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Executive Summary 
As the global energy landscape continues to evolve, campuses, institutions, businesses, and municipalities 
are beginning to use new technologies to take direct control of energy sustainability, reliability, and cost. 
Local microgrids are being formed by dynamically managing a variety of distributed energy resources, 
including loads, onsite renewable energy production, and energy storage. And by connecting the energy 
consumer to the smart grid, new information and control platforms are enabling participation in programs 
WKDW�IXOO\�PRQHWL]H�WKH�ÁH[LELOLW\�RI�WKHVH�DVVHWV�
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Introduction

This scenario is becoming possible today 
with the marriage of new technologies and 
operational strategies on both sides of the 
electricity meter.

Over the past several decades, growing 
energy consumption, along with a combination 
of intermittent renewable energy generation, 
and severe weather events have contributed 
to electrical grid instability and energy price 
volatility. Electricity grid operators and utilities 
are taking steps to address these challenges 
in a variety of ways, including looking to the 
demand side for help. 

As part of smart grid modernizations, 
remunerative programs are being launched or 
expanded that encourage energy consumers to 
adjust their consumption in response to pricing 
signals, penalties, or curtailment requests. Due 
WR�WKLV�SRWHQWLDO�ÁH[LELOLW\��HQHUJ\�FRQVXPLQJ�
loads and any onsite energy generation 
capabilities are now considered important 
distributed energy resources (DER), critical to 
helping balance the grid.

Imagine a world where green, renewable sources are supplying most or all of the energy 
needed for every purpose: lighting, heating, processes, and transportation. Imagine that energy 
consumers are able to proactively choose which energy source they want to consume. Imagine 
an electricity supply that is completely reliable. Imagine a typical business or institution spends 
much less on their energy consumption, or actually generates revenue from it. 

At the same time, many energy consumers 
have begun taking more direct control of the 
cost, reliability, and green mix of their energy 
supply. Municipalities, campuses, military 
bases, hospitals, commercial buildings and 
factories are becoming proactive energy 
consumers. They are enabled on this journey 
by a convergence of four widely available 
technologies that can automate and fully 
monetize their energy resources:
1. Energy management systems
2. Onsite renewable energy production
3. Electrical energy storage systems
4. Intelligent, interactive connections to the 

smart grid  

This paper explains how these technologies 
are contributing to the smart, new energy 
consumer paradigm. Armed with these tools, 
organizations and businesses are managing 
energy resources in a more dependable, 
economic, and environmentally sustainable 
way. 
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The evolving 
energy landscape

Utilities in many regions are being driven by new environmental regulations to gradually close 
WKHLU�FHQWUDO�IRVVLO�ÀUHG�JHQHUDWLQJ�SODQWV��6RPH�DUH�DOVR�SKDVLQJ�RXW�QXFOHDU�SODQWV�LQ�UHVSRQVH�
WR�SXEOLF�DQWL�QXFOHDU�VHQWLPHQW��

7KRVH�SODQWV�ZLOO�EH�SDUWO\�UHSODFHG�E\�UHQHZDEOH�HQHUJ\�SURGXFWLRQ�PHDQV��VXFK�DV�ODUJH�VFDOH�
wind and solar farms, which have both continued to growth at a rapid pace in recent years. For 
example, in Germany more than 35 percent of energy consumption is targeted to come from 
renewables by 2020, and 80 percent by 2050. 

But there are challenges to integrating large amounts of renewable energy production with the 
grid, due to the inherent intermittency of wind and solar power. One of the options for keeping the 
JULG�SURSHUO\�EDODQFHG�LV�IRU�JULG�RSHUDWRUV�WR�LPSOHPHQW�GHPDQG�VLGH�PDQDJHPHQW�SURJUDPV�

The way energy is generated, distributed, and consumed around the globe 
LV�HYROYLQJ�TXLFNO\��$�QXPEHU�RI�RSHUDWLRQDO��ðQDQFLDO��DQG�VRFLDO�IDFWRUV�DUH�
LQñXHQFLQJ�WKHVH�FKDQJHV�

The pros and cons of green energy

1  “Germany’s Energiewende: From Wunderkind to Troubled Adolescent?”, EnergyTransition.de, November 2013

Figure 1
Share of electricity 
generated from 
variable renewables 
(per cent) by region, 
within the IEA 
Energy Technology 
Perspectives 2 
Degree Scenario.  
Source: IEA Technology Roadmap 

- Energy Storage
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Open energy markets add complexity
Deregulation of energy markets is a trend already occurring in many regions of the world. Prior to this, network 
operators were often integrated with the power production companies. This meant they had full control over the majority 
of the power generation, matching production to the demand.

