Metric #6: Load Served by MicroGrids
M.6.1.0 Introduction and Background

Microgrids may change the landscape of electricity production and transmission in the United States
due to the changing technological, regulatory, economic, and environmental incentives. The changing
incentives could allow the “modern grid” to evolve into a system where centralized generating facilities
are supplemented with smaller, more distributed production using smaller generating systems, such as
small-scale combined heat and power (CHP); small-scale renewable energy sources (RES) and other
distributed energy resources (DERs). The development of new technologies in power electronics, control,
and communications, along with the combined values of heat and electricity through cogeneration, added
reliability, security, and stability may offset the lower costs of centralized generation.?

A microgrid is an integrated distribution system with interconnected loads and distributed energy
sources and storage devices, which could be as small as a city block or as large as a small city, and which
operates connected to the main power grid, but is capable of operating as an island.®** Key distinctions
between a microgrid and distributed generation are its ability to be islanded with coordinated control, and
that it contains more than one generating source.

In “Grid 2030,” the Department of Energy sees microgrids as one of three cornerstones of the future
grid.> Microgrids are seen as local power resources that are connected to the regional grid to provide
distributed energy resources while managing local energy supply and demand.®

Microgrids will add three features to the electric system: efficiency (by combining heat and power);
matching of security, quality, reliability, and availability with the end-users needs; appearing to the
electric system as a controlled entity.” Microgrids using combined heat and power (CHP) can capture as
much as 85 percent of the energy used in generating electricity by also powering heating and cooling
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systems. In comparison, central grid generation may lose up to 60 percent of the energy because of losses
in transmission and venting heat into the atmosphere. In addition, microgrids can supplement power to
the electric system by injecting power into the central grid during peak periods.® Microgrids can also
achieve 99.999% reliability compared with 99.9% reliability for the centralized grid.’

A three-phase implementation path was recommended to the Department of Energy for the
development of microgrids in 2005. During the first phase, pilot cases will examine the ability of
microgrids to reduce costs of power and develop technologies to automatically connect/disconnect the
microgrid from the central grid. Phase Il pilot cases are expected to examine the security and resiliency
of microgrids with higher penetration rates, and Phase 111 will examine a microgrid’s ability to export
power to central grid. Each phase will also address regulatory challenges. Phase | will seek to enhance
retail competition while providing fair compensation to utilities for investment and services provided.
Phase 11 will focus on cost recovery of security investments, while Phase 111 will emphasize transparency
of costs to end-users, including real-time and environmental benefits.'>** The CERTS microgrid, a joint
demonstration project funded by DOE and the California Energy Commission (CEC) is used to provide
research and development experience on technical, business and regulatory issues associated with
microgrids.*?

There are few commercial examples currently operating as the commercial microgrid is in its infancy.
Rahman®® provides two microgrid examples. He describes a Wal-Mart store that has six 60 kW
microturbines that provide cooling, heat and electricity. The system has an overall efficiency of
80 percent. In the second example, 4 Times Square in New York City has two 200 kW fuel cells, 15 kW
of integrated PV panels and natural-gas powered absorption chillers/heaters that provide heat, cooling and
electricity. Another example is the Mad River Park Microgrid (MRPM).** The MRPM connects five
commercial and industrial facilities and up to 12 residences to multiple generation and storage devices.
Yeager™ discusses the microgrid installed at the lllinois Institute of Technology but gives no capacity
values. There are many examples of microgrids at university, petrochemical, and Department of Defense
(DoD) sites. ™
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M.6.2.0 Description of the Metric and Measurable Elements

The following three measures have been identified as important for understanding the number of
microgrids and the amount of capacity they serve.

(Metric 6.a) the number of microgrids in operation. Microgrids must meet the definition in Section
1 above.

(Metric 6.b) the capacity of microgrids in MW.

(Metric 6.c) the percentage total grid summer capacity. This metric measures the impact these
microgrids are having on the ability of microgrids to meet electricity-supply requirements of the
entire grid.

M.6.3.0 Deployment Trends and Projections

Currently, approximately 20 microgrids can be found at universities, petrochemical facilities and U.S.
defense facilities. According to RDC'’ the microgrids provided 785 MW of capacity in 2005. They
noted additional microgrids that were in planning at the time as well as demonstration microgrids. RDC
also noted that by examining the Energy Information Administration’s database they could determine
approximately 375 potential sites for microgrids if they weren’t already microgrids. Outside of the
petrochemical microgrids, there are no commercial microgrids in the United States.’® Given EIA’s net
summer capacity of 906,155 MW and assuming no devolution of microgrid capacity from 2005, the
percentage of capacity met by microgrids is about 0.09% in 2006.

