridge Corporation and 

led the way in the development of industrial computer 

control. Since that time, software has become increasingly 

integrated into industrial machinery. Industrial software 

continued to develop in successive generations. In the 

1960s, the first generation of industrial software used large 

minicomputers with no connectivity to other systems. 

By the 1970s, second-generation software systems 

were in place that were distributed across multiple 

connected stations. Network protocols were proprietary 

and not standardized during this period. By the 1990s, 

third-generation industrial control software was in use. 

These systems were distributed and networked and 

could be spread across multiple local area networks and 

geographies, often with a single supervisor and historian.

The Internet was developed in parallel to the development 

of increasingly sophisticated industrial control software. 

The first nodes of what would become the Advanced 

Research Projects Agency Network (ARPANET) were 

established in 1969. ARPANET was the precursor to 

today’s Internet. In 1982, the Internet protocol (TCP/

IP) was established. This standard enabled seamless 

communication between interconnected networks. The 

Internet grew to over 300,000 hosts by 1990. In 1991, 

after the ARPANET project was concluded, all commercial 

restrictions on the use of the Internet were removed. As 

is well known, the Internet blossomed into a global force 

for communications and retail commerce in the 1990s 

and 2000s. The world was transformed in a myriad of 

well-documented ways by the emergence of the Internet. 

By 2010, the number of Internet hosts exceeded 800 million. 

The amount of data stored digitally today has reached 300 

exabytes, equal to 1 billion gigabytes.10
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In 1994, the concept of the IoT was first developed. The 

basic idea was to affix sensors to common objects in order 

to connect these items to the Internet. This would create 

an interconnected universe where objects could be tracked 

and controlled remotely. In 1999, the Massachusetts 

Institute of Technology (MIT) established the Auto-ID 

Center to conduct research focused on IoT. During the same 

year, the world’s first machine-to-machine protocol, MQ 

Telemetry Transport, was developed. By 2008, the first 

international IoT conference took place in Zurich.

By 2010, improvements in information technologies 

enabled the IoT to be applied to industrial machinery. 

This led to the Industrial Internet of Things (IIoT). 

Technology advances include falling computing prices, the 

miniaturization of computers, increasing bandwidth, and 

the emergence of cloud computing. All of these technology 

trends together provided the tailwinds necessary to 

launch the IIoT. The development of the IIoT itself is a 

transformative milestone for industrial resource use 

because it adds a new dimension to resource productivity. 

Starting in the 1960s, first-generation industrial software 

systems were able to optimize resource use at the 

machine level. In the 1970s and 1980s, interconnected 

second-generation industrial software systems enabled 

resources to be optimized at the facility level. By the 1990s, 

fully networked third-generation industrial software 

systems enabled entire industrial enterprises to optimize 

their resource use.

However, it is only with the emergence of the IIoT that 

optimization can occur at the global level and across entire 

industrial networks such as railway, airline, and electric 

power. The efficiency and operation of entire airline or 

railroad networks can be controlled with emerging IIoT 

solutions. Likewise, entire electricity grids can be controlled 

and optimized with intelligent software solutions. This level 

of optimization is new, and it required 50 years of software 

innovation to get here. This new element offers promise for 

the acceleration of resource productivity improvements 

above and beyond a level that was previously possible.
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1960 198019701950

1959
Texaco’s Port Arthur refinery 
becomes the first chemical 
plant to use digital control.

1969
The first nodes of what  
will become the Advanced 
Research Projects Agency 
Network (ARPANET) are  
established. ARPANET was the 
precursor to today’s Internet.

1982
The Internet protocol  
(TCP/IP) is established.  
This standard enabled 
seamless communication 
between interconnected 
networks.

1985
The number of hosts on the 
Internet (all TCP/IP intercon-
nected networks) reaches 
2,000.

1950s–1960s

Monolithic
Enabled Machine-Level  
Resource Optimization

The first generation of industrial control software 
used large mini-computers connected to industrial 
machines with no connectivity to other systems. 
They had limited security.

1970s–1980s

Distributed
Enabled Facility-Level  
Resource Optimization

The second generation of industrial control software 
was distributed across multiple independent worksta-
tions connected through proprietary communications 
protocols. They had limited security.

Figure 4: Industrial Internet Timeline

Industrial software systems have evolved over the last 50 years from monolithic systems that provided machine-level control, 
to today’s Industrial Internet, which facilitates resource optimization for global industrial networks.
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Source: (Owens, Digital Resource Productivity 2014)

2000 202020101990

1990
The Internet grows to over 
300,000 hosts.

1991
After the ARPANET  
project was concluded, all 
commercial restrictions on 
the use of the Internet are 
removed.

1994
The concept of the Internet of 
Things (IoT) is first developed. 
The basic idea was to affix 
sensors to common objects  
in order to connect these 
items to the Internet.

1999
The Massachusetts I 
institute of Technology  
(MIT) establishes the Auto-ID 
Center to conduct research 
focused on IoT. During the 
same year,  
the world’s first machine- 
to-machine protocol,  
MQ Telemetry Transport 
(MQTT), is developed.

2008 
The first international IoT 
conference takes place in 
Zurich.

2010 
The number of Internet hosts  
exceeds 800 million. 

Improvements in information 
technologies enable the IoT 
to be applied to industrial 
machinery.

2012 
GE announces its commitment 
to a $1 billion investment in 
software and analytics and 
launches the Software and 
Analytical Center of Excellence 
in California.

2013
GE develops the first  
software platform for  
the Industrial Internet. 

2014
GE’s portfolio grows to 31 
Industrial Internet applications 
within its Predictivity  suite of 
solutions. The Industrial Inter-
net Consortium is established  
to further the development, 
adoption, and widespread use 
of the Industrial Internet.
2015

GE releases an operating system  
for the Industrial Internet. GE’s  
cloud-based platform is designed 
for building and powering Industrial- 
strength applications.

2015
GE and Intel joined forces in order  
to leverage the power of ICT to help 
solve the world’s toughest global  
natural resource challenges.

2016
Intel scales its architecture for IoT 
through a wide range of product  
offerings. Intel® Quark™, Intel  
Atom™, Intel Core™, and Intel Xeon® 
processors each support a wide  
range of performance points with  
a common set of code, analytics, 
encryption, and new application 
requirements in IoT.

Intel announces the availability  
the Intel Building Management  
Platform to help small- and medium- 
size buildings become smart and  
connected. 

1990s–2000s 

Networked
Enabled Enterprise-Level  
Resource Optimization

The third generation of industrial control software were 
distributed and networked, and computers could be in-
terconnected through a secure local area network (LAN). 
The systems spread across multiple LANs and across 
geographies.

2010s–Today 

Industrial Internet
Enables Global Network 
Resource Optimization 

Over the last decade, cloud computing, network bandwidth 
increases, hardware improvements, and software advances 
have enabled the emergence of the Industrial Internet.
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DIGITAL ENERGY 
APPLICATIONS
In the context of the power industry, the digital 

transformation is occurring across the energy value chain, 

from electricity generation, through transmission and 

distribution, all the way to end-use electricity delivery in 

homes, factories, and businesses. Potential applications 

range from asset performance management, grid 

optimization and aggregation, and integrated customer 

services.

The potential benefits are enormous. According to a 

World Economic Forum paper, the value stream to the 

power industry for service platforms, smart devices, and 

advanced analytics is US$1.3 trillion. Asset performance 

management solutions alone have the potential to create 

value by lowering operations costs and eliminating 

unplanned downtime. At a broader level, digital solutions 

in the power industry can create over US$2 trillion from the 

reduction in GHG emissions, new job creation, and value for 

consumers.11 
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Asset Performance

Advanced predictive analytics improve 

plant reliability and availability, allowing 

plants to diagnose root cause and  

corrective actions more quickly.

Operations Optimization  

Visualizing startup details, including  

fuel consumption, emissions, and  

start costs; aligning operating profiles 

with marketplace dispatch needs; and  

diagnosing thermal system performance 

and reducing cycle losses allow for 

beneficial operations optimization.

Business Optimization 

Weather forecasts and tuned plant  

models can be used to respond to  

marketplace price signals.

Figure 5: GE’s digital power plant

GE’s Digital Power Plant (DPP) showcases an agile digital infrastructure 
and a suite of innovative digital applications built for the IIoT.

