
WH I T E PAP E R · SO LAR - P L U S - S TORAGE CONTRO L S

STEM.COM

How toDefineYour
EMSRequirements:
FromCloudOptimization
toOEM Integration
A requirements framework for developers, EPCs, and
technical buyers scoping solar-plus-storage projects



Table of Contents

— Executive Summary 3

1 EMS definition & challenges 4

1.1 The term fragments across
stakeholders, and hybrids widen
the gap

4

1.2 The cost of an undefined
boundary

4

1.3 A market scaling faster than
buyer familiarity

5

2 The Energy Management
Control Stack

6

2.1 Battery Management System 7

2.2 Unit Controller 7

2.3 Power Plant Controller 7

2.4 Site and Grid Interface 8

2.5 Cloud Optimization 8

3 A Central Decision: One
Controller or Two

11

3.1 Whether PV and storage require
separate controllers

12

3.2 The related case against
reprogrammable plant control

14

4 The Optimization Decision 15

4.1 Where optimization actually resides 15

5 Integrated Procurement
Versus Assembling
the Layers

16

5.1 Purchasing an integrated package 17

5.2 Assembling the layers separately 17

6 A Scoping Framework 18

7 Conclusion 19

— References 19

— About Stem 20



Executive Summary

The term "energy management system" (EMS) has no shared definition across a renewable energy project. When

asked what an EMS is, a controls engineer, an EPC project manager, and a project finance lead will each describe

a different part of the control stack, and each will be partly correct. When the buyer has not drawn the definitional

boundary before entering vendor conversations, then the vendor draws it; the vendor's boundary tends to favor

its own product.

Battery storage deployment is accelerating across major markets globally, and solar-plus-storage is rapidly

becoming the default project structure as storage costs fