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ABSTRACT. 
Growth in electricity demand and generation is increasingly constrained by generator 
interconnection bottlenecks, with 2,061 gigawatts of proposed capacity stalled in US queues. 
Energy-only, or non-firm, interconnection is intended to let generators connect to the grid more 
cheaply and quickly by accepting “as-available” service. Texas’s "connect and manage" model has 
made this approach central to reform debates, but most US regions instead offer two service 
options: firm Network Resource Interconnection Service (NRIS) and non-firm Energy Resource 
Interconnection Service (ERIS). Using a dataset of over 36,000 interconnection requests and 4,500 
cost studies spanning two decades, we show that ERIS fails to function as a true non-firm access 
option, offering neither cheaper nor faster interconnection. The historical network upgrade cost 
discount associated with ERIS is driven by a "threshold effect," providing financial relief only when 
network upgrades are entirely avoided. Once physical upgrades are triggered, non-firm (ERIS) and 
firm (NRIS) interconnection face statistically comparable costs. As mounting grid constraints have 
cut the share of zero-cost ERIS outcomes from 80% to 10%, ERIS’s financial and temporal 
advantages have largely evaporated and developer demand for this service has contracted. Our 
results suggest that the concept of “energy-only” interconnection is not inherently flawed; rather, 
ERIS’s observed performance stems from restrictive study methodologies that do not reflect the 
characteristics of a true non-firm service option. These findings reveal opportunities to better align 
interconnection rules with as-available grid access, and to examine whether capacity value can 
remain informed by grid constraints without being dictated by interconnection service. 
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DEC – Duke Energy Carolinas  
DEF – Duke Energy Florida  
DEP – Duke Energy Progress  
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1. Introduction 

As rising electricity demand increases the need for new supply of electric generation and storage, 
generator interconnection has become a critical bottleneck in power systems worldwide 
(International Energy Agency 2023). This gridlock is particularly severe in the United States (US). 
Active generator requests in transmission interconnection queues across the US totaled 2,061 
gigawatts at the end of 2025 (Rand et al. 2026), exceeding the total volume of installed US electric 
generation capacity, and recent empirical work documents large-scale delays, high and uncertain 
grid upgrade costs, and extensive project attrition (Gorman et al. 2025; Johnston et al. 2023). 

An exception to this trend has been the Electric Reliability Council of Texas (ERCOT). As the only 
grid operator operating outside of US federal jurisdiction and without a formal resource adequacy 
(RA) construct, ERCOT utilizes an energy-only interconnection model – often referred to as 
“connect and manage” – that has enabled the region to integrate new generation capacity at a 
pace significantly exceeding other jurisdictions (Norris 2023). ERCOT’s success has propelled 
energy-only interconnection to the forefront of national policy debates, with stakeholders 
increasingly viewing it as one potential remedy for interconnection bottlenecks (FERC 2024; 
USDOE 2024; Gramlich et al. 2024; Silverman et al. 2023). 

Whereas ERCOT offers generators a single, non-firm interconnection pathway, regions under 
federal jurisdiction operate within a two-tier framework. This bedrock US regulatory framework was 
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established in 2003 by the Federal Energy Regulatory Commission (FERC) in Order No. 2003 (FERC 
2003, 2004). Recognizing that most US regions rely on formal RA constructs, where earning 
capacity revenue requires a separate showing of “deliverability,” FERC required transmission 
providers to offer two distinct levels of interconnection service: Network Resource Interconnection 
Service (NRIS), a firm service that secures deliverability, and Energy Resource Interconnection 
Service (ERIS), conceived as the non-firm alternative. Navigating today’s congested queues 
requires developers to make a choice between these two services, a decision that dictates a 
project’s study scope, its exposure to grid upgrade costs, its eligibility to participate in capacity 
markets, and its ultimate commercial viability. 

Despite these two services defining grid access for over two decades, evaluations of their 
comparative real-world performance remain notably absent. Historically, the energy economics 
literature has devoted significantly more attention to transmission service – examining issues like 
congestion pricing, financial rights, and regional expansion planning (Hogan 1992; Joskow and 
Tirole 2000; Lusztig et al. 2006) – than to interconnection service and its role as an economically 
consequential mechanism that shapes market entry, defines terms of grid access, and allocates 
network upgrade costs. 

This theoretical blind spot has been compounded by a persistent empirical void: the project-level 
data required to assess whether ERIS and NRIS are functioning as intended has historically been 
unavailable. That gap was recently narrowed when Lawrence Berkeley National Laboratory (LBNL) 
compiled comprehensive, project-level interconnection cost and queue datasets (Seel et al. 2026, 
2023; Rand et al. 2024, 2025). Recent editions of LBNL’s Queued Up reports (Rand et al. 2024, 
2025) have begun disaggregating queue data by service type, but a rigorous statistical evaluation of 
ERIS versus NRIS performance remains absent. 

To address this literature gap, this study provides the first statistically robust assessment of the 
performance of ERIS versus NRIS. Using datasets spanning major US markets over two decades, 
we employ statistical techniques to compare these services across three dimensions: (i) network 
upgrade costs, (ii) processing durations, and (iii) developer preference for ERIS vs. NRIS via 
interconnection requests, executed interconnection agreements, and withdrawal rates. Together 
with our companion paper (Gorman et al. 2026), which explores the institutional and regulatory 
study methodologies underlying these services, this analysis evaluates whether the underlying 
regulatory levers of interconnection remain effective in an era of pervasive grid saturation. 

2. Background and Hypotheses 

2.1. Regulatory Definitions and Economic Tradeoffs 

Based on the framework established by FERC Order No. 2003, NRIS and ERIS dictate distinct 
engineering study scopes and, crucially, confer different commercial rights. NRIS serves as a 
premium integration standard. It requires the transmission provider to evaluate a request "in a 
manner comparable to that in which the Transmission Provider integrates its generating facilities to 
serve native load" (FERC 2003). Because the grid must be physically capable of accommodating 
the generator's full output under severely stressed conditions, securing NRIS frequently triggers the 
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need for costly network upgrades. However, meeting this rigorous physical standard grants a 
commercial right, known as "deliverability." In most US jurisdictions, achieving deliverability via 
NRIS is the strict administrative prerequisite for participating in resource adequacy programs and 
earning capacity revenues (Gorman et al. 2026). 

In contrast, ERIS was conceived as a basic, minimal-impact interconnection service. Order No. 
2003 defines ERIS as allowing a generator to connect to the grid and deliver its output "using the 
existing firm or non-firm capacity of the Transmission System on an 'as-available' basis" (FERC 
2003). Because it does not guarantee deliverability during peak conditions, ERIS typically restricts a 
project to earning energy and ancillary service market revenues. 

While ERIS and NRIS are specific regulatory constructs of the US interconnection queue, they can 
be situated within a broader international literature on non-firm grid access. This literature 
examines regimes in which generators connect without fully firm access, accepting some exposure 
to congestion, redispatch, curtailment, or connection limits in exchange for avoiding or deferring 
network reinforcement (Anaya and Pollitt 2015; Brandstätt et al. 2011; Henriot 2015; Kane and Ault 
2014; Klinge Jacobsen and Schröder 2012; Monterde et al. 2025; Simshauser and Newbery 2024), 
extending a foundational theory of firm versus non-firm rights over congestible networks (Hogan 
1992; Joskow and Tirole 2000). The central economic insight is that firm access is not always 
efficient: when network constraints bind only during limited hours or at limited locations, the cost 
of reinforcing the grid to eliminate all curtailment can exceed the value of the energy that would 
otherwise be curtailed.  

ERIS and NRIS fit within this literature as a US interconnection-stage variant of the firm/non-firm 
access problem, but they operate through distinct institutional channels. In nodal ISO/RTO 
markets, ERIS generally does not create a lower-priority operational dispatch class relative to NRIS; 
congestion is managed through security-constrained economic dispatch and locational pricing, 
which do not consider the asset’s interconnection service designation. Instead, the ERIS/NRIS 
distinction is embedded in interconnection study standards, upgrade-cost responsibility, and 
deliverability-based commercial rights. The relevant economic tradeoff is therefore whether a 
developer seeks firm deliverability – and the capacity revenue it supports – by accepting greater 
exposure to network upgrade costs, or instead pursues as-available, energy-only interconnection, 
with lower expected exposure to such upgrades but greater residual exposure to congestion-driven 
curtailment where those upgrades are not built. 