When the opening of power markets began in the 1990s, the grid operator’s activities were unbundled from generation 
activities. Energy trading produced a far more complex paradigm for grid operators to manage. This has heightened 
the need for solutions that will help ensure the balance between energy supply and consumption.

“Even with this additional 
capacity built in, most grids 
were not designed for 
today’s loads.”

An aging grid infrastructure 
can’t keep up with demand
Some of the world’s electrical infrastructure dates back to the late 
1800s. In the U.S., 70 percent of the grid’s transmission lines and 
power transformers are now more than 25 years old and the average 
age of power plants is over 30 years.2 Globally, the majority of nuclear 
power plants have been operating an average of 27 years, with the 
oldest operating about 43 years.3 Most will need to be rebuilt or 
replaced. In fact, one recent report warns that by 2050 nuclear power 
could disappear altogether.4

Most power grids have been designed for answering peak demand, 
with 25 percent of distribution and 10 percent of generation and 
transmission assets used less than 400 hours per year.5 Even with this 
additional capacity built in, most grids were not designed for today’s 
loads. 

In terms of performance, older transmission lines dissipate more 
energy than new ones, constraining supply during periods of high-
energy demand.6 Further, the current model of large, centralized 
generation plants means that about 70 percent of electricity is lost in 
generation, transmission, and distribution. This equates to a global 
annual cost of energy loss estimated at about $4.1 trillion.7

However, most companies do not have the capital to invest large 
amounts in upgrading. This limits increases in generation capacity 
and the expansion of transmission and distribution networks. 
Demand-side management strategies, including the integration of 
distributed energy resources, can help lower this required investment 
by reducing the peak demand across the grid.

2 “Weather-Related Power Outages and Electric System Resiliency”, Campbell, Richard J., Congressional Research 

Service. August 28, 2012
3 “Parc nucléaire mondial (production d’électricité)”, Connaissance des Energies, May 2012
4 “World Nuclear Industry Status Report 2014”, Mycle Schneider and Antony Froggatt, July 2014
5 U.S. Department of Energy
6�¸,JVUVTPJ�)LULÄ[Z�[V�0UJYLHZPUN�,SLJ[YPJ�.YPK�9LZPSPLUJL�[V�>LH[OLY�6\[HNLZ¹��,_LJ\[P]L�6MÄJL�VM�[OL�7YLZPKLU[�

August 2013
7 “ ‘We don’t need no stinkin’ grid’ will be the mantra of the developing world, professor says”, Smart Grid News, 

Sep 11, 2014, quoting Dr. Rajendra Singh, Clemson University
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$119 billion/
year 
On average, there are 
at least 500,000 people 
affected daily by power 
outages in the U.S., 
costing $119 billion 
annually.
:V\YJL!�3L_PUN[VU�0UZ[P[\[L��,UZ\YPUN�
Resilience of US Electrical Grid

The smart grid: 
improving efficiency and reliability
Energy prices are 
becoming more volatile
Electricity is becoming more and more expensive in most 
parts of the world. In Germany, average electricity prices 
GPS�DPNQBOJFT�IBWF�KVNQFE����QFSDFOU�PWFS�UIF�QBTU�mWF�
years because of costs passed along as part of government 
subsidies of renewable energy producers. Prices are now 
more than double those in the U.S.8

At the same time, in the U.S. power outages from storms 
and unstable grids affect 500,000 people every day along 
with businesses and institutions. That adds up to $119 billion 
annually in productivity losses due to power disruptions alone.9

Severe weather increases 
the risk of blackouts
Power outages due to severe weather events are on the increase. In August 2003, a 
widespread blackout caused an estimated 55 million people to lose power across the U.S. 
northeast and eastern Canada. Soon after, Superstorm Sandy lashed the eastern U.S., 
cutting power to eight million customers.

Severe weather is the leading cause of power outages in the United States. Between 2003 
and 2012, an estimated 679 widespread power outages occurred due to severe weather. 
Thunderstorms, hurricanes, and blizzards account for 58 percent of outages observed 
since 2002, with 87 percent of outages affecting 50,000 or more customers.10 A recent 
$POHSFTTJPOBM�3FTFBSDI�4FSWJDF�TUVEZ�FTUJNBUFT�UIF�JOnBUJPO�BEKVTUFE�DPTU�PG�XFBUIFS�
related outages at $25 to $70 billion annually.11 Demand-side management can help limit 
UIF�QSPQBHBUJPO�PG�B�ADBTDBEJOH��PVUBHF�CZ�TJHOJmDBOUMZ�SFEVDJOH�UIF�EFNBOE�PO�UIF�HSJE�
outside the immediately affected areas. On the delivery-side, many critical-power energy 
consumers are gaining partial autonomy from the grid to help ride through such events.

