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About this Report

This updated report, originally published in April 2018, is about the wholesale transfor-
mation happening in integrated resource planning in the electric power industry, and 
mainly is the result of primary research. Over the eight months before April 2018, I con-
ducted more than three dozen personal interviews with resource planning managers, re-
source planners, utility executives, and industry consultants. These professionals spanned 
the country, from the west coast, through the Midwest, to the east and the south. They are 
working—and struggling—with various stages of the integrated resource planning trans-
formation. Many of them spoke with the promise of anonymity so that their comments 
could be forthright and unguarded. Unless otherwise footnoted, the narrative is a direct 
result of their extraordinary insights and form the foundation of this report.

Since the original publishing, I conducted further research into the IRP transformation 
while helping develop the 2018 IRP for Green Mountain Power, Vermont’s largest investor-
owned utility. Both were integral in updating this report. 

[A PDF version of this report can be found at www.SolariCommunication.com under  
Resources. Feel free to quote from this report together with proper attribution.]

Copyright ©2019 Solari Communication. All Rights Reserved.
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Introduction

The electric power industry is in the midst of a wide-scale, profound, foundation-
al change not seen since electricity was first commercialized a century ago. Gen-
eration is migrating from large, central, power stations to smaller-scale distributed 
systems, and from firm fuel-fired generation to unprecedented amounts of clean-
er variable renewable generation. This industry shift involves a number of factors: 
state-level regulations and statutes, emission reductions, technological innovation 
and advancement, generation economics, maturing renewable energy resources, 
and consumer involvement and preference. 

Because of this industry shift, integrated resource planning is undergoing a whole-
sale transformation. The prime drivers behind this transformation are the grow-
ing influx of renewable generation, especially from distributed energy resources 
(DERs); transmission and distribution challenges; demand-side resources; energy 
efficiency measures; mandated policy targets; and the increasing complexity, un-
certainty, and risk on the electric power grid.

For the past 30 years, integrated resource planning has been based on central sta-
tion firm dispatchable generation with long service lives; sited at specific locations; 
fueled mainly by gas, coal, oil, and nuclear; with well-established reliability and 
high availability on one-way transmission and distribution systems. Today, integrat-
ed resource planning is mainly marked by an influx of new and emerging technolo-
gies, a smarter grid, load reducing drivers, and small variable distributed renewable 
generation on a two-way grid distribution system.

As a result, integrated resource planning no longer starts at one end, flowing in 
one direction across the grid to end-use consumers, but rather at the grid edge near 
these end-use customers (who both consume and generate energy) where technol-
ogy advances decentralized and distributed resources.

The current transformation in integrated resource planning has created a pletho-
ra of consequential challenges that test that planning process and demand a funda-
mental reworking of how integrated resource plans (IRPs) are conceptualized, mod-
eled, analyzed, developed, and implemented. 

On aspect is absolutely certain:
Utilities alone no longer determine the grid’s destiny.
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1 The Increasingly  
Complex Electric  
Power Grid

For over one hundred years, the electric power grid grew to support a one-way flow 
of energy from generation to end use. Over the past several years, however, that 
fundamental model has slowly evolved. Today, power on the grid flows in two di-
rections caused almost exclusively by the influx of small-scale distributed energy 
resources.

The Traditional One-Way Electric Grid
Energy from large, central generation facilities sited away from population centers 
because of their size, unsightliness, and environmental impact, flowed through a 
structured transmission and distribution system to consumers. This traditional grid 
structure is defined by a few, large-scale generation points providing the necessary 
ancillary services, with centralized, manual controls flowing in one direction with 
predictable loads and generation.

System resource planning involved identifying sufficient generation resources to 
meet projected customer needs, building and siting that generation, then upgrading 
the transmission and distribution systems to transmit energy to customers. Figure 1 
illustrates this one-way power flow.

Figure 1.	 Traditional One-Direction Electric Grid Structure
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The Modern Two-Way Electric Grid
Over the past several years, rapid technological changes have upended this tradi-
tional structure. More and more, this structure is being transformed by customer-
sited and small producer generation resources at the grid edge pushing energy onto 
the distribution grid, creating two-way energy flows on a system originally designed 
for one-way flow. This transformation is also being fueled by the arrival of elec-
tric vehicles as a realistic, desired transportation option. At the same time, the grid 
must support increasing demand response technologies that enable utilities, cus-
tomers, and third parties to benefit by automatically adjusting their loads based on 
need and preference. 

This modern power grid is marked by an incredibly large number of small-sized 
generation and control points, requiring flexibility in providing and optimizing an-
cillary services, with distributed automated controls managing a two-way power 
flow with increased variability in loads and generation. End users are both consum-
ing and producing energy. Not surprisingly, this transformation requires changes to 
the integrated resource planning process utilities have traditionally implemented to 
operate a reliable power grid. For the grid to remain the energy backbone for years 
to come, it must be maintained to deliver innovations and provide reliable service.

Figure 2 illustrates this evolving grid structure.

This transformation away from a one-way electric grid, to a bidirectional grid in-
creasingly comprised of variable and distributed renewable generation is causing a 
concurrent upheaval in integrated resource planning.

Figure 2.	 Modern Bidirectional Electric Grid Structure
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The Evolution of  
Integrated Resource 
Planning

“A successful utility’s resource plan should include consideration in detail of the 
following elements: a load forecast, reserves and reliability, demand-side manage-
ment, supply options, fuel prices, environmental costs and constraints, evaluation 
of existing resources, integrated analysis, time frame, uncertainty, valuing and se-
lecting plans, action plan, and documentation.” Add to this list consideration of 
emission reductions, regulatory and statutory target compliance, distributed energy 
resource management, transmission and distribution modernization, and costs and 
bill rate implications.

Actionable IRPs are based on the validity and accuracy of these elements—all of 
which have increased in volatility over the past several years and promise to con-
tinue to evolve. 

More and more, the ultimate purpose of integrated resource planning is to first sat-
isfy regulatory and statutory mandates; and to second, actually create an IRP. Inte-
grating increasing amounts of variable renewable generation, especially from dis-
tributed energy resources (DERs), is at the foundation of both issues.

In varying degrees, both issues derive from legislative mandates, regulatory poli-
cy, stakeholder and intervenor involvement, and public pressure. Both issues have 
made integrated resource planning far more complex and difficult. The focus of an 
IRP has shifted from a balance of generation, reliability, and cost to an overriding 
focus on integrating renewable generation at the expense of cost, while leaving re-
liability up to the utilities. Least-cost planning has shifted to a combination of cost 
and risk planning; a preferred portfolio plan has shifted to satisfying regulatory and 
statutory mandates first, then developing a generation mix to meet demand.

The number of input assumptions is growing, their data becoming more sensitive 
to fluctuation and with shorter accuracy horizons. In addition, planning parameters 
are becoming more complicated to exact, and basic planning considerations are be-
coming malleable. 

Without more accurate planning tools, modeling software, grid data, and wider-
ranging processes, this shifting focus and increasing difficulty and complexity por-
tends the integrated resource planning process almost to the point of obsolescence. 