In the US, the dynamics of this economic substitution are heavily influenced by transmission cost 
allocation rules. US generator interconnection predominantly relies on an "invest-and-connect" 
paradigm, wherein the large capital costs of grid upgrades are triggered by, and assigned upfront 
to, interconnecting generators (Norris 2023). This allocation is increasingly questioned on 
economic grounds: because the long-run beneficiaries of network expansion are often incumbent 
generators and load rather than the interconnecting resource, concentrating upgrade costs on new 
entrants is difficult to reconcile with cost-causation principles and can deter efficient entry, even 
where developers are eventually reimbursed through transmission rate credits (Macey and Mays 
2024; Mays 2023; Shu and Mays 2025). Against this backdrop, ERIS can be understood as an option 
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to bypass these barriers relative to NRIS; whether it provides a viable alternative in practice is the 
central empirical question this study evaluates. 

2.2. Hypotheses 

While broader generator interconnection procedures have undergone numerous administrative 
reforms over the past two decades, such as the transition from serial to cluster-based queue 
management required by FERC Order No. 2023 (FERC 2023), the regulatory definitions and 
theoretical distinctions between ERIS and NRIS established by FERC Order No. 2003 have 
remained largely static. Consequently, this study proceeds under the assumption that the core 
treatment of these services has remained structurally consistent across our 20-year study period. 

This bifurcated regulatory framework establishes clear, testable expectations for how these two 
services should perform in practice. Grounded in the explicit intent for ERIS to function as a lower-
impact, "as-available" product that leverages existing grid headroom, this study advances two 
primary hypotheses. First, we hypothesize that average network upgrade costs for ERIS requests 
are systematically lower than those for equivalent NRIS requests, as the ERIS study scope is 
specifically designed to circumvent deep deliverability upgrades. Second, we hypothesize that 
ERIS requests experience significantly shorter processing durations, as their constrained study 
scope theoretically avoids the more detailed modeling for identification of network upgrades 
required to grant firm network service. 

Beyond evaluating these direct performance metrics, this study examines developer demand and 
project withdrawal rates as a revealed-preference indicator of these services' real-world utility. If 
ERIS delivers reliable cost and time advantages, all else equal, we should generally observe 
consistent developer demand. Conversely, if the relative advantages of ERIS shift over time, we 
expect to observe a corresponding change in ERIS demand over time.  

3. Data and Methods 
The overarching goal of our methodology is to empirically evaluate the real-world outcomes 
resulting from a developer’s choice between ERIS and NRIS. To test our hypotheses and move 
beyond theoretical assumptions, we structure our analytical framework sequentially. First, we use 
statistical techniques to evaluate network upgrade costs and processing durations, assessing 
whether the expected financial and temporal savings of ERIS actually materialize. Then, having 
established the empirical performance of these services, we examine longitudinal trends in 
developer demand and project withdrawal rates. By treating these latter metrics as revealed-
preference evidence, we aim to understand how the evolving realities of interconnection 
performance have influenced developer behavior. 

3.1 Data 
To assess the performance and uptake of ERIS relative to NRIS, we analyzed two complementary 
interconnection study datasets spanning both ISO/RTO and non-ISO/RTO regions. Network 
upgrade cost data were sourced from LBNL’s interconnection cost database (Seel et al. 2026, 
2023). For duration, demand, and withdrawal analyses, we used the larger Queued Up dataset 
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(Rand et al. 2025). Both datasets contain information on studies for interconnecting new utility-
scale resources. In our statistical analyses, we chose to focus on the four dominant fuel types – 
solar, onshore wind, natural gas, and battery storage – because they collectively represent 96% of 
samples in the cost dataset and 91% in the Queued Up dataset. Each interconnection study record 
is assumed to represent a distinct project. 

The cost dataset contained interconnection studies for five ISO/RTO regions and five non-ISO/RTO 
regions: Bonneville Power Administration (BPA), Duke Energy Carolinas (DEC), Duke Energy Florida 
(DEF), Duke Energy Progress (DEP), ISO New England (ISO-NE), Midcontinent Independent System 
Operator (MISO), New York Independent System Operator (NYISO), PacifiCorp, PJM 
Interconnection (PJM), and Southwest Power Pool (SPP). NYISO records contained no ERIS/NRIS 
service labels, CAISO declined to provide cost data, and ERCOT does not assign network upgrades 
to developers; therefore, these regions were excluded from cost analyses. The final cost sample 
comprised approximately 4,500 studies with explicit ERIS (28%) or NRIS (72%) labels, with roughly 
80% entering the queue in 2015 or later. 

The Queued Up dataset contained 36,441 interconnection requests, of which 27,367 had a service 
label (17,309 NRIS; 5,212 ERIS; 4,070 dual ERIS-NRIS; 776 other) across six ISO/RTO regions 
(CAISO, ERCOT, ISO-NE, MISO, PJM, SPP) and for a subset of non-ISO/RTO transmission providers 
in the Southeast and West. To evaluate processing durations, we isolated subsets of projects with 
valid chronological dates for original Interconnection Requests (IR), Interconnection Agreements 
(IA), and Commercial Operation Date (COD), excluding anomalies that failed basic chronological 
checks (e.g., IA dates preceding IR dates).  

While these datasets are the most comprehensive available, several limitations constrain our 
analysis. First, the cost dataset excludes CAISO (which did not provide data) and NYISO (whose 
records lacked ERIS/NRIS labels). Second, many projects lack IA and/or COD dates, and some 
contain miscoded values (e.g., identical IR and IA dates, or IA dates preceding IR); we exclude such 
anomalies and standardize all dates for duration analyses. For IA trend charts, limited imputation 
is applied, which could introduce a degree of timing bias. Third, while each sample is treated as a 
distinct project, queue filings are sometimes split, consolidated, refiled, or represent retrofits 
rather than purely new projects; we do not have flags for these types of projects. Fourth, very few 
projects in the cost dataset are marked as “operational,” suggesting that some projects reaching 
operation were not updated to reflect that status or were removed entirely. Fifth, because 
geospatial information in the cost dataset is limited to the balancing authority and state, we cannot 
account for local grid constraints. Finally, the cost data reflect study-stage estimates rather than 
true final costs and lack the granularity to attribute specific costs to study assumptions (e.g., 
contingency types and dispatch scenarios) or physical upgrade requirements (e.g., reconductoring 
vs. substation expansions).  

3.2 Methods 
3.2.1.  Network Upgrade Cost 

We compared normalized network upgrade costs in $/kW (“NetworkCost”) to determine whether 
ERIS provides a statistically significant lower cost alternative to NRIS. Because the distribution of 
costs is highly skewed and includes many zero-cost outcomes, we used statistical methods robust 
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to non-normal distributions. To systematically isolate real cost differences from statistical 
artifacts, we designed a sequential analytical framework, summarized in Table 1. All statistical 
significance was evaluated at the 5% level, with confidence intervals derived via non-parametric 
bootstrap. 