8  ¸.LYTHU`»Z�,_WLUZP]L�.HTISL�VU�9LUL^HISL�,ULYN`¸��>HSS�:[YLL[�1V\YUHS��(\N\Z[������
9���3L_PUN[VU�0UZ[P[\[L��,UZ\YPUN�9LZPSPLUJL�VM�<:�,SLJ[YPJHS�.YPK
10�¸,JVUVTPJ�)LULÄ[Z�VM�0UJYLHZPUN�,SLJ[YPJ�.YPK�9LZPSPLUJL�[V�>LH[OLY�6\[HNLZ¹��,_LJ\[P]L�6MÄJL�VM�[OL�7YLZPKLU[��

August 2013
11 “Weather-Related Power Outages and Electric System Resiliency”, Campbell, Richard J., Congressional Re-

search Service. August 28, 2012
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In response to these continuing challenges, grid operators and power utilities in most regions 
IBWF�KPJOFE�GPSDFT�UP�NPSF�FGmDJFOUMZ�CBMBODF�EFNBOE�BOE�TVQQMZ�PWFS�BO�JODSFBTJOHMZ�DPNQMFY�
network, while also improving response to critical events. Collectively known as the smart grid, 
new strategies combine electricity and IT infrastructure to integrate and interconnect all users: 
generators, operators, marketers, and energy consumers. 

The smart grid encompasses several different domains, from smarter energy generation 
NFUIPET�UP�TNBSUFS�FOUFSQSJTFT��8IFSFBT�NBOZ�PG�UIF�mSTU�TNBSU�HSJE�QSPHSBNT�GPDVTFE�PO�UIF�
supply side of energy, programs and technologies are now being introduced to allow all parties 
to work together to balance production and consumption, improve grid reliability, stabilize 
pricing, and reduce emissions. 

Some smart grid initiatives have been in place for many years in some regions, such as variable 
energy pricing. Some initiatives are more recent, such as smart meters and automated meter 
reading (AMR), advanced network automation, and the installation of distributed energy 
generation.  

In the past, smaller generation assets, including renewable energy sources, have typically been 
used for remote communities far from central plants. But more recently, these assets are being 
added throughout the grid, for purposes such as helping to reduce peak power demand on 
FYUSFNFMZ�IPU�PS�DPME�EBZT��4VDI�EJTUSJCVUFE�HFOFSBUPST�IBWF�UIF�BEEFE�CFOFmU�PG�CFJOH�DMPTFS�
to where the energy consumed, which reduces line losses.

Grid operators are also starting to invest in large-scale energy storage systems, located 
on the main grid. These can be used to level loads, help reduce the amount of generating 
capacity needed to supply energy consumers at times of high demand, or to provide frequency 
regulation. Energy storage also supports a smoother integration of intermittent energy from 
large-scale solar or wind farms. 
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Accessing energy flexibility through more 
supplier-consumer partnerships

7R�DFFHVV�WKLV�HQHUJ\�ÁH[LELOLW\��JULG�RSHUDWRUV�DUH�MRLQLQJ�ZLWK�RWKHU�
entities, such as commercial aggregators, to develop a variety of 
GHPDQG�VLGH�PDQDJHPHQW��'60��SURJUDPV��7KHVH�DUH�UHPXQHUDWLYH�
SURJUDPV�WKDW�FDQ�ÀQDQFLDOO\�EHQHÀW�HQHUJ\�XVHUV��DV�ZHOO�DV�KHOSLQJ�
improve the reliability of the grid. 

Depending on the region, different types of programs may be offered. In 
some regions, such programs have been offered for many years, dating 
back as early as the 1970s. But in most regions, these are more recent 
initiatives.

Grid operators are increasingly looking to large energy consuming districts, such as institutions 
DQG�EXVLQHVVHV��DV�D�SRWHQWLDO�VRXUFH�RI�HQHUJ\�ñH[LELOLW\��,I�D�ODUJH�HQHUJ\�FRQVXPHU�KDV�WKH�
ability to selectively increase or decrease some portion of its energy use when required, that 
variability can be used to offset stresses and balance the grid. In this way, energy-consuming 
loads are considered distributed energy resources on the smart grid. 

“These are remunerative 
QSPHSBNT�UIBU�DBO�mOBODJBMMZ�
CFOFmU�FOFSHZ�DPOTVNFST
�
as well as helping improve 
the reliability of the grid.”