2
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The Traditional Integrated Resource Planning Process
IRPs are necessary and valuable tools for a utility to look from five to 20 years into 
the future. Traditional IRPs match resources to projected, predictable demand with 
complementary investments in a limited choice of large-scale generation togeth-
er with straightforward transmission and distribution investments. In this world, 
resource management was an exercise in replacing dispatchable generation at the 
end of its life cycle with newer, modern firm generation at the least cost. When re-
sources consisted of central station generation, planners had a fair amount of in-
sight and control over the future because very little else was going on in the sys-
tem. This clarity helped planners develop meaningful IRPs that played out linearly, 
both in the near term and long term.

A More Complex Planning Process
Changing customer demand and growing penetration of variable and distributed re-
newable generation resources, especially from wind and solar, has introduced un-
certainty on both the supply side and the demand side of utility operations. This 
fundamental shift has led to a transformation in the integrated resource planning 
process.

While the integrated resource planning process still remains valid, its implementa-
tion is evolving and becoming more complex as planning elements have become 
increasingly difficult to capture, develop, model, analyze, and project. In addition, 
DER proliferation, environmental considerations, net load reductions, energy effi-
ciency measures, technological advances, and many other elements are beyond a 
utility’s direct control. These elements form the foundation of the analysis and de-
cision-making that comprises an actionable IRP, yet all these elements are becom-
ing increasingly volatile and complex, and thus difficult to capture in a meaningful 
way, making it more difficult to develop meaningful IRPs.

Today, utilities operate in an increasingly DER world. The most profound change in 
this world is that planning must now occur at the decentralized grid edge, starting 
with must-take DERs sited where customers choose, and filling in from there. DER 
data is, at best, difficult to assess and capture, and then integrate into an IRP action 
plan.

The planning process has also become more complex in other ways. It’s becoming 
more difficult to quantify the impact of variable renewable generation on the sys-
tem, as well as to project accurate regional pricing in the various energy markets. 
Inputs and assumptions into the resource planning process are becoming more dif-
ficult to quantify and accurately sustain over the planning period. Increasing pen-
etrations of DERs requires resource planning to extend across the entire transmis-
sion and distribution interface.

Utilities are finding that more departments within the organization need to be in-
volved in resource planning: transmission and distribution as well as innovation 
and information technology. In addition, efforts among these groups must be co-
ordinated. As a result, the entire resource planning process must be rethought and 
restructured. This restructuring, however, takes time to develop and coordinate. 
Meanwhile, DERs continue to proliferate, and regulatory and statutory goals begin 
to creep up as the time frame in which to create a meaningful IRP shrinks.
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Shifting Priorities in Integrated Resource Planning
Resource planning must meet four core requirements: policy measures, generation 
options, cost considerations, and reliability requirements. In traditional resource 
planning, these four requirements were considered in equal balance.

More and more though, the equal balance of these four requirements has shifted 
to becoming more hierarchical. Increasingly, resource planning has become about 
meeting policy decisions first, with forced and chosen generation options second. 
This leaves less emphasis on cost, and even less on reliability. The increased focus 
on integrating renewables has had the unintended effect of demoting the focus on 
reliability in the planning process. Yet, for utilities, reliability is a critical planning 
factor. No one will accept less reliability. This hierarchical trend can create prob-
lems for utilities who keep paramount reliability and cost while planning to meet 
policy and renewable generation goals.

Reasonable Cost Plus Lowest Risk Planning
For many utilities, the underlying resource planning process has transitioned from 
strict least-cost planning to cost-and-risk planning, mainly because integrating vari-
able renewables requires careful focus on meeting reliability and other system 
needs. IRPs, then, are not for designing the lowest-cost preferred portfolio, but for 
a reasonable cost portfolio. A number of factors influence this change, mostly cen-
tered around the increase in DERs and other variable renewables. This is especially 
problematic when renewable generation is not the lowest cost alternative or when 
integrating increasing amounts of renewable resources forces the early retirement 
of existing firm generation.

There are, however, other factors to consider. Renewable energy pricing has experi-
enced tremendous drops, and projections show renewable energy and related costs 
to be lower in the future. Thus, spending money now could be considered an in-
vestment that prepares for increasing price drops and technological advances. In 
addition, prices for renewable generation do not consider the related lower societal 
costs that come from cleaner air, reduced fossil fuel extractions, the positive eco-
nomic impacts of renewable energy, and increased consumer awareness that tends 
to result in less energy usage. These societal costs, however, are relatively invisible 
as they are not out-of-pocket savings, and are traditionally not inputs into planning 
models.

Utility Ownership of Renewable Generation
The transformation in resource planning has given rise to another consideration: Is 
the lowest long-term cost for renewable generation derived from utility ownership 
or from power purchase agreements (PPAs)? Some utilities are reconsidering own-
ership as a way of reducing long-term costs because the continuing value of own-
ership would be less expensive than the alternatives. In addition, the utility would 
own the resulting renewable energy certificates (RECs).

On the other hand, the argument in favor of PPAs is mainly about this: with today’s 
rapid advancements in technology and the evolving maturing of renewable genera-
tion, PPAs offer more flexibility and agility to change resources and portfolio mixes 
than owned generation. 
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The Role of Distributed 
Energy Resources

Distributed energy resources, together with the proliferation of both small-scale and 
large-scale variable renewable generation—with their fair-weather reliability and 
relatively low capacity factors, fueled by sources that cannot be controlled—has pri-
marily set in motion the profound transformation in integrated resource planning.

Most DER installations are solar photovoltaic (PV), from either rooftop solar or 
small-scale installations. Four states—California, Hawai‘i, Nevada, and Vermont—al-
ready obtain more than 10 percent of their generation from distributed solar. Since 
2015, total solar power in the United States has essentially doubled, with about half 
of that total from DERs. By 2020, solar generation projects to supply more than five 
percent of electric generation in the United States. 

The Role of Net Energy Metering Laws
Since their inception in 1983, net energy metering (NEM) laws have consistently 
proven to be the most effective method of encouraging the proliferation of DERs, 
but in many areas, their time may have passed. NEM and the concurrent influx of 
DERs have caused a tremendous upheaval in the energy industry.

NEM laws are anything if not controversial. Typical NEM laws reimburse custom-
ers for their DER generation at retail rates—generous compensation considering 
the NEM relationship is essentially that of a micro-scale PPA. Most NEM custom-
ers don’t pay anything for their electricity since they produce more than they con-
sume. The vast majority of NEM customers generate power through solar pan-
els that only generate electricity during daylight hours. These customers, however, 
receive power after the sun has set. No matter the time of day, NEM customers 
use the transmission and distribution system—the wires, poles, and substations to 
transmit and distribute their energy throughout the grid. NEM customers typically 
do not pay for the use of this infrastructure, thus leaving this T&D cost to be spread 
among non-NEM customers. 

In addition, Federal and state investment tax credit (ITC) and production tax cred-
it (PTC) subsidies for solar installations contribute to DER proliferation. To counter 
this, some jurisdictions are calculating the locational value of DERs to the overall 
power system and using this value as more equitable compensation for NEM gen-
eration. On the other hand, cost curves for solar have been dramatically declining, 
which might eventually mean that solar no longer needs subsidies, and can survive 
on its own.

Regardless of compensation, tax credits, or cost, the growth of DERs continues un-
abated. And that only stands to continue to make integrated resource planning 
more difficult.