Table 1: Statistical Analysis Framework for Network Upgrade Costs 

Analytical Goal Statistical Method(s) Data Handling and Controls 
Establish Baseline Conventional t-test, Welch’s t-test Raw and log-transformed data 
Non-parametric 
Comparisons 

Mann-Whitney U-test, Kolmogorov-
Smirnov test 

log(1 + NetworkCost) to accommodate heavy right-tails and 
zero-costs 

Control for 
Confounders  

OLS regression on log-transformed 
costs 

Fixed effects for fuel, market, and study period to address 
compositional bias 

Stratified Sub-
group Analysis 

Mann-Whitney U-test Data stratified by market, fuel type, and time period; 
minimum group size n ≥ 10 

Decompose Cost 
Mechanisms 

Chi-squared tests; stratified median 
comparisons; re-estimation of robust 
non-parametric tests 

Separates zero-cost frequency from positive-cost magnitude 
and compares costs by project outcome status 

Assess Role of 
Project Size 

Project size distribution tests; OLS 
regression with size covariate; tiered 
Mann-Whitney U-test 

Compares size distributions, adds size to baseline OLS as a 
robustness check, and evaluates median cost differences 
within discrete capacity tiers (<20, 20-<100, ≥100 MW) 

 
As outlined in Table 1, we first established a baseline using conventional parametric tests, but our 
primary evaluations relied on robust non-parametric and controlled multivariate methods designed 
for skewed, zero-heavy cost data. To ensure observed differences were not driven by 
compositional bias, such as ERIS projects disproportionately clustering in lower-cost markets, we 
supplemented these comparisons with OLS regressions on log-transformed costs: 
 
ln(NetworkCost𝑖𝑖 + 1) = 𝛽𝛽0 + 𝛽𝛽1NRIS𝑖𝑖 + ∑ 𝛿𝛿𝑚𝑚𝑚𝑚 Market𝑖𝑖,𝑚𝑚 + ∑ 𝜃𝜃𝑝𝑝𝑝𝑝 Period𝑖𝑖,𝑝𝑝 + ∑ 𝛾𝛾𝑓𝑓𝑓𝑓 Fuel𝑖𝑖,𝑓𝑓 + 𝜀𝜀𝑖𝑖  (1)  
  
where 𝑖𝑖 denotes the individual interconnection study record, NetworkCost𝑖𝑖 is normalized network 
upgrade cost in $/kW, NRIS𝑖𝑖 is an indicator equal to one for NRIS requests and zero for ERIS 
requests, Market𝑖𝑖,𝑚𝑚 represents the balancing authority, Period𝑖𝑖,𝑝𝑝 represents categorical temporal 
bins, and Fuel𝑖𝑖,𝑓𝑓 denotes fuel fixed effects. One category is omitted from each set of fixed effects. 
The coefficient 𝛽𝛽1 is interpreted as the conditional NRIS log-cost premium relative to ERIS. For fuel-
specific regressions, the fuel fixed effects are omitted.  

Finally, to isolate the specific drivers of these aggregate trends, we decomposed the data across 
three dimensions. First, we separated zero-cost outcomes from strictly positive-cost studies to 
determine whether observed cost differences arise primarily from the frequency of avoiding 
upgrades altogether or from the magnitude of upgrades once they are required. Second, we 
assessed the role of project size by comparing ERIS and NRIS project-size distributions, adding 
project size to the baseline OLS regression as a robustness check, and examining median cost 
differences within three discrete capacity tiers. Third, we compared upgrade costs for withdrawn 
versus non-withdrawn projects to assess whether higher interconnection costs are associated with 
lower project success. 

3.2.2.  Processing Duration 
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To assess processing duration of interconnection requests, we constructed two interconnection 
timeline measures: the duration from IR to IA execution, and from IR to COD. All durations were 
standardized to months and limited to positive values under 30 years, with IR dates restricted to 
those occurring on or after January 1, 2000. A matched-pool approach was applied to the COD 
analysis to ensure logical temporal sequencing and maintain data integrity. Specifically, the pool 
for the IR-to-COD measure was restricted to projects that had successfully documented both an IA 
and a COD, and we excluded any observations where the reported COD preceded or matched the 
IA execution date. To analyze trends over time, we utilized a three-year pooled rolling median for IA 
durations, mitigating annual volatility and ensuring statistical stability by centering each year within 
a three-year window. Analyses compared ERIS and NRIS projects in both aggregate and stratified 
forms, and statistical significance for the difference between group medians was assessed using 
the non-parametric Mann-Whitney U-test. Finally, we performed multivariate log-linear OLS 
regressions on both IA and COD durations to isolate the impact of service type while controlling for 
fuel type, market-level fixed effects, project size, and temporal periods, including interaction terms 
to test for technology-specific variations in service-type impacts. 

3.2.3.  Demand 

To analyze demand trends, we compared data on interconnection requests with executed IAs from 
2000-2023 (excluding ERCOT and NYISO), aggregated into five-year time periods. We quantified 
demand using two primary metrics: the "Full Demand Share," which captures the 100% stacked 
composition of all queue requests (ERIS, NRIS, dual NRIS/ERIS, and unspecified), and the "ERIS 
Share of Labeled Requests" (calculated as ERIS / [ERIS + NRIS + NRIS/ERIS]). We additionally 
isolated the ERIS-only subpopulation to track shifts in its fuel and regional concentration over time. 
Finally, we assessed ERIS and NRIS withdrawal rates across time periods, fuel types, and regions 
using Chi-squared tests, followed by a multivariate logistic regression that controlled for these 
dimensions alongside project size.  

4. Results 

4.1 Network Upgrade Costs 
4.1.1 Baseline Comparisons 

Figure 1 visualizes network upgrade costs by fuel type. Because the underlying raw data are 
severely right-skewed – spanning several orders of magnitude, from zero to thousands of dollars 
per kW – the figure uses a zero-compatible log-adjusted y-axis to improve visual interpretability 
while retaining raw-value summary statistics. Even with this adjusted scale, the distributions 
exhibit wide variance and heavy upper tails. Because of this extreme dispersion, we begin with 
conventional unadjusted mean-based tests for baseline context, but rely primarily on robust rank-
based tests and controlled multivariate regressions. 
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Figure 1: Network Upgrade Cost by Fuel Type and Interconnection Service. Box plots are computed from 
raw network upgrade costs ($/kW), including zero-cost observations. The y-axis uses a zero-compatible log-
adjusted transformation to improve readability given the extreme right-skewness of the data. Horizontal lines 
represent the median, white diamonds indicate arithmetic means, and the boxes span the interquartile range 
(IQR) with whiskers extending to 1.5×IQR. Observations beyond the whiskers are depicted as individual dots. 

Table 2 presents the baseline parametric tests, indicating that, in aggregate, ERIS projects have 
lower average per kW network upgrade costs than NRIS projects. This finding is statistically 
significant for both raw (p < 0.001) and log-transformed (p < 0.001) cost comparisons. However, a 
sensitivity analysis, which excludes the top one percent of cost outliers, demonstrates the data's 
skewness: the raw mean difference shrinks considerably (p = 0.019), while the more robust log-
transformed comparison remains highly significant (p < 0.001). Stratifying by fuel type reveals this 
aggregate trend is not uniform. It is driven primarily by onshore wind and natural gas, both of which 
have significantly lower ERIS costs. In contrast, solar projects show no significant cost difference 
and are even marginally more expensive for ERIS in the sensitivity test (p = 0.061). Storage projects 
show no statistically significant difference in either analysis. These results underscore the 
sensitivity of mean-based tests to outliers and the importance of the robust and adjusted 
statistical methods that follow. 
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Table 2: Baseline Parametric Comparisons of Network Upgrade Costs by Service Type and Fuel. This 
table provides a dual-perspective analysis of interconnection costs ($/kW) for projects opting for NRIS versus 
ERIS. Panel A reports empirical distribution metrics to illustrate extreme cost dispersion across the sample, 
while Panel B utilizes log-normal transformations to evaluate central tendencies less sensitive to heavy-
tailed outliers. 

Fuel Type 
 N 

(NRIS) 
N 

(ERIS) 
Median 
(NRIS) 

Median 
(ERIS) 

Mean 
(NRIS) 

Mean 
(ERIS) 

t-
stat 

p-
value Sig 

 PANEL A: RAW METRICS ($/kW)        

Aggregate 
 

3,146 1,252 66.5 43.7 303.6 214.5 4.46 
< 

0.001 
**
* 

Solar  1,837 464 83.8 143.1 326.0 329.5 -0.10 0.918  
Wind 
Onshore 

 
525 429 37.9 3.1 276.6 130.3 5.15 

< 
0.001 

**
* 

Natural Gas  167 64 12.4 0.2 75.5 34.6 3.10 0.002 ** 

Storage  321 160 92.9 107.0 347.3 263.6 1.86 0.064  
 PANEL B: LOG-TRANSFORMED METRICS ($/kW)       

Aggregate 
 

3,146 1,252 n/a n/a 46.0 24.5 7.30 
< 

0.001 
**
* 

Solar  1,837 464 n/a n/a 56.8 68.2 -1.46 0.144  
Wind 
Onshore 

 
525 429 n/a n/a 33.4 9.1 7.63 

< 
0.001 

**
* 

Natural Gas 
 

167 64 n/a n/a 16.1 4.3 3.97 
< 

0.001 
**
* 

Storage  321 160 n/a n/a 65.9 61.0 0.35 0.729   
Note: Panel B reports back-transformed geometric means ($/kW) to represent typical project costs across the full sample.  P-values and 
t-statistics evaluate the differences between the means and are derived from Welch’s two-sample t-test to accommodate unequal 
variances. Significance levels: * p < 0.05, ** p < 0.01, *** p < 0.001. 