Table M.6.1. Capacity of Microgrids in 2005 (MW)*

University Petrochemical DoD

Capacity (MW) 322 455 8

Current projections and forecasts for microgrids are as follows:

¢ Navigant Consulting, in their base case scenario, projected 550 microgrids installed and producing
approximately 5.5 GW by 2020 or about 0.5% of projected capacity.” Navigant® predicts a range
of 1-13 GW depending on assumptions about pushes for more central power, requirements and
demand for reliability from customers and whether there is an environmental requirement for carbon
management.
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M.6.3.1 Associated Stakeholders

There are numerous stakeholders associated with microgrids, but the primary stakeholders (in no
particular order) include:

e End users, including distributed-generation owners and customers, who need reliable, high quality
power. Offsetting costs by selling excess power and/or heat has the potential to make programs more
economical and attractive.

o Distribution-service providers who, depending on their size, location, and ability to integrate
microgrid power production, as well as utilities and municipalities, could significantly benefit from
integration of microgrid resources into their overall resource portfolio.

e Electric-service retailers

¢ Products and services suppliers of generation, control, and communications equipment that enable
microgrid operation

¢ Policymakers

¢ Policy advocates, particularly environmental-policy advocates.

M.6.3.2 Regional Influences

Regional influences should not create many obstacles for this microgrid development. Potential
regional influences are driven more by how stakeholders in different regions of the country will interface
or integrate with one another, and how regional or state regulators in the utility and environmental areas
will either support or hinder distributed-energy resource development. (See Metric 3 for differences in
acceptance of interconnection standards.)

Microgrids can be favorable in remote places such as in Alaska and Hawaii, where significant periods
of islanded operation can be expected. Microgrids with CHP may be of greater value in colder climates
(northern states) or regions where heating and cooling requirements are significant.

M.6.4.0 Challenges to Deployment

Unfortunately, several barriers have been identified that may stifle the deployment of microgrid
systems in the United States. As in other industries, regulatory barriers and their economic impacts are
more significant challenges to deployment than the technical challenges. While there are several
regulatory barriers, the business and financial challenges listed below are those with highest impact.

M.6.4.1 Technical Challenges

While the business and financial challenges are more significant, there are technical challenges to
moving microgrid deployments forward. The primary challenges include:

¢ Interconnection—interconnection requirements must be resolved through standards such as IEEE
1547.4; otherwise seamless transitions will not occur.?® Completion of the IEEE 1547.4 standard for
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microgrid requirements is also needed.*

o Large-scale microgrids— as the interconnection points increase, large microgrids with multiple points
of integration become more complicated to coordinate and protect.”

o Penetration level—the level of penetration could become an issue if the load served by microgrids
becomes large enough that they are serving more than their own demand, and system events such as
lightning strikes or other system failures cause the microgrid to respond by disconnecting from the
regional grid leaving other dependent entities without power.?®

e Security—some concern exists regarding the level of security, both physical and cyber, required for
microgrids to be a reliable resource.?’

o Power generation types—for alternative-energy resources such as renewable energy, fuel cells and
microturbines, the lack of experience with system design and integration will provide technical
challenges.?®?

o Power quality—power quality may be impacted by current IEEE 1547 standards, as microgrids may
be forced off the grid when stability events occur. Power quality in the microgrid is a function of its
size, impedance, and load level.®

¢ Intentional islanding—the transition between regional grid-parallel and isolated operation can leave
microgrids without power for periods from seconds up to minutes. The impact on loads within the
microgrid due to transient effects or disruption isn’t acceptable. A more instantaneous transition is
required.*

M.6.4.2 Business and Financial Challenges

The most significant business and financial challenge is making the business case for microgrids. A
part of the business case includes ensuring that microgrids are not made infeasible by standby charges,
interconnection policies that discourage or prohibit microgrids, and the loss of revenues faced by utilities
as microgrids are deployed. But, the business case must also be effectively shown for the value of
combined heat and electricity generation, added security, reliability, and power quality in order for
investment to take place.** Significant challenges to the business case include:
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¢ Standby charges—charges assessed to end-users on their installed capacity if it isn’t used solely for
emergency purposes. Utilities use the standby charge to pay for the infrastructure necessary to serve
the microgrid’s load in the event the microgrid’s generating capability becomes unavailable. These
charges for rarely-used infrastructure are a significant economic barrier to microgrid deployments.

33,34

¢ Interconnection—the policies and procedures that describe how power-generating capacity not owned

by the utility will be connected and integrated into the power grid. Without national or regional
policies and procedures, utilities can develop their own policies and procedures that discourage
interconnection of power-generating capacity that they do not own or control.* (See Metric 3)

o Lost utility revenues—The way the U.S. utilities are regulated, they exhibit strong economies of scale
that make competition from smaller, less-efficient suppliers significantly less economical. In
addition, utilities have no financial motivation to look at grid innovations that reduce their sales.
Utilities have commonly raised barriers to interconnection and self-generation and also discourage
energy-efficiency investments because of the significant likelihood of a loss of revenue and profits.

M.6.5.0 Metric Recommendations
The number and capacity (MW) of microgrids needs to be added as a sub-category of distributed

generation where DG can be islanded and controlled to allow for the enumeration and quantification of
microgrids.
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