Figure 2
A smart grid connects 
energy suppliers and 
energy consumers 
over communication 
networks, enabling 
them to work together 
to improve reliability 
by dynamically 
balancing energy 
demands. 
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Demand response programs

Sometimes referred to as interruptible rates, 
demand response (DR) programs have been 
offered to commercial and industrial (C&I) energy 
consumers for many years in some regions, 
primarily in the U.S. However, many other regions 
of the world are starting pilot phases, intending to 
eventually build out full-scale markets or programs. 
*O�GBDU
�UIF�HMPCBM�BNPVOU�PG�nFYJCMF�DBQBDJUZ�JO�UIF�
commercial and industrial energy user segments 
addressed by DR programs is expected to grow 
from 26.8 GW in 2014 to 132.3 GW in 2023.12 

#Z�BHHSFHBUJOH�UIF�BWBJMBCMF�MPBE�nFYJCJMJUZ�PG�NBOZ�
energy-consuming customers, a virtual power 
plant is created, helping the utility avoid buying 
comparable levels of generation. 

DR programs come in two main variations: 
1. Committing to reduce load when demand 

is high. In this scenario, the energy consumer 
agrees to reduce a portion of its energy 
consumption when the supply of electricity on 
the grid is threatened. Load reduction typically 
needs to be exercised within two or less hours 
of notice from the grid operator. Participants 
receive upfront payments for the amount of load 
capacity they can reduce. 

2. Allowing direct control of loads. Usually 
applicable only for small commercial 
businesses, this program allows the system 
PQFSBUPS�UP�SFNPUFMZ�TIVU�EPXO�B�TQFDJmD�
energy consumer’s load, such as an air 
conditioner or water heater, in exchange for an 
incentive payment or bill credit.

Variable tariff programs

Energy price-based incentive programs encourage 
energy consumers to adjust their electricity usage, 
typically by increasing the price during peak periods 
of high demand on the grid. The energy manager 
can then respond by shedding (turning off) one or 
more loads, shifting (rescheduling) loads to another 
time of day, consume energy from an energy storage 
system, or start producing energy onsite. 

As an example, an industrial factory might shift a 
non-critical process to run during the night instead 
of mid-day. Other demand management options are 
discussed later in this paper.

The most common types of variable tariff programs 
are:
1. Critical peak pricing (CPP) or peak demand 

surcharge. A higher energy price or penalty is 
charged for using excessive amounts of energy 
at a peak time of day.

2. Time-of-use (TOU) pricing. Different blocks of 
time in a 24-hour day are given different pricing 
levels based on the cost of producing energy.

3. Real-time pricing (RTP). The rate for electricity 
follows dynamic wholesale market prices.

12  “Demand Response for Commercial & Industrial Markets”, Navigant Research, 2014
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The new energy consumer: 
taking direct control of 
electricity supply

Enterprises are always seeking to minimize 
operating budgets and ensure no interruptions 
to service or processes. Many are now looking 
at their energy supply for ways to cut costs 
and boost reliability. Energy also represents a 
major expense for businesses and institutions, 
while any extended power outages are 
considered a threat to an organization’s 
security. 

There is also a growing movement in 
environmental awareness that is encouraging 
energy consumers to seek out greener energy 
alternatives. Most businesses and institutions 
are starting to consider their ‘carbon footprint’ 
as an important key performance indicator. 

Faced with continued price volatility and grid instability in some regions, as well as increasing 
FRPSHWLWLYH�DQG�ðQDQFLDO�SUHVVXUHV��PDQ\�EXVLQHVVHV��LQVWLWXWLRQV��DQG�PXQLFLSDOLWLHV�ZDQW�WR�
have more control over their electricity supply. 

All of these factors have contributed to 
the emergence of more proactive energy 
consumers. And with this shift, four important 
categories of technology are converging 
to enable their goals: energy management, 
microgrid, energy storage, and connectivity 
with the smart grid. These technologies are 
giving energy consumers direct control over 
a sustainable and reliable energy supply. 
They are also creating a larger, more dynamic 
set of distributed energy resources to help 
strengthen the main grid. And all of these 
technologies can augment existing facilities, 
PS�CF�JOUFHSBUFE�BT�QBSU�PG�OFX�AHSFFOmFME��
projects.
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1. Energy management for energy efficiency 
Energy management systems have existed for many years, in a number of different forms. Most of these 
have been developed for use by large enterprises such as industrial plants and commercial buildings. 
However, in more recent years, such solutions are becoming available for smaller buildings of all kinds.

Typically comprising a network of digital energy meters connected to central analysis and control 
TPGUXBSF
�UIFTF�TZTUFNT�BSF�EFTJHOFE�UP�BDDVSBUFMZ�EFUBJM�UIF�DPOTVNQUJPO�QSPmMFT�PG�WBSJPVT�MPBET�BOE�
QSPDFTTFT�UP�IFMQ�JEFOUJGZ�JOFGmDJFODJFT
�BOE�UP�QSPWJEF�FBSMZ�XBSOJOH�PG�QPUFOUJBM�SJTLT�UP�QPXFS�RVBMJUZ�
or reliability. 