4.1.2 Robustness and Multivariate Analysis 

Table 3 presents results from a suite of statistical models designed to overcome the limitations of 
the baseline tests by accommodating heavy-tailed distributions and controlling for confounding 
variables. By applying rank-based tests (Mann-Whitney U-test and Kolmogorov-Smirnov test) 
alongside an ordinary least squares (OLS) regression on log-transformed costs – which isolates the 
effect of service type by controlling for fuel type, geographic region, and study period fixed effects – 
we establish a more granular and reliable comparison of cost outcomes. 

These alternative statistical models largely corroborate the baseline tests, adding a strong element 
of robustness to our core findings while isolating the specific instances where confounding 
variables mask true effects. For the full aggregate sample, as well as for onshore wind and natural 
gas, all methods concur: ERIS network upgrade costs are systematically and significantly lower 
than NRIS costs. The median log-cost for ERIS is lower than for NRIS (3.80 vs. 4.22), and this 
difference is found to be highly significant by the Mann-Whitney U-test, the K-S test, and OLS 
regression (all p < 0.001). For wind and natural gas, these significant discounts persist across every 
statistical approach, confirming the baseline results are not mere artifacts of outliers. 

Where these robust methods diverge from the baseline is in their treatment of solar and storage. 
For solar projects, the baseline log-transformed t-test found no significant difference. However, the 
unadjusted rank-based tests initially suggest a cost reversal, with ERIS appearing significantly 
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more expensive. The controlled OLS regression resolves this tension: it finds no statistically 
significant difference (p = 0.156), realigning closely with the baseline result. This suggests that the 
apparent solar ERIS cost penalty observed in the rank-based tests is a compositional artifact – 
driven by variations in geographic market or submittal timing – rather than a structural feature of 
the interconnection service itself. For storage projects, both the baseline tests and the unadjusted 
rank-based tests find no significant difference in costs. However, the OLS regression finds a highly 
significant difference (p < 0.001), indicating that after controlling for confounding variables, a 
meaningful distinction between the services emerges. 

Table 3: Statistical Robustness and Multivariate Analysis of Network Upgrade Costs. This table presents 
a cross-validation of cost differences between service types using both distribution-based tests and 
controlled regression. 

   
Log-transformed Baseline  

(via Table 2) Non-parametric Results 
Compositional  

Controls 

Fuel Type N (NRIS) N (ERIS) t-stat p(t) U-stat p(U) KS-stat p(KS) OLS Beta p(OLS) 

Aggregate 3,146 1,252 7.30 < 0.001 2,207,564 < 0.001 0.16 < 0.001 0.33 < 0.001 

Solar 1,837 464 -1.46 0.144 391,464 0.007 0.11 < 0.001 0.18 0.156 

Wind Onshore 525 429 7.63 < 0.001 144,824 < 0.001 0.29 < 0.001 0.50 0.005 

Natural Gas 167 64 3.97 < 0.001 7,254 < 0.001 0.38 < 0.001 0.88 0.018 

Storage 321 160 0.35 0.729 25,722 0.977 0.09 0.321 0.58 < 0.001 
Note: Stats columns report distribution tests and OLS coefficients for NRIS cost premium relative to ERIS on log-transformed costs, 
controlling for market and period (and fuel in aggregate). Bold indicates p < 0.05. Regression uses Huber-White robust standard errors. 

4.1.3 Stratification and Decomposition of Network Upgrade Cost Differences 

The market-level assessment (Table 4, Panel A), which applies Mann-Whitney U-tests to individual 
markets and fuel types, reveals significant regional and fuel type variation. The "All Fuels" 
aggregate comparison shows a clear split: markets like SPP and the Duke Energy territories show 
the expected significant differences between ERIS and NRIS costs, where median NRIS costs are 
higher than ERIS costs (p < 0.05). Conversely, other major markets, including MISO, PJM, and 
PacifiCorp, show no statistically significant aggregate difference. 

This regional variation is strongly influenced by fuel type. Most notably, this analysis clarifies the 
finding for solar. Although aggregate data previously suggested a significant cost "reversal" in 
which ERIS costs exceed NRIS costs, this more granular view shows that, among markets with 
sufficient disaggregation of regional and fuel type data, this reversal is not statistically significant in 
any individual market. Instead, solar is characterized by a consistent pattern of "Insignificant" 
results, where the expected cost difference between NRIS and ERIS disappears (e.g., in PacifiCorp, 
p = 0.312; in MISO, p = 0.534). The only significant solar finding (in Duke Energy Florida) actually 
shows the expected pattern (NRIS > ERIS, p < 0.001). By contrast, the expected NRIS > ERIS 
findings are driven by other fuel types in specific regions: wind onshore in SPP (p < 0.001), natural 
gas in SPP (p < 0.01), and storage in both PacifiCorp (p < 0.001) and SPP (p = 0.014). 
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Table 4: Stratified Consistency Matrices of Service Type Cost Differentials. This table stress-tests the 
NRIS cost premium across geographic (Panel A) and temporal (Panel B) dimensions. 

PANEL A: GEOGRAPHIC ASSESSMENT (BY MARKET) 

Market 
All Fuels 

(Median NRIS / 
ERIS, $/kW) 

Solar 
(Median NRIS / 

ERIS, $/kW) 

Wind Onshore 
(Median NRIS / 

ERIS, $/kW) 

Natural Gas 
(Median NRIS / 

ERIS, $/kW) 

Storage 
(Median NRIS / 

ERIS, $/kW) 
Bonneville 
Power 
Administration 

$0.9 / $0.9 
n=261 (p=0.93) 

$0.6 / $0.9 
n=62 (p=0.85) 

$5.1 / $7.6 
n=33 (p=0.88) n/a $0.8 / $0.7 

n=38 (p=0.54) 

Duke Energy 
Carolinas 

$163.7 / $77.3 
n=167 * 

$238.6 / $192.6 
n=93 (p=0.84) n/a n/a $101.2 / $102.9 

n=26 (p=0.90) 
Duke Energy 
Florida 

$77.6 / $16.7 
n=193 ** 

$85.6 / $0.0 
n=174 *** n/a n/a n/a 

Duke Energy 
Progress 

$164.2 / $67.0 
n=160 * n/a n/a n/a n/a 

ISO-NE $30.5 / $14.2 
n=87 (p=0.57) n/a n/a n/a n/a 

MISO $37.0 / $58.3 
n=817 (p=0.32) 

$36.0 / $78.6 
n=399 (p=0.53) 

$54.3 / $88.4 
n=281 (p=0.27) n/a n/a 

PJM $73.4 / $59.6 
n=907 (p=0.11) n/a n/a n/a n/a 

PacifiCorp $236.3 / $216.5 
n=1067 (p=0.67) 

$258.5 / $260.0 
n=658 (p=0.31) 

$400.3 / $157.3 
n=127 (p=0.14) 

$28.7 / $63.9 
n=24 (p=0.56) 

$765.1 / $242.9 
n=173 *** 

SPP $23.1 / $0.0 
n=739 *** 

$28.3 / $38.6 
n=191 (p=0.89) 

$22.1 / $0.0 
n=419 *** 

$5.2 / $0.0 
n=47 ** 

$26.9 / $0.0 
n=63 * 

      
PANEL B: TEMPORAL ASSESSMENT (BY QUEUE YEAR) 

Period 
All Fuels 

(Median NRIS / 
ERIS, $/kW) 

Solar 
(Median NRIS / 

ERIS, $/kW) 

Wind Onshore 
(Median NRIS / 

ERIS, $/kW) 

Natural Gas 
(Median NRIS / 

ERIS, $/kW) 

Storage 
(Median NRIS / 

ERIS, $/kW) 
2000–2008 
(Early) 