Source: GE Power (Our Air page 26)

To help the world realize these benefits, GE has begun the 

process of developing and deploying digital applications 

across the energy spectrum. In particular, GE offers 

end-to-end-digital energy solutions that solve the challenge 

of grid transformation with an integrated and interoperable 

digital grid management system. We are leveraging digital 

energy solutions to bridge the gap between predictive and 

prescriptive—connecting traditionally siloed systems and 

providing integrated workflows. All of these efforts are 

designed to accelerate the digital energy transformation 

through the development of a digital future that connects 

and orchestrates data in new ways and leverages 

information across energy enterprises using advanced 

analytics, machine learning, and artificial intelligence.

Digital Gas and Steam Power Plants
Given the size of the global power fleet and the important 

role that electricity generation plays within the global 

energy value chain, the potential impact of digital 

technologies on power generation assets and systems 

“All of GE’s digital efforts are 
designed to accelerate the digital 
energy transformation through the 
development of a digital future that 
connects and orchestrates data in 
new ways, and leverages 
information across energy 
enterprises using advanced 
analytics, machine learning, and 
artificial intelligence.”

GE  /  25September 2018

The_Digital_Energy_Transformation_10.10.18.indd   25 10/10/18   9:20 AM



Figure 6: The Environmental Potential of the Digital Grid

Studies indicate that digital grid technologies can improve grid efficiency and reduce electricity 
consumption by up to 12 percent. If these solutions are scaled globally, GE estimates that global 
electricity-induced CO2 emissions can be reduced by up to 2 billion metric tonnes per year by 2030.

Digital grid savings

Global CO2  Emissions
Source: (de Bedout and Owens 2017)
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has the potential to provide significant economic and 

environmental benefits. Hence, just a small improvement 

in asset performance of the global power fleet resulting 

from the implementation of digital solutions will lead to 

significant reductions in global fossil fuel consumption and 

environmental emissions production.

There are three focus areas for power plant digital 

applications:

• Operations performance management (OPM): Increasing 

power plant efficiency, capacity, and flexibility through 

improvements in operations performance.

• Asset performance management (APM): Optimizing asset 

strategies, improving machine and equipment health, and 

improving reliability through performance management.

• Field service management: Reducing operations 

and management costs through better demand and 

technician planning.

For an example of these focus areas in action, consider 

GE’s Digital Power Plant (DPP) solution, a suite of digital 

applications that improve the performance of power plants 

and reduce asset downtime using cloud-based analytics. 

GE estimates that if the DPP were to be installed across 

the global fleet of coal and gas-fired power plants, carbon 

dioxide (CO2) emissions from power plants would be 

reduced by 10 percent. That’s roughly equivalent to taking 

all of the cars in the US off the road. Thus, this single digital 

application represents a US$200 billion opportunity for the 

global power industry.
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Asset Performance and Health
GE has developed several digital applications that provide 

these power plant benefits enumerated above, including 

GE’s Asset Performance Management Health tool. APM 

Health uses analytics that identify early symptoms of 

issues that, if ignored, could lead to expensive, unplanned 

downtime. Using APM in this way can lead to improvements 

of 3 to 5 percent in availability and reliability. Physics-based 

analytics combined with pattern matching and machine 

learning algorithms increase failure-mode coverage, provide 

earlier time of detection, and reduce false positives. Having 

all the facts at their fingertips helps power plant operators 

make the best economic decision at any given time 

accompanied by a traceable justification. 

The aggregation of power plant data means that similar 

plants can be compared in an apples-to-apples way, 

encouraging identification of best practices to be shared 

across an organization in a manner that encourages 

emulation and collaboration to jointly improve 

performance. Critical investment decisions in people and 

equipment can be targeted to the plants with the greatest 

needs, and their benefits can be clearly measured. 

Furthermore, machine learning and natural language 

processing techniques can analyze the data to help expert 

technical support teams provide better answers faster to 

plant operators. Not only does this increase the productivity 

of the experts, it also allows their knowledge to be captured 

and used by the younger generation who will inherit their 

positions. 

The data itself can be analyzed to enable the accurate 

calculation of the remaining useful life of a component, such 

as a turbine blade, by combining the detailed physics-based 

model with operational data and inspection records. This 

provides an objective foundation to unlock productivity 

by moving from calendar-based to true condition-based 

maintenance.

These tools allow plant managers to analyze planned 

maintenance costs against the risk of unplanned downtime 

and maintenance. For example, boiler tube leaks have 

always been one of the most critical pain points for steam 

power plant operators. The use of digital tools that provide 

a virtual model of the boiler tube can enable an accurate 

prediction of the remaining lifetime of the tube. Using 

historical performance data and advanced algorithms, it is 

now possible to assess in real time the evolution of the tube 

life. This innovative new information allows anticipation 

and advanced planning of outages, instead of undergoing 

forced outages. Not only does this increase reliability 

and availability, but it also reduces the need for stocking 

excessive spare parts and manpower for inspection, further 

driving down costs. 

Digital Inspection Tools
Having reduced the planned maintenance actions to a more 

optimal level, GE’s new Digital Worker tool allows those 

actions to be completed faster, more safely, and with a 

higher degree of quality than before. Use of computerized 

work instructions on portable tablets removes the need for 

paper instructions and ensures that procedure information 

is up-to-date. Furthermore, augmented reality can help 

field engineers to carry out complex tasks confidently and 

safely. Bluetooth gauges, developed by GE in collaboration 

with Sylvac in Switzerland, allow accurate readings of 

critical parameters, such as blade clearance, to be captured 

digitally and dispositioned immediately from the turbine 

deck. In the event of a non-conformance that requires 

engineering disposition, a case is generated automatically 

and sent for review. Robotic inspection tools for turbine 

blades use laser scans to precisely measure surface 

damage, provide automatic disposition, and then clean 

and repair with accurate blending without any manual 

intervention, saving up to 40 hours on a turbine major 

inspection. 

The rapidly advancing technology of drones enables 

high-resolution images to be taken of equipment at heights 

or in difficult to access locations such as chimney stacks 

or inside boilers. Avitas, a GE company, has developed 

advanced image recognition techniques that can not 

only identify areas of concern but also compare from one 

inspection to the next and allow remaining useful life to be 

predicted. By eliminating the need for scaffolding, HRSG 
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tube banks can now be inspected in four hours rather 

than two days, increasing availability, reducing cost, and 

improving inspector safety. Inspections can now be done 

easily at any available opportunity, improving the quality of 

data and further reducing the risk of unplanned downtime 

due to a boiler tube leak. Lastly, mobile operations 

technology with advanced cybersecurity allows complex 

plants to be run more safely with fewer operators or even 

from a remote location.

Power Plant Performance Improvement
GE’s analytic tools not only reduce operations and 

maintenance (O&M) costs but also increase revenue by 

enabling existing plants to run at higher efficiencies across 

a wider load range, start faster and more reliably, and 

respond faster to changes in demand driven by the greater 

presence of renewable energy sources on the grid. GE’s 

digital platform uses the latest in edge computing power 

and virtualization technology to run multiple complex 

applications in parallel from one hardened server. The 

server sits at a level above the legacy turbine control 

systems, removing the need for expensive and lengthy 

replacement of existing systems. 

Generation Flexibility Tools
Digital Power Plant tools also enable greater power plant 

flexibility, and, as grid management software evolves, 

the connection between the level of generation and 

transmission will become more critical. Real-time data on 

current and forecasted demand can be fed down to the 

generation level to allow assets to be proactively positioned 

to respond to increases or decreases in load. In turn, this 

will enable generators to use their assets to their optimal 

potential and respond intelligently to unplanned events 

rather than react, thus optimizing the overall performance 

of the whole electricity system. 

Increased flexibility also brings new challenges to operators. 

The increased usage of HVDC connectors is bringing more 

and more local instabilities that can create torsional 

vibrations in the shaft line of a gas plant or a steam plant, 

which can sometimes lead to disastrous consequences. 

Thanks to data and the digitalization thread, the GE digital 

solution for model-based torsional vibration monitoring 

provides customers with continuous protection to their 

shaft line. The advisor enables real-time insight into 

stresses and vibration amplitudes in all critical locations 

along the rotor using a combination of state-of-the-art 

signal processing technology and physical models, resulting 

in a dynamic digital twin to provide health monitoring of 

focused outage planning of the turbine shaft.

Digital Wind Farms
The drive to decarbonize the global power system and 

startling improvements in renewable energy technologies 

have ushered in the renewable energy era. The pace of 

growth of renewable energy technologies—hydropower, 

wind, solar, geothermal, bio-power, and emerging 

renewables—has accelerated in the last decade. Since 2005, 

nearly 1,300 GW of renewable energy capacity have been 

added to the global electric power system. Today, when a 

new power plant is built somewhere in the world, it is just as 

likely to be renewable as it is fossil fuel or nuclear. This isn’t 

just a trend—it’s the start of a decades-long transformation 

of the global power system driven by improving renewable 

energy technology economics and efforts to decarbonize 

power networks across the globe.

The rise of renewables has increased the important role 

that digital tools can play in optimizing the operations and 

improving the performance of renewable energy systems. 

GE Renewable Energy has already added over US$100 

million in incremental revenue for asset owners through its 

digital services. With 60 GW Wind Power, 350 GW Hydro 

Power installations, and 25 GW under contractual O&M, 

GE currently monitors 68 GW of assets through its three 

Remote Operations Centers (ROCs) around the world. 

Over 2,900 passionate digital and service team members 

leverage cutting-edge physics and machine learning models 

on GE’s secure IIoT platform to enable outcomes that 

matter and to unleash limitless energy.

Reliability Management
Asset Performance Management (APM) Reliability 

Management can identify hundreds of anomalies and their 
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respective root causes as well as recommending quick 

actions to resolve them. With early detection and prompt 

corrective action, APM can reduce downtime by up to 40 

percent and avoid millions in maintenance costs per year 

(e.g., expensive crane investments, material, labor). 

For example, a large utility deployed GE’s digital asset 

performance management (APM) solution across its 

1-gigawatt (GW) wind power fleet, covering multiple 

regions with turbines from six original equipment 

manufacturers. Historically, the utility’s inventory and 

maintenance strategies resulted in an average wind turbine 

downtime of 30 to 40 days, significantly impacting fleet 

production and revenue. GE’s digital solution improved 

wind turbine availability and reduced unplanned downtime 

and maintenance costs. The utility realized a savings of 

over US$3 million attributable to the deployment of the 

APM solution. Aside from the solution itself, GE’s main 

differentiator was the value validation methodology that 

was established prior to the investment decision. It enabled 

the utility’s board to make a decision based on a business 

case that captured both qualitative and quantitative value 

and was agreed upon by all stakeholders.

Field Service Management
Field Service Management (FSM) can decrease Operation 

and Maintenance (O&M) costs by up to 10 percent by 

converting a typically whiteboard and spreadsheet-driven 

process to a digitally enabled daily maintenance and 

schedule planning.

For example, a leading Independent Power Producer 

(IPP) with a diversified renewables generation portfolio 

contracted GE to use its digital solutions to operate and 

maintain its wind farm. The IPP has a modestly-sized team, 

focused on project development and asset management. 

It outsources the full O&M scope to manage its risk and 

concentrate on its core competencies. Leveraging insights 

provided by digital tools integrated into its O&M offering, 

GE guaranteed production-based availability for the site, 

helping the IPP manage risks to its financial proforma. 

This Field Service Management solution enabled GE’s 

50-member service team to optimize daily maintenance 
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and schedule planning, achieving 26 percent fewer repeat 

tower climbs and 13 percent lower morning downtimes 

when compared with a “control” site with similar wind 

conditions and maintenance teams. The solution also 

reduced annual energy losses across International 

Electrotechnical Commission (IECO) categories for the 

project by 1.5 percent in aggregate across forced outages, 

planned corrective actions, scheduled maintenance, and 

internal curtailment when compared to a “control” site.

GE’s APM solution identified hundreds of anomalies and 

their respective root causes at this site and undertook quick 

actions to resolve. Early detection and corrective action by 

the O&M service team avoided over US$1 million in costs at 

this site. 

Annual Energy Production Optimization 
PowerUp, GE’s Annual Energy Production (AEP) optimization 

service, can increase AEP by up to 5 percent. PowerUp 

enhances wind farm AEP through turbine uprating, 

changes to pitch, yaw, torque, and tip speed settings and 

aerodynamic upgrades to blades. In the previous leading 

Independent Power Producer (IPP) example, GE also 

deployed PowerUp, increasing AEP by 3 percent. 

One of the most interesting digital solutions is a suite 

of applications designed to improve the performance of 

wind turbines while reducing O&M costs, extending asset 

life, and reducing unplanned downtime. GE Renewable 

Energy’s Digital Wind Farm solution extends analytics and 

optimization beyond a single wind turbine to the entire wind 

farm. GE Renewable Energy harnessed the power of the 

emerging IIoT to create the Digital Wind Farm, a dynamic, 

connected, and adaptable wind energy platform that pairs 

wind turbines in a wind farm with digital infrastructure 

to optimize efficiency across the entire wind farm. This 

platform can account for the wind farm’s topology, 

surrounding geography, wake effects, and other inputs to 

control individual wind turbines and optimize the operation 

as a whole. Through these techniques, the Digital Wind 

Farm technology boosts a wind farm’s energy production 

by up to 20 percent and could help generate up to an 

estimated US$50 billion value for the wind industry.12  The 

Digital Wind Farm uses interconnected digital technology 

to address a long-standing need for greater flexibility in 

renewable power.

GE Renewable Energy’s digital solutions are differentiated 

through:

• A deep understanding of the physics, engineering, and 

design parameters of wind turbines.

• OEM-agnostic applications which analyze, operationalize, 

and monetize assets.

• A proven analytics platform for reliable anomaly 

detection.

• Remote monitoring and diagnostics that recommend 

actionable O&M tasks based on years of wind power 

domain expertise.

• Experienced O&M teams that execute recommended 

corrective actions.

• Proven capabilities and continuing investment in 

up-tower repairs.

• Expansive network of parts and field service supply chain 

to optimize costs and return-to-service timeframes.

• Flexible O&M scopes to deliver customized solutions for 

each asset owner’s unique operating strategy.

• Innovative contractual and transactional commercial 

models to enable outcomes that increase asset owner 

revenue and reduce costs and risks.

In effect, GE Renewable Energy’s digital solutions provide 

full accountability from insights to outcomes.
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Digital Hydro Power Plant
Although most of the Digital Power Plants focus areas 

mentioned above can directly benefit hydropower plants, 

some applications are very much specific to one of the 

world’s most established sources of electricity. The 

lessons learned from the digitalization of other sectors 

such as media, retail, communications, healthcare, 

and education are now being successfully applied to 

hydropower technologies. The digitalization of hydropower 

will impact the global electric power system by providing 

both economic and environmental benefits across a range 

of electricity stakeholders from power plant owners to 

electricity consumers

By controlling expenses and energy production, creating 

a more efficient hydro turbine, and utilizing automation 

and data-driven maintenance, we are poised to take 

hydropower services to unprecedented levels. GE’s 

intelligent Condition Monitoring System (iCMS) for 

hydropower plants is a Digital Hydro Plant solution 

that uses machine learning to turn the monitoring and 

maintenance process into valuable, actionable insight by 

collecting data. iCMS has the capability to generate up 

to 1 percent extra output. If scaled across the world, this 

single solution is powerful enough to have a consequential 

impact on global electricity markets. In 2016, the global 

hydropower fleet produced 4,266 TWh, representing 17 

percent of total global electricity generation. Thus, if the 

Digital Hydro Plant were to be applied across the global 

fleet, and electrical output was increased by 1 percent, 

then hydropower electricity generation would grow by 42 

TWh. Increases in carbon-free hydropower displace other 

electricity sources that have a greater carbon content. If we 

assume that incremental hydropower displaces the average 

mix of electricity sources in each country, then the 42 TWh 

increase in hydropower output would result in a reduction 

in global carbon emissions of 17 million metric tonnes (mt). 

That’s equivalent to taking 41 million passenger cars off the 

road.13

And that’s not all. The digitalization of hydropower makes 

business sense as well. For example, iCMS can save as 

much as US$4,000/MW/year in reduced maintenance costs, 

improved asset life, and higher operational efficiency. Again, 

if we scale this across the global hydropower fleet, that 

translates to nearly US$5 billion in operational cost savings 

per year.

Given hydropower’s ubiquitous role in electricity networks 

across the globe, new digital innovations will have ripple 

effects across the system. Incremental improvements in 

hydropower output could provide electricity to millions 

of people. This is particularly important in regions of 

the developed world where access to electricity is more 

limited. Furthermore, enhancements in hydropower’s 

ability to respond to variable generation from intermittent 

generation sources greatly expand the ability of electricity 

transmission grids to add new low-carbon options such as 

solar and wind power.

It is fitting that one of the first power generation 

technologies created in the nineteenth century is now at 

the vanguard of the digital revolution of the twenty-first 

century. The global reach of legacy hydropower 

infrastructure and a century of operating experience 

have positioned hydropower to expand its role in digitally 

transformed power networks of the future.

The Digital Grid
The digitalization of existing and new transmission and 

distributions systems is an important component of the 

digitalization of electricity. The fundamental role of the 

T&D systems consists in moving electricity from where it is 

produced to where it is consumed, always ensuring a match 

between supply and demand, in the safest, most reliable, 

and most cost-effective manner. Traditionally, electricity 

networks have been designed as centralized and largely 

uni-directional systems, with centrally-located power 

plants supplying electricity to meet electricity demand 

to far flung customers across the network. However, as 

power networks evolve to include more distributed energy 

resources, electricity production is shifting towards a larger 

share of decentralized and renewable energy sources. 

This increase in distributed energy resources is creating 

stresses on the grid. The move toward decentralization has 
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introduced the need to increase the levels of bi-directional 

electricity flows on networks, is creating more voltage 

fluctuations, and is increasing the volatility of power 

production and local network congestions.

Digital tools have long been used to help manage and 

operate the grid. Existing digital tools range from protection 

relays and substation controllers in the periphery, to 

power plant controls, and all the way up to utility energy 

management platforms in the operating centers. For 

industry stakeholders, there is no question that an 

impressive level of intelligence is already deployed in 

modern grids, enabling the coordinated operation of 

interconnections that represent one of the most complex 

machines ever built by humankind. However, electrical grids 

are now being augmented with new digital tools to enable 

them to operate more effectively in this midst of the energy 

transformation. The smart pairing of these emerging digital 

technologies with the conventional physical and digital 

tools already available in the grid creates an opportunity 

to transform global T&D systems to deliver important 

outcomes, such as:

• Improved reliability

• Improved ability to integrate greater levels of renewable 

energy resources

• Enhanced utilization of existing and new infrastructure, 

and hence better economic returns

The latter two outcomes, while economically powerful, 

also bring the added benefit of reducing the environmental 

impact associated with electricity production and delivery. 

A report by the Pacific Northwest National Laboratory 

estimated that new digital grid technologies have the 

potential to reduce electricity-related CO2 emissions in 

the US by up to 12 percent by 2030. If this number is scaled 

globally, that’s equivalent to reducing global CO2 emissions 

by 2 billion metric tonnes per year by 2030.14  This is the 

same carbon impact as taking half of the passenger cars in 

the world today off the road.
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Figure 7: GE’s Digital Grid Architecture

Realizing that true transformation will require coordinating intelligent actions throughout the 
digital fabric of infrastructure, GE has developed a comprehensive digital grid architecture.
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The digital transformation of transmission and distribution 

systems is a long journey that will first take utilities from 

a reactive mode of operation to a predictive and even 

prescriptive framework. This will allow operators to make 

faster decisions, which will enable a more dynamic and 

efficient management of the grid. In the longer term, as 

artificial intelligence and machine learning progress, human 

intervention in the daily grid operations is expected to 

decrease, giving way to a fully-automated or autonomous 

management of the grid.

GE is developing a wide range of digital T&D tools to 

facilitate the transformation. GE’s recent digital T&D 

innovations are centered around intelligent substations, 

regional automation systems, and advanced network 

operations centers. Realizing that true transformation 

will require coordinating intelligent actions throughout 

the digital fabric of infrastructure, GE has developed a 

comprehensive digital grid architecture.
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1974
Wind research programs launched 
in the United States and Europe.

1985
The most commonly installed wind 
turbine in the United States is U.S. 
Windpower’s 56–100 kW machine.

1941
GE provides technical 
assistance and the electric 
generators for the 1941  
1.5 MW Smith-Putnam  
wind turbine, the world’s 
first megawatt-scale  
wind turbine.

1978
GE builds MOD-1 for  
NASA in support of the 
federal wind research 
program. The turbine was 
installed in the mountains 
of North Carolina in 
October 1978. It was the 
first wind turbine in the 
world to achieve 2 MW 
of power output.in the 
US is U.S. Windpower’s 
56–100 kW machine.

1995
Global wind power  
capacity reaches 5 GW.

2002
GE’s modern wind power  
journey begins in 2002 with  
the acquisition of certain  
assets of Enron Wind Corp.

2010
Global wind power capacity  
reaches 200 GW.

2003
GE celebrates its 
1,000th wind turbine 
installation with the 
flagship 1.5 MW unit.

2014
GE celebrates its 25,000th wind turbine 
installation—a milestone for the company 
which now has more than 38 GW of 
installed wind turbines around the world.  
Global wind power capacity reaches  
370 GW.

2015
GE welcomes Alstom’s onshore and 
offshore wind turbines to the portfolio.

2015
GE introduces 6 MW, permanent magnate 
generator for offshore with one turbine able 
to provide power for up to 5,000 homes.

2015
GE’s 3.15 MW generator obtains BNDES 
accreditation for Brazilian market, marking 
GE as the only supplier of generators at this 
power rating.

2013
GE introduces the Brilliant Wind Turbine 
platform. The GE Brilliant 1.6–100’s ramp 
control; predictive power analytics; and 
short-term, grid-scale battery storage 
capabilities open up new revenue-
generating opportunities for wind  
farm operators.

2015
GE introduces the Digital Wind Farm. 
With this product, GE extends analytics 
and optimization beyond a single wind 
turbine to the entire wind farm. The 
technology boosts a wind farm’s energy 
production by up to 20 percent.

1940 2015

Figure 8: GE’s Digital Wind Power Journey

GE’s modern wind power journey started in 2002. In 2013, GE 
introduced the Brilliant Wind Turbine platform that achieved 
better efficiency and higher output through integrated energy 
storage. In 2015, GE launched the Digital Wind Farm, a product 
portfolio comprised of GE’s newest wind turbines, predictive 
analytics, and performance optimization controls.

Source: (Owens, The Renewable Power Era 2016)
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Intelligent Substations
Utilities and governments are working hard to lower their 

dependency on fossil fuels while improving the reach 

and reliability of their electricity networks. To support 

this transition, network operators need to make their 

infrastructure smarter. A smarter use of infrastructure 

requires a much better understanding of the real-time 

state of the network. To that end, substations, the critical 

nodes of the electrical grid, need to collect real-time 

data from critical assets and channel this data through 

telecommunication systems to enable real-time situational 

awareness.

The first step toward a truly digital substation is to sense 

the power via conventional current and voltage sensors, or 

new technology like optical sensors, and digitize electrical 

signals with merging units located near the equipment. 

These digital values are then transferred by fiber-optic 

network to a high-speed Ethernet IEC 61850 process bus 

interconnecting the multiple Intelligent Electronic Devices. 

This IEC 61850-designed architecture enables high-speed 

communication up to 1 gigabit per second, making it ideal 

for rapid transmission of a large amount of data in an 

interoperable way.

Beyond the benefits of real-time data acquisition, 

this IEC 61850-designed architecture—which entails 

replacing kilometers of copper wires with just a few fiber 

optics—significantly improves personnel safety, reduces 

capital expenditure, and minimizes time to refurbish 

existing substations. Also, the use of Digital Instrument 

Transformers, incorporating optical or low power electronic 

technologies, on newly-built substations drive significant 

footprint reduction, such as signal copper cables and 

trenches and panels, by up to 80 percent.

Once the fully digital architecture is set up at the 

substations, operators can access real-time measurement 

from all critical assets. However, this is just the beginning 

of the digitalization journey. The goal is not to simply 

capture and store a long historical series of process data 

from physical assets but leverage this critical information 

to drive better outcomes. This requires applying software 

automated analytics and modeling techniques to provide 

situational intelligence and allow new operating actions.

For the most efficient and reliable operation of the network, 

part of the analytics will be computed at the substation 

level, leading to the fastest automated response with 

regards to the substation and network state. Other 

analytics will be channeled to main control rooms and 

analyzed at the network level to allow operators to make 

fast and optimal decisions.

Digitizing the substation elements is just the beginning of 

the journey toward truly intelligent digital substations. The 

value chain starts with collecting and aggregating data and 

measurements with sensors and merging units and sharing 

them across the Ethernet architecture. Yet the greater value 

resides in our capacity to drive improvements by making 

intelligent use of that data. 

Intelligent substation automation systems analyze 

information, in real time, not only from the primary 

process but from every secondary or auxiliary device in the 

substation. The monitoring of the state of the assets and 

its environment, coupled with intelligent algorithms, not 

only allows adequate reaction against any electrical, safety, 

or security incipient issues but also allows for better use 

of the assets at any point in time. An example of improved 

operational efficiency in a digital substation is GE DS 

Agile’s Smart Cooling system for power transformers. This 

solution dynamically manages the cooling system of the 

transformer, taking into account the instantaneous power 

load, internal status, and ambient conditions to increase its 

overall performance.

