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OVERVIEW 

Over the last decade, the proliferation of renewable generation has changed how owners and operators 
manage the economic and operational aspects of the grid from planning through the delivery of energy. 
While there are some common benefits and challenges to integrating renewables, not all renewables are 
created equal. Going forward, utility strategies will need to consider the important differences between 
utility-scale and distributed renewables and how best to integrate and effectively manage these resources 
to maximize benefit to customers and the grid. Should states with low-renewable penetration today try to 
shape their path? And if so, what tools or strategies can they use to arrive at the best outcomes? 
 
 
SIMILAR BUT DIFFERENT: UTILITY-SCALE AND DISTRIBUTED RENEWABLES 

Before going further, it is useful to define what we mean by utility-scale and distributed renewables. For 
the purposes of this analysis, we’ll use the following definitions and attributes: 
 

 Utility-Scale Renewables Distributed Renewables 

Definition Large (typically > 1 MW) generating systems 
using renewable technologies 

Smaller (typically < 1 MW) generating 
systems using renewable technologies 

Attributes 
▪ Designed and operated to deliver the 

maximum amount of electricity in real time 
▪ May be connected to the distribution 

network or bulk electric system 
▪ Potential to be controllable by leveraging 

smart inverters and operating intelligence 
to provide targeted curtailment, more 
predictable output, or other grid reliability 
services, like frequency regulation 

▪ Compensated overwhelmingly through 
power purchase agreements (PPAs), and 
in rare instances, as merchant plants 
lacking PPAs in wholesale markets 

▪ May be designed to offset load or provide 
two-way power flow back to the grid 

▪ May be connected in front of the meter to 
the distribution network or behind the 
meter on customer premises 

▪ May be aggregated for operator control 
but generally are not individually 
dispatchable or controllable by grid 
operators 

▪ May be compensated through net 
metering tariffs or provide value by 
reducing consumption costs 

 
While these definitions could apply to a range of renewable technologies (e.g., solar, wind, hydro, 
geothermal, etc.), this analysis primarily considers wind and solar, as they comprise a significant portion 
of new capacity additions in recent years. Further, distributed renewables are almost entirely comprised 
of solar. 
 
In addition to the size and point of interconnection, a key distinction between utility-scale and distributed 
renewable generation is the rate at which costs have declined in recent years. Given the difference in the 
sizes of a typical system, utility-scale renewables cost less than their distributed counterparts due to 
economies of scale. For solar, the Department of Energy’s SunShot initiative targeted approximately a 
75% reduction from 2010 prices by 2020. For utility-scale solar, this target is $1.00/Watt-dc, and for 
residential (or distributed) systems, it is $1.50/Watt-dc. Since 2010, this initiative has successfully driven 
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down prices of both types of systems; however, the rate of cost decreases for utility-scale systems has 
been faster, and only modest further reductions are needed to reach the 2020 target (see Figure 1). 
 

Figure 1. Residential and Utility-Scale Solar Installed Cost, Actual and DOE SunShot Target 
 

 
 
Wind has also seen significant cost reductions in recent years. In fact, according to Lazard’s latest 
Levelized Cost of Energy (LCoE) study, utility-scale onshore wind costs have decreased to the point 
where they are at or below the marginal cost of conventional generation.1 
 
In parallel with the technology advances that are driving cost improvements, policy makers are taking 
steps to address concerns about climate change and the contribution of carbon-emitting, non-renewable 
generators. Through mechanisms like renewable portfolio standards (RPS), states are increasingly 
turning to renewable generation to meet greenhouse gas emission goals. Recent headlines tout 
commitments in California, Hawaii, New Jersey, New Mexico, and others to reach 100% clean electricity 
by mid-century.2  
 
Both utility-scale and distributed renewables will help states achieve these lofty goals; however, by their 
nature, utility-scale systems will take bigger steps toward these targets. Additionally, the reduced 
administrative overhead (e.g., applications, interconnection studies, etc.) of a single utility-scale 
installation versus an equivalent multitude of distributed systems leads to faster achievement of clean 
energy policy goals of any significance.  
 