$14.2 / $0.0 
n=278 *** n/a $14.2 / $0.0 

n=196 *** 
$17.5 / $0.0 

n=44 *** n/a 

2009–2016 
(Mid) 

$20.6 / $5.0 
n=1071 *** 

$18.4 / $44.9 
n=430 (p=0.15) 

$46.9 / $1.1 
n=412 *** 

$12.0 / $0.0 
n=125 ** n/a 

2017–2023 
(Recent) 

$91.6 / $124.5 
n=3038 (p=0.43) 

$105.3 / $186.4 
n=1871 ** 

$56.8 / $147.5 
n=346 (p=0.30) n/a $92.6 / $109.4 

n=469 (p=0.86) 
 

Category Color Key Description Symbol 

Significant Premium   NRIS costs are significantly higher (p < 0.05) + 

Significant Reversal   ERIS costs are significantly higher (p < 0.05) - 

Insignificant   No statistical difference detected (p >= 0.05) ~ 

Insufficient Data   Sample size n < 10 for one or both groups n/a 
Note: Panel A stratifies by market; Panel B stratifies by project cohort period based on queue entry year (supplemented by study 
completion year where entry year was missing). Symbols + and – denote the direction of the cost differential; stars (*) indicate 
significance levels (p < 0.05, 0.01, 0.001). Values in parentheses denote total sample size (n) and, for insignificant results, the specific p-
value. Statistical significance is determined via two-sided Mann-Whitney U-tests. 

The longitudinal analysis (Table 4, Panel B) reveals a clear and significant shift in cost differences 
over time. In the first two periods (2000-2008 and 2009-2016), the "All Fuels" aggregate shows the 
expected result: median NRIS costs were significantly higher than ERIS costs (p < 0.001 for both). 
This was historically driven by wind onshore and natural gas, both of which showed a significant 
NRIS > ERIS pattern. However, in the most recent period (2017-2023), this aggregate difference 
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disappears (p = 0.426), partly because the raw solar cost data show a statistically significant 
reversal (p = 0.003), with median ERIS costs exceeding median NRIS costs. As demonstrated in our 
regression analysis, this trend is not a structural reversal, but it does indicate that the historical 
ERIS cost advantage has substantially eroded. Furthermore, onshore wind, previously a driver of 
the discount, now shows no significant difference (p = 0.296), as does storage (p = 0.859). 

To understand the mechanism underlying this temporal erosion, we next separate the frequency of 
zero-cost outcomes from the magnitude of positive-cost studies. The analysis of zero-cost 
frequency reveals that the aggregate "ERIS discount" is largely a function of cost avoidance rather 
than lower costs for physical upgrades. As shown in Table 5, ERIS projects are significantly more 
likely to incur zero network upgrade costs than NRIS projects (28% vs. 14%, p < 0.001). This 
aggregate trend is driven almost entirely by onshore wind and natural gas, which both show a large 
and highly significant (p < 0.001) higher incidence of zero-cost outcomes for ERIS. In contrast, solar 
and storage show no statistically significant difference in their zero-cost frequency. 

Table 5: Interconnection Cost Decomposition: Frequency vs. Magnitude 

Fuel Type % Zero (ERIS) % Zero (NRIS) Med. Positive Cost (ERIS) Med. Positive Cost (NRIS) 

Aggregate 28.2%*** 13.7% $127/kW $98/kW 

Solar 16.2% 13.0% $195/kW $118/kW 

Wind Onshore 43.1%*** 15.7% $80/kW $72/kW 

Natural Gas 44.9%*** 12.0% $47/kW $28/kW 

Storage 13.3% 9.4% $136/kW $118/kW 
Note: Median costs ($/kW) are reported exclusively for the subset of projects incurring non-zero 
upgrade requirements. 

When zero-cost studies are excluded to isolate the magnitude of required upgrades, the aggregate 
ERIS discount disappears. In fact, a surface-level analysis of positive-cost projects suggests a 
reversal, where ERIS median costs are higher than NRIS ($127/kW vs. $98/kW). However, this 
reversal is largely a statistical artifact of geographic compositional bias in the solar and storage 
samples. Specifically, when excluding the PacifiCorp market, which contains a high concentration 
of high-cost ERIS solar samples, the significant reversal for solar disappears (p = 0.257). 
Furthermore, within individual markets like MISO and SPP, no statistically significant difference 
exists between service types once a project incurs a non-zero cost. For wind and natural gas, the 
data confirm that once a project requires physical upgrades, there is no significant difference 
between service types. 

Longitudinal analysis further confirms that the historical ERIS advantage is eroding. As illustrated 
by the annual frequency of outcomes in Figure 2, the percentage of ERIS projects assigned zero 
network upgrade costs has plummeted from a peak of approximately 80% in the mid-2000s to 
approximately 10% by 2022. Logistic regression confirms a significant downward trend in zero-cost 
probability over time (p < 0.001), a phenomenon particularly acute for solar and onshore wind. 
Figure 3 contextualizes this shift by illustrating the subsequent escalation in median network 
upgrade costs. 
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Figure 2: Share of Projects with Zero Network Upgrade Costs by Service Type (2000-2023). Lines track the 
3-yr pooled share of interconnection studies assigned $0 in network upgrade costs. 

 

Figure 3: Historical Trend in Median Network Upgrade Costs by Service Type (2000-2023). Lines represent 
the three-year pooled median of network upgrade costs ($/kW) for ERIS and NRIS requests. 

Project size provides an additional lens on where the ERIS advantage persists. We therefore test 
whether the observed cost differential is driven by differences in the size of ERIS and NRIS projects, 
or whether it persists after accounting for project size. Although ERIS and NRIS projects do differ 
systematically in size, adding project size to the baseline OLS specification changes the aggregate 
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service-type coefficient only trivially, indicating that size differences alone do not explain the 
observed cost differential.  

Figure 4 then compares ERIS and NRIS costs across three project-size tiers.3 The ERIS advantage is 
not robust among the smallest projects: in the full aggregate, projects under 20 MW show no 
statistically significant difference between ERIS and NRIS (p = 0.762), and removing solar shifts the 
comparison in favor of ERIS but it remains statistically insignificant (p = 0.188). By contrast, for 
projects in the 20-<100 MW and ≥100 MW tiers, the aggregate-no-solar sample shows a large and 
highly significant ERIS discount (both p < 0.001). This pattern is especially strong for onshore wind, 
whereas solar remains the clearest exception: ERIS median costs are substantially above NRIS in 
the smallest and largest size tiers, although broader evidence suggests that this apparent solar 
penalty reflects compositional effects rather than a uniform service-type effect.  

 

Figure 4. Median Network Upgrade Cost Ratios by Project Size and Fuel Type. Bars show the ratio of 
median network upgrade cost ($/kW) for ERIS relative to NRIS within each fuel and size tier. Significance 
markers denote two-sided Mann-Whitney U-tests; cohorts with fewer than 10 observations in either service 
group are omitted. “Aggregate (No Solar)” isolates the influence of solar on pooled results. Bars above the 
plotted range are truncated for readability, with labels indicating the full median ratio. 

Finally, we observe a strong association between the magnitude of interconnection costs and the 
probability of project success. Across both service types, projects that ultimately withdrew from 
the queue faced markedly higher network upgrade costs than those that remained in queue or 
reached commercial operation. For ERIS, median costs for withdrawn projects were $162/kW 
compared to just $14.9/kW for non-withdrawn projects (~11X; p < 10-24). Similarly, NRIS projects 
that withdrew faced median costs of $235/kW vs. $34/kW for successful ones (~7x difference; p < 

 
3 Tiers reflect standard regulatory and technical thresholds: 20 MW separates FERC’s Small and Large 
Generator procedures, while 100 MW benchmark is common to NERC registration. 



 

16 
 

10-66). These results suggest that regardless of service type, high network upgrade costs serve as a 
primary barrier to project viability. 

4.2 Processing Duration 
Processing durations confirm that while ERIS generally streamlines early milestones, the 
advantage varies significantly by fuel type and project stage. In non-ERCOT regions, ERIS projects 
reached an IA in a median of 24 months – significantly faster than the 31 months for NRIS (p < 
0.001) (Figure 5, Panel A). Multivariate OLS regression confirms this structural "NRIS penalty" 
remains significant even when controlling for capacity and market (p < 0.001), though the model 
identifies a significant interaction for solar resources that effectively neutralizes this delay (p < 
0.001). While the NRIS time penalty was pronounced for gas (12 vs. 30 months, p < 0.05), onshore 
wind resources showed a nominal reversal (37 vs. 28 months, n.s.). 