Another application is GE Dynamic Line Rating, which 

consists of a real-time, weather-based dynamic line and 

transformer rating software application that determines 

and adapts the power loading capacities of these assets 

to the prevailing environmental conditions (temperature, 

wind intensity and direction, rain, sunshine level) based on 

transmission line models. By calculating the lines’ effective 

power transmission capacity (also called ampacity) under 

peaks of wind and other weather conditions, and allowing 
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adjustment of their ratings in real time, the DLR solution 

allows utility operators to increase the production of wind 

power, making it possible to utilize the grid’s assets (lines, 

cables, power transformers) closer to their withstand 

limits during certain periods of time, avoiding or deferring 

additional investment in new transmission lines.

Regional Automation Systems
With the gradual increase in the use of fluctuating 

renewable energy sources and distributed generation, 

system imbalance is threatening the stability of 

transmission and distribution grids. Going up from the local 

substation scope into a regional cluster of substations, the 

respective digital control systems of modeled neighboring 

substations can be interconnected to perform automation 

at grid level, too. For this, every substation is modelled 

as an autonomous entity and equipped with horizontal 

“substation-to-substation” communication systems, 

in addition to the traditional “substation-to-SCADA” 

vertical hierarchy, constituting an aggregated system of 

substations.

Through inter-substation control and protection data 

exchange and automation functions, Wide-Area Control 

Units, such as the GE DS Agile WACU, offer the possibility 

to exchange fast IEC 61850-based GOOSE messages (I/O 

control signals) between neighbor substations without 

the need to transmit operation orders via a centralized 

grid control room. This is especially beneficial when an 

ultra-rapid reaction is crucial for maintaining the network’s 

stability. GE’s WACU wide-area controllers process 

real-time automation algorithms, considering the topology 

of multiple substations, and can be programmed to provide 

smart grid applications such as:

• Fast network self-healing and power restoration upon 

line faults.

• Load-shedding and islanding of critical grid areas 

following grid instabilities to guarantee security of supply.

• Microgrid control and power management.

• Management of distributed, renewable power source 

connection to the grid.

• Voltage regulation and power flow optimization at a 

wide-area level.

Advanced Network Operation Centers
With digitalization of the electrical network and intelligent 

automation at the edge, a wealth of real-time data on the 

grid and its environment is now available to improve system 

performance and build new innovative applications. 

These applications will generally consist of a blend of 

advanced analytics, machine learning, and magnified 

visualization, so the right insights find the right users at the 

right time. Better diagnostics and remedial actions allow 

better decision-making from operators, moving from a 

reactive mode of operation to a predictive mode, where 

they accurately model demand and generation, taking full 

consideration of weather impact and risk of asset failure.

Other applications, like GE Grid Asset Performance 

Management, will leverage real-time monitoring and 

analytics to provide valuable insights to operators on asset 

health. This solution will allow an increase in efficiency for 

maintenance operations while improving infrastructure 

reliability, with a reduced failure of equipment. GE Grid APM 

will also enable a more dynamic management of the grid by 

adjusting the operational contingency and safely allowing 

temporary overloads to better address some congestion 

issues.

However, to fully utilize the power of real-time data, 

network operators will need to break traditional silos 

between their multiple independent or loosely-connected 

applications, such as energy management systems, 

outage management systems, or geographical information 

systems, and use some form of common data fabric to 

ensure data ingestion, cleaning, and interoperability for 

all systems. Sharing a single source of information, these 

applications will be fully integrated, allowing an extra 

level of automation for a simpler, yet more dynamic, 

management of the grid by operators.
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Ultimately, real-time data sharing across the complete 

electricity value chain, from power generation, 

transmission, distribution and demand, connected 

with the marketplace, environmental conditions, and 

interconnectors, will be required to lean toward full 

digitalization of network operations. This holistic view of 

the complete network and the development of machine 

learning and artificial intelligence will enable a new 

level of optimization, called network level optimization. 

Network operation will be extensively automated, and 

human intervention on daily operations will be very 

limited, focusing on developing and orchestrating network 

automation and maintaining or upgrading infrastructure.

In short, real-time data will be available from most 

transmission and distribution substations. New levels 

of analytics are allowing a better understanding of the 

current state of the electric network and enable a smarter 

and more efficient operation of the grid. More intelligent 

automation is expected to take place at the edge, in the 

substations or in a group of substations, for an optimized, 

self-healing, and self-provisioning decentralized operation. 

At the network level, utilities will need to ensure data 

integrity and standardization to share information with 

a growing number of market participants and service 

providers. With a transforming and more complex energy 

ecosystem, advanced automation and network-level 

optimization will become essential to manage the grid in an 

efficient, safe, and reliable way.

Distributed Energy Resources
The global power system is rapidly moving from an 

electricity system built on traditional central generation 

with one-way flow to an integrated and hybridized network 

that contains elements of both central generation and 

distributed energy resources (DER). Distributed generation 

technologies, aero-derivative gas turbines, reciprocating 

engines, energy storage devices, fuel cells, and solar PV 

systems are being deployed throughout the global power 

system in greater numbers than ever before. Today, power 

networks are starting to combine the most efficient central 

generation and emerging distributed technologies to 

provide reliable, affordable, and sustainable electric power 

for factories, businesses, and communities around the 

world. 

The global distributed energy market is responding to these 

drivers with increased expansion. The collective group 

of distributed energy technologies, including distributed 

solar PV, small and medium wind turbines, microturbines, 

fuel cells, natural gas gensets, diesel gensets, distributed 

energy storage, and microgrids had an installed capacity of 

94 GW in 2017. As a group, the installed capacity of these 

technologies is expected to double by 2026. The annual 

average growth rate of these technologies is estimated to 

be 7.7 percent between 2017 and 2026.15 

At the same time, digital tools are being integrated 

throughout the electricity network—in the generation 

plants themselves, within fleet and system-wide control 

systems and across T&D systems. This change is happening 

against a backdrop of policies designed to decarbonize the 

electric power system in response to the growing threat of 

climate change and increasing consumer engagement with 

digital assets.

GE is taking a leading role in the development of digital 

tools for distributed energy resources. For example, GE is 

developing the next generation digital market platform, 

in partnership with PJM and ISO New England. With this 

proof of concept project, all participants in the energy value 

chain will have access to electricity market participants, 

microservices, advanced analytics for asset management, 

and other functions. With continued digitalization of the 

entire electricity network, new business opportunities 

will emerge as the fundamental topology of electricity 

interchanges begins to evolve, allowing local markets, 

microgrids, and the ability to accurately assess and manage 

demand on the grid. Power and utility companies that 

recognize and act on new routes of revenue offered by 

digital will be positioned for growth and success in 2018 and 

beyond.

Distributed Energy Resource Management
End-use electricity customers can benefit from DER to 

reduce the price of energy and increase resiliency, creating 
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a strong value proposition for the efficient use of distributed 

generation. Distributed generation technologies like CHP, 

energy storage demand response, and controllable loads 

to reduce annual energy consumption can stand alone, 

or they can work together within a network of integrated 

technologies to meet the needs of both industrial and 

commercial energy users. Advancements in digital 

technology are also enabling DER to provide services to the 

bulk grid, receiving additional revenue streams for volt-var 

management or grid congestion management. 

Multiple startups have entered this market to offer digital 

platforms in this arena, and GE has become an investment 

partner for several. For example, Vancouver-based Enbala 

has developed a digital platform that provides real-time 

control and optimization for an unlimited variety and 

number of DERs. The platform leverages DER resources as 

flexible energy assets that can be used to deliver power 

across the electricity network from end-customers to grid 

operators, and everyone in between.

The core of Enbala’s platform is an intelligent forecasting 

and real-time, multi-surface optimization model for DER 

assets. Enbala’s advanced machine learning algorithms are 

used to understand how DER asset capacity and control 

parameters evolve over time in order to forecast available 

capacity in real-time. Enbala expects their platform to 

provide new opportunities and business models in the DER 

space.

Virtual Power Plant
A Virtual Power Plant (VPP) is a digital platform that relies 

upon innovative software and smart grid controls to 

remotely and automatically dispatch DERs into distribution 

or wholesale power markets. Thus, VPP digital platforms 

provide stakeholders with the opportunity to aggregate 

DERs into a single, highly flexible, virtual power plant. VPPs 

allow DER capacity to be fully leveraged and provide system 

operators with the ability to dispatch the VPP just like a 

conventional generation asset. 