As technology advances and policy mandates accelerate the deployment of renewables, operators will 
need to address the challenges associated with high penetration of renewables. The challenges with 
renewable generation relate to intermittency and uncertainty—when the wind doesn’t blow or the sun 
doesn’t shine, the generators stop producing power. This translates to challenges with forecasting, 
resource planning, dispatch scheduling, and maintaining grid stability and reliability. Distributed 
renewables can further compound these challenges by introducing a layer of complexity in managing and 
coordinating these activities across what could become thousands of distributed systems—if control is 
enabled at all. 
 

                                                
1 Lazard’s Levelized Cost of Energy Analysis, Version 12.0, published November 8, 2018, see https://www.lazard.com/perspective/levelized-
cost-of-energy-and-levelized-cost-of-storage-2018/  
2 New Jersey Charts Path to 100% Clean Energy by 2050, with 3.5 GW Offshore Wind by 2030, see https://www.utilitydive.com/news/new-
jersey-charts-path-to-100-clean-energy-by-2050-with-2-gw-storage-by-2/556649/ 

https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/
https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/
https://www.utilitydive.com/news/new-jersey-charts-path-to-100-clean-energy-by-2050-with-2-gw-storage-by-2/556649/
https://www.utilitydive.com/news/new-jersey-charts-path-to-100-clean-energy-by-2050-with-2-gw-storage-by-2/556649/
https://www.utilitydive.com/news/new-jersey-charts-path-to-100-clean-energy-by-2050-with-2-gw-storage-by-2/556649/
https://www.utilitydive.com/news/new-jersey-charts-path-to-100-clean-energy-by-2050-with-2-gw-storage-by-2/556649/
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To address these issues, operators should consider a range of technical, market, and process solutions, 
but the tools available vary based on the current levels and types of renewables on the system. A 
thorough understanding of the current state sets the stage for charting the most cost-effective path to 
meeting both demand for electricity and policy goals.  
 
 
THE FUTURE IS NOW: HIGH PENETRATIONS OF VARIABLE RENEWABLES 

Understanding the current penetration of variable, renewable energy generation can provide valuable 
insights when developing renewable energy strategies for the future. ScottMadden analyzed EIA data to 
evaluate states currently operating with high penetrations of renewable energy. For the purpose of this 
analysis, we designate a state as having high-renewable penetrations if they meet one of the following 
criteria: 
 

◼ Utility-scale renewable energy equals at least 10% of total utility-scale generation3 

◼ Distributed renewable energy equals at least 2% of total utility-scale generation4 
 
Our utility-scale renewable generation criterion focuses on utility-scale solar and wind resources because 
of their variable nature. Our distributed renewable generation criterion focuses on small-scale solar, 
because it is the most prominent distributed generation resource.  
 
An obvious limitation of this approach is that it does account for energy imports or the wholesale markets 
managed by regional transmission operators. Nevertheless, we believe the state-level analysis provides 
an instructive view into the current penetrations of variable renewable generation.  
 
The results (see Figure 2) are divided into four quadrants based on the current penetration of variable 
utility-scale and distributed renewable generation in each state.  
 
  

                                                
3 Utility-scale renewable energy penetration of 10% was selected because integration complexity can increase even at this level. See MISO 
Renewable Integration Impact Assessment at https://www.misoenergy.org/planning/policy-studies/Renewable-integration-impact-assessment/ 
4 Distributed renewable energy penetration of 2% was selected because this was historically an upper limit for net metering programs. 

https://www.misoenergy.org/planning/policy-studies/Renewable-integration-impact-assessment/
https://www.misoenergy.org/planning/policy-studies/Renewable-integration-impact-assessment/
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Figure 2. Percentage of Variable Utility-Scale Renewable Generation vs.  
Percentage of Variable Distributed Renewable Generation by State, 2018 

 
 
Key observations for each quadrant include: 
 

◼ The Launch Pad (Quadrant #1): The majority of states (60%) fall into this quadrant, which 
signals low penetrations of utility-scale and distributed renewable energy generation. These 
states will be able to draw lessons from states in the other quadrants and may be able to 
leverage the strategies in this paper to set their future course. 