This speed advantage largely evaporates by the COD. In a matched-pool analysis (Figure 5, Panel 
B), aggregate ERIS and NRIS durations to COD were statistically indistinguishable at 72 and 74 
months, respectively. Regression results confirm this convergence, as the service-type distinction 
becomes statistically non-significant when assessing the full project lifecycle (p = 0.28). High 
sample attrition among ERIS requests limited these comparisons; while NRIS data were sufficient 
across fuels, several ERIS cohorts (onshore wind, gas, and battery) failed to meet the N ≥ 5 
reporting threshold for COD.  

Market-level comparisons highlight ERCOT’s unique efficiency. ERCOT projects reached COD in a 
median of 47 months, approximately two years faster than ERIS projects in other jurisdictions (72 
months, p < 0.01). Longitudinal data (Figure 6) indicate this is a relatively recent divergence. While 
non-ERCOT durations have more than doubled since 2009 – with NRIS rising from 17 to 40 months 
and ERIS from 14 to 39 months – ERCOT has maintained a stable, lower processing duration 
(averaging 19 months for IA) throughout the study period. 
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Figure 5: Median Interconnection Processing Durations by Milestone and Market. Markers represent 
median durations in months; horizontal lines indicate the temporal gap between service types. Statistical 
significance is determined via two-sided Mann-Whitney U-tests (***  p < 0.001, ** p < 0.01, * p < 0.05). Panels 
A and B compare NRIS (baseline) to ERIS, while Panel C benchmarks ERCOT (baseline) against Non-ERCOT 
ERIS projects. All results use a threshold of N ≥ 5.  
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Figure 6: Historical Evolution of Interconnection Study Durations (2010–2022). Lines represent the three-
year pooled median of durations from interconnection request (IR) to the execution of a final agreement (IA). 

4.3 Demand  
4.3.1 Demand for Interconnection Service (Requests vs. Agreements) 

This analysis compares trends in interconnection requests (representing initial developer interest) 
with executed interconnection agreements (representing commercially viable projects). 

The aggregate data show a clear shift in developer demand for ERIS relative to NRIS. Between 2000 
and 2004, ERIS represented 45% of new interconnection requests (IRs) and 34% of executed 
interconnection agreements (IAs); by the 2020-2023 period, these shares fell to 9% and 13%, 
respectively. Conversely, NRIS increased from 31% of requests and 42% of agreements to 61% and 
74% over the same timeframe. Across the full 2000-2023 study period (excluding ERCOT and 
NYISO), NRIS was the primary service choice, accounting for 58% of all requests and 66% of 
executed agreements, while ERIS accounted for 17% of requests and 20% of agreements (Figures 7 
and 8). 

Service selection varies significantly by region. PJM and MISO are dominated by NRIS, which 
accounts for 92% and 80% of their respective agreements. SPP remains the primary outlier, with 
ERIS representing 78% of executed agreements. Among other regions, the West maintains a 
meaningful ERIS share for executed agreements (28%), followed by ISO-NE (25%). 

By technology, solar and storage projects strongly favor NRIS, representing 61% and 62% of their 
respective requests. This preference is most pronounced for solar at the IA stage, where the NRIS 
share reaches 74%. Storage agreements likewise show high NRIS utilization at 62%, though 
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executed storage agreements also reach a 26% ERIS share. Onshore wind projects maintain the 
highest relative ERIS demand, representing 28% of requests and 34% of executed agreements. 

 

Figure 7: Share of Interconnection Requests by Service Type (2000–2023). Proportional composition of 
service types for interconnection requests (IRs), including the aggregate composition from 2000–2023 and 
sub-panels with variations across regions, fuel types, and time periods. 

 

Figure 8: Share of Executed Interconnection Agreements by Service Type (2000-2023). Proportional 
composition of service types for executed interconnection agreements (IAs), including the aggregate 
composition from 2000-2023 and sub-panels with variations across regions, fuel types, and time periods.  
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4.3.2 ERIS Composition by Region and Fuel Type 

While early ERIS requests (2000–2004) were led by MISO (49%), geographic demand for this service 
has since migrated to the West (38% of recent requests) and the Southeast (14%). Executed 
Interconnection Agreements (IAs) mirror this migration with a lag: MISO accounted for 52% of early 
ERIS IAs but only 21% in the most recent period, while the West and SPP now collectively represent 
50% of all executed ERIS contracts (Figures 9 and 10). 

Technologically, ERIS has undergone a near-total transition from gas to variable renewables and 
storage. Early ERIS requests were primarily onshore wind (41%) and gas (28%), shifting to a wind-
dominated peak of 65% by 2005-2009. However, by the 2020-2023 period, solar (61%) and storage 
(19%) emerged as the dominant drivers of new energy-only interest, while wind’s share of requests 
fell to 12%. 

This trend is only partially reflected in executed agreements. While gas (50%) and onshore wind 
(34%) led early ERIS IAs, wind’s prominence has proven more durable in executed contracts, 
maintaining a 36% share in the 2020-2023 cohort despite its declining share of queue interest. The 
rise of solar and storage in executed agreements is significant but lagged; by 2020-2023, solar and 
storage projects reached a collective 55% majority of executed ERIS IAs, up from essentially zero in 
the early 2000s. 

Regional concentrations explain the persistence of certain fuel types in the national ERIS data. The 
durability of onshore wind in executed agreements is largely a function of SPP, where wind 
accounts for the vast majority of historical ERIS execution. Conversely, newer trends are visible in 
other markets: solar now dominates ERIS agreements in MISO, while the West is increasingly 
characterized by storage and hybrid solar-plus-battery projects. This technology shift suggests that 
the "wind-driven era" of energy-only interconnection is being superseded by a more complex mix of 
solar and storage resources, particularly in non-ISO/RTO Western markets and the Southeast. 

 

Figure 9: Share of ERIS Interconnection Requests by Region and Fuel (2000–2023). Proportional 
composition of ERIS interconnection requests (IRs), with "Aggregate Mix" providing the composition from 
2000-2023, and longitudinal panels showing shifts across five-year vintages.  
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Figure 10: Share of ERIS Interconnection Agreements by Region and Fuel (2000–2023). Proportional 
composition of executed ERIS interconnection agreements (IAs), with “Aggregate Mix" providing the 
composition from 2000-2023, and longitudinal panels showing shifts across five-year vintages.  

4.3.3 Comparative Withdrawal Rates  

Aggregate withdrawal rates for ERIS (79%) and NRIS (78%) are both high over the 2000-2019 period 
(Figure 11), with a statistically insignificant difference between the two service types. To account 
for project maturation timelines and eliminate right-censoring bias from recent cohorts, the 
longitudinal trajectory is evaluated strictly through the 2019 interconnection request year. These 
longitudinal cohorts reveal a steady historical inflation in terminal attrition, with ERIS withdrawal 
rates increasing from 72% in the 2000-2004 vintage to 83% in the 2015-2019 window, while NRIS 
rates increased from 66% to 82% over the same timeframe. 

Measurable differences emerge more clearly when disaggregating by technology and region. Solar 
projects exhibit a higher withdrawal rate for ERIS (91%) than NRIS (82%), while onshore wind 
projects show an inverted profile, with ERIS withdrawing at 73% compared to 83% for NRIS. Gas 
projects show no significant difference, with both service types withdrawing at approximately 68%. 
Regionally, the Southeast shows the widest divergence, with ERIS withdrawals at 99% compared to 
74% for NRIS. CAISO and PJM similarly exhibit higher ERIS withdrawal, whereas SPP and MISO 
exhibit the opposite.  

A multivariate logistic regression resolves this apparent contradiction, finding that after controlling 
for fuel type, region, queue vintage, and project size, ERIS is associated with somewhat higher 
withdrawal risk than NRIS in the aggregate (odds ratio = 1.2, p < 0.001; average marginal effect ≈ 3 
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percentage points). This indicates that differences in project composition partly shape the raw 
aggregate comparison, but don’t eliminate an underlying association between ERIS and attrition. 

 

Figure 11: Comparative Withdrawal Rates for ERIS and NRIS Interconnection Requests (2000-2019). 
Withdrawal rates are calculated based on terminal outcomes, defined as the share of withdrawn projects 
relative to the total pool of completed (withdrawn or operational) projects; active projects are excluded and 
the timeline is truncated at 2019 to avoid maturation bias from recent un-matured cohorts. Asterisks denote 
statistical significance levels (* p < 0.05, ** p < 0.01, *** p < 0.001) based on a Chi-squared test of 
independence. 

5. Discussion 

5.1 Deconstructing the ERIS Cost Advantage: A Threshold Effect 
A significant finding of this analysis is the empirical deconstruction of the apparent network 
upgrade cost advantage of ERIS over NRIS. Our decomposition reveals that this advantage is not a 
product of generally reduced grid integration costs. Instead, the observed aggregate savings – 
where ERIS projects show significantly lower per-kW costs – are driven almost entirely by the 
frequency of zero-cost outcomes. 

Specifically, ERIS projects are twice as likely to be processed with no required network upgrades 
compared to NRIS projects, occurring at a rate of 28% versus 14%. While our data cannot 
definitively prove that specific regional rules cause this higher prevalence of zero-cost outcomes, 
the regulatory review in our companion paper (Gorman et al. 2026) identifies rules that could 
partially explain these results. In regions utilizing flow-based triggers (e.g., MISO, SPP), thermal 
network upgrades for ERIS projects are triggered by fixed flow-based Distribution Factor (DFAX) 
limits (e.g., 3%, 5%, 20%). If an ERIS project's modeled flow impact on a constrained facility stays 
just below this designated percentage, it avoids triggering the constraint and is assigned zero 
thermal network upgrade costs. This point is important not only as a matter of study methodology, 
but also as a matter of market design; thresholds such as DFAX screens are not merely technical 
filters, but economically consequential rules governing entry onto a constrained network. While 
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CAISO and NYISO do not employ these screens, a lack of publicly accessible cost data for those 
markets precluded evaluating whether their unique market rules yield different cost results. 

Our results show a stark shift once zero-cost studies are excluded: for the subset of projects that 
do require upgrades, the aggregate ERIS cost advantage is neutralized. For historically dominant 
fuels like onshore wind and natural gas, no significant cost distinction exists between the two 
service types for projects with positive costs. This suggests that the economic utility of ERIS erodes 
when pervasive grid saturation reduces the probability of finding zero-cost headroom. Our 
longitudinal analysis provides additional empirical evidence for this dynamic: aggregate ERIS 
requests assigned zero network upgrade costs fell from a peak of approximately 80% in the 2000-
2009 period to just 10% by 2022. Because the ERIS cost advantage depends almost entirely on 
securing these zero-cost outcomes, this large, statistically significant collapse may functionally 
neutralize the product's historically lower network upgrade costs. 

These results suggest that the practical meaning of “energy-only interconnection” has shifted from 
a stable, lower-commitment access product to a conditional option whose value depends on 
whether a project can locate within residual network headroom. This exposes a fundamental 
disconnect between US interconnection practice and classic network economics. Foundational 
literature establishes that a primary economic purpose of differentiating firm from non-firm access 
rights is to efficiently manage the grid at the boundary where scarcity binds, using operational 
rationing to allocate scarce capacity and avoid overbuilding the network (Hogan 1992; Joskow and 
Tirole 2000; Lusztig et al. 2006). However, our findings reveal a paradox in the US system: when 
scarcity binds, the economic distinction between ERIS and NRIS collapses. Rather than utilizing 
ERIS to manage scarcity through operational curtailment, predominant US rules often require ERIS 
projects to fund significant network upgrades, and the economic value of the non-firm access right 
is diminished precisely when theoretical models suggest it should be most useful. 

Because our dataset lacks information on the specific types of network upgrades assigned, we 
cannot isolate the physical drivers of this cost parity for positive-cost projects. Nevertheless, 
synthesizing our empirical findings with the regulatory context points to an interplay between 
conservative study methodologies and infrastructure costs. Despite the theoretical premise that 
ERIS allows generators to avoid thermal network upgrades by utilizing the system on an "as-
available" basis subject to operational curtailment, the regulatory review in our companion paper 
demonstrates that many transmission providers trigger network upgrades in interconnection 
studies that could have been managed through security-constrained economic dispatch in real-
time operations. When a project breaches a study threshold under these conditions, the required 
mitigation is inherently "lumpy" – reconductoring a transmission line or expanding a substation 
requires a discrete, large-scale capital investment. Consequently, the "cost floor" for these 
upgrades is often large, effectively wiping out any anticipated savings for ERIS projects of any fuel 
type that fail to achieve a zero-cost outcome. 

The structural mechanics of these threshold triggers might also explain the effect observed 
regarding project size. For non-solar resources, our size-stratified analysis suggests that the ERIS 
advantage is weak and statistically fragile among the smallest projects, but becomes much more 
pronounced for medium and large non-solar projects. While a small 20 MW generator might only 
trigger localized, relatively inexpensive interconnection facility upgrades under either service, 
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guaranteeing firm network deliverability for a 200 MW facility is more likely to trigger deep, system-
wide transmission expansion. Thus, despite the recent broad trend toward greater cost parity 
between NRIS and ERIS, the structural divergence between the tracks appears to manifest more 
clearly at larger project scales. 

5.2 The Solar Exception: Compositional Bias and Siting Realities 

While the threshold effect explains the historical aggregate discount for onshore wind and gas, 
solar projects represent an exception to this dynamic. Even when zero-cost samples are included 
in our baseline analysis, solar projects show no statistically significant cost difference between 
ERIS and NRIS. As solar has become the dominant fuel type in the queue, the structural cost 
discount historically provided by ERIS has eroded into statistical parity. 

This anomaly is driven by two factors. First, unlike onshore wind and natural gas, solar projects do 
not benefit from a significantly higher frequency of zero-cost study outcomes under ERIS (16% for 
ERIS versus 13% for NRIS, p = 0.087). Second, for the subset of solar projects that do trigger 
positive network upgrades, the aggregate data initially suggests a severe cost reversal, where 
pooled median log-costs appear significantly higher for ERIS than for NRIS. 

However, our market-level stratification reveals that this aggregate ERIS cost penalty for solar is 
largely a statistical artifact driven by geographic compositional bias.  Within individual markets, the 
true phenomenon is not a structural penalty for ERIS, but rather the neutralization of its cost 
advantage. Taken together, these results suggest that, for solar projects, ERIS does not reliably 
confer either of the cost advantages that would theoretically motivate its selection: a meaningfully 
higher probability of avoiding upgrades altogether, or a lower cost burden when upgrades are 
required. 

One plausible interpretation for this neutralization is temporal: the acceleration of solar 
deployment coincided with the grid reaching systemic saturation. This temporal pressure may 
compound a spatial challenge, as ERIS solar projects are disproportionately sited in more 
constrained locations than their NRIS counterparts. Utility-scale solar is land-intensive and 
therefore highly sensitive to the availability of large, developable sites, as well as to land costs, 
which often steers projects toward rural areas where transmission constraints can be significant 
(Bolinger and Bolinger 2022; Davis et al. 2023). Developers confronting anticipated grid saturation 
may therefore select ERIS as an option for probing whether sufficient localized headroom remains 
available without triggering major deliverability-related upgrades. Under restrictive ERIS study 
methods and lumpy upgrade cost structures, however, that expected option value may fail to 
materialize. 

A complementary selection mechanism may reinforce this siting dynamic. In several non-ISO/RTO 
regions featured in our dataset, utilities require firm transmission service – functionally equivalent 
to NRIS – as a condition of participation in competitive resource solicitations (Gorman et al. 2026). 
In such settings, solar developers in grid-constrained locations may anticipate that an NRIS 
request would trigger costly upgrades and render their bids uncompetitive. ERIS may therefore be 
chosen in an attempt to secure a lower-cost interconnection pathway and pursue alternative off-
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take outside the standard procurement process. Under this logic, grid saturation is not incidental 
to the service selection but is the condition that motivates it, creating a feedback loop between 
locational constraints and the composition of the ERIS solar sample. 