3
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DER Maps as a Tool for Resource Planning
Customers choose where to site their distributed generation. As such, there are sig-
nificant differences in DER installations among geographic locations. The effec-
tiveness of renewables, especially solar DERs, cannot be extrapolated from one 
geographic area to another. There needs to be a recognition about the regional dif-
ferences of numerous factors: appliance saturation, number of heating and cooling 
degree days, construction standards, avoided costs, economic impact, capacity fac-
tors, load shapes, and circuit saturation. 

Enter DER maps.

DER maps can tell resource planners a lot of information about how DERs operate 
throughout the day, thus helping to develop an IRP that considers this information 

in light of all other generation necessary to meet 
demand. For this, a DER map would have to 
identify where on the power grid DERs are locat-
ed, what their operating curve looked like, how it 
changed dynamically as the DER assets operate 
(turn on and off), and how their output changed 
in response to cloud cover and the sun’s reemer-
gence. When all this data is available, resource 
planners can start to build more probabilistic or 
scenario-based curves around the geographic lo-
cation of future investments and how better to 
manage the daily operation of the grid.

DER maps do exist. Some states (such as New 
York and California) are mandating that utilities 
create, manage, and publish them. 

In Vermont, the state’s largest utility, Green 
Mountain Power, already maintains and publish-
es a comprehensive DER map (Figure 3) on their 
company website. 

This map details where DERs are prevalent, 
where they are not, where DERs might be valu-
able additions to solve system problems, and 
where they would definitely not be of value 
(such as when a feeder is fully loaded and con-
strained). This map allows customers and small 
DER developers to see how their installation 
would fit into the overall picture of DERs across 
the utility’s service area. 

Figure 3.	 Green Mountain Power Distributed Energy Resource Map

Legend of Substation Circuits: 
Green:	 At least 20% capacity remains 
Yellow:	 Less than 20% capacity remains 
Red:	 Less than 10% capacity remains 
Orange:	 Constrained circuit might result in higher and delayed interconnections
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The Green Mountain Power DER map also displays a great deal of useful and color-
coded information (Figure 4). 

Icons represent substations, solar installations (green and yellow suns), wind instal-
lations (wind circles with green dot centers), and other types of generation (icon 

with a yellow X). 

Clicking on an icon 
reveals detailed in-
formation about that 
installation and the 
its circuit. Installa-
tion information in-
cludes its type (solar 
or wind) and its out-
put capacity; circuit 
information includes 
the circuit rating, 
feeder ID, substation, 
rating, distributed 
generation (DG) on 
the feed, transformer 
capacity, DG on the 
transformer, and the 
remaining capacity 
in kW and percent of 
total circuit capacity.

Transmission, Subtransmission, and Distribution Issues
Net energy metering laws and investment tax credits opened the door for an ad-
vantageous return on investment for homeowners to install solar PV systems and 
for developers to design and build small-scale wind and solar facilities. The visibili-
ty of these rooftop and small-scale solar and wind facilities captured the public’s in-
terest. Meanwhile, the real and present challenges that utility operators face man-
aging the myriad of technical issues that come from these distributed systems are 
hidden from public view. 

Few originally understood these challenges, even in the electric utility industry. 
The two-way flow on circuits that were designed for one-way flow presented signif-
icant challenges. Without additional devices, monitoring and managing the amount 
of power from these decentralized and distributed systems was mostly guesswork. 
In addition, protection control schemes were simply not set up to allow the system 
to operate safely and avoid the destruction of assets and increases in outages.

Initially, distribution engineers scurried, trying to solve one distribution problem 
after another. Utilities, unprepared for the DER onslaught, were frequently caught 
unawares and, as a result, were slow to react. 

Utilities have since realized that the technical changes, organizational changes, 
planning changes, cultural changes, financial changes, and business model chang-
es that result from the DER revolution are stunningly large, although, with strong 
leadership, surmountable. Utilities have realized that transmission and distribution 
planning must be integral to integrated resource planning. 

Figure 4.	 Wind and Solar Installation DER Map Detail
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Planning for Increasing DER Penetration
A number of new factors affect the planning of increasing amounts of DERs.

Insufficient Planning Models
Most modeling tools that exist today are not wholly sufficient when planning for in-
creasing DER penetration, as they do not fully encompass the requirements neces-
sary to develop sound resource plan generation portfolios. Unit commitment, com-
mit-to-dispatch, production cost, system expansion, system optimization, long-term 
portfolio expansion, short-term operational, as well as many other models typical-
ly use hourly projections. They operate on a basis of 8,760 hours in a year. As such, 
they don’t necessarily do a great job planning for ancillary services, since both 
large-scale wind and solar, and DER resources have significant intra-hour variabili-
ty. DER modeling efforts require sub-hourly analysis.

It’s also difficult for these hourly models to take projected load characteristics, load 
shapes, and generation shapes of variable generation and determine how that af-
fects the rest of the system. Technology shifts, policy shifts, and aggressive Renew-
able Portfolio Standards (RPS) as well as Vermont’s Renewable Energy Standard 
(RES) targets all affect the integrated resource planning process and are leading to 
a carbon constrained future. The impact of different carbon scenarios enhances a 
shift toward more renewable generation, which only serves to exacerbate the mod-
eling shortcomings.

Estimated Distributed Generation Tracking
Today, no utility dynamically tracks DER generation. Utilities do not track excess 
solar energy from one customer that is then used by another customer on the same 
circuit or is used by a customer on a neighboring circuit. Utilities instead rely on 
historical and background data of DER activity on the entire system, and then an-
alyze that information for forecasting. But DER activity is volatile during the day, 
and from day to day, so at best, the forecasting is an estimate. 

Accurate DER information is necessary to assess both required and unnecessary 
transmission and distribution upgrades, and increased DER visibility is necessary to 
more efficiently operate the grid.

Operational Technology Systems
Two system management software packages are enabling utilities to better manage 
the daily integration of DERs: Advanced Distribution Management System (ADMS) 
and Distributed Energy Resource Management System (DERMS).

An ADMS supports distribution management and optimization and includes func-
tions that automate outage restoration and optimize the performance of the distri-
bution grid. ADMS functions include fault location, isolation and restoration; volt/
volt-ampere reactive optimization; conservation through voltage reduction; peak 
demand management; and support for microgrids and electric vehicles. An ADMS 
allows for more effective and tighter control of grid operations, enabled by sensors, 
grid-edge automation, bulk data processing, and other technical refinements. 

A DERMS manages DERs and other demand-side energy resources. It better en-
ables the integration of DERs, distributed energy storage, demand response, and 
other energy resources. A DERMS focuses on aggregating small-scale DERs into a 
size large enough and with less complexity to enable an ADMS to use the DERMS-
aggregated assets to control the grid.
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Working in concert, these software and control packages allow a utility to mod-
el power flow, on-the-fly, daily and even hourly. This enables, for example, the 
control switching feature in the software to shift load from one feeder to a paral-
lel feeder in response to dynamic DER activity. This makes better use of daily DER 
generation, enables better DER integration and installation site selection, and low-
ers demand for central station power. Essentially, these software packages enable 
smart, dynamic, and agile operation of the grid. 

