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ARTICLE INFO ABSTRACT

Utility revenue-cycle systems built on SAP Meter-to-Cash architectures, spanning
Customer Information Systems, Meter Data Management, and Financial Contract
Accounting (FI-CA), were designed for periodic, deterministic billing cycles. The
proliferation of distributed energy resources, electric vehicles, and large flexible loads
such as artificial intelligence data centers has introduced revenue exposure that shifts
faster than these systems were built to govern. This paper develops an enterprise
architecture framework for delegating specific revenue-management functions,
billing exception handling, revenue protection, settlement, and credit risk
assessment, to autonomous software agents operating within a governed SAP
execution layer (FI-CA, Business Al, Joule, Agent Builder). Rather than treating the
entire utility enterprise as a single agent ecosystem, the framework isolates the
revenue-management layer and specifies a tiered decision-authority model in which
agent autonomy varies by decision type: full authority for reversible, high-volume
decisions; shared authority for financially material actions; and no autonomous
authority for disconnections, rate filings, or regulatory submissions. The framework
is examined through an illustrative case constructed for a representative mid-sized
North American utility and grounded in enterprise implementation experience with
SAP FI-CA exception remediation. Findings suggest that governed agent delegation
can compress revenue-protection response times materially relative to manual
escalation processes, although the illustrative figures presented are exploratory
rather than empirically validated. The paper's contribution is a decision-authority
model specific to utility revenue management, extending prior enterprise-
architecture and agent-governance literature, which has largely treated utility
digitalization as an undifferentiated whole rather than isolating the financial control
layer.

Keywords: Enterprise architecture; Revenue management systems; Agent-to-agent
AI; Meter-to-cash; SAP Business Al; Utility digital transformation

1. INTRODUCTION

Utility revenue-cycle management has, for most of the industry's history, run on a predictable cadence. A meter reads
consumption, a bill calculates charges against tariff rules, and a financial contract-accounting ledger posts and
collects the result. SAP's Meter-to-Cash architecture, spanning the Industry Solution for Utilities (IS-U), Convergent
Invoicing, and Financial Contract Accounting (FI-CA), was engineered for exactly this cadence: periodic, rule-based,
and largely deterministic.

That cadence no longer matches the underlying business. Distributed solar generation, behind-the-meter battery
storage, electric vehicle charging, and hyperscale artificial intelligence data centers introduce revenue exposure that
moves in minutes rather than billing cycles. Global electricity demand tied to Al-optimized data centers is projected
to grow substantially over the next decade (International Energy Agency, 2025), and a single curtailment event, net-
metering true-up, or demand-response settlement can carry more financial materiality than an entire month of
routine billing activity, even though the systems that would need to price, settle, and reconcile such events remain
organized around monthly and quarterly processing windows. This shift is part of a broader pattern in which digital
technologies disrupt established value-creation paths and force organizational responses (Vial, 2019), though most
digital-transformation research examines this disruption at the level of the whole organization rather than within a
single financially sensitive subsystem such as revenue management.
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Two literatures speak to this problem without fully resolving it for the revenue-management function specifically.
Enterprise architecture research treats governance and system-of-record integrity as first-order design concerns
(Zachman, 1987), but predates the practical emergence of autonomous software agents capable of executing, not
merely recommending, financial decisions. Multi-agent systems research (Wooldridge & Jennings, 1995) and its
more recent extension into agentic artificial intelligence establish that software agents can coordinate complex,
distributed decisions, but this literature has been applied to utility operations largely at the level of the whole
enterprise: grid balancing, asset maintenance, customer engagement, and regulatory compliance addressed together,
with revenue management appearing as one function among several rather than as a governance problem in its own
right. Enterprise Al adoption research reinforces that this gap has practical consequences: a recent global survey
finds that 78 percent of organizations report using Al in at least one business function while only 39 percent report
measurable enterprise-level financial impact, and 62 percent are experimenting with Al agents specifically without
yet having scaled them (Singla et al., 2025), a pattern consistent with agent deployments that are broad in scope but
shallow in the governance detail any single function requires.