5.3 Processing Duration 

The theoretical appeal of ERIS extends beyond anticipated cost savings to a more efficient study 
process. Our IA data support this: ERIS requests reach an agreement in a median of 24 months, 
compared to 31 months for NRIS (p < 0.001). However, this initial advantage evaporates by the final 
milestone. In our matched-pool analysis, the aggregate median time to reach commercial 
operation is nearly identical for ERIS (72 months) and NRIS (74 months). This suggests that while 
ERIS may streamline early-stage agreements, it does not accelerate the actual construction or 
commissioning of a project. This timeline parity is highly counterintuitive: because ERIS projects 
are expected to trigger fewer network upgrades, they should logically bypass the multi-year 
construction delays that stall NRIS projects.  

This erosion of speed is further clarified by the longitudinal analysis in Figure 6. While ERIS was 
faster than NRIS through the early 2010s, that advantage has steadily vanished as non-ERCOT 
durations for both service types have more than doubled since 2009. The dramatic spike in ERIS 
durations centered in 2020 (peaking at 47 months) illustrates a convergence in processing times. 
This shift is likely to be reinforced by the transition to cluster-based studies as promulgated by 
FERC Order No. 2023; because ERIS requests are now routinely evaluated alongside NRIS 
requests, they inherit similar restudy risks, shared upgrade dependencies, and administrative 
bottlenecks. 

For the technologies currently dominating the queue, the ERIS timing advantage is either weak or 
unobservable. Solar projects exhibit nearly identical timelines to COD across service types. For 
other fuel types, including onshore wind, gas, and battery storage, the lack of sufficient ERIS 
samples in the matched-pool COD cohort precludes a statistically robust comparison. This limited 
data availability for ERIS projects at the operational stage, relative to the more populated NRIS and 
ERCOT cohorts, prevents a comprehensive assessment of service-type impacts on total project 
duration for those specific technologies.  

The contrast with ERCOT underscores the significance of these findings. ERCOT’s "connect and 
manage" framework provides a useful counterfactual to FERC-jurisdictional queues, maintaining 
stable durations over time while other regions have seen timelines balloon. The most striking 
divergence occurs at the COD milestone, where ERCOT projects reach commercial operation in 47 
months – approximately two years faster than ERIS projects elsewhere (p < 0.01). Unlike the 
standard ERIS model, the ERCOT approach appears to preserve a total project lifecycle advantage 
that ERIS, as currently practiced, does not reliably deliver. 
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5.4 Developer Preference: Regional Concentration and the Search for 
Optionality 

The longitudinal collapse of energy-only interconnection's temporal and financial advantages is 
mirrored in developer preference. ERIS requests declined from roughly half of new interconnection 
requests in the early 2000s to less than one-tenth by 2023, with executed interconnection 
agreements showing a similarly sharp contraction. This nationwide decline appears to represent a 
rational economic response: as ERIS’s historical cost and speed advantages diminished, 
developers lost the incentive to accept the commercial limitations of energy-only service. 
Concurrently, downward pressure on wholesale electricity prices after 2008 (Mills et al. 2021) 
made capacity market revenues and long-term PPAs more important for project finance. Because 
participating in formalized RA constructs or winning competitive utility solicitations typically 
requires full deliverability, developers are incentivized to pursue NRIS. Crucially, in non-ISO/RTO 
regions, utility monopsony buyers often mandate deliverability as a strict condition for executing a 
PPA (Gorman et al. 2026). 

This institutional framework provides necessary context for interpreting the geographic 
concentration of executed ERIS agreements. While aggregate demand has plummeted, stark 
regional divergence remains: SPP is the primary outlier (78% of executed agreements), followed by 
the West (28%), ISO-NE (25%), and MISO (20%). However, these figures require careful 
interpretation, as a relatively high ERIS share does not necessarily mean that ERIS functions in 
those regions as a fully meaningful standalone energy-only alternative. 

Synthesizing these results with our companion regulatory review suggests that, in several of these 
regions, ERIS persists precisely where its energy-only character is partly diluted by parallel 
deliverability mechanisms. In SPP and MISO, developers have often obtained capacity designation 
for ERIS projects via separate transmission service studies, leaving those deliverability upgrade 
costs not captured in our interconnection data. In parts of the non-ISO/RTO West and Southeast, 
ERIS often does not represent a final commercial state, because developers must subsequently 
pursue transmission service or otherwise satisfy deliverability requirements imposed by off-takers. 
Taken together, these patterns suggest that even where ERIS remains visible in executed 
agreements, it often survives within institutional frameworks that partially reconstruct deliverability 
outside the interconnection study itself. 

Finally, navigating these intersecting market mandates and unpredictable interconnection costs 
has spurred a rise in optionality, with requests for dual NRIS/ERIS studies growing from 1.4% to 
14% of the contemporary queue. Faced with the commercial incentive of deliverability but exposed 
to lumpy network upgrade costs, developers increasingly use dual requests for comparative price 
discovery. This demand evidence can be interpreted as revealed preference under high uncertainty 
and information asymmetry, with developers using the interconnection queue as a price discovery 
mechanism (Johnston et al. 2023) and maintaining optionality to navigate the volatile curtailment 
allocations inherent to flexible connection frameworks (De Santi et al. 2025). 
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6. Conclusions 
Our analysis of two decades of US interconnection data yields five primary empirical findings. First, 
the historical ERIS network upgrade cost advantage is driven almost entirely by a threshold effect – 
specifically, the probability of securing a zero-cost study outcome. Second, as systemic grid 
constraints have mounted, the frequency of these zero-cost outcomes has collapsed from roughly 
80% to 10%, effectively neutralizing the financial benefits of ERIS. Third, once physical upgrades 
are triggered, ERIS and NRIS face statistical cost parity. Fourth, the evaporation of ERIS financial 
advantage coincides with the erosion of a historical processing speed advantage. Finally, there is a 
decline in developer demand for energy-only interconnection. Collectively, these metrics 
demonstrate that the practical distinction between ERIS and NRIS has narrowed substantially in 
the contemporary queue. 

These results do not imply that the economic concept of energy-only interconnection is inherently 
flawed. To the contrary, the underlying rationale for a non-firm interconnection option remains 
strong: when transmission constraints bind only during some hours or under particular system 
conditions, allowing resources to connect and bear congestion or curtailment risk may be more 
efficient than requiring every new generator to fund transmission expansion sufficient to support 
full deliverability. What our results show is that ERIS, as implemented across much of the US, has 
often failed to preserve that tradeoff in practice. 

As our companion regulatory review demonstrates (Gorman et al. 2026), this empirical 
convergence can be understood in significant part as a consequence of institutional design. By 
evaluating non-firm resources under conservative system conditions, rather than relying on the 
same or similar assumptions used in real-time markets to manage constraints, transmission 
providers frequently require ERIS projects to fund significant congestion-related network upgrades. 
Reforming ERIS study processes to more consistently manage thermal violations through 
operational redispatch – what our companion paper terms a "minimum interconnection" approach, 
already practiced in CAISO, ISO-NE, and NYISO – would align the cost of non-firm entry more 
closely with the system's actual operational requirements. 

Ultimately, maintaining a binary ERIS/NRIS framework is a policy decision that entails tradeoffs, as 
is using interconnection service as the administrative gateway to capacity eligibility through 
resource adequacy programs and deliverability requirements. These choices reflect legitimate 
reliability concerns, but they can also contribute to the very interconnection bottlenecks that delay 
new market entry and, paradoxically, threaten the reliability objectives they are meant to protect. 
Resource adequacy cannot be fully separated from physical transmission capability: a resource’s 
reliability contribution depends, in part, on whether it can deliver during stressed system 
conditions. A central avenue for future research therefore concerns whether a resource's capacity 
value can remain informed by transmission constraints without being dictated by its 
interconnection service selection, including whether partial, locational, seasonal, or operationally 
constrained reliability contributions can be recognized in resource adequacy frameworks. 
Confronting these questions will not dissolve the tradeoffs inherent in a constrained transmission 
system, but it offers a path toward interconnection and capacity value that track a resource's 
actual reliability contribution, rather than a binary choice between firm and non-firm service. 
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