As with DER management solutions, several VPP platforms 

are available today. For example, another GE Ventures 

investment partner, Advanced Microgrid Solutions (AMS), 

offers a digital platform that operates distributed energy 

resources within electric utility networks. The AMS solution 

aggregates and controls distributed energy resources, 

including solar, energy storage, gensets, and flexible 

loads, in order to lower customer bills and maximize their 

value to grid operators. Utilities can defer infrastructure 

update costs and manage their distribution systems more 

efficiently with applications such as capacity markets, peak 

demand management, frequency response, or renewable 

integration.

DER management digital solutions and VPP digital 

platforms provide examples of how powerful digital tools 

are when combined with hardware solutions such as 

distributed generation technologies. Adding these digital 

layers to DERs unlocks new value for consumers and new 

business opportunities for companies across the electricity 

value chain.

Digitizing Energy Consumption
The energy transformation is changing the way individuals 

and businesses consume energy. As we have seen, new 

digital tools and the emergence of DERs are providing 

residential, industrial, and commercial electricity 

consumers with opportunities to more effectively 

customize their energy and manage the production and 

consumption of electricity. 

Demand-Side Management
Periods of peak demand can strain electricity networks 

and cost consumers dearly as electricity prices rise. To 

manage peak demand, electricity utilities used to simply 

contract with their largest customers to reduce their 

electricity consumption during critical peaks. However, 

digital technology is changing the game. Demand response 

programs are being increasingly managed by digital 

solutions that help manage customer demand response 

and facilitate the associated financial exchanges between 

utilities and their customers. 

More recently, this is being managed with the help of 

demand-response products quantifying the volume of 
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energy not being consumed and enabling related payments. 

Demand Response Management Systems (DRMS) allow 

utilities to manage all aspects of their demand response 

program through a single, integrated system. DRMS solves 

the challenge of creating automated, integrated, and flexible 

demand response solutions.

To empower consumers to control their own demand 

response, new protocols are currently being developed that 

connect appliances and other end-use energy equipment 

to the IIoT in order to enable automation and control. This 

will give consumers much-needed control over their energy 

use and help manage energy costs for both utilities and 

consumers. Utilities in the US are currently running pilot 

programs to test new demand response protocols and 

explore the connection between energy equipment and 

the IIoT. The development of connected devices opens 

up new possibilities for both utilities and consumers and 

adds another element to VPP platforms by introducing 

demand-side resources into the mix.

Intelligent Environments
Connected end-use devices open up new possibilities 

for demand-side response programs and VPP platforms. 

However, new digital solutions are emerging to tackle a 

more basic challenge: enabling consumers to increase 

their energy efficiency, thereby reducing both electricity 

consumption and their utility bills. For example, 

sensor-based lighting, smart controls, and a wide variety 

of new software technologies are helping commercial 

buildings, retail stores, and industrial facilities transform 

into “intelligent environments.” These new kinds of IIoT 

applications are providing an opportunity to deploy more 

energy efficient technology within the context of a larger 

digital productivity ecosystem.

GE expects the majority of the 5.6 million commercial 

buildings in the United States to be retrofitted with more 

efficient lighting and controls in the next decade, reducing 

lighting-related energy consumption by approximately 

50 percent per site. While the immediate goal is 

energy efficiency, this transition presents longer-term 

opportunities that require a holistic approach.

Current, powered by GE, is a company leading the 

intelligent environments charge by coupling more efficient 

devices with energy management systems and digital 

productivity tools that integrate connected network data 

with a building’s vital systems to deliver actionable data 

intelligence. Current works with a broad ecosystem of 

digital technology partners to deliver software applications 

that address a range of building-related challenges. These 

intelligent buildings can respond to real-time conditions, 

enhancing long-term energy savings while simultaneously 

delivering ancillary benefits like improved space utilization 

and higher employee productivity.

New Opportunities
The digital transformation is creating a new class of energy 

prosumers that are able to customize their electricity 

production and consumption. This is leading to what 

some have called the “democratization” of energy.16  The 

most promising applications that enable the increasing 

democratization of energy are those that focus on 

helping residential, commercial, and industrial electricity 

consumers to use energy more strategically, lower their 

usage overall, and lower energy bills in the process.

Consider how digital solutions can impact the production 

and consumption of distributed energy resources. Advances 

in solar power and energy storage are allowing traditional 

energy consumers to become energy producers. Advanced 

meters, connected devices, and energy management 

systems are providing consumers with greater 

transparency and control over their energy use. Together, 

these trends will help consumers lower their energy 

spend while enabling them to provide overall benefits to 

the system in the form of lower peak demand and more 

economical energy and ancillary services. With solar panels 

on the roof and an EV in the garage, a traditional consumer 

can start to play a much more active and multi-dimensional 

role in the energy system. When solar generation falls short 

of consumption needs, it can be supplemented with energy 

supply from the digital grid. And when generation exceeds 

needs, it can be fed into the digital grid. The battery of an 

electric vehicle can act as a distributed storage system 

and help manage the demand and supply fluctuations in 
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facilities and potentially in the energy system as a whole. 

Digital energy management software can then interface 

between a consumer’s equipment and the grid, regulating 

both energy consumption and the mix of supply sources 

utilized based on the price signals provided by the grid itself. 

At times when the grid faces peak demand, its prices will 

rise, and the energy management system will respond by 

reducing consumption and/or switching from grid-provided 

power to locally-sited generation or battery-stored power. 

Consumers can also gain better visibility into when and 

how they consume electricity, thanks to the continued 

rollout of smart meters and other connected devices, 

enabling advanced analytics to deliver data-driven insights 

through user interfaces on computers and mobile devices. 

Accessing, controlling, and potentially virtually aggregating 

the assets and their associated data will enable the creation 

of added-value, customer-centric applications. This is a big 

shift from a situation where most consumers still limit their 

interaction with the energy provider to paying their bills and 

reporting outages. Now, consumers can better understand 

their energy consumption and change their strategies 

accordingly. 

Some consumers will embrace the opportunity to actively 

reshape their consumption strategy. Whether driven 

by concern for the environment or a desire to minimize 

costs, these consumers should have the opportunity to 

closely monitor and modify their consumption with the 

high frequency they desire. Other consumers will be happy 

with setting basic goals, parameters, and constraints 

without having to spend too much time understanding load 

fluctuations and pricing schemes. These consumers should 

be able to rely on a smart energy system that will maximize 

efficiency subject to the consumer’s choice of basic settings.

An increasing number of energy consumers use some type 

of connected devices like thermostats, lights, or television 

sets. This increased access to information gives them more 

power to make faster and smarter decisions. They now 

expect choice, control, and easy access. Utilities will need to 

leverage digital tools to respond to those expectations as 

they are facing increasing competition from new entrants 

already leading this access to consumer markets, such 

as Google and Amazon. A change in business models, 

go-to-market channels, and service models will be required 

to stay relevant and at the center of the transforming 

energy ecosystem. 

Furthermore, new digital tools and innovations, including 

the creation of cloud-based digital energy platforms and 

Blockchain technology, will allow consumers to buy and 

trade energy directly. Although utilities could facilitate 

those transactions by developing new customized services, 

power is shifting toward the end-customer in more open 

and competitive markets and allows them to switch almost 

in real-time between energy providers. Market transitions 

are always influenced by the power of the end-user; what 

happened in the telecommunication space with the Internet 

or iPhones should replicate in the energy space, and gaining 

access to the end-customer will be a key success factor.

The Electrification of Transportation
The next decade in transportation is expected to 

dramatically change due to three major trends—

electrification, autonomous driving, and the shared 

economy. These changes will transform the way transport 

consumers, fleets, and companies consume energy. New 

challenges and opportunities will be faced by both grid 

operators and energy companies. The digitalization of 

transport will not only enable the transformation of the 

industry but will also help address the sector’s changing 

energy needs.

The electrification of transportation is accelerating. In total, 

global sales of electric vehicles (EVs), including passenger 

vehicles, commercial vehicles, buses, and two- and 

three-wheelers are estimated to have reached 27 million 

in 2017. Electric passenger vehicle sales grew 54 percent 

to 1.1 million vehicles in 2017—the first time that they have 

exceeded the one million mark.17  

Passenger vehicles, buses, and delivery trucks are all rapidly 

becoming electric, and local heavy trucking is expected 

to follow. While global electric vehicle forecasts vary, the 

consensus is that EVs will grow significantly over the coming 
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decades. This growth in EVs will substantially impact the 

electricity ecosystem. The increase in electricity demand 

will provide new opportunities for electricity suppliers, 

but unique EV requirements can create extra stress and 

overloads on local grids. For example, customers charging 

their vehicles after work en masse could lead to an increase 

in peak load on a residential distribution circuit and require 

additional power generation investments. 