Through integration with building or process management systems, 
or other types of control devices, intelligent schemes can be used 
to perform automated load management. Controllable loads would 
typically include heating, cooling and ventilation (HVAC) systems, as 
well as any non-critical process systems. 

If an energy consumer has access to energy pricing data from its local 
VUJMJUZ
�B�TZTUFN�DBO�BMTP�CF�DPOmHVSFE�UP�SFTQPOE�EJSFDUMZ�UP�WBSJBCMF�
pricing signals. For example, cooling could be reduced and building 
temperature allowed to rise by a degree during a period of high energy 
pricing.

With an energy management system in place, a wider range of 
strategies can be planned and executed, such as predicting energy 
needs, revealing unused power distribution system capacity, and 
isolating sources of problems.

“Through integration 
with building or process 
management systems, 
or other types of control 
devices, intelligent 
schemes can be used to 
perform automated load 
management.”
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Figure 3
A typical energy 
management system 
for a commercial 
building. 
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2. Onsite generation creates a green, 
reliable microgrid  
Microgrids are essentially miniature versions of the traditional electric grid. They consist of local energy 
generation resources, as well as a microgrid controller, the power distribution system, and connected 
loads. Many types of energy resources can be used, including renewable energy generation (solar, 
wind, water, biomass, etc.), fuel cells, natural gas or diesel-powered engines, or combined-heat-and-
power (CHP) systems. Such systems can operate independently, in parallel with the main grid, or 
connected to it.

There are now more than 388 remote microgrid projects in operation, under development, or proposed 
worldwide, in remote locations such as islands and isolated communities that are not connected to 
a grid. However, as natural gas prices and the cost of solar panels have fallen dramatically in recent 
years, grid-connected microgrids in urban areas are becoming more common.

Storage

Renewables

Solar Wind

Utility Grid Microgrid

Critical Loads

Controllable 
Loads

Electrical Distribution and Power Quality Engineering Expertise

Demand ManagementNon-Renewables

CHPGenerators

Distributed Energy Resources

Microgrid Management System

Heat

Weather Information

Utility & Aggregators Control

Real Time Control

Predictive Software System Software

Communication

Figure 4
A typical microgrid 
includes the building 
blocks shown here

#FOFmUT�PG�NJDSPHSJET�GPS�UIF�MBSHF�FOFSHZ�DPOTVNFS�JODMVEF�

1. 8VLQJ�RQVLWH�JHQHUDWLRQ�DV�D�ÁH[LEOH�GLVWULEXWHG�HQHUJ\�DVVHW��This can optimize participation 
in a demand response program by providing a choice of using local generation or load 
management to comply with a curtailment request. In some regions, feed-in tariffs enable energy 
consumers to be paid for feeding renewable energy back to grid, typically without the option for 
self-consumption.

2. Enabling self-consumption of green energy. Local renewable sources can be used to 
displace part or all of the energy consumed from the main grid, helping reduce energy-related 
greenhouse gas emissions. Adding local energy storage can help further maximize the use of 
this resource. This is discussed in the next section.

3. Mitigating the economic impacts of power disruptions. A microgrid can operate in grid-
connected mode, or island-mode in the event of blackouts. Going beyond the short-term 
capabilities of a typical emergency back-up system, microgrids have the potential to run 
JOEFmOJUFMZ�PGG�MPDBMMZ�HFOFSBUFE�QPXFS�PS�CBUUFSZ�FOFSHZ�SFTFSWFT�
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Prime candidates for microgrids include eco-parks and large 
commercial or industrial facilities. They are also ideal for enterprises 
where power continuity is critical to success, such as hospitals, 
NJMJUBSZ�CBTFT
�QPMJDF�BOE�mSF�TFSWJDFT
�BOE�VOJWFSTJUZ�DBNQVTFT��
Many colleges and universities have already gained experience 
using microgrids to supply mission-critical users such as laboratories, 
surgeries, and data centers.

Though some power utilities may view microgrids as a threat,13 they 
can help improve grid resilience and power reliability, reduce line 
losses, and enhance integration of renewables. In recognition of these 
CFOFmUT
�UIF�6�4��%FQBSUNFOU�PG�&OFSHZ�T�0GmDF�PG�&MFDUSJDJUZ�%FMJWFSZ�
and Energy Reliability has allocated funding for microgrid R&D14 and 
the U.S. microgrid market is expected to reach $40 billion annually by 
2020, with capacity growing to 4.1 GW.15

i8F�SF�HFUUJOH�DMPTFS�UP�UIF�JOnFDUJPO�QPJOU�
where microgrids will become a legitimate 
option for almost any campus or industrial 
park.”