◼ Go Big or Go Home (Quadrant #2): One-quarter of the states reside in this quadrant, which 
represents a high penetration of utility-scale renewables. Wind energy is the primary driver in 
all states in this quadrant, except Nevada where solar dominates. This finding is not surprising, 
since wind has been economically competitive in regions with robust wind resources for much 
of the last decade.  

◼ Small is Beautiful (Quadrant #3): Just a handful of states populate this quadrant, which is 
characterized by a high penetration of distributed renewable generation but a relatively low 
penetration of utility-scale renewables. Extremely high electricity prices in Hawaii drove 
massive investment in distributed solar, making it the state with the highest penetration of 
distributed renewable generation. Key drivers in the remaining states include favorable policy 
support coupled with either high-retail electricity prices (i.e., New Jersey and Massachusetts) 
or an excellent solar resource (i.e., Arizona). 
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◼ Worlds Colliding (Quadrant #4): Vermont and California are the only states that occupy this 
quadrant, signaling high penetrations of utility-scale and distributed renewable generation. 
California has consistently used public policy to promote renewable development. Vermont’s 
positioning is more of a function of size—having the smallest amount of in-state generation of 
any state means small amounts of renewable generation significantly increase penetrations. 

 
 
MOVING FORWARD: STRATEGIES FOR INTEGRATING HIGH-RENEWABLE PENETRATIONS 

The integration strategies pursued by electric utilities and grid operators will vary depending on their 
current state. Those in a low-penetration environment have an ability to shape the future, while those 
operating in a high-penetration environment, must leverage the existing renewable energy assets. The 
following section discusses strategies that stakeholders in each situation may pursue as they prepare for 
continued growth and higher penetrations of renewable energy. 
 
Low Penetration of Renewables  

If located within The Launch Pad quadrant, there is an ability to define a future state 
that contains high penetrations of renewable generation. Given this flexibility, our 
recommendation would be to drive toward the Go Big or Go Home quadrant in order to 
leverage the advantages of utility-scale renewables noted earlier. In particular, a critical 
strategy will be to: 
 

− Establish and Communicate a Vision: Establishing a clear vision for what 
kind and what level of renewables sets a positive, proactive tone to tee up more 
collaborative and productive work with stakeholders. One example of this is 
Xcel Energy’s recent announcement of a target of 100% clean energy by 2050. 
Xcel’s announcement was heralded by stakeholders, such as the 
Environmental Defense Fund and local politicians.5 Straightforward, high-level 
goals are easier to rally behind, and as noted above, tend to favor utility-scale 
solutions for the speed of deployment and magnitude of impact.  

 
High Penetration of Utility-Scale Renewables 

The strategies are different for states that operate with high penetrations of utility-
scale renewables (i.e., Go Big or Go Home and Worlds Colliding quadrants). In this 
situation, electric utilities will need to address the current renewable penetration and 
prepare for additional renewable capacity in the future. Keys to success will be 
redefining how renewables operate the grid while meeting customer interests. 
Specific strategies include: 
 

− Expand the Role of Renewables: Traditional renewable PPAs are structured 
solely to secure energy from renewable energy facilities. Despite the contract 
structures, renewables have the potential to provide various ancillary services. 
Further, the addition of storage allows energy to be delivered when it provides 
the most value to the electric system. Future additions of utility-scale 

                                                
5 See Xcel Energy Aims for Zero-Carbon Electricity by 2050 at 
https://www.xcelenergy.com/company/media_room/news_releases/xcel_energy_aims_for_zero-carbon_electricity_by_2050 

https://www.xcelenergy.com/company/media_room/news_releases/xcel_energy_aims_for_zero-carbon_electricity_by_2050
https://www.xcelenergy.com/company/media_room/news_releases/xcel_energy_aims_for_zero-carbon_electricity_by_2050
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renewables should rely on contracts that require and compensate resources 
for greater services and overall value. 