Thus, there will be a need to augment existing and build new 

grid infrastructure in order to accommodate charging EVs. 

The electrification charging infrastructure will be a mix of 

home charging and fast-charging infrastructure on the road. 

As EV batteries grow in scale and mileage increases, the 

deployment of fast-charging infrastructure is anticipated 

to be key to drive faster EV adoption. Another significant 

impact of EV growth will be the scaling of energy storage. 

The demand for batteries driven by the growth of EVs will 

continue to transform the battery supply chain, reduce 

energy storage costs, and accelerate its adoption. 

Digitalization is already rooted in electric vehicles by 

design—with embedded sensors and software. For 

example, connected vehicles are increasingly enabled 

to receive remote over-the-air (OTA) software updates 

and transmit diagnostic and operational data from 

on-board systems and components. By leveraging vehicle 

connectivity in this way, automakers can significantly 

reduce recall expenses, improve cybersecurity response 

time, increase product quality and operational efficiency, 

and deliver post-sale vehicle performance and feature 

enhancements. Electric players can also take advantage 

of the OTA technology to create valuable customer 

experiences when it comes to access to EV charging 

infrastructure and the related services.

With the proliferation of EVs and charging stations, 

there will also be an opportunity for a digital EV software 

platform that facilitates EV charging, interaction with 

the surrounding utility, and handling of the associated 

financial transactions. Such a platform has the potential to 

accelerate EV adoption by providing a common interface 

and functionality across charging stations. GE is investing 

in a scalable digital platform that will provide an integrated 

solution for microgrids, storage, peer-to-peer transactions, 

and electricity transportation. To achieve this, we are 

planning to build a partner network to span the electricity 

and transportation sectors, which includes automakers, 

digital vehicle control providers, and vehicle-to-grid 

solutions. This network will enhance GE’s value proposition 

to both utilities and consumers by enabling new services 

and creating opportunities for innovation.
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The digitalization of industrial sectors comes with a new set 

of challenges and opportunities. As assets, facilities, and 

fleets become more connected, an ever-increasing amount 

of digital information and transactions are set to increase. 

There is an undeniable need to improve the efficiency, 

transparency, profitability, and security of digital platforms 

in the energy industry, which presents a large opportunity 

that can only be unlocked by innovation.

Digital innovation starts with physics-based knowledge. 

As a 125-year old technology company, we believe that 

no other organization in the world has the same depth of 

understanding of complex energy technologies and how 

they operate in the real world. We firmly believe that this 

knowledge is the requisite starting point for any and all 

efforts to digitalize the energy system. Digital solutions 

must be built upon this knowledge and extended through 

the use of intelligent software systems and tools. From 

a firm foundation of physics-based knowledge, digital 

innovations have the potential to bring radical change to 

business and technology paradigms, unlock new business 

models, create new revenue streams, and generate 

additional profitability outcomes.

“Digital innovation starts with 
physics-based knowledge. No other 
organization in the world has the 
same depth of understanding of 
complex energy technologies. We 
firmly believe that digital solutions 
must be built upon this knowledge.”

DIGITAL INNOVATION
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Blockchain
Blockchain technology has gained significant levels of 

attention across several industries and is believed to be 

a disruptive technology by many thought leaders. At its 

core, Blockchain technology is a ledger that is shared, 

replicated, and distributed. It can be used to manage and 

record transactions across multiple network participants, 

on which the transactions can be triggered based on 

predefined conditions. It can also eliminate the need for 

an additional layer of centralized information validation 

and all the additional costs and processes that come with 

centralized systems. 

These core characteristics of Blockchain technology 

seem to be well-fit to accelerate the digitalization, 

decarbonization, and decentralization trends transforming 

the energy industry. Blockchain has the potential to become 

a backbone technology that provides additional data 

security, integrity, efficiency, and productivity to the IIoT. 

Through a single source of truth ledger, it could eliminate 

the need for reconciliations and facilitate more efficient, 

cost-effective, and intelligent transactions. 

As the current utility business model is being reimagined, 

Blockchain technology is being considered as an enabler 

of the future utility platform. It could enable the creation 

of an open marketplace to orchestrate in real-time the 

many energy sources and loads, including electric vehicles, 

energy storage, intermittent renewable energy, and 

microgrids. Dynamic retail electricity pricing—which is 

time and location based—paired with Blockchain platforms 

could allow a two-way flow of electricity and information 

between utilities and empowered consumers making way 

to a more flexible, frictionless, and intelligent grid. This could 

usher in new utility business models and empower DER 

owners through automatic intelligent interactions. 

While still in its early days, Blockchain technology is being 

actively evaluated by the energy industry. Many Blockchain 

energy pilots are being launched to understand the value 

and maturity of the technology and its various use cases 

and applications. Regulators, grid operators, and industry 

consortiums will need to work together to define data 

standards, processes, and policies. There is also a need to 

clearly articulate Blockchain’s unique value proposition in 

comparison to other digital platforms and innovations. It is 

then that it could be widely adopted across the industry and 

create value for various players in the energy value network.

Artificial Intelligence & Machine Learning
Artificial intelligence (AI) is another technology that is in its 

early stages of implementation and poised to revolutionize 

the way energy is produced, transmitted, and consumed. 

Artificial intelligence and machine learning (ML) are 

technologies that could help compress and analyze the 

massive amounts of data that the energy industry produces 

so our human decision-making would not be overwhelmed 

by the explosion of data. 

The fundamental premise of machine learning is to teach 

computers how to mimic human decision-making on 

data-driven workflows. These computers can be thought 

of as inferring a complex and continuously improving set 

of business rules based on past behavior and outcomes. 

The challenge is how to do this in a robust, scalable, and 

fault-tolerant way. 

While artificial intelligence and machine learning are being 

deployed in consumer applications, their requirements 

in an industrial context are vastly different than in the 

consumer world. In an industrial context, the system must 

incorporate a deep fundamental understanding of the 

physical behavior of the assets being managed, as well 

as knowledge of the context in which those assets are 

being used. These systems must not only be accurate but 

also transparent, interpretable, and fault tolerant (i.e., 

recognize that not every wrong decision has the same cost). 

Developing machine learning technology that addresses 

both challenges of transparency and fault tolerance could 

create a seamless transition between automation and 

augmentation of human decision-making. 

There are many different use cases of AI and ML in the 

energy industry. These include machines that learn on their 

own from spotting patterns and anomalies in large data 
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sets; using AI technology to reduce its total data center 

power consumption; and using AI and ML to determine 

the best generation mix. These will revolutionize both the 

demand and supply side of the whole energy economy.

GE has employed artificial intelligence in many aspects of 

its “Digital Twin,” a digital solution that provides a software 

representation of any physical asset such as a power plant 

or an aircraft. AI is augmenting the Digital Twin through:

• Pattern recognition: contributing to developing the 

behavioral Digital Twin of an asset by using various 

sources of measurement data collected over time.

• Learning models: modeling platform within which twins 

of assets are continuously created, validated, monitored, 

and updated at a speed close to real-time. 

• Unstructured data analysis: addressing the massive 

amounts of unstructured data that enterprises must deal 

with in the lifecycle of a part and asset. 

• Multimodal data analytics: predicting failures and 

maintaining automated, live, up-to-date asset health 

scores usually requires data from multiple modalities.

• Knowledge networks: leveraging digital platforms to 

quickly connect experts as well as observe how modeling 

and analytical tools are used to develop Digital Twin 

models and supporting systems.

While AI and ML technologies are still being tested and 

understood, regulations and standards are being formed 

to create common ground as to how they can be applied 

in specific energy use cases. Overall, AI has the potential 

to free humans from repetitive and mundane work and 

empower them to do what they do uniquely well: to be 

creative in innovating and solving difficult problems. 

In short, the convergence and combination of disruptive 

digital innovations such as artificial intelligence, machine 

learning, and Blockchain could unlock tremendous value 

in the energy industry. AI and machine learning algorithms 

would analyze data, and Blockchain technology would 

create the transparent environment and engine to turn 

data into actions. AI can be the “brain” that continuously 

enhances the decision-making models, triggering events 

for more intelligent transactions and actions taken 

on Blockchain. Pairing these technologies together 

would enable the electric grid to become a platform 

that integrates, interconnects, and interacts with all 

stakeholders across the energy value network, including 

regulators, generators, grid operators, and prosumers. 

It is important to acknowledge that it is still early when it 

comes to predicting how the energy sector will embrace 

new digital innovations. Several challenges are yet to be 

overcome, including the energy appetite and consumption 

that comes with deploying Blockchain, AI, and ML at scale. 

But there is no doubt that the potential impact of digital 

innovations could be transformative and fundamentally 

change the way energy systems are built and operated.
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Taken together, the potential energy, economic, and 

environmental benefits of the digitalization of electricity 

are enormous. GE and others have assembled some initial 

estimates of the scale of these benefits.

Economic
As discussed, the potential economic benefits of energy 

digitalization are significant. According to the World 

Economic Forum, the value stream to the power industry 

for service platforms, smart devices, and advanced 

analytics is US$1.3 trillion. Asset performance management 

solutions alone have the potential to create value by 

lowering operations costs and eliminating unplanned 

downtime. Digital solutions in the power industry can 

create over US$2 trillion dollars from the reduction in GHG 

emissions, new job creation, and value for consumers.18

Even more broadly, the global e-Sustainability Initiative 

recently found that an IIoT-enabled world could be cleaner, 

smarter, and more prosperous. They estimated that ICT 

could bring about a 20 percent reduction in global carbon 

dioxide emissions by 2030 through the application of 

Internet-enabled solutions. This would also reduce costs 

by US$4.9 trillion by 2030, with US$1.2 trillion in reduced 

electricity expenditures, and US$1.1 trillion in reduced fuel 

expenses.19

Environmental
Consider GE’s Digital Power Plant (DPP), a suite of digital 

applications that improve the performance of power plants 

and reduce asset downtime using cloud-based analytics on 

GE’s Digital platform. If DPP solutions were to be installed 

across the global fleet of coal and gas-fired power plants, 

carbon dioxide emissions from power plants would be 

reduced by 10 percent. As discussed, recent GE analysis 

also suggests that if digital grid technologies are fully 

deployed globally, electricity consumption could be reduced 

by as much as 12 percent and carbon dioxide emissions 

could be reduced by 2 billion metric tons by 2030.20

Furthermore, the digitalization of electricity also offers 

significant environmental benefits beyond carbon emission 

reductions. As global water scarcity intensifies, the 

industrial sector is the fastest growing source of water 

consumption. If current trends persist, by 2030 industrial 

water use is expected to rise to an estimated 764 cubic 

kilometers (km3)—up from just 200 km3 in 2000. According 

to a GESI and Accenture study, ICT could save over 300 

trillion liters of water by 2030, across eight sectors including 

energy, buildings, manufacturing, healthcare, education, 

and agriculture.21  However the numbers are assembled, it is 

apparent that the digitalization of energy has the potential 

to provide significant economic and environmental benefits. 

The challenge that lies ahead is to effectively harness this 

potential.

THE BENEFITS OF 
DIGITALIZATION

“Digital solutions in the power 
industry can create over US$2 
trillion dollars from the reduction in 
greenhouse gas emissions, new job 
creation, and value for consumers.”
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Despite the potential and early success of energy 

digitalization efforts, there remain several challenges that 

must be overcome in order to unlock the full potential of our 

digital energy future:

• Early digital energy adoption needs to be encouraged. As 

with all technological innovation, many stakeholders 

initially resist adoption because of the perceived 

risks involved, up-front costs, and uncertainty around 

positive outcomes. Given the tremendous economic 

and environmental benefits of energy digitalization, 

policymakers and regulators may want to consider both 

financial incentives and digital technology requirements 

that compel industry to begin their digital transformation.

• Industry, government, and universities must advance 

digital energy R&D. Industry participants have moved 

forward with a wide array of digital energy pilot projects. 

These projects should not only be encouraged but also 

supplemented by public research dollars that enable 

market participants to verify the positive outcomes 

of energy digitalization. This will help establish a clear 

evidence base that will provide market participants with 

increased confidence around digital outcomes and reduce 

the risks of digital technology implementation.

• Data privacy and security concerns need to be successfully 

addressed. A major barrier to the increased use of digital 

technologies in the energy arena is industry and public 

concerns about data privacy and security. Energy use, 

cost, and production data are highly sensitive, and the risk 

of data loss or theft as a result of increased connectivity 

is a disincentive for companies as they attempt to 

embrace digitalization. Increased interoperability and 

standardization will enable energy data systems to 

interact with one another in a reliable, safe, secure, and 

user-friendly manner. Beyond this, policymakers will need 

to fully address privacy concerns by adopting regulations 

that specifically address energy data protection. This will 

lead to significant changes to business practices for many 

companies. 

• Cybersecurity needs to be increased.  The digitalization 

of energy infrastructure opens the door to increased 

risks for energy security from both unintended cyber 

incidents and intentional cyber-attacks. Today, there 

is an ever-increasing threat landscape for energy 

infrastructure. As a result of these risks, digital energy 

security should be built around the concepts of digital 

system resilience, cyber hygiene, and security by design. 

Standards and specifications at the company, country, 

and international level will need to be developed and 

implemented to increase cybersecurity and reduce risks.

• Talent should be cultivated. Digitalization will require new 

talent pools to be created and grown. Beyond the obvious 

technical skills in mechanical or electrical engineering, 

there will be a need for a wave of new technical, 

analytical, and leadership roles that are explicitly 

cross-discipline in nature. Talent needs to be carefully 

cultivated, and this starts with a commitment to the 

continued development of educational institutions and 

scientific facilities. This will require stronger collaboration 

between companies, governments, and universities to 

help define and develop digital leaders of the future.

THE ROAD AHEAD
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The digitalization of energy will be the defining feature 

of twenty-first-century energy systems. This is why we 

committed to building a world-class industrial software and 

analytics capability and have accelerated the digitalization 

of all GE solutions through the development of digital 

platforms. Customers across the globe are already 

benefiting from digital applications that increase asset 

performance, reduce costs, improve revenues, and create 

new revenue opportunities by unlocking new business 

models.

This is just the beginning. We envision the widespread 

adoption of a broad array of digital tools that will 

fundamentally transform the way energy is produced, 

delivered, and consumed. Imagine a world where power 

plants, transmission and distribution lines, and end-use 

energy devices work in harmony to deliver reliable, low-cost, 

and sustainable energy when and where it is needed. 

Envision a future energy system that largely operates 

autonomously, providing economic and environmental 

benefits to homes, businesses, and factories. That’s the 

future we see, and we are committed to helping the world 

realize it.

As we work toward making this possible, we will continue 

to balance the vision of that enticing future with the 

requirements of helping our customers meet their most 

pressing demands in the present. As a global company 

serving over 180 countries, we see ourselves as the 

world’s electricity company. We don’t just sell machines, 

or software, or services: we deliver outcomes—like well-lit 

classrooms and automated factories of the future. We feel a 

responsibility to help power schools, factories, businesses, 

and homes around the world. At GE, the focus will remain on 

being a world energy innovation leader by providing digital 

and physical technology, solutions, and services across the 

entire electricity value chain from the point of generation to 

final consumption. We are honored and humbled to be part 

of the emerging twenty-first-century global power system.

Our digital future has just begun, and the best is yet to 

come.

CONCLUSION

“At GE, the focus will remain on 
being a world energy innovation 
leader by providing digital and 
physical technology, solutions, and 
services across the entire electricity 
value chain from the point of 
generation to final consumption.”
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AI

AMS

APM

ARPANET

CHP

CO2

DER

DPP

DRMS

EIA

EV

GE

GESI

GHG

GW

HVAC

HVDC

iCMS

ICT

IEA

IoT

km3

MIT

ML

MW

O&M

OECD 

OEM

OTA

PV

R&D

T&D

TWh

UNDP

US

VPP

Artificial Intelligence

Advanced Microgrid Solutions

Asset Performance Management

Advanced Research Projects Agency Network

Combined Heat and Power

Carbon Dioxide

Distributed Energy Resources

GE’s Digital Power Plant Solution

Demand Response Management System

US Energy Information Administration 

Electric Vehicle

General Electric

Global e-Sustainability Initiative

Greenhouse Gases

Gigawatts

Heating, Ventilation, and Air Conditioning

High Voltage Direct Current

Intelligent Condition Monitoring System

Information and Communications Technologies

International Energy Agency

Internet of Things

Cubic Kilometers

Massachusetts Institute of Technology

Machine Learning

Megawatts

Operations & Maintenance

Organisation for Economic Co-operation and Development 

Original Equipment Manufacturer

Over-the-Air

Photovoltaic

Research & Development

Transmission & Distribution

Terawatt hours

United Nations Development Programme

United States

Virtual Power Plant
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