– Jesse Berst, Chief Analyst, Smart Grid News

13    “Microgrid Matchup: The Military and The Utilities”, Navigant Research, June 2012
14    “The Advanced Microgrid - Integration and Interoperability”, Sandia National Laboratories, March 2014
15    “Market Data: Microgrids”, Navigant Research, 1Q 2013

More on microgrids
For more detailed information on microgrid 
CFOFmUT�BOE�SFDFOU�QPMJDZ�JTTVFT
�EPXOMPBE�
the report:
Think Microgrid - A Discussion Guide for 
Policymakers, Regulators and End Users.

After a major expansion, including new   
VNL�UXQV�DQG�VQRZ�PDNLQJ�HTXLSPHQW��
Bear Creek Mountain Resort & Conference 
Center in Berks County, Pennsylvania, 
discovered electrical demand began to 
exceed capacity for the utility line feeding 
the resort. Rather than invest in a costly 
upgrade to the line and associated 
infrastructure, Bear Creek found a less 
H[SHQVLYH�DOWHUQDWLYH��FRQÀJXULQJ�WKH�
UHVRUW·V�VL[�H[LVWLQJ�EDFNXS�JHQHUDWRUV�
LQWR�D�JULG�FRQQHFWHG�PLFURJULG��$Q�
intelligent monitoring and control system 
automatically transfers loads to the 
generators when required to avoid 
H[FHHGLQJ�WKH�¶FDS·�OHYHO��,W�DOVR�DOORZV�WKH�
UHVRUW�WR�SDUWLFLSDWH�LQ�WKH�XWLOLW\·V�GHPDQG�
UHVSRQVH�SURJUDP��ZLWK�ÀQDQFLDO�SD\PHQWV�
ranging from $40,000 to over $100,000 
annually. 

Read more at 
www.microgrids.schneider-electric.us

Microgrid keeps power 
flowing at remote ski resort 
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According to Navigant Research, advanced energy 
storage will represent the single largest investment 
category among ‘microgrid enabling technology’ 
options by 2023.16 For example, California is targeting 
1,325 megawatts of energy storage capacity by 
2020, requiring around $3 billion of investment with 
a subsidies program. In Germany, encouragements 
to adopt onsite energy include subsidies for energy 
storage.

Advanced microgrid systems will often include thermal 
or electric energy storage. Energy storage effectively 
extends the value of renewable energy sources by 
enabling self-consumption to be increased by up 
to 100 percent. It allows locally produced energy to 
be consumed when it’s needed, produced when it’s 
relevant, and to be sold back to the grid when it’s most 
economically advantageous to do so.

Storing energy onsite also helps to increase energy 
nFYJCJMJUZ��'PS�FYBNQMF
�JG�BO�FOFSHZ�DPOTVNFS�JT�
taking advantage of a variable tariff program, stored 
energy can be consumed during peak hours when 
grid energy prices are highest. Storage batteries 
can then be recharged during gap hours, either from 
onsite energy sources or from grid power at lower 
pricing.

To optimize participation in demand response 
programs, stored energy can be consumed to 
respond to load curtailment requests, to effectively 
consume less energy from the grid. If the grid 
operator asks for increased consumption, batteries 
can be charged from the grid. Stored energy can also 
be used to provide ancillary services to the grid, such 
as frequency or voltage support.

Finally, a microgrid designed to provide critical power 
during and after disruptive events such as storms will 
often use energy storage as a ‘green’ backup supply. 
This can replace the need to maintain a spinning 
reserve of energy, typically from fossil fuel based 
generators.

3. Energy storage super-charges the microgrid   

16  “Microgrid Enabling Technologies”, Navigant Research, Q3 2014

“Energy storage effectively 
extends the value of renewable 
energy sources by enabling 
self-consumption to be increased 
by up to 100 percent.”
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Figure 5
Energy storage system components

In the Brittany region of northern France, 
WKH�QHZ�KHDGTXDUWHUV�RI�WKH�UHJLRQ·V�
HQHUJ\�XQLRQ��6'(0��KDV�EHHQ�HTXLSSHG�
with an energy storage system linked to 
onsite renewable electricity generation. 
The system will automatically arbitrate 
between selling stored energy to the grid 
RU�DXWR�FRQVXPLQJ�LW�WR�VXSSO\�WKH�EXLOGLQJ��
6WRULQJ�UHQHZDEOH�HQHUJ\�RQVLWH�HQDEOHV�
VHOI�FRQVXPSWLRQ�WR�EH�PD[LPL]HG�DQG�
participation in demand response programs 
WR�EH�RSWLPL]HG��7KH�DZDUG�ZLQQLQJ�SURMHFW�
also integrates a building management 
system with intelligent load shedding.