Both operational technology packages, however, are complex enterprise solutions 
to a growing problem. In general, utilities are faced with either altering the off-the-
shelf software to match their legacy business processes, which requires expensive 
software customization; or change their business processes to conform to the soft-
ware requirements, which requires intensive personnel training.

Specialized DERMS packages, however, can often be implemented directly “out of 
the box”. For example, DERMS packages exist that enable a utility to aggregate the 
energy and power available from small, distributed customer-owned and sited bat-
teries, then manually or automatically control and shift the discharge from these 
batteries to help meet peak demand. Other packages enable a utility to manage 
distributed customer appliances that participated in demand response programs, 
which can help shave spikes in demand.

While commercially available and being successfully employed by numerous util-
ities, ADMS and DERMS are still latent technologies. Since 2016, a number of util-
ities have been working with the Smart Electric Power Alliance (SEPA) to develop 
industry-wide requirements for DERMS. These requirements are not expected to be 
implemented until mid-2019.
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Factors Affecting  
Integrated Resource 
Planning

Long-Term Forecasting Difficulties
Accurate electricity demand forecasting is becoming increasingly challenging. De-
spite population growth, electric demand has been declining since 2007. Various 
load-eroding drivers, industry-oriented and otherwise, are the main drivers. Chief 
among them are energy efficiency, demand response, smart appliances, smart grid, 
smart cities, and customer choice. Other reasons for this decline include efficient 
heating and air conditioning systems, more efficient residential and commercial 
buildings, the switch to more efficient lighting, and of course, the rise of distributed 
generation and small-scale renewable plants. 

All challenge traditional load forecasting. DER integration is largely outside the 
hands of utilities. Many factors affect the proliferation of DERs, from rooftop solar 
to community-based renewable energy to small-scale solar and wind plants. With-
out this control, forecasting DERs becomes a flawed process, which directly affects 
the planning of the entire portfolio mix.

Critical Input Assumptions and Drivers
Integrated resource planning must balance the interdependencies of forecast-
ing, locational value, interconnection, and hosting capacity, as well as the interac-
tions among other aspects of the utility function: transmission planning, distribu-
tion planning, operations, customer programs, asset management, and regulatory 
affairs.

As previously noted, the modeling and analysis of incorporating DERs into the re-
source planning process is behind the curve and needs to drastically improve. Cur-
rent models are not capturing the real-time operational challenges of a generation 
fleet, nor their associated economic impacts.

Modeling input assumptions must be thought through carefully because, more and 
more, they interact with each other. Most assumptions become stale by the time an 
IRP is filed. Projecting them is becoming less reliable, has shorter horizons, and is 
rapidly changing. Assumptions are much more sensitive and volatile; small chang-
es can result in substantial changes to the resultant portfolio. A high number of 
variables with a wider range of possibilities affect the integrated resource planning 
process: added uncertainty about future conditions and technologies; speculation 
regarding federal, state, regional, and local statutes, rules, and tax incentives;  
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shifting community mores; unpredictability of the commodity markets; the cost 
and increased efficacy of new variable renewable generation over time; and wide-
ranging assumptions and costs.

Among other factors, input assumptions into the integrated resource planning pro-
cess that are increasingly volatile include:
	♦ Economic and population growth
	♦ Load growth
	♦ Fuel price forecasts
	♦ End-use considerations
	♦ Renewable generation capacity factors
	♦ Energy efficiency
	♦ Demand response
	♦ Customer choice
	♦ Retail electric rates
	♦ Climate change
	♦ Electrified transportation
	♦ Weather trends

A closer look at assumptions regarding renewables and their related costs can be 
enlightening. How do utilities arrive at key assumptions that impact selected gen-
eration in an IRP when DERs are beyond their control? What is assumed for the ca-
pacity factor of variable renewables over time? What is assumed for the integration 
costs of renewables? How are those costs calculated? What is assumed for solar PV’s 
contributions to peak when those contributions fluctuate throughout the year? Not 
only do these assumptions vary widely within a year and from year to year, but al-
so directly affect how valuable a resource is and whether a planning model selects 
it. Because of the volatility of input assumptions, action plans have become less re-
source specific and more about projected need, being agnostic to resource.

The Shortening Reliability Horizons of Long-Term Forecasting
IRPs are generally filed on a three-year cycle with annual updates to fine-tune re-
sults. Many utilities are finding that these annual updates are becoming much 
more extensive and, in many cases, are fundamentally changing the generation 
mix and preferred portfolio in areas with substantial increases in DERs and small-
scale solar and wind facilities. Essentially, these annual updates have become sim-
ilar to full IRP cycles because the initial assumptions have dramatically changed 
and are thus out of date and inaccurate within the year.

A number of utilities run their planning models at various times during the year 
because of these rapidly changing factors. It’s fair to say that the faster the energy 
industry changes, the more utilities need to run updated planning models, as well 
as consider the appropriate sensitivities and scenarios to run.

Coincidently, long-range planning horizons for developing actionable IRPs has 
shrunk from 20 to 30 years down to three to five years. As a result, the IRP process-
es are overly focused on near-term actions, at the expense of long-term consider-
ations. Rapidly changing inputs and assumptions aren’t suitable for long-term plan-
ning options and are therefore not fully considered nor included in the resulting 
preferred portfolio mix.
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Changing Planning Methods
Modeling traditionally has been based on central station generation with similar 
capacity factors. Variable distributed renewable generation has much lower levels 
of reliability with wider ranging capacity factors. There is a fundamental choice of 
whether to model distributed generation as a negative load or as a resource: genera-
tion in front of the meter would be modeled as a resource while generation behind 
the meter would be modeled as a load reduction.

Moving from dispatchable central generation to non-dispatchable variable distrib-
uted generator changes the modeling equation, and also changes the modeling pa-
rameters for dispatching generation: ramp rate, frequency, response, and number 
of starts, among others.

Traditional resource planning can be quite prescriptive: the same method followed 
from year to year with rules established by regulatory agencies or legislative man-
date. For utilities with low RPS goals (or in Vermont, RES goals) or without increas-
ing amounts of variable renewable generation and DERs on the power grid, re-
source planning can continue to be prescriptive.

Planning an IRP on a system with increasing amounts of DER must also follow the 
‘rules’, however the methodology becomes increasingly complex as more and more 
DERs are added to the grid. A traditional resource planning process does not hold 
up well when modeling the variable nature of most renewables, influxes in DERs, 
and the uncertain future of resource planning.

Shrinking planning horizons are causing a transition away from prescriptive model-
ing and giving way to stochastic modeling. Stochastic analysis with statistical mod-
els is better suited for short-term planning, such as next month or even next week. 
To be most effective, the statistics must be accurate around such factors as load, fu-
el prices, and unit outages. Over the long term, statistics are not going to be as ac-
curate, so stochastic analysis doesn’t always make sense. Nonetheless, the factors 
necessary for resource planning are becoming increasingly volatile, so short-term 
stochastic analysis begins to have value for the near term as a way of tightening the 
long-term IRP vision.

Ever Expanding Reserve Margins
DER proliferation results in increasing reserve margins. Consider the growing re-
serve margin of the Hawaiian Electric Companies as it plans for 100 percent renew-
able generation by 2045. The utility used to plan with a 20 percent reserve margin. 
In 2014, their reserve margin increased to 30 percent, then to 40 percent in 2016 
(the year they filed their current resource plan). Their projections plan for a 45 per-
cent reserve margin in 2019, and 50 percent in 2021.

The North American Electric Reliability Corporation (NERC) creates deterministic 
reserve margins to guide utility resource planning nationwide. NERC leverages op-
erations from around the country, then create a consistent approach for measuring 
reliability for the North American bulk power system. NERC considers their cur-
rent long-term, seasonal assessments of deterministic reserve margins effective for 
baseload generation (including large hydro), but less effective for variable renew-
able generation. NERC realizes that their reserve margin guidelines need to be up-
dated and expanded, and so is introducing new measures to consider reliability for 
systems with increasing amounts of variable renewable generation. NERC, howev-
er, understands that it is becoming increasingly difficult to assess reliability factors.
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NERC is also taking a closer look at the reserve margin targets of ISOs and RTOs. 
For example, MISO’s reserve margins only project for three years. In the planning 
period of 2016–2017, the MISO reserve margin was 15.2 percent. It grew to 15.8 per-
cent in the 2017–2018 planning period. Based on its annual loss-of-load-expectation 
(LOLE) analysis, MISO expects the 2018–2019 planning period to require a 17.1 per-
cent reserve margin.

Faster changing reserve margins are yet another reason for shorter planning  
horizons.

Regulatory and Statutory Mandates
Utilities used to be the main entity in planning generation and infrastructure in-
vestments. Now, planning is also being done by customers through DER installa-
tions and energy usage choices, and by regulators and legislators through mandates 
and statutes.

Beyond DER penetration, two other legislative and regulatory mandates drive the 
integrated resource planning transformation: RPS (or RES in Vermont) policies and 
emission-reduction targets, especially from greenhouse gases (GHGs).

Meeting Renewable Generation Targets
Resource planning is becoming more a chase for meeting legislative and regulatory 
mandates than a pure process of developing a generation resource mix that meets 
demand reliably at the lowest or most reasonable cost. Essentially, it’s integrated re-
source planning with numerous binding constraints.

There is a clear increase in state legislatures enacting energy-related bills, which 
both influence business decisions and become compliance mandates for electric 
utilities and other electric service providers. As a result, the bills go deeper into a 
utility’s planning process and impinge on the utility business model.

Policy makers want to affect change, and the IRP has become a vehicle for attaining 
that change. Policy, however, must be in accord with market conditions. Pushing 
renewables onto the grid has many benefits, but must be balanced with the avail-
ability of renewable generation, current thermal generation, the age of the current 
fleet, and forecasted demand. 

In addition, all electric utilities, regardless of their size, must comply with these 
statewide mandates. Smaller utilities sometimes find these mandates onerous; 
some are calling for adjustments that consider the various sizes of the utilities.

Emission-Based Planning
The majority of carbon reduction goals have been regional, state, county, or city 
initiatives. These environmental, emission-based goals are one kind of statutory 
mandate that is driving the development of IRPs. These goals, however, comple-
ment the mandates for increases in renewable generation.

For example, Vermont GHG reduction targets are 25 percent by the start of 2012, 50 
percent by the start of 2028; and 75 percent by January 1, 2050 if practicable using 
reasonable efforts. No reasonable effort was made to determine if attaining these 
targets was feasible.
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As with other states, these GHG targets are quasi-economic assessments that will 
be attained through the addition of carbon-free strategies. How much renewable 
generation, what type, and when to build are up to the utility. On the other hand, a 
true economic target would be a specific emission reduction target, such as reduc-
ing carbon emissions from 80 million metric tons to 10 million metric tons. This 
type of economic target could be an input into an IRP production model, which 
would then select the best method for achieving that goal. This method could pos-
sibly include energy efficiency measures and demand response programs together 
with specific amounts and types of renewable generation.

Prescribed Planning Processes
More and more, commissions across the country are beginning to take a more pre-
scriptive perspective in the creation of IRPs.

Early in 2018, the California Public Utility Commission (CPUC) published an exten-
sive methodology for the majority of load serving entities (LSEs) in the state to cre-
ate an IRP. That order included specific steps for conforming with GHG reduction 
and RPS goals. In conjunction with that order, the California Energy Commission 
(CEC) published a similar plan for 16 municipal electric utilities to follow. These 
were the first mandated IRPs in California. Those orders not only included a num-
ber of other goals to meet the state requirements, but also an extensive list of as-
sumptions to use as inputs for the specified modeling tool (RESOLVE). This meth-
odology was highly prescriptive.

Other state commissions have issued orders for prescriptive methodologies for de-
veloping IRPs; some states issue these orders as guidance that doesn’t necessari-
ly have to be followed. For example, Vermont’s Department of Public Service, in its 
2016 Comprehensive Energy Plan, included a 30-page appendix containing their guid-
ance for the state’s utilities when creating integrated resource plans. 

Regardless of whether these orders must expressly be followed, or are suggested 
guidance to follow, all are detailed. As an example, in its order rejecting the 2013 
IRP of the Hawaiian Electric Companies, the Hawai‘i Public Utilities Commission 
published their 30-page Commission’s Inclinations on the Future of Hawai‘i’s Electric 
Utilities, which the commission expected the utility to follow as a foundation for its 
next resource plan.

Michigan, however, took a different tack. Act 341, which became effective on 20 
April 2017, required each rate regulated electric utility to file an initial IRP with-
in two years, and to file an updated IRP at least every five years thereafter. While 
the Act directed the Michigan Public Service Commission to establish modeling sce-
narios and assumptions each electric utility should include in their IRP, each utility 
could also model and analyze their own scenarios and assumptions. The approach 
allows the Commission to compare all filed IRPs around a base case, and also to 
evaluate each IRP on its own merit.

Increased Intervenor Involvement
The number of intervenors is increasing, and so is their influence on policy. Typ-
ically, intervenors have included customer advocacy groups, business custom-
er groups, renewable advocacy groups, environmental groups, and citizen utility 
boards. Now, a broader range of groups is becoming involved, including direct-ac-
tion groups, vendors, power producers (both thermal and renewable), and smaller 
vendors. 
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Rather than watching and commenting, this broader range of intervenors wants to 
be part of the planning process. As the number intervenors and the scope of their 
interests has expanded, so has the level of their commentary and involvement. 
These intervenors are starting earlier in the resource planning process, becoming 
involved in defining and developing measurement metrics to better impact the end 
results that most benefit them. 

Commissions are more seriously considering intervenors, and increasingly allow-
ing them into resource planning dockets. Intervenors are not only providing specif-
ic input to the planning process that utilities must then include in their modeling 
and analysis, but also their perspective on the resultant resource plan. Many utili-
ty executives and resource planners realize that not only are public utility commis-
sions scripting guidelines, but so too are intervenors and stakeholder groups.

While giving intervenors increased currency, public utility commissions are not 
holding the intervenors to the same high standard that utilities are being held to.  
A utility must move toward a renewables future while following a required least-
cost, least-risk process. They must address a generation mix that includes renew-
ables, while ensuring continued reliability at a reasonable cost. Utilities must meet 
mandates and the needs of everyone in their service areas. Meanwhile, intervenors 
are allowed to focus on their own interests without immediate regard for wider  
issues. Many intervenors either don’t understand the entire process or are disinter-
ested in it. 