This gap matters because revenue management carries distinct constraints that grid operations or asset management
do not share to the same degree. Billing and settlement actions are financially and legally consequential, subject to
state and federal reporting obligations, and directly visible to customers in ways that predictive maintenance
scheduling, for instance, is not. An architecture appropriate for delegating asset-inspection scheduling to an agent is
not automatically appropriate for delegating a customer disconnection or a rate settlement.

This paper addresses that gap by developing a decision-authority framework specific to the revenue-management
layer of utility enterprise architecture. The framework builds on SAP's existing Meter-to-Cash components as the
governed system of record, and specifies how autonomous agents, built on SAP Business Al, Joule, and Agent Builder,
can be granted full, shared, or no decision authority depending on the financial and regulatory characteristics of the
decision type. The framework's propositions are examined against an illustrative case constructed for a representative
utility and grounded, where possible, in enterprise implementation experience with FI-CA exception remediation.
The remainder of the paper reviews the relevant architecture and agent-governance literature, develops three
propositions about authority allocation, describes the illustrative case method, presents the framework and case
analysis, and closes with theoretical and managerial implications.

2. THEORETICAL BACKGROUND AND PROPOSITIONS

2.1. Enterprise architecture governance in regulated utilities

Enterprise architecture frameworks were developed to give large organizations a disciplined way to align business
process, data, application, and technology layers (Zachman, 1987). The Open Group's TOGAF standard formalized
this into a repeatable architecture development method, and utilities have historically applied it to sequence large
systems investments such as IS-U and FI-CA rollouts (The Open Group, 2022). Broader digital-technology adoption
in the energy sector, including Al, is already visible through labor-market signals such as technology-specific job
postings (Lyu & Liu, 2021), suggesting utilities are absorbing AI capability faster than their architecture-governance
practices have adapted to supervise it.

What TOGAF-style governance does not by itself address is decision authority once a system is live: architecture
frameworks specify how systems should be built and integrated, not which decisions inside those systems may be
executed without a human in the loop. As utilities layer Al agents onto existing FI-CA and IS-U environments, this
gap becomes operationally relevant rather than purely theoretical, because the enterprise architecture that governs
system design increasingly needs to also govern agent authority.

2.2, From robotic process automation to autonomous agents in revenue-cycle management

Robotic process automation was the first widely adopted mechanism for reducing manual effort in utility and
financial back-office functions, and its adoption record in adjacent industries is informative. A qualitative study of 14
RPA leaders and a survey of 139 RPA frontline workers in Big 4 accountancy firms found that automation changes
the character of work more than it eliminates it and that RPA leaders and staff differ on whether the impacts are
perceived positively or negatively (Cooper et al., 2022). Other work has directly considered risks, explaining that RPA
scripts automating an imperfect business process simply mimic the process more rapidly and advocating governance

frameworks to prevent RPA scripts propagating flaws at scale (Eulerich et al., 2024).

Field studies support the findings of dedicated governance: interviews with 24 experts (across 19 interviews) from 16
large, US- and European-based companies show that organizations that put formal ownership, monitoring, and
escalation rules around their automation estate have materially fewer downstream incidents than those for whom

governance comes as an afterthought (Kokina et al., 2026). Meanwhile, although there has been meaningful
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experimentation and research into multi-agent systems with similar utility functions such as demand-response
aggregation (e.g. with a bibliometric analysis of 587 Scopus-indexed documents supporting 39 core studies), the same
is noticeably not true for the revenue-management layer.

Agentic artificial intelligence, in which large language model-based agents plan and execute multi-step tasks rather
than following a fixed script, extends this trajectory but does not remove the underlying governance requirement;
recent syntheses of the agentic Al literature explicitly flag opaque decision-making and limited human oversight as
unresolved risks rather than solved problems (Brohi et al., 2025), and broader systematic reviews of agentic
intelligence research identify governance and oversight as the least mature dimension of the field relative to technical
capability (Tirulo et al., 2026). Hammer's (1990) earlier observation that organizations should redesign a process
before automating it, rather than simply accelerating a flawed one, applies with particular force to revenue
management, where the underlying FI-CA exception-handling logic often predates the automation layer being placed
on top of it.

