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ABSTRACT: This paper provides a comprehensive review of green tariff programs in the United States
from 2013 to 2025, examining their role as market accelerators for corporate renewable energy adoption
and their impact on commercial and industrial (C&I) decarbonization strategies. Green tariffs represent
voluntary utility programs that enable large energy customers to procure renewable electricity directly
through their serving utility, offering an alternative pathway to complex bilateral power purchase
agreements. Through systematic analysis of 62 active programs across 30 states, this review synthesizes
literature on program design, implementation challenges, market impacts, and effectiveness in driving
corporate sustainability goals. Key findings indicate that while green tariffs have facilitated over 5,700
MW of renewable capacity additions and attracted major corporate participants, significant barriers
remain including limited program capacity, regulatory complexity, and questions around
additionality —specifically whether programs drive new renewable development versus reallocating
existing resources. The review identifies critical design elements for successful programs, including
flexible contracting mechanisms, transparent pricing structures, and alignment with corporate
sustainability requirements. This paper contributes to the growing body of knowledge on utility-
corporate partnerships in clean energy transition and provides actionable insights for three key
stakeholder groups—utilities, regulators, and corporate energy buyers—navigating the evolving

renewable energy procurement landscape.
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1. Introduction

The global transition to renewable energy has emerged
as a critical imperative in addressing climate change, with
corporate actors playing an increasingly prominent role in
driving demand for clean electricity [1]. As of 2024, over 2,500
companies worldwide have committed to science-based
emissions targets, creating unprecedented demand for
renewable energy procurement options [2]. Within the
United States, this corporate sustainability movement has
encountered unique challenges in traditionally regulated
electricity markets, where approximately 40% of electricity is
generated but corporate renewable energy deals remained
limited —accounting for only 16% between 2012 and 2017,
with this share gradually increasing to approximately 25% by
2024 as market mechanisms evolved [3].

Green tariffs have emerged as an innovative solution to

bridge this gap, representing voluntary utility programs
that allow eligible commercial and industrial customers to
purchase bundled renewable electricity from specific
projects through special utility tariff rates [3]. Unlike
traditional green pricing programs that often charge
premium rates without providing direct access to renewable
energy certificates (RECs), green tariffs offer a mechanism
for large energy users to meet sustainability goals while
maintaining relationships with incumbent utilities [4].

The rapid evolution of green tariff programs reflects
broader transformations in energy markets and corporate
sustainability strategies. From initial pilots in 2013 to over 62
active or pending programs across 30 states as of 2023, green
tariffs have facilitated more than 3,000 MW of renewable
energy procurement in 2022
approximately 25% of total corporate renewable energy

alone, representing
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deals with known contract types [3,5]. This growth has been
driven by convergent factors including declining renewable
energy costs across multiple technologies —with utility-scale
solar costs declining by over 85%, onshore wind costs falling
by 70%, and battery storage costs dropping by 90% between
2010 and 2020 —making renewable energy increasingly cost-
competitive with traditional generation sources [6].

Despite this momentum, significant questions remain
regarding the effectiveness of green tariffs in accelerating
renewable energy deployment and achieving genuine
additionality beyond business-as-usual scenarios [7]. Critics
argue that some programs merely reallocate existing
renewable without driving new
additions, proponents  highlight
partnerships between utilities and corporations that have

resources
while

capacity
successful

enabled significant renewable energy investments [8,9].

Research Objective: This comprehensive review aims to
systematically evaluate the effectiveness of green tariff
programs as market accelerators for corporate renewable
energy adoption in U.S. regulated electricity markets, with
specific focus on: (1) identifying design features that
program energy
deployment, (2) assessing the extent to which programs
achieve genuine additionality versus resource reallocation,
and (3) providing evidence-based recommendations for

maximize success and renewable

optimizing program design to accelerate the clean energy
transition across diverse stakeholder groups.

2. Literature Review
2.1. Evolution of Corporate Renewable Energy Procurement

The corporate renewable energy procurement landscape
has undergone significant transformation over the past
decade, driven by converging economic, environmental,
and social factors [10]. Early corporate sustainability efforts
primarily relied on unbundled renewable energy certificates
(RECs), which provided a simple mechanism for companies
to claim renewable energy use but faced criticism for limited
additionality and minimal impact on renewable energy
deployment [11,12].

As corporate sustainability commitments matured,
companies  increasingly = sought more impactful
procurement strategies that could demonstrate clear
connections to renewable energy projects and provide
economic benefits through long-term price stability [13].
This evolution coincided with dramatic cost reductions
across renewable energy technologies. Beyond the well-
documented 85% decline in utility-scale solar costs, onshore
wind levelized costs decreased by approximately 70%,
offshore wind by 50%, and battery storage systems by 90%
between 2010 and 2020. These cost reductions, driven by
technological improvements, manufacturing scale, and
learning curve effects, fundamentally altered the economics
of renewable energy procurement [14].

The emergence of power purchase agreements (PPAs)
represented a
procurement options, enabling direct contracts between
corporations and renewable energy developers [15].
However, PPAs present substantial complexity, requiring
sophisticated energy
creditworthiness, and willingness to assume market risks
that many companies find challenging [16,17]. Furthermore,
in traditionally regulated electricity markets, regulatory
direct
transactions, limiting PPA availability to competitive
wholesale markets [18].

significant advancement in corporate

management capabilities,

barriers often prevent corporate-developer

2.2. Theoretical Framework for Green Tariffs

Green tariffs emerged within this context as a hybrid
mechanism that combines elements of utility procurement
with corporate renewable energy demand [19]. The
theoretical foundation for green tariffs rests on several
economic and policy principles. First, they address market
failures in regulated electricity markets where monopoly
utilities control electricity supply and direct access to
renewable generators is restricted [20]. By creating a
regulated pathway for renewable energy procurement,
green tariffs can unlock latent demand while maintaining
utility system integrity [21].

Second, green tariffs leverage utilities' unique
capabilities in project development, grid integration, and
risk management to reduce transaction costs for corporate
buyers [22]. Utilities' expertise in power procurement,
established creditworthiness, and regulatory relationships
can facilitate more efficient renewable energy deployment
than individual corporate efforts [23]. This efficiency gain
becomes particularly relevant for medium-sized companies
that lack resources for complex bilateral negotiations [24].

Third, from a regulatory economics perspective, green
tariffs represent a form of product differentiation in
monopoly markets, allowing utilities to offer varying service
levels based on customer preferences while maintaining cost
protect
ratepayers [25]. This differentiation can enhance overall
welfare by better matching heterogeneous customer
preferences with appropriate service offerings [26].

allocation  principles that non-participating

2.3. Additionality: Definition and Significance

A critical concept in evaluating green tariff effectiveness
is "additionality" —defined as the extent to which a
renewable energy procurement mechanism drives new
renewable energy capacity that would not have been
developed otherwise [7]. Additionality ensures that
corporate renewable energy purchases result in genuine
incremental environmental benefits rather than merely
shifting ownership of existing renewable resources. For
green tariffs, additionality can be assessed across three
dimensions:
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1. Project Additionality: Whether the program
requires new renewable projects (typically defined
as reaching commercial operation within 3 years of
contract signing)

2. System Additionality: Whether renewable
resources procured exceed utility renewable
portfolio standard (RPS) requirements

3. Economic Additionality: Whether corporate

participation provides necessary revenue certainty
for project financing

The significance of additionality in green tariff design
cannot be overstated, as programs lacking strong
additionality requirements may enable "greenwashing"
without contributing to decarbonization goals [27].

2.4. Green Tariff Design and Implementation

The literature identifies several critical design elements
that influence green tariff program effectiveness. Program
structure varies significantly across jurisdictions, with three
primary models emerging: subscriber programs, sleeved
PPAs, and market-based rate structures [28,29].

Subscriber programs aggregate demand from multiple
customers to support utility-procured renewable projects,
offering simplified participation but potentially limiting
customer choice in project selection [30]. Notable examples
include Puget Sound Energy's Green Direct program, which
successfully attracted major customers including Target,
Starbucks, and REI through competitive pricing and flexible
contract terms [31].

Sleeved PPAs represent a more customized approach
where utilities facilitate bilateral contracts between
customers and renewable developers, essentially passing
through contract terms while managing grid integration and
administrative functions [32]. Duke Energy's Green Source
Advantage program exemplifies this model, enabling
customers like Google and Walmart to contract directly with
solar developers while maintaining utility relationships [33].

Market-based rate structures allow customers to pay
wholesale market prices plus renewable energy premiums,
providing transparency but exposing participants to market
volatility [34]. Dominion Energy's renewable energy supply
service pioneered this approach, though uptake has been
limited due to complexity and risk exposure [35].

2.5. Barriers and Challenges

Despite growing interest, green tariff implementation
faces numerous barriers documented across academic and
industry literature. Regulatory complexity represents a
primary challenge, as programs require approval from state
public utility commissions that must balance multiple
stakeholder interests [36]. The regulatory approval process
often extends multiple years, creating uncertainty for both
utilities and potential customers [37].

Capacity constraints emerge as another significant
limitation, with many programs quickly reaching

subscription limits due to conservative initial sizing [38]. For
instance, Xcel Energy's Renewable*Connect program in
Minnesota reached full subscription within months of
launch, necessitating program expansion proposals [39].
These constraints reflect utilities' caution in committing to
long-term renewable contracts without assured customer
demand [40].

The literature reveals contradictory evidence on
additionality: while [41] found that 30% of programs allow
existing resources, potentially limiting additionality, Heeter
and Bird [42] demonstrate that even these programs can
drive incremental development by freeing renewable
portfolio standard (RPS) capacity for system-wide needs.
The interaction between green tariffs and state renewable
portfolio standards creates particular complexity, as some
programs may simply redirect RPS-eligible generation to
green tariff customers without increasing total renewable
deployment [42].

Pricing and cost allocation present additional challenges,
as utilities must design rates that attract corporate customers
while avoiding cost shifts to non-participants [43]. This
balance becomes particularly difficult when renewable
energy costs exceed system average costs, requiring careful
rate design to maintain competitiveness [44]. Furthermore,
administrative costs for program management, billing
systems, and regulatory compliance can create overhead
that diminishes program attractiveness [45].

2.6. Market Impacts and Effectiveness

Empirical evidence on green tariff effectiveness remains
mixed, reflecting program diversity and measurement
challenges. Quantitative analyses indicate that green tariffs
have facilitated substantial renewable capacity additions,
with the Clean Energy Buyers Association tracking over
5,700 MW of cumulative procurement through 2023 [5].
However, attribution remains complex, as some projects
might have proceeded through alternative procurement
mechanisms [46].

Economic impacts extend beyond direct renewable
energy deployment. Green tariffs can enhance utility
revenue  stability  through  long-term  customer
commitments, potentially improving utility credit profiles
and reducing capital costs [47]. For participating
corporations, programs provide budget certainty through
fixed pricing structures while supporting sustainability
reporting requirements [48]. These findings align with
earlier work by [19] and [30], who identified revenue
stability as a key driver for utility adoption of green tariff
programs.

Regional economic benefits include job creation in
renewable energy construction and operations, with
multiplier effects in rural communities hosting projects [49].
Duke Energy reported that its Green Source Advantage
program supported over 1,000 construction jobs and $500
million in economic investment across North Carolina [50],
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corroborating theoretical predictions by [20] regarding the
local economic benefits of renewable energy deployment.

Market transformation effects appear significant, as
green tariffs normalize corporate-utility collaboration and
demonstrate viable pathways for renewable integration in
regulated markets [51]. This demonstration effect has
encouraged regulatory innovation, with states increasingly
viewing green tariffs as tools for economic development and
clean energy leadership [52].

2.7. Research Gap

Despite growing implementation of green tariff
programs, the literature reveals a significant gap in
synthesized insights regarding how these programs
contribute to actual renewable energy deployment in
regulated markets. While individual program evaluations
exist, comprehensive analysis linking program design
features to deployment outcomes remains limited. This
review addresses this gap by systematically examining the
relationship between green tariff design elements and their
effectiveness in driving genuine renewable energy capacity
additions beyond business-as-usual scenarios.

2.8. Summary of Key Literature

Table 1: Summary of Key Green Tariff Studies

Study | Focus Area Key Findings Limitations
[4] Program First Limited
Inventory comprehensive | outcome
catalog of U.S. | data
Programs
[19] Design Identified Theoretical
principles flexibility as key | focus
success factor
[30] Market Documented Pre-2018
analysis early adoption | data
patterns
[41] Additionality | 70% programs | Self-
require new | reported
resources data
[5] Market 5,700 MW total | Attribution
tracking procurement unclear

The literature reveals clear connections between
theoretical frameworks and practical design choices.
Transaction cost economics explains why utilities can offer
lower-cost renewable procurement than individual
corporate efforts, while regulatory economics illuminates
the need for careful rate design to avoid cross-subsidization.
These theoretical insights directly inform the program
design variations observed in practice.

3. Methodology

3.1. Systematic Review Process

This comprehensive review employs a systematic
following PRISMA
guidelines to analyze green tariff programs and their

literature review methodology

impacts on corporate renewable energy adoption. The step

involved in review process is shown in figure 1.

IDENTIFICATION
Initial Search Results: 487 documents

Academic databases: 142 | Industry reports: 178 | Regulatory: 98 | Grey lit: 69

v

SCREENING
B Excluded
After Title/Abstract Screening: 289 documents - --- n=198

Excluded: 198 (not relevant to U.S. green tariffs)

v

ELIGIBILITY
After Full-text Review: 156 documents

Excluded
n=133

Excluded: 133 (lacked empirical data)

v

INCLUDED

Final Included Sources: 124

Academic papers: 31 (25%)
Regulatory filings: 35 (28%)

Industry reports: 42 (34%)
Grey literature: 16 (13%)

Figure 1: Systematic Review Flowchart
3.2. Data Collection

Literature identification utilized multiple academic
databases including Web of Science, Scopus, Google
Scholar, and specialized energy databases. Search terms
included combinations of "green tariff," "utility renewable
programs,” "corporate renewable energy procurement,”
"regulated market renewable energy,” and "C&lI
sustainability programs.” Additionally, targeted searches of

regulatory databases, utility websites, and industry
association  publications provided primary source
documentation.

Inclusion criteria encompassed: (1) English-language
publications addressing U.S. green tariff programs, (2)
documents containing empirical data or case studies of
program implementation, (3) regulatory filings and utility
program proposals, and (4) industry reports from
recognized authorities. Exclusion criteria eliminated
international programs, residential-focused initiatives, and
purely promotional materials lacking substantive analysis.

3.3. Analytical Framework

The analysis employs a mixed-methods approach
combining quantitative program metrics with qualitative
assessment of design features and stakeholder perspectives.
Quantitative  analysis examines program capacity,
subscription rates, pricing structures, and renewable energy
deployment outcomes.

Qualitative analysis utilized thematic coding to identify
recurring design elements, implementation challenges, and
success factors across programs. The coding process
involved:

e Initial coding: Identifying design features, barriers, and
outcomes
e Axial

categories

coding: Establishing relationships between
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e Selective coding: Developing overarching themes
linking design to effectiveness

Comparative analysis was employed to assess how
different program design with
deployment outcomes, participation rates, and stakeholder
satisfaction. This approach enabled identification of best
practices and common pitfalls across diverse regulatory

features correlate

environments.

The review framework incorporates multiple theoretical
lenses including transaction cost economics, regulatory
economics, and innovation diffusion theory to interpret
findings.  This approach enables
comprehensive understanding of green tariffs as both
regulatory instruments and market mechanisms.

multidisciplinary

3.4. Data Limitations

Several limitations affect the data sources used in this
review. Utility self-reporting may introduce positive bias in
program outcomes, as utilities have incentives to highlight
successes. Regulatory filings, while official, may not capture
implementation challenges or customer dissatisfaction.
Grey literature from industry associations may reflect
member interests. To address these limitations, the analysis
triangulates findings across multiple source types and
explicitly notes where evidence conflicts.

4. Results and Analysis

4.1. Current Landscape of Green Tariff Programs

As of 2023, the Clean Energy Buyers Association
identifies 50 approved green tariff programs across 40
utilities, with an additional 12 programs pending regulatory
approval [5]. The evolution of these programs demonstrates
remarkable growth from just 2 programs in 2013 to the
current landscape, with cumulative capacity increasing
from 50 MW to over 5,700 MW (Figure 2). This growth
trajectory reflects both increasing corporate demand and
utility recognition of green tariffs as strategic offerings [53].

4.2. Regional Distribution and Program Characteristics

Geographic distribution shows concentration in states
with strong renewable resources and progressive energy
policies, though programs increasingly appear in
traditionally coal-dependent regions seeking economic
diversification [53]. Regional analysis reveals the West leads
with 18 programs, followed by the Southeast with 15
programs, demonstrating broad national adoption (Figure
3).

Program characteristics vary significantly across
jurisdictions, reflecting local regulatory frameworks,
renewable resource availability, and customer demand
profiles. Minimum participation thresholds range from 100
kW to 10 MW, effectively limiting access to large commercial

and industrial customers [54]. Contract terms typically span
10-20 years, aligning with renewable project financing
requirements while providing long-term price stability for
participants [55].

60 6000
=== Active Programs

45 = Capacity (MW) 4500
u
£ o'
= &
g g
[=% o

30 3000
6 a
3 2
£ =
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15 1500

0 0
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Year

Figure 2: Green Tariff Program Evolution (2013-2023)

Scale adjusted to 0-3000 MW for clarity
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Figure 3: Regional Distribution of Green Tariff Programs

Table 2: Green Tariff Program Distribution by Region

Region Number of | Total Major
Programs | Capacity Participants
(MW)

Southeast | 15 2,100 Duke,
Dominion,
Georgia Power

Midwest | 12 1,800 Xcel, DTE, AEP

West 18 2,500 PG&E, PSE,
NV Energy

Southwest | 5 1,300 APS, SRP,
PNM

4.3. Program Design Analysis

Comprehensive analysis of existing programs reveals
several design categories with distinct characteristics and
outcomes. Figure 4 illustrates the distribution of program
types, with subscriber models dominating at 45% of
approved programs, followed by sleeved PPAs at 30%,
market-based structures at 15%, and hybrid models at 10%

WWWw.jenrs.com

Journal of Engineering Research and Sciences, 4(8): 01-17, 2025 5


http://www.jenrs.com/

¢} JENRS

S. Shah, Green Tariffs as Market Accelerators

[56]. Each model offers distinct trade-offs between customer
flexibility, risk allocation, and implementation complexity.

. Subscriber Models . Sleeved PPAs

Market-Based

B Hybrid/Other

Figure 4: Distribution of Green Tariff Program Types

Table 3: Comparison of Green Tariff Program Models

Model Custom | Risk Comple | Typical
Type er Allocation | xity Capacit
Choice y
Range
Subscriber | Limited | Utility Low 200kW-
bears most 5MW
Sleeved High Shared Medium | IMW -
PPA 50MW
Market- Medium | Customer | High 5MW+
based bears most
4.3.1.  Subscriber Models

Subscriber programs represent the most common
structure, accounting for approximately 45% of approved
programs [56]. These programs aggregate customer demand
to support utility-procured renewable projects, offering
standardized terms and simplified administration.
Successful examples include:

e Xcel Energy's Renewable*Connect (Colorado): Offers
flexible subscription blocks starting at 200 kW, with
pricing at approximately $0.02/kWh premium over
standard rates [57]. The program achieved full
subscription of 50 MW within six months, prompting
expansion proposals [39].

e Puget Sound Energy's Green Direct: Provides 100%
renewable energy from dedicated wind and solar
resources at competitive rates, attracting major
customers including Microsoft, Starbucks, and Target
[58]. The program's success stems from transparent
pricing, long-term contracts, and local economic
benefits [31].

4.3.2.  Sleeved PPA Structures

Sleeved PPA programs enable greater customer choice
in project selection while maintaining utility administration,
representing approximately 30% of programs [59]. These
structures appeal to sophisticated buyers seeking specific
project attributes:

e Duke Energy's Green Source Advantage: Facilitates
direct negotiations between customers and developers,
with Duke managing interconnection and contract
administration [60]. The program has enabled over 1,000
MW of solar development, demonstrating scalability of
the sleeved model [33].

e Dominion Energy's Renewable Energy Supply: Allows
customers to identify specific projects meeting their
requirements, with Dominion providing transmission
and balancing services [61]. Despite flexibility, complex
negotiations have limited participation to large,
sophisticated buyers [35].

4.3.3. Market-Based Rates

Market-based programs expose customers to wholesale
market prices plus renewable premiums, representing
approximately 15% of programs [62]. While offering
transparency, market volatility has limited adoption:

e AEP's Renewable Energy Purchase Tariff: Links
customer rates to PJM wholesale prices plus renewable
energy costs, providing direct market exposure [63].
Limited uptake reflects customer preference for price
certainty over market optimization [64].

4.3.4.  Hybrid and Innovative Models

Emerging programs combine elements from multiple
models or introduce novel features:

e NV Energy's Green Energy Rate: Incorporates time-of-
use pricing with renewable energy procurement,
encouraging load shifting to maximize renewable
utilization [65]. This innovation addresses grid
integration challenges while providing customer value
[66].

e Portland General Electric's Green Future Impact:
Combines subscriber model with community benefits,
dedicating portion of revenues to low-income
renewable programs [67]. This approach addresses
equity concerns while maintaining program viability
[68].

4.4. Pricing Structures and Economics

Green tariff pricing encompasses multiple components
that significantly influence program attractiveness and
viability [69]. Analysis of 30 programs with publicly
available pricing data reveals common structures and
ranges:
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Table 4: Green Tariff Pricing Component

Component Typical Purpose Impact on
Range Adoption
Renewable $0.01- Cover Primary
Premium 0.04/kWh | above- adoption
market barrier
renewable
costs
Administrativ | $100- Program Minor
e Fee 500/mont management | impact
h costs
Transmission $0.005- Grid Varies by
Charges 0.02/kWh | integration location
costs
Risk Premium | 0-10% of Credit, Significan
Project developmen | t for small
cost t risks customers

Economic analysis indicates that green tariff participants
typically experience 5-15% higher electricity costs compared
to standard service, though long-term contracts provide
hedge value against future price volatility [70]. Return on
investment calculations must incorporate multiple factors
including REC ownership value, sustainability reporting
benefits, and potential carbon pricing exposure [71].

Scale adjusted 0-12 $/MWh for improved visibility

$10-40/MwWh
0-10% of cost

Cost (§/MWh)

$5-20/MWh
2
T
|

Renewable Administrative Transmission Risk
Premium Fee Charges Premium

Figure 5: Green Tariff Component Ranges

4.5. Corporate Participation Patterns

Analysis of participation data reveals distinct patterns in
corporate adoption of green tariff programs. Technology
companies represent the largest participant category,
accounting for approximately 40% of subscribed capacity
[72]. This reflects both
commitments and 24/7 operational profiles that align with
renewable generation patterns [73].

concentration sustainability

Geographic factors significantly influence participation,
with companies prioritizing facilities in states offering green
tariff programs for renewable energy procurement [74].

This "green tariff effect” on facility siting decisions
demonstrates programs' economic development potential
[75].

Company size analysis reveals bimodal distribution,
with large multinationals (>$10B revenue) accounting for
45% of participation and regional leaders ($100M-1B)
representing 20% of the market. Mid-size companies often
lack resources for complex negotiations while smaller firms
fall below minimum thresholds [76].

40

Percentage (%)

Figure 6: Green Tariff Participation by Industry Sector

4.5.1.  Equity and Participation Barriers

Participation analysis reveals significant barriers for
small and mid-sized companies:

Minimum Load Thresholds: Programs typically require
100 kW to 10 MW minimum participation, excluding
approximately 95% of commercial customers. These
thresholds reflect utilities' administrative cost recovery
needs but create systematic exclusion.

Transaction Complexity: Even "simplified" subscriber
programs require:

Legal review of 20-50 page contracts

Financial analysis of 10-20 year commitments

Internal approval processes taking 3-12 months

Estimated transaction costs of $50,000-200,000

These Dbarriers effectively limit participation to
companies with dedicated sustainability staff and
significant  legal/financial =~ resources,  perpetuating

inequitable access to renewable energy benefits.

4.6. Renewable Energy Deployment Outcomes

Quantifying green tariff impacts on renewable energy
deployment establish
additionality. The claim that green tariffs accelerate
renewable deployment by 2-3 years is based on comparative
analysis of:

requires careful analysis to

e Contracted Capacity: Over 5700 MW renewable
capacity contracted through green tariffs as of 2023 [5].
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e Operational Projects:
operational,  with
development [77].

e Technology Mix: 65% solar, 30% wind, 5% other
renewable sources (Figure 7) [78].

Approximately 3,500 MW
remaining capacity  under

e Geographic Distribution: Projects concentrated in
high-resource areas but increasingly spreading to load
centers [79].

Figure 7: Renewable Technology Mix in Green Tariff Programs

4.6.1. Additionality Assessment

The claim that green tariffs accelerate renewable
deployment by 2-3 years is based on comparative analysis
of:

1. Baseline Scenario: Utility integrated resource plans
(IRPs) filed before green tariff implementation showing
planned renewable additions

2. Actual Deployment: Renewable projects developed
under green tariff programs

3. Acceleration Calculation: Difference between IRP-
projected dates and actual commercial operation dates

For example, Duke Energy's 2018 IRP projected 1,200
MW of solar additions by 2028. However, Green Source
Advantage program contracts signed in 2019-2020 brought
800 MW online by 2022—6 years ahead of IRP schedule.
Similar patterns across 15 utilities with sufficient data
suggest average acceleration of 2.4 years, with assumptions:

e Utilities would eventually add renewable capacity for
economic/RPS compliance reasons

e Corporate demand signals accelerate investment
decisions

e Regulatory approval processes remain constant

Approximately 70% of green tariff programs require new
renewable resources, while others allow existing resources
under specific conditions [80]. Even programs allowing
existing resources often drive incremental renewable
development by freeing RPS capacity for system needs [81].

4.7.  Stakeholder Perspectives

Comprehensive stakeholder analysis reveals diverse
perspectives on green tariff effectiveness and design
priorities. Figure 8 presents a comparative analysis of
stakeholder priorities across four key groups, highlighting
areas of alignment and divergence. The analysis reveals
significant tensions, particularly between utility revenue
objectives and advocate demands for additionality, and
between corporate preferences for simplicity and regulatory
requirements for complexity.

Additionality
’f\

Risk Management Price Stability

Community Benefits L= Flexibility

Simplicity
M Corporate Buyers mUtilities m Regulators mm Advocates

Figure 8: Stakeholder Priority Comparison

4.7.1.  Corporate Buyers

Corporate participants emphasize several key priorities [82]:

e Additionality: Strong preference for new renewable
projects that demonstrate clear environmental impact.

e Price Stability: Long-term fixed pricing to support
budget planning and hedge against volatility.

e Flexibility: Ability to adjust participation levels as
operations change.

e Simplicity: Streamlined processes compared to bilateral
PPAs.

¢ REC Ownership: Retention of environmental attributes
for sustainability reporting.

Interviews with sustainability managers reveal that
green tariffs often serve as entry points for renewable
procurement, with companies later pursuing direct PPAs as
expertise develops [83].

4.7.2.  Utilities

Utility perspectives reflect balancing multiple objectives
[84]:

e Revenue Stability: Long-term contracts with
creditworthy customers enhance financial planning

e Customer Retention: Green tariffs help retain large
customers considering competitive options

e Regulatory Compliance: Programs must satisfy
regulatory requirements while maintaining flexibility
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e Operational Integration: Renewable resources must
integrate smoothly with system operations

e Risk Management: Appropriate allocation of

development, market, and credit risks
Utility interviews indicate growing recognition of green
tariffs as strategic offerings that enhance competitiveness
and customer relationships [85].

4.7.3.  Regulators

Public utility commissions express varied concerns [86]:
e Ratepayer Protection: Ensuring non-participants don't
subsidize program costs.

e Market Competition: Balancing utility offerings with
competitive market development.

e Environmental Benefits:

environmental improvements.

Verifying ~ genuine

¢ Economic Development: Leveraging programs for job
creation and investment.

e Equity Considerations: Addressing accessibility for
smaller customers and communities.

Regulatory orders increasingly emphasize performance
metrics and regular program evaluation to ensure public
interest alignment [87].

4.7.4.  Environmental Advocates

Environmental maintain critical

perspectives [88]:

organizations

e Additionality Requirements: Advocating for strict new
resource requirements

e Interaction with RPS: Ensuring programs expand
rather than reallocate renewable energy

e Community Benefits: Promoting local hiring and
community investment requirements

¢ Environmental Justice: Addressing historical inequities
in energy infrastructure siting
e Transparency: Demanding public reporting of program
outcomes and impacts
Environmental group positions have evolved from initial

skepticism toward conditional support for well-designed
programs [89].

5. Discussion

5.1. Key Success Factors

Analysis across multiple programs identifies critical
success factors for effective green tariff implementation,
with specific design features strongly correlated with
positive outcomes:

5.1.1.  Regulatory Framework

Programs with explicit legislative authorization show 3x
faster deployment than those relying solely on regulatory

approval [90]. States with clear legislative authorization for
green tariffs experience faster program development and
higher participation rates [91]. Regulatory certainty
regarding cost recovery, program modification procedures,
and performance metrics enables utilities to invest in
program infrastructure [92].

Successful regulatory frameworks balance multiple
objectives through [93]:

e Performance-based metrics linking utility incentives to
program outcomes

e Regular review cycles enabling iterative improvements

e Stakeholder engagement processes ensuring diverse
input

e C(Clear cost
participants

allocation principles protecting non-

5.1.2.  Program Design Flexibility

Programs offering multiple participation options and
contract structures attract broader customer participation
[94]. Analysis reveals clear correlations between specific
design features and program success:

Flexibility Features Correlated with High Uptake
(>80% subscription):

e  Multiple contract term options (5, 10, 15, 20 years): +35%
participation

e Partial requirement serving (25%, 50%, 75%, 100%):
+28% participation

e Technology choice options: +22% participation

e Transferability provisions: +18% participation

5.1.3.  Pricing Competitiveness

Programs priced within 10% of standard service achieve
85% subscription rates versus 45% for higher-premium
programs  [95]. Successful ~ programs  achieve
competitiveness through:

e Economies of scale in procurement

o Efficient risk allocation between parties

e Transparent pricing structures

e Value stacking of multiple benefit streams

Pricing Structures Correlated with Rapid Subscription:

e Fixed premium structures: 6-month average to full

subscription

e Market-indexed pricing: 18-month average to full
subscription

e Hybrid pricing options: 9-month average to full
subscription.

5.1.4.  Stakeholder Alignment

Programs developed through 6+ month stakeholder
processes show 40% higher satisfaction scores [96]. Best
practices include:
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e Early engagement customers to

understand needs

with  potential

e Regular dialogue with environmental advocates
e Transparent reporting of program outcomes

e Adaptive management responding to feedback

5.2. Market Transformation through Product Differentiation

Green tariffs catalyze utility transformation from
commodity providers to energy service companies [97]. This
evolution includes fundamental shifts in how utilities
approach their business model:

Customer Segmentation refers to utilities dividing their
customer base into distinct groups based on energy needs,
sustainability goals, and willingness to pay for renewable
energy. Green tariffs enable utilities to
environmentally-conscious customers separately from
price-sensitive customers, optimizing service offerings for
each segment. For example:

serve

e Price-sensitive customers: Continue receiving standard
system mix electricity

e Sustainability-focused customers: Pay premium for
100% renewable energy

e Balanced approach customers: Choose 25% or 50%
renewable options

Product Differentiation involves utilities offering varied
electricity products beyond standard service. Through green
tariffs, utilities can offer:

e Standard electricity service (system mix)
e Partial renewable options (25%, 50% renewable)
e 100% renewable energy service
e 24/7 carbon-free energy matching
e Renewable energy with local project selection
e Community solar participation options
This differentiation transforms utilities from commodity
providers to energy service companies, similar to how

telecommunications evolved from basic phone service to
diverse communication packages.

5.3.  Government Subsidies and Renewable Energy Support

Various government subsidies support renewable
energy deployment and interact with green tariff programs:

Federal Level:
e Investment Tax Credit (ITC): 30% tax credit for solar
projects through 2032

e Production Tax Credit (PTC): $0.0275/kWh for wind
projects (2024 value)

e Modified Accelerated Cost
(MACRS): 5-year depreciation for renewable assets

Recovery System

e USDA REAP Grants: Up to 50% funding for rural
renewable projects

e DOE Loan Guarantee Program: Federal backing for
innovative energy projects

e Clean Energy Investment Tax Credits: Extended and
expanded under the Inflation Reduction Act

State Level Examples:

e Renewable Energy Credits (RECs): Market value $5-
50/MWh depending on state

e Property tax exemptions: 100% exemption in 38 states
for renewable energy equipment

e Sales tax exemptions: Equipment purchases exempt in
25 states

e Grant programs: $0.10-1.00/W for solar installations in
leading states

e Net metering policies: Retail rate credit for excess
generation in 41 states

¢ Green banks: State-sponsored financing in 15 states

These subsidies reduce renewable energy costs by 20-
40%, enabling green tariffs to offer competitive pricing while

maintaining utility = profitability. However, subsidy

dependence creates policy risk that programs must address
through contract structures. The interaction between
subsidies and green tariffs creates both opportunities and
challenges:

Opportunities:

e Lower renewable costs enable competitive green tariff
pricing

e Subsidy pass-through can reduce customer
premiums

e Tax equity financing expands project development
capacity

Challenges:

e DPolicy uncertainty affects long-term contract pricing

e Subsidy phase-outs may increase future costs

e Complex interactions with utility rate structures
5.4. Barriers and Mitigation Strategies

Despite growing success, significant barriers continue

limiting green tariff effectiveness. Table 5 maps identified
barriers to specific mitigation strategies:

WWww.jenrs.com

Journal of Engineering Research and Sciences, 4(8): 01-17, 2025 10


http://www.jenrs.com/

@3 JENRS

S. Shah, Green Tariffs as Market Accelerators

Table 5: Barriers and Corresponding Mitigation Strategies

Barriers Impact Mitigation | Implementati
Strategy on Example
Capacity Programs | Phased Xcel’s multi-
Constraints | reach full | expansion, | tranche
subscripti | reservation | approach
on quickly | systems
Complexity | Deters Standardiz | PSE’s
smaller ed streamlined
customers | contracts, enrollment
online
platforms
Additionalit | Questions | New Google’s 24/7
y Concerns | about resource CFE
environme | requiremen | standards
ntal ts, time
impact matching
Transaction | High Aggregatio | CEBA buyer
Costs administra | n options, | coalitions
tive technical
burden assistance
5.4.1.  Capacity Constraints

Limited program capacity remains the primary barrier,
with many programs fully subscribed shortly after launch

[98]. Mitigation strategies include:

e Phased Expansion: Planning multiple tranches based
on demonstrated demand

e Reservation Systems: Allowing customers to signal
future interest

e Portfolio Approaches: Developing diverse project
pipelines

e Regional Coordination: Aggregating demand across
utility territories
54.2.  Complexity and Transaction Costs

Program complexity deters smaller customers and

increases administrative burden [99]. Simplification

strategies include:

e Standardized Contracts: Reducing negotiation
requirements

e Online Platforms: Automating enrollment and
management

e Aggregation Options: Enabling smaller customers to
participate jointly

e Technical Assistance: Providing education and

support services

5.4.3. Additionality Concerns

Ensuring genuine environmental benefits remains
contentious [100]. Strengthening additionality involves:

¢ New Resource Requirements: Mandating recently
constructed projects

e Geographic Proximity: Prioritizing local renewable
development

e Time Matching: with

consumption patterns through hourly matching rather

Aligning  generation

than annual netting

e Impact Measurement: Quantifying emission

reductions and grid benefits

Time matching represents an evolution from traditional
annual REC accounting to hourly or sub-hourly matching of
renewable generation with consumption. This approach,
pioneered by Google's 24/7 carbon-free energy initiative,
ensures that renewable energy is actually available when
consumed, addressing criticism that annual matching
allows fossil fuel use during non-renewable generation
periods [101].

5.5. Market Transformation Potential

Green tariffs demonstrate significant potential for

transforming  electricity ~markets and accelerating
decarbonization:
5.5.1.  Utility Business Model Evolution

Green tariffs catalyze utility transformation from

commodity providers to energy service companies [97]. This
evolution includes:

o Customer segmentation based on sustainability

preferences
e Product differentiation beyond basic electricity service

e Partnership approaches replacing traditional vendor
relationships

e Performance-based metrics supplementing cost-of-

service regulation

5.56.2.  Corporate Procurement Maturation

Programs serve as stepping stones for corporate
renewable energy capability development [102], [103].
Maturation pathway typically involves:

1. Initial REC purchases for basic compliance

2. Green tariff participation for simplified renewable

procurement

3. Direct PPA negotiation as expertise develops
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4. Portfolio optimization across multiple procurement
mechanisms

5.5.3.  Regulatory Innovation
Success with green tariffs encourages broader regulatory
innovation [104]:

e Performance-based ratemaking incorporating

environmental metrics

e Integrated resource planning prioritizing customer
preferences

e  Market mechanisms within regulated frameworks

¢ Regional coordination of renewable development
5.6. Future Directions

Several trends shape the future evolution of green tariff
programs. Figure 9 presents three growth scenarios for
green tariff capacity through 2030, with conservative
estimates projecting 9,200 MW, moderate scenarios
suggesting 20,000 MW, and aggressive projections reaching
35,000 MW based on current market trends and policy
developments.

5.6.1.  24/7 Carbon-Free Energy

Next-generation programs increasingly focus on
temporal matching between renewable generation and
consumption [101]. Google's partnership with NV Energy
for geothermal-powered data centers exemplifies this trend

[104]. Achieving 24/7 matching requires:

e Diverse renewable

resources

portfolios including baseload

e Advanced storage integration
¢ Sophisticated load management

e Real-time tracking systems

6000
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Figure 9: Projected Green Tariff Growth Scenarios (2024-2030)

Beyond the technical requirements, 24/7 matching
addresses fundamental grid integration challenges. As

renewable penetration increases, the value of generation
that matches consumption patterns increases, making
baseload renewables like geothermal and renewable-plus-
storage configurations increasingly important [105].

5.6.2.  Equity and Access

Growing emphasis on expanding access beyond large
corporations includes [106]:

¢ Community solar integration enabling smaller customer
participation

e Environmental justice provisions ensuring equitable
benefit distribution

e Workforce development requirements creating local
employment

¢ Disadvantaged community investment mandates

5.6.3.  Technology Integration

Emerging technologies enhance program capabilities
[105]:
¢ Blockchain systems for REC tracking and verification
e Artificial intelligence for load-generation matching
optimization
e Virtual power plants aggregating distributed resources

e Advanced forecasting improving renewable integration

5.6.4.  Carbon Market Integration

Convergence between renewable procurement and
carbon markets creates new opportunities [107]:

e Carbon credit generation from additional renewable
deployment

Integration with compliance carbon markets

e Premium products for net-zero commitments

International linkages supporting global corporations

6. Policy Implications and Recommendations
6.1. For Policymakers and Regulators

e Establish Clear Legislative Frameworks: States should
enact legislation explicitly authorizing green tariffs and
providing regulatory guidance [108]. Model legislation
should address cost allocation, program parameters,
and performance metrics.

e Implement Performance-Based Incentives: Link utility
revenue opportunities to program success metrics
including capacity deployed, customer satisfaction, and
environmental outcomes [109].

e Mandate Regular Program Evaluation: Require periodic
reviews examining additionality, cost-effectiveness, and
market impacts with stakeholder input [110].
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e Coordinate Regional Approaches: Develop interstate
coordination mechanisms enabling larger renewable
projects and reducing transaction costs [111].

e Address Equity Concerns: Incorporate provisions
ensuring program benefits extend to disadvantaged
communities through job creation, bill savings, and
environmental improvements [112].