But intervenors are very well represented, and thus have the ear of commissions. 
Intervenors employ skilled people who are expert in their particular areas, and 
these areas span a wide array of issues that are addressed in resource planning.  
At its best, these intervenors make the utility think about this array of issues and 
carefully consider them. When this happens, the entire process and its results stand 
to gain. 

The Increasing Need for Collaboration
Collaboration appears to be the key to avoiding myopic mandates while jointly pur-
suing goals beneficial to the environment and society at large. Cognizant of the en-
hanced status afforded intervenors, utilities have been proactively engaging with 
related organizations in the development of their resource plans through stakehold-
er communication efforts. These organizations (such as the Smart Electric Power 
Alliance) help utilities communicate with each other around the transition to clean 
power. But utilities have also reached out to environmental organizations as a way 
of working together toward a common goal. Changes in leadership in some envi-
ronmental organizations has helped this process along.

To balance this influence, utilities have found that working in concert with regula-
tory bodies enables a smoother transition process and more sound policies. For this 
to be most effective, however, utilities have to embrace the shifting foundation of 
the electric industry and undertake a forward-thinking strategy. 
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Energy Storage: The Maturing Game-Changer
The fulfillment of the grand promise of energy storage technology will be the ulti-
mate game changer for variable renewable generation as well as for transportation 
electrification.

The biggest promise is a cost-effective, controlled, dispatchable time shifting, at 
scale, battery energy storage system (BESS) that would dramatically change the en-
tire operation of the system. Operators can avoid peaks, economically dispatch at 
granular levels, shape the discharge of energy at the grid edge, satisfy energy re-
quirements, and satisfy distribution services requirements (such as ancillary servic-
es at the distribution level). For this to happen, the cost of storage must drop to the 
point where these services become economically viable. At many levels, this prom-
ise is already underway.

On 8 November 2018, the California Public Utilities Commission approved four en-
ergy storage projects for Pacific Gas & Electric to replace three retiring gas plants. 
These projects total 567.5 MW and 2,270 MWh of storage, including a 300 MW–
1,200 MWh project from Vistra Energy and a 182.5 MW–730 MWh project from Tes-
la that PG&E would own. Those batteries, once completed, would be the two larg-
est in service in the world. These battery energy storage projects are replacing a 
580 MW gas plant and two 48 MW gas plants. 

Storage, at a smaller scale, is also beginning to be cost effective and efficient, and 
is being integrated more and more. Consider, for instance, how an inexpensive bat-
tery that charges quickly with enough energy to power the car for four to five hun-
dred miles could change the automobile industry. Given the remarkable amounts 
of investments being made in research and development, major advancements in 
energy storage technology for transportation electrification, with corresponding 
price drops, would appear imminent 

Integrating Storage into Resource Planning
With the tools available today, effectively modeling energy storage in the resource 
planning process is difficult. Headway, however, is being made. Regulators are be-
ing encouraged to create policies and procedures that require energy storage to be 
part of resource planning and part of their power systems. And they are respond-
ing. Some utilities have responded by developing proprietary energy storage mod-
eling tools, but so far, these attempts have not provided full-scale modeling nor can 
they be effectively run by other utilities.

A 2017 report by the Interstate Renewable Energy Council (IREC) stated “Utilities 
cannot rely on outdated modeling tools to assess energy storage, which may not be 
granular enough or have accurate or up-to-date cost and performance data for these 
new technologies, and state regulators may need to guide these efforts to ensure ap-
propriate consideration. In addition to uncertainty around how to model the eco-
nomic costs and benefits of storage, utilities may lack sufficient information about 
the potential operating capabilities of storage systems.”

The IREC report referenced a primer from the Energy Storage Association that 
recommended a number of operational benefits of energy storage be included in 
sub‑hourly modeling: capacity value of storage, regulation, load following, contin-
gency reserves, and a number of avoided cost benefits (such as reduced start-up 
and shut-down costs, improved heat rates of thermal plants, and reduced curtail-
ment of renewable resources). 
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Integrating energy storage into resource planning requires changing the planning 
paradigm to include storage as a resource, changing resource-modeling guidelines 
to better assess the costs and benefits of storage, and affirming that rules for other 
resources apply to energy storage.

Energy Storage as Peakers
Large-scale solar plants, if held in reserve from their daytime highs in storage facil-
ities, can provide the ramping necessary to respond to the evening peak. Resource 
planners who understand these capabilities can model this into their system.

Specifically, solar generation withheld during the latter part of the daytime genera-
tion window with time-shifting battery storage, can then be used as ramping for the 
evening peak through automated generation control (AGC) software. AGC on solar 
is digital and the response is virtually instantaneous, so the ability to manage the 
system can be precise. If necessary, AGC’s response time can be programmed to be 
slower, or more gradual. The AGC can also be used to manage the entire system to 
be more efficient, which can minimize the need for, and maximize the use of, ener-
gy storage.

An updated two-way transmission system is necessary to integrate these plant con-
trols, as well as a solar plant of at least 30 MW to 50 MW. DERMS software packag-
es are being developed that can aggregate the stored energy from numerous small-
scale solar installations to shave evening peak.

Transportation Electrification Projections
Electric vehicle sales—plug-in hybrid electric vehicles and battery electric ve-
hicles—have increased steadily in year-over-year gains for each of the past 42 
months. As of September 2018, more than one million plug-in EVs have been sold 
in the United States. 

In 2017, the Edison Electric Institute forecasted that by 2025, annual plug-in EVs 
sales will exceed 1.2 million and will be serviced by over five million charge ports. 
The U.S. Energy Information Administration (EIA) has steadily increased its fore-
cast of EV sales over the past several years: in 2015, EIA forecast EV sales of 100,000 
per year in 2040; this year, EIA forecast EV sales of 1.6 million in 2040—a 16-fold  
increase.

A common assumption among regulators, legislators, and other electric utility in-
dustry stakeholders is that increases in EV sales will reverse the downward trend in 
demand, but a closer look reveals that this does not appear to be the case. 

Electricity consumption is expected to grow as plug-in EV sales increase. The EIA’s 
most recent Annual Energy Outlook forecasts electricity demand from light-duty 
vehicles growing to more than 48,000 GWh by 2030. What’s unclear is whether this 
growth will constitute meaningful load growth. Efficient electrification will most 
likely temper load growth.

Recent studies show that widespread transportation electrification (including me-
dium and heavy-duty vehicles), while spurring electricity growth, will result in on-
ly about a one percent annual load growth. EV adoption rates, however, are uneven 
across the country, being concentrated along the east and west coasts, so will affect 
individual utilities differently. The timing of unmanaged EV charging, if concen-
trated in the evening and overnight hours, might contribute to peak load.
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While utilities are increasingly using EV projections as an input into their resource 
planning, their accuracy has been mixed. Projections have thus far been small, 
from 1% to 5% of expected demand. Some projections show that even EV growth of 
25 percent over the next decade increases load by only about 0.5 percent.

Transparency and Communication
With ongoing customer involvement in power generation, utilities can no longer af-
ford to operate in a vacuum. The need for increased transparency and simple, clear 
public communication is self-evident. The vast majority of people outside of the en-
ergy industry simply do not comprehend the extreme difficulty of integrating vari-
able renewable generation, especially DERs, onto the power grid, to say little about 
the profound and fundamental transition to a two-way electric power grid.