France’s first smart 
grid-ready office building
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4. A smart connection to the smart grid  
'PS�UPEBZ�T�FOFSHZ�DPOTVNFS�UP�GVMMZ�NPOFUJ[F�UIF�WBMVF�PG�JUT�FOFSHZ�nFYJCJMJUZ
�JU�T�DSVDJBM�UP�PQUJNJ[F�
how distributed energy resources are managed. It requires tight coordination of loads, generation, and 
storage. It also requires knowing the best times to offer ‘negawatts’ (curtail load) or ‘posiwatts’ (provide 
energy) to the grid, all while ensuring comfort and maintaining productivity.

Advanced information, communication, and control platforms are now becoming available to enable 
these goals. Energy consumers are given an intelligent, transparent way to manage their distributed 
energy resources, as well as a simple, automated way to participate in smart grid programs. These 
are typically cloud-hosted SaaS platforms, with a modem and smart gateway installed at the energy 
consumer’s location that provides access over a secure Internet connection to a remote server. 

Microgrid platform
> Cloud-hosted application,

smart gateway, 
load controllers

 

Smart loads
> IT, BMS, heat pump,

EV charging, machines

Microgrid smart 
generation and storage

  

> CHP, renewable energy,
electrical energy 
storage system

Weather forecast
Energy 
market pricing

 Demand response 
requests

 

Figure 6
Commercial building 
running a microgrid 
and interacting 
with the smart grid 
through a typical 
cloud-hosted energy 
consumer platform.

“For today’s energy consumer to fully monetize the value of its energy 
nFYJCJMJUZ
�JU�T�DSVDJBM�UP�PQUJNJ[F�IPX�EJTUSJCVUFE�FOFSHZ�SFTPVSDFT�
are managed.”

The platform takes into 
account the energy, 
environmental, and economic 
needs of the enterprise 
or institution. It then 
automatically proposes the 
optimal arbitrage between 
the different opportunities: 
demand response, variable 
tariffs, peak demand 
management, maximizing 
self-consumption, selling 
energy back to the grid 
based, or supporting ancillary 
services. 
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The energy consumer will then use the platform to access the status of the curtailment 
orders, and view the synthesis of past curtailments. The consumer will also be able to 
monitor the status of its generation, storage, and load assets that are being offered as 
nFYJCJMJUZ�UP�UIF�HSJE��$VSUBJMNFOU�BDUJPOT�DBO�CF�TJNQMJmFE�VTJOH�BVUPNBUJPO��IPXFWFS
�UIF�
energy consumer’s participation is always voluntary. At any time conditions are not ideal 
for a business or institution, they can decline an opportunity or override a pre-programmed 
control sequence.

To enable the exchange of data between the platform and the energy consumer, the smart 
gateway enables:
1. Acquisition of relevant status and performance data from all distributed energy 

resources
2. Sending of curtailment commands to distributed energy assets, including load 

controllers, microgrid controllers, building management systems, or process automation 
systems

3. Daily backup of all time-stamped load curves and curtailment actions  

The level of intelligence and automation provided by such platforms offers a comfortable 
means to manage all energy resources and program participation.

The most comprehensive of these platforms 
will integrate all energy-relevant drivers. This 
will include weather forecast data, energy 
NBSLFU�QSJDJOH
�MPBE�QSPmMFT
�BOE�GPSFDBTUT�PG�
the energy consumer’s energy needs and any 
constraints on its operations. This is crucial 
in order to predict the most advantageous 
opportunities to consume, store, or produce 
energy.

The platform also manages all two-way 
communication between the grid actors and 
the energy consumer. For example, a utility 
or aggregator will request curtailment tenders 
from many energy users, analyzing, and 
monetizing those responses. 

“Energy consumers are given an intelligent, transparent way to 
manage their distributed energy resources, as well as a simple, 
automated way to participate in smart grid programs.”  