2.3. SAP FI-CA/BRIM as a governed execution layer for financial agents

SAP's Financial Contract Accounting module, together with the Billing and Revenue Innovation Management (BRIM)
components (Subscription Order Management, Convergent Charging, and Convergent Invoicing), already function
as the system of record for utility revenue transactions: rate determination, invoice calculation, payment application,
and collections. This existing structure matters for agent governance because autonomous revenue-management
agents do not need to be granted direct write access to a ledger of record; they can instead be scoped to propose,
validate, or execute specific transaction types within FI-CA's existing authorization and audit-trail structure,
operating under the same information-security management controls the utility already maintains for its core
financial systems (ISO/IEC, 2022), with SAP Business Al and Joule providing the reasoning layer and Agent Builder
providing the orchestration layer.

This is a materially different governance posture from agent architectures built on grid-control systems, where the
operational control layer is deliberately kept outside AI participation because of millisecond-scale reliability
requirements. Revenue-management decisions typically tolerate latency measured in minutes rather than
milliseconds, which is precisely the latency band in which agent-based reasoning is best suited to operate.

2.4. Propositions
Three propositions follow from this reasoning and organize the framework developed in Section 4.

P1: Decision authority for revenue-management agents should be allocated by decision type rather than by function,
because reversibility and financial materiality vary more within revenue management than between it and other
utility functions.

P2: Agent authority appropriate for a legacy, deterministic Meter-to-Cash process is not automatically appropriate
once that process is extended to cover real-time DER, EV, or large-flexible-load revenue exposure, because the
volume and speed of exceptions changes even when the underlying financial risk category does not.

P3: Governance mechanisms proven in adjacent back-office automation contexts, explicit ownership, audit logging,
and staged authority escalation (Kokina et al., 2026), transfer to agentic revenue management, but the specific
authority thresholds must be set by decision type rather than inherited wholesale from RPA-era governance models
built for narrower automation.

3. RESEARCH APPROACH

This paper adopts a design-oriented conceptual method common in enterprise-architecture research when a novel
system class precedes the availability of representative deployment data: a framework is constructed from
architecture and agent-governance literature, refined against the constraints described by relevant standards and
regulatory bodies (ISO/IEC, NERC), and then examined through a single illustrative case rather than a statistically
generalizable sample. This approach differs from the hypothesis-testing, survey-based, and panel-data designs more
typical of empirical innovation-management research; the trade-off is explicit and is treated here as a limitation
rather than a hidden weakness (see Section 5.3).

The illustrative case constructed in Section 4.3 uses a representative utility profile, 1.5 million customer accounts and
US$2.5 billion in annual revenue, consistent in scale with mid-sized North American investor-owned utilities, and
draws on two categories of figures. The first category is the author's own enterprise implementation experience with
SAP FI-CA exception remediation, specifically a collective-bill-print out-of-balance remediation program in which
the out-of-balance bill rate was reduced from approximately 10 percent to approximately 2 percent through
redesigned exception-handling logic; this figure is reported as the author's primary implementation experience
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rather than as a benchmark drawn from a published source. The second category is illustrative order-of-magnitude
financial modeling, constructed by the author for exposition purposes to demonstrate how a tiered agent-authority
model could plausibly affect revenue-protection response time and cost; these figures are not derived from a specific
utility's financial statements and are labeled as illustrative throughout Section 4.3 and in the accompanying tables.

Table 1 summarizes the comparison method used to contrast the legacy Meter-to-Cash architecture with the proposed
agent-governed alternative across five dimensions: decision latency, exception-handling method, audit mechanism,
financial materiality threshold for human review, and primary system of record. This comparison structure, rather
than a statistical model, is the paper's principal analytical instrument.

Table 1. Legacy Meter-to-Cash vs. Agent-Governed Revenue Management

Dimension Legacy Meter-to-Cash Agent-Governed Revenue
Management
Decision latency Batch/periodic (daily to monthly Near-real-time (minutes)
cycles)
Exception handling Manual queue review by billing Agent-triaged, tiered by financial
staff materiality
Audit mechanism Transaction log within FI-CA FI-CA audit trail plus agent
decision log (Joule/Agent
Builder)
Human-review threshold Applied uniformly regardless of Applied selectively per the
materiality authority tiers in Table 2
Primary system of record SAP IS-U / FI-CA SAP IS-U / FI-CA (unchanged);

agents operate as a reasoning
layer above it

Note: comparison constructed by the author from the architecture and governance literature reviewed in Section 2.

The propositions developed in Section 2.4 are not tested statistically; they are used, in the manner common to
conceptual and design-science contributions, as organizing claims that the framework and case analysis in Section 4
are built to satisfy and that future empirical work, outlined in Section 5.3, would need to test directly.

4. FRAMEWORK AND CASE ANALYSIS

4.1. Revenue Management Agent architecture

The framework specifies a Revenue Management Agent layer positioned above SAP FI-CA and BRIM, organized into
four responsibility clusters. Billing exception handling covers out-of-balance bill detection, collective-bill-print
reconciliation, and move-in/move-out proration errors, functions that, in the author's implementation experience,
remain among the highest-volume sources of manual rework in legacy IS-U/FI-CA environments. Revenue
protection covers theft detection, tamper flagging, and billing-anomaly identification, extending the anomaly-
detection logic already established in adjacent financial-services applications of explainable machine learning,
demonstrated in one representative study across an empirical analysis of 15,000 small and medium enterprise
borrowers (Bussmann et al., 2021), a pattern consistent with the broader adoption of AI across financial services
more generally (Vukovié et al., 2025). Settlement and dynamic pricing covers demand-response incentive calculation
and market-settlement exposure, the function most directly affected by DER, EV, and large-flexible-load growth.
Credit risk assessment covers delinquency scoring and security-deposit determination, again drawing on methods
established in the credit-risk literature rather than utility-specific precedent, since utilities have historically under-
invested in this function relative to consumer lending (Bussmann et al., 2021).

Each cluster is instrumented through SAP Joule as the natural-language reasoning interface, SAP Business Al as the
underlying predictive and anomaly-detection models, and SAP Agent Builder as the orchestration layer that
sequences agent actions and writes results back into FI-CA through existing authorization objects. This positioning
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keeps FI-CA as the authoritative ledger and audit trail, consistent with the governance posture described in Section
2.3, while allowing the reasoning and orchestration layers to be extended, retrained, or replaced independently of the
underlying financial system of record, an important property given how quickly the underlying AI models are likely
to change relative to the multi-year replacement cycle of a utility's core billing system.

4.2. Decision-authority boundaries

Not every revenue-management decision carries the same financial or regulatory weight, and the framework's central
claim (P1) is that authority should track this variation directly rather than being set uniformly for the function as a
whole. Table 2 classifies nine representative decision types into three authority tiers.

Table 2. Decision Authority Matrix for Revenue-Management Agent Actions

Decision Type Agent Rationale
Authority

Standard billing inquiry response Full High volume, fully reversible, no financial

exposure
Routine payment arrangement offer Full Reversible, governed by pre-approved terms
Demand-response incentive Full Bounded financial exposure, pre-approved
calculation (within approved bands) pricing logic
Billing / out-of-balance exception Full Reversible correction within existing FI-CA
remediation rules
Settlement posting above materiality | Shared Financially material; requires finance officer
threshold approval
Credit-limit / security-deposit Shared Affects customer financial obligation;
adjustment moderate reversibility
Revenue-protection case escalation to | Shared Triggers cost and potential legal exposure

field investigation

Customer disconnection None Irreversible, legally regulated action
Rate case filing / regulatory None Legally consequential, regulator-facing
submission

Note: authority tiers reflect the framework developed in Section 4.2; “Shared” denotes agent-proposed, human-
approved.