Communication is becoming more difficult mainly because the audience is less 
knowledgeable about the electric power industry. While the audience is expanding 
to include people who are not industry savvy, even industry insiders are finding it 
difficult to keep up with the ongoing rapid changes.

Effective stakeholder communication can drive and clarify planning objectives. 
Regulatory staff, consumer advocates, DER developers, environmental advocates, 
technology providers, resource organizations, ISOs, retail suppliers, trade groups, 
and many others, but especially small customers and homeowners, can all stand to 
benefit from communication that is directly aimed at their level of knowledge.

Communication is becoming more onerous. Everyone wants a sound bite, but the 
complex process does not lend itself to perfunctory phrases. As soon as the discus-
sion includes complex topics such as integrating variable resources or the dynamics 
of the market or the challenges of transmission and distribution, the response tends 
to be that the utility is nay saying and unwilling to accept the new world order. Util-
ities can deflect such criticisms through communication that is simple, clear, and 
cogent

Utilities have heard enough from industry insiders and the “usual suspects” of inter-
venors, and instead want to hear more from homeowners. To create this dialog, util-
ities must employ a number of creative and engaging communication avenues—
especially from social media avenues and text messaging—that proffer two-way 
conversations to encourage interaction on a human level.
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Transitioning to  
Integrated Grid  
Planning

Electric utilities have been developing IRPs for decades. Electricity demand is pro-
jected over the planning horizon, then generation and demand-side management 
options are assessed, chosen, and planned. Transmission and distribution planning 
were adjunct to that process. 

In the current electric utility climate, transmission and distribution planning is in-
tegral to integrated resource planning, and includes incorporating higher levels of 
DERs, replacing aging infrastructure, and enabling greater customer choice and im-
proved efficiency. A third component to the evolving nature of resource planning is 
grid modernization.

Is Integrated Resource Planning Becoming Obsolete?
As DER penetration rises to very high penetration levels, the traditional IRP pro-
cess becomes a task almost certain to fail because planning assumptions become 
increasingly volatile. Planning assumptions in a large-scale, dynamically changing, 
high-penetration DER environment can never capture the complex power flow re-
ality at each circuit and feeder.

When the scale of individually-modeled, small-scale, variable renewable assets 
reaches such a large amount that it cannot humanly be anticipated or comprehend-
ed, the validity of integrated resource planning begins to wane. Deliberative cen-
tral planning in its current form, then, increasingly does not make sense once DER 
penetration reaches very high levels.

Integrating larger and larger amounts of DERs and managing their hour-by-hour 
fluctuations starts to make integrated resource planning somewhat misleading, if 
only because the related planning assumptions have shorter and shorter life spans. 
Because of this scattered, small-scale generation, modeling becomes more probabi-
listic in an attempt to aggregate DER penetration to meaningfully plan for transmis-
sion and distribution needs, grid modernization, and a preferred portfolio mix. Cou-
pled with that is the need to reduce the utilization of central generation capacity.

What becomes necessary is a much more tactical, reactive approach to manag-
ing system operations and determining where best to make investments. At some 
point, software models become necessary to both plan and operate the system. It 
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appears that machine learning and artificial intelligence will become necessary to 
effectively develop scenarios that can accurately predict and plan what a system is 
going to look like. Planners will then need to assess that machine output and devel-
op action plans to implement it. 

As integrated resource planning in this environment slowly becomes obsolete, it is 
being replaced first by integrated distribution planning, and ultimately by the wid-
er reaching integrated grid planning which incorporates resource planning, transmis-
sion and distribution planning, and grid modernization.

Distribution System Planning
As DERs proliferate, distribution system planning becomes more difficult. There’s 
far less visibility on a distribution system than on the transmission system. There 
are many more assets and moving parts on the distribution system, especially as 
customers make their own choices about installing distributed generation and local-
ized energy storage. 

Distribution system planning is evolving because of shorter planning horizons, in-
creased level of detail (including DERs), and greater regulatory involvement. Com-
mon emerging distribution system planning elements include DER forecasting, 
DER locational value, hosting capacity analysis, circuit reporting, non-wires alterna-
tives, and engaging stakeholders (including third-party service providers).

There are several additional tasks that make distribution system planning more 
difficult. Since distributed resource values are highly locational, optimizing their 
placement on the grid requires a process for calculating locational values. Host-
ing capacity analysis allows a utility to identify how much generation can be at-
tached to a particular feeder before upgrades are necessary, which in turn informs 
third-party investments. Identifying poor-performing feeders can help inform in-
vestment needs and high-value, non-wire alternatives. Comparing traditional, wire-
based investments with alternatives such as energy efficiency, demand response, 
distributed generation, and storage is a complicated process, but one that must be 
considered so as to eliminate system investments that will soon become stranded 
assets.

Enhanced distribution planning is already starting to take hold. New York’s Reform 
the Energy Vision (REV) initiative requires the state’s IOUs to develop and file dis-
tributed system implementation plans (DSIPs). The IOUs are deregulated wire 
companies, so these plans are agnostic to type of generation, especially custom-
er-owned DERs. The content of the DSIPs is wide ranging, and includes technical 
components, market mechanisms, geographic penetration considerations, capaci-
ty markets, pricing mechanisms, reliability needs, and broad system components 
such as interconnection issues, distribution upgrades, economic congestion sur-
rounding transmission options, and even subtransmission issues. These plans chart 
a new path for distribution system planning.
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Grid Modernization
Grid modernization is essentially any activity that adapts the transmission and dis-
tribution system to incorporate or enable new technologies that improves reliabil-
ity, resiliency, efficiency, and automation. These activities can include a broad ar-
ray of technology, including:

	♦ Data, systems, sensors, and communications networks that enable enhanced visi-
bility and understanding of the distribution system and control of devices and re-
sources connected to it.

	♦ Technologies and equipment that facilitate greater customer engagement regard-
ing energy usage and alternatives.

	♦ The underlying systems, data management, and analytics that facilitate situation-
al awareness.

Advanced metering and monitoring, distributed generation integration, and DER 
planning are some of the most common examples of grid modernization.

In 2017 and 2018, 39 states and the District of Columbia processed legislative and 
regulatory action on grid modernization. Areas under regulatory action include en-
ergy storage, overall grid modernization, smart grid and advanced metering infra-
structure (AMI) deployment, time-of-use rates, distribution system planning, utility 
business model reforms, microgrid deployment, and non-wires alternatives.

The Grid Modernization Initiative
In November 2015, the U.S. Department of Energy published its Grid Modernization 
Multi-Year Program Plan. Their vision of the Grid Modernization Initiative is: 

The future grid will solve the challenges of seamlessly integrating conventional and 

renewable sources, storage, and central and distributed generation. It will provide a critical 

platform for U.S. prosperity, competitiveness, and innovation in a global clean energy 

economy. It will deliver resilient, reliable, flexible, secure, sustainable, and affordable 

electricity to consumers where they want it, when they want it, how they want it.