Figure 7
Typical web-
based portal for an 
energy consumer 
software platform, 
demonstrating 
automated load 
shifting in response 
to energy market 
pricing signals.
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Conclusion  
The emergence of more proactive energy consumers heralds a 
VLJQLÀFDQW�VKLIW�LQ�KRZ�HQHUJ\�ZLOO�EH�JHQHUDWHG��GLVWULEXWHG��DQG�
consumed in the future. Energy management systems, microgrid 
technologies, energy storage, and intelligent information and 
communications platforms are converging. This is enabling a green, 
ORFDOO\�FRQWUROOHG��UHOLDEOH�HQHUJ\�VXSSO\��ZKLOH�PD[LPL]LQJ�WKH�ÀQDQFLDO�
EHQHÀWV�RI�SDUWLFLSDWLQJ�LQ�WKH�VPDUW�JULG�

Intelligent algorithms that accurately track and project energy needs will 
ensure that comfort and productivity are maintained. And by providing 
an automated approach to controlling onsite generation, storage, and 
FRQVXPSWLRQ��ORFDO�HQHUJ\�QHHGV�FDQ�EH�PHW�ZKLOH�HQDEOLQJ�D�WZR�ZD\�
energy exchange that supports the resiliency of the larger grid.

,Q�VXPPDU\��DQ�HYROXWLRQ�LQ�HQHUJ\�FRQVXPSWLRQ�SURPLVHV�ÀQDQFLDO��
RSHUDWLRQDO��HQYLURQPHQWDO��DQG�VRFLHWDO�EHQHÀWV�

Next steps 
To begin building a new energy consumer strategy, it is important to 
plan carefully to ensure return on investment is maximized and risks are 
reduced. 

1. &RQVXOW�ZLWK�DQ�H[SHUW to help determine the local regulatory 
situation, electricity tariff structure, smart grid programs availability, 
and all available government incentives.

2. &DOFXODWH�WKH�SRWHQWLDO�ÀQDQFLDO��HQYLURQPHQWDO��DQG�UHOLDELOLW\�
EHQHÀWV�of installing one or more of the primary components of 
an energy solution: load management, onsite generation, energy 
storage, and a platform for interaction with smart grid programs.

3. Find a solution provider that can offer a complete range of 
services, including: site audit to determine the most optimal 
solution for the consumer’s business, design, project management, 
installation, commissioning, and lifecycle support. See below for 
special considerations for implementing a microgrid.

4. Consider complementary services, such as utility contract 
PQUJNJ[BUJPO�BOE�FOFSHZ�FGmDJFODZ�VQHSBEFT�

“An evolution of energy consumers promises financial, operational, 
environmental, and societal benefits.” 

When severe storms pummel the Northeast 
seaboard, coastal living in this town can 
be dangerous and inconvenient. Today, 
LI�WKH�SRZHU�JRHV�RXW��WKH�WRZQ·V�FULWLFDO�
IDFLOLWLHV�³�SROLFH��ÀUH�DQG�D�SXEOLF�VKHOWHU�
— can rely on a microgrid with distributed 
energy resources. In addition, the new 
PLFURJULG�HQVXUHV�WKDW�WKH�WRZQ·V�EXLOGLQJV�
DUH�VHUYHG�E\�FOHDQHU��OHVV�FRVWO\�HOHFWULFLW\�
through natural gas, combined heat and 
power (CHP) and solar power generation. 
All of those systems are operated through a 
sophisticated control system that optimizes 
the microgrid for maximum economic 
EHQHÀW�FRPH�UDLQ�RU�VKLQH��

Read more at 
www.microgrids.schneider-electric.us

Fairfield: A Connecticut 
Town on the Vanguard of 
Microgrid Development 
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Learn More
• Take our virtual tour to see how a microgrid works
• Review our client success stories
• Read more about our products and services
• Visit our learning center for white papers and videos

www.microgrids.schneider-electric.us

Take Our 
Virtual Tour

Learn how a microgrid works.
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Advanced Microgrid Solutions 
from Schneider Electric 
At Schneider Electric, microgrids are a natural extension of our 
100-year legacy in the power distribution and energy management 
business. We’ll leverage that experience to partner with you on every 
BTQFDU�PG�ZPVS�QSPKFDU�GSPN�EFTJHO
�mOBODJOH
�BOE�DPOTUSVDUJPO�UP�
training, maintenance, and support for the entire service life of your 
microgrid.

As a global energy management specialist, Schneider Electric 
offers the most advanced microgrid solutions available today. With 
our custom solutions and proven expertise, we deliver microgrids 
that offer the advantages of grid independence – without forfeiting 
UIF�CFOFmUT�PG�CFJOH�QBSU�PG�UIF�DFOUSBM�HSJE��"MPOH�XJUI������QPXFS�
reliability, you also gain energy management capabilities previously 
only affordable to big power producers and distributors.

Our industry-leading portfolio of software, hardware, and controls 
safely and seamlessly integrates with your existing infrastructure 
to deliver a fully customized microgrid solution, all designed 
and commissioned by the industry’s most experienced team. In 
addition, our scalable approach allows us to deliver innovative and 
economically feasible microgrid solutions with greater speed and 
precision. 
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