 

− Expand Customer Offerings: Despite high penetrations of utility-scale 
renewables, some customers may still be interested in pursuing rooftop solar 
or other distributed resources. With growing consumer options, it will be critical 
for electric utilities to provide offerings that resonate with customers while 
supporting higher penetrations of renewables. For example, community solar 
programs often offer a cost-effective alternative to rooftop solar. 

 
High Penetration of Distributed Renewables 

States contending with high penetrations of distributed renewables (e.g., Small is 
Beautiful and Worlds Colliding quadrants) face significant operational hurdles. In 
addition to integrating variable resources, the resource may be dispersed across 
thousands of interconnection points rather than dozens of central generation stations. 
The customer experience and aggregation will be key strategies for long-term 
success. Specific strategies include: 
 

− Focus on the Customer Experience: Improving the customer experience will 
be critical in an environment with high penetrations of distributed renewables. 
This may include developing refined-hosting capacity maps to inform 
customers where the electric grid can support additional distributed 
renewables. Improving the interconnection process and adding community 
solar programs are other areas to evaluate to ensure a quality customer 
experience. 

 

− Aggregate Distributed Renewables Resources: Once distributed 
generation is installed, the next question is how to best leverage the generation 
resources for the benefit of both customers and the grid. Several states, such 
as California and New York, are exploring how to aggregate and integrate 
distributed resources into wholesale markets. To ensure maximum value, the 
aggregation of distributed renewables should consider both energy and 
ancillary services. However, complexity and administration burdens are likely 
downsides to this strategy. 

 
 
CONCLUSION 

The growth of renewables is shaped by many drivers, including state policy, resource availability, 
technology costs, geography, and customer preferences. As more states transition to high-renewable 
energy penetrations, utilities will need to be nuanced in their thinking about the best portfolio of products 
to offer their customers.  
 
In this context, there are several criteria that could point toward leveraging utility-scale resources. First, 
and perhaps most importantly, thanks to their economies of scale, utility-scale resources are more cost-
effective and have experienced accelerated cost reductions relative to distributed resources. Second, 
utility-scale resources are administratively easier to manage than an equivalent capacity of distributed 
resources. Finally, the market options to support utility-scale resources are more robust, mature, and 
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easier to understand than the market options for distributed resources. For a utility that has yet to set a 
direction (e.g., those in The Launch Pad quadrant), these factors provide a compelling rationale to pursue 
a renewable energy strategy comprised predominantly of utility-scale renewables. 
 
 
HOW SCOTTMADDEN CAN HELP 

ScottMadden has helped our utility clients integrate both large scale renewables and DERs. We bring a 
depth of experience in renewables, clean energy, and grid operations that can help you develop and 
implement the appropriate renewable strategy for your company. Through years of regulatory experience, 
we can help you tell your story to the regulator and your key stakeholders, all enabling you to implement 
the right strategy for you.   
 
To learn more about integrating renewables, please contact us. 
 
 
ABOUT SCOTTMADDEN 

ScottMadden is the management consulting firm that does what it takes to get it done right. We consult 
in two main areas—Energy and Corporate & Shared Services. We deliver a broad array of consulting 
services ranging from strategic planning through implementation across many industries, business units, 
and functions. To learn more, visit www.scottmadden.com.   
 

ABOUT SCOTTMADDEN’S ENERGY PRACTICE 

We know energy from the ground up. Since 1983, we have served as energy consultants for hundreds 
of utilities, large and small, including all of the top 20. We focus on Transmission & Distribution, the Grid 
Edge, Generation, Energy Markets, Rates & Regulation, Enterprise Sustainability, and Corporate 
Services. Our broad, deep utility expertise is not theoretical—it is experience based. We have helped our 
clients develop and implement strategies, improve critical operations, reorganize departments and entire 
companies, and implement myriad initiatives.   
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