According to the DOE’s Grid Modernization Initiative, the national power grid—
based on large-scale generation remotely located from consumers, hierarchical con-
trol structures with minimal feedback, limited energy storage, and passive loads—
does not have the attributes necessary to meet future demands. 

Transitioning to a modernized grid is an ongoing process: transforming from a 
monolithic grid to one that is modular and agile; from centralized generation driv-
en by affordability and reliability decisions, to one of both centralized and distribut-
ed generation, and intelligent load control characterized by cost and environmen-
tal sustainability, contained events, personalized energy options, and security from 
all threats.
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A modernized grid must stimulate innovation while balancing six attributes, which 
compete with one another for resource dollars (Figure 5). 

Investments undertaken to 
transition to a modernized 
grid must be:

Resilient. Recover quickly 
from any situation or power 
outage, and from hazards of all 
types.

Reliable. Improve power qual-
ity and fewer power outages 
for everyday operations. 

Secure. Increase protection to 
critical infrastructure from an 
increasing and evolving num-
ber of threats.

Affordable. Maintain reason-
able costs to consumers and 
for economic prosperity. 

Flexible. Respond to the variability and uncertainty of conditions at one or more 
time scales, including a range of energy futures.

Sustainable. Facilitate broader deployment of clean generation and energy-efficient 
end-use technologies.

Five key trends drive the ability of the grid to provide needed services, while trans-
forming the grid into a platform for greater prosperity, growth, and innovation. 

	♦ Changing mix of types and characteristics of electric generation (in particular, 
variable, distributed renewable energy).

	♦ Growing demands for a more resilient and reliable grid (especially from weather 
as well as cyber and physical attacks).

	♦ Growing supply-side and demand-side opportunities for customers to participate 
in electricity markets.

	♦ Emerging interconnected electricity information and control systems.

	♦ Aging electricity infrastructure.

Grid Modernization Integral to Resource Planning
Grid modernization is fast becoming integral to resource planning as a way to bet-
ter maintain reliability and respond to fluctuations in variable generation. This is 
also a recognition of how more distributed resources brings with it challenges that 
require coordination across both transmission and distribution as well as resource 
planning. 

Planning for grid modernization requires that a utility identify not only what to 
build, but where and when. This detailed planning is far more complex than tradi-
tional distribution planning, which ensures all substations and wires had the capac-
ity to serve customers attached to them. Insufficient capacity requires a straightfor-
ward solution of serving more capacity through additional wires and transformers. 

Figure 5.	 Six Attributes of a Modernized Grid
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Concurrently, traditional integrated resource planning requires planners to consid-
er the resource options needed across of variety of uncertain futures, assessing fac-
tors such as weather, customer needs, technology, and policy—but at a system-wide 
level where each identified future has only one set of needs to meet and a consis-
tent set of resource values. 

Integrated grid planning combines the complexities of all three: resource planning, 
distribution planning, and grid modernization. Distribution planning must still con-
sider every line and every substation to determine if existing equipment can meet 
customer needs, but now must plan across a variety of potential futures that vary 
based on changing customer usage and uncertain DER adoption rates. Instead of 
evaluating a limited set of wire-based options, utility planners must consider a dy-
namic portfolio of resource options whose values will change based on the specific 
needs of each site. 

This transformation represents considerable challenges. As such, it becomes in-
creasingly important to proactively evaluate distributed resources and optimize 
their placement and usage for the grid. The ability to identify the value of a giv-
en resource in a given location will continue to grow in importance, because as the 
system becomes more dynamic, resource values do too. 

Furthermore, as aging grid infrastructure is replaced, utility planners face a new 
host of replacement options that require more detailed analysis than was historical-
ly necessary. This more detailed, integrated planning results in the implementation 
of new technological options that offer more cost-effective ways of serving custom-
ers than traditional infrastructure investments. One main option is a cost-effective 
suite of non-wires options.

Finally, utility planners must adequately anticipate customer and system needs so 
that capital investments in the grid do not become obsolete before their costs can 
be recovered. The rapid pace of innovation magnifies the risk of long-term invest-
ments and increases the danger of ‘stranded assets’—capital investments that turn 
out to be unneeded. Integrated grid planning, which considers the entire system, 
provides important, additional information to ensure that investments are needed 
and prudent, and are implemented in concert with changes in usage patterns, de-
mand-side and supply-side considerations, regulatory mandates, efficiency mea-
sures, DER adoption rates, and customer choice and usage patterns.
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Utility Business Model 
of the Future

The evolution of the long-standing utility business model to the utility of the future 
results from numerous trends, most notably from the continuing addition of cus-
tomer-owned DERs to the generation portfolio and away from utility-owned central 
station generation. Other trends include emission reduction goals, RPS targets, en-
ergy efficiency and demand response, on-site combined heat and power (CHP), en-
ergy storage, and customer choice. In other words, customer actions are having an 
increased influence on the utility business model.

Trends in the electric power industry are not new. Current trends, however, are  
farther-reaching business model disruptions that are happening at unprecedented 
speed. As a result, the IRP process is rapidly transforming into one that integrates 
resource, distribution, and grid planning to better create meaningful and actionable 
IRPs.

In direct response to this IRP transformation, a number of utilities across the coun-
try have embraced the utility of the future business model. Some utilities are proac-
tive in this endeavor; others are being gently moved in that direction by their regu-
latory agencies.

In 2020, MidAmerican Energy of Iowa, will become the country’s first investor-
owned utility to source 100 percent of its electricity needs from renewable energy 
when it completes a 591 MW wind facility. 

In December 2016, the Hawaiian Electric Companies unveiled their path toward 
100 percent renewable generation in their most recent resource plan (called a Pow-
er Supply Improvement Plan). Green Mountain Power operates on the utility of the 
future model by basing all its energy-related decisions on the needs of its custom-
ers. As evidence, their December 2018 IRP reports that cumulative DERs have in-
creased five-fold since its previous IRP.

(Solari Communication Principal, Rich Maggiani, played an integral role in the creation 
of several IRPs for both the Hawaiian Electric Companies and Green Mountain Power, 
including the two most recent IRPs mentioned here. Copies of those IRPs, and more, can 
be can be found at www.SolariCommunication.com under Energy Clients.)

New York, as a state, has taken the lead in creating the foundation for operating the 
utility of the future through its REV initiative. REV seeks to attain seven main goals: 
(1) To reshape the utility business model to favor DERs that support distribution 
grid operations at the expense of central station power; (2) To increase both distrib-
uted and large-scale renewable resources though GHG reductions and RPS goals; 

6
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(3) To create incentives for geographic siting of these resources; (4) To develop mar-
ket mechanisms to pay for renewable generation; (5) To create competitive markets 
for DERs to solve distribution-related needs; (6) To attract investments in customer-
owned renewable generation that helps lower consumption (and thus demand) and 
improves asset utilization to avoid capital intensive investments (as a way to reduce 
GHG emissions and improve the environment); and (7) To empower customers to 
help maintain reliability of utility distribution systems through usage patterns. 

The complications, disruptions, and increasing complexity these trends have on in-
tegrated resource planning and the transformation in the planning process simply 
cannot be overstated.

One thing is clear: these disruptions are here to stay. It’s up to individual utilities as 
to how they embrace these disruptions and adopt the transition to integrated grid 
planning as a means for creating actionable IRPs.
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