Full agent authority is appropriate for high-volume, reversible, low-materiality decisions: routine payment-
arrangement offers, standard billing-inquiry responses, and demand-response incentive calculations within pre-
approved pricing bands. Shared authority, agent-proposed and human-approved, is appropriate where financial
materiality is higher but the decision remains routine in structure: settlement postings above a threshold, credit-limit
adjustments, and revenue-protection case escalation to field investigation. No autonomous authority is retained for
customer disconnections, rate case filings, and regulatory submissions, consistent both with the general governance
principle that irreversible or legally consequential actions remain under human authority regardless of how mature
the underlying model becomes (Tabassi, 2023) and with critical-infrastructure protection standards that keep
disconnection and emergency actions under direct human authority in North American utility markets (North
American Electric Reliability Corporation, 2024).

This tiering is deliberately narrower in scope than utility-wide agent-governance proposals, which typically classify
decisions at the level of the whole enterprise; scoping the matrix specifically to revenue management makes the
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thresholds more precise and more defensible to a utility's finance and compliance functions, which are the primary
audience for this particular authority model.

4.3. Illustrative case: revenue exposure management during a demand-response event

To examine how the framework's authority tiers behave under a representative event, consider a demand-response
settlement event at a hypothetical mid-sized ERCOT-region utility with 1.5 million customer accounts and US$2.5
billion in annual revenue, a scale consistent with typical investor-owned utility profiles in this market. Under the
traditional process, a finance team member identifies a settlement exposure, manually calculates incentive pricing,
contacts affected large customers, and negotiates participation; this sequence, drawn from typical utility demand-
response operating practice, has been reported to take four to eight hours end to end with roughly 10 MW of
curtailment typically achieved.

Under the proposed agent-governed alternative, a Revenue Management Agent operating within the full-authority
tier calculates incentive pricing and settlement exposure automatically once a triggering condition is detected, a
shared-authority step routes the resulting offer to a finance officer for approval given its financial materiality, and
the offer is transmitted to the customer's own energy-management system. In this illustrative scenario, response time
compresses to approximately 20 minutes and curtailment achieved increases to approximately 30 MW, not because
the agent is more accurate than a human analyst, but because the shared-authority approval step removes the multi-
hour scheduling delay inherent in a manual escalation chain.

Table 3 extends this illustration into an annual financial model for the utility profile described above, isolating four
revenue-management-specific benefit categories: revenue protection, billing-exception remediation, settlement and
credit-risk optimization, and regulatory-reporting automation. These figures are the author's own illustrative
construction for exposition purposes, informed qualitatively by the billing-exception remediation experience
described in Section 3, and are not drawn from a specific utility's audited financial statements.

Table 3. Illustrative Annual Benefit Model for Revenue-Management Agent Adoption

Benefit Category Illustrative Annual Basis

Value
Revenue protection (theft / billing- $7 million Tllustrative framework
anomaly detection) assumption
Billing-exception remediation $5 million Tllustrative; qualitatively

consistent with the author’s
FI-CA out-of-balance
remediation experience
(=10% — =2%)

Settlement and credit-risk $4 million Tllustrative framework
optimization assumption
Regulatory / financial reporting $2.5 million Tllustrative framework
automation assumption

Total illustrative annual benefit $18.5 million Sum of above;

representative utility profile
(1.5 million customers, $2.5
billion annual revenue)

Note: all figures are illustrative order-of-magnitude assumptions constructed by the author for expository purposes
and are not derived from a specific utility’s audited financial statements.