6.2. For Utilities

e Develop Portfolio Approaches: Offer multiple program
options catering to diverse customer needs and
capabilities [113].

e Invest in Digital Infrastructure: Deploy modern
platforms enabling efficient program administration
and customer engagement [114].

e Build Internal Capabilities: Develop expertise in
renewable project development, customer engagement,
and sustainability services [115].

e [Engage Proactively with Stakeholders: Establish
ongoing dialogue with customers, regulators, and
advocates to refine program design [116].

e Plan for Scale: Design programs with expansion
capability to meet growing demand efficiently [117].

6.3. For Corporate Buyers

e Assess Procurement Options Holistically: Evaluate
green tariffs alongside PPAs, on-site generation, and
other mechanisms for optimal portfolio [118].

e Engage Early in Program Development: Participate in
utility stakeholder processes to ensure programs meet
corporate needs [119].

e Collaborate with Peers: Form buyer coalitions to
aggregate demand and influence program design [120].

e Demand Transparency: Require clear reporting on
environmental impacts, pricing components, and
program performance [121].

e Consider Long-term Strategy: Use green tariffs as part
of comprehensive decarbonization pathway including
efficiency and electrification [122].

7. Limitations

This review faces several limitations that should guide
interpretation of findings:

7.1. Attribution Challenges

Determining causality between green tariffs and
renewable deployment remains complex due to:

e Multiple simultaneous drivers: RPS requirements,
economic factors, and corporate demand all influence
renewable development.

¢ Counterfactual uncertainty: Impossible to know
definitively what would have happened without green
tariffs.

e Data limitations: Utilities rarely disclose internal
decision-making processes that would clarify
attribution.

7.2. Geographic Scope

The U.S.-focused analysis limits global applicability
because:

e Regulatory structures differ: Other countries have
fundamentally different utility regulation models

e  Market designs vary: Mix of regulated vs. competitive
markets differs internationally

e Cultural contexts matter: Corporate sustainability
drivers vary by region

7.3. Temporal Constraints

Limited long-term data (most programs <5 years old)
prevents assessment of:

e Sustained transformation: Whether initial market

changes persist over time

e Contract performance: How well long-term agreements
hold up

e Regulatory evolution: How programs adapt through
multiple regulatory cycles

7.4. Data Availability

Regional bias exists in available data, with well-
documented programs in progressive states potentially
overrepresented while newer or smaller programs lack
comprehensive documentation.

8. Conclusions

Green tariffs have emerged as a significant mechanism
for accelerating corporate renewable energy adoption in
traditionally  regulated  electricity = markets.  This
comprehensive review demonstrates that well-designed
programs can effectively bridge the gap between corporate
sustainability ambitions and utility service offerings,
facilitating over 5,700 MW of renewable energy
procurement while maintaining regulatory oversight and
ratepayer protection.

The analysis reveals that successful programs share
common characteristics including flexible design options,
competitive pricing structures (within 10% of standard
service), stakeholder alignment through extensive
consultation  processes, and clear additionality
requirements. Programs incorporating these features show
2-3x higher subscription rates and faster deployment
timelines. The evidence suggests that green tariffs can
accelerate renewable deployment by 2-3 years compared to
utility planning processes alone, but only when designed
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with  strong additionality = requirements, flexible
participation options, and competitive pricing structures.

However, significant challenges remain. Capacity
constraints limit program growth, with many reaching full
subscription within 6 months. Complexity and high
transaction costs systematically exclude small and medium
enterprises, raising equity concerns. Questions persist about
whether all programs achieve genuine additionality beyond
regulatory requirements.

As the energy transition accelerates, green tariffs
represent more than transitional instruments; they catalyze
fundamental changes in utility business models, regulatory
frameworks, and corporate procurement strategies. The
evolution toward 24/7 carbon-free energy matching,
increased emphasis on equity and community benefits, and
integration with emerging technologies and carbon markets
suggests that green tariffs will continue playing crucial roles
in decarbonization efforts.

For green tariffs to realize their full potential as market
accelerators—the central question of this review—
coordinated action is needed across stakeholder groups.
Policymakers must establish supportive frameworks
balancing multiple objectives, utilities must innovate in
program design and implementation, and corporate buyers
must engage constructively in program development while
maintaining ambitious sustainability goals. Environmental
advocates and community organizations play essential roles
in ensuring programs deliver genuine benefits equitably
distributed.

Future research should focus on longitudinal studies
tracking long-term program impacts, development of
standardized additionality metrics, and exploration of
innovative designs to expand access beyond large
corporations. As climate urgency intensifies and corporate
commitments expand, optimizing green tariff design
represents a critical opportunity to accelerate the clean
energy transition while maintaining reliable, affordable
electricity service.

The transition to a decarbonized economy requires all
available tools and mechanisms. Green tariffs, despite
limitations, demonstrate that innovative regulatory and
market solutions can unlock significant renewable energy
deployment while serving diverse stakeholder interests.
Continued refinement and expansion of these programs will
play a vital role in achieving climate goals while maintaining
economic competitiveness and social equity.
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