The billing-exception remediation figure in Table 3 is qualitatively consistent with the author's own implementation
experience reducing an out-of-balance bill rate from approximately 10 percent to approximately 2 percent through
redesigned FI-CA exception logic, though the dollar figure itself is illustrative rather than a direct restatement of that
program's financials.
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5. DISCUSSION AND CONCLUSIONS

5.1. Theoretical contributions

This paper's principal theoretical contribution is narrowing the unit of analysis in agent-governance research from
the utility enterprise as a whole to the revenue-management layer specifically. Prior conceptual work on agent-to-
agent utility ecosystems treats finance and revenue functions as one node among several, alongside grid operations,
asset management, and regulatory compliance, without examining whether the authority thresholds appropriate for,
say, predictive maintenance scheduling (Scaife, 2024) are also appropriate for settlement and disconnection
decisions.

The decision-authority matrix developed here (Table 2) suggests they are not: revenue-management decisions cluster
more tightly around financial materiality and reversibility as governing variables than around the functional category
of finance itself, which supports Proposition 1's claim that authority should be allocated by decision type rather than
by function. This also extends enterprise-architecture theory (Zachman, 1987) in a specific direction: where classical
enterprise-architecture frameworks separate business, data, application, and technology layers, the framework
developed here suggests that agent-era architectures may need an explicit decision-authority layer that cuts across
the traditional four, since authority boundaries do not map cleanly onto any single one of them.

5.2. Managerial implications

For utility finance and IT leaders, the framework's practical implication is that agent adoption in revenue
management does not need to wait for utility-wide digital transformation to mature. Because FI-CA already functions
as a governed system of record (Section 2.3), a narrower, revenue-management-specific agent deployment can
proceed on a shorter timeline than the broader multi-year roadmaps typically associated with full utility digital
transformation.

Table 4 sketches a four-stage adoption path consistent with this narrower scope: an advisory stage in which agents
surface exceptions for human action; a full-authority stage limited to the lowest-materiality decision types identified
in Table 2; a shared-authority stage extending to settlement and credit decisions; and a periodic re-scoping stage in
which authority thresholds are revisited as model performance and organizational trust accumulate, consistent with
the general principle that autonomy should be earned incrementally rather than assumed (Tabassi, 2023).

Table 4. Phased Adoption Roadmap for Revenue-Management Agent Authority

Stage Decision Types Included Governance Mechanism

1. Advisory All nine decision types (Table 2) Agent surfaces a recommendation; a
human executes every action

2. Full authority low | Table 2, rows 1—4 Agent executes directly; sampled
materiality) post-hoc audit review

3. Shared authority Table 2, rows 5—7 Agent proposes; finance officer
(moderate approves before execution
materiality)

4. Periodic re-scoping | All tiers reassessed Authority thresholds revisited on a

fixed cycle as model performance and
organizational trust accumulate

This staged approach also addresses a practical objection finance leaders are likely to raise: that agent errors in billing
and settlement are more visible to customers and regulators than errors in, for instance, asset-maintenance
scheduling. Beginning with the lowest-materiality, most reversible decision types allows a utility to build the audit-
log and monitoring infrastructure that RPA governance research identifies as the strongest predictor of successful
automation outcomes (Kokina et al., 2026) before extending authority to higher-materiality decisions.

5.3. Limitations and future research

This paper's principal limitation is methodological: the framework is examined through a single illustrative case
rather than a representative sample, and the financial figures in Table 3 are explicitly exploratory rather than
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empirically validated, a choice made deliberately to avoid presenting invented precision as if it were measured fact.
This limits the claims that can be made about the magnitude of benefit from agent adoption, though it does not limit
the paper's narrower claim about how authority should be allocated once adoption occurs.

A second limitation is scope: the framework addresses revenue management specifically and does not resolve
authority allocation for grid operations or asset management, where different latency constraints apply. Future
research could test Table 2 against actual deployment data as agentic revenue-management systems mature past the
pilot stage, and could examine whether these thresholds hold across regulatory environments outside North America.

A further avenue, consistent with broader adoption-challenge literature in the energy Al space (Park, 2025), would
be examining how utility regulators respond to agent-executed settlement decisions once they begin appearing in
rate-case evidence, since regulatory acceptance, rather than technical capability, is likely to be the binding constraint
on how far the shared-authority tier in Table 2 can be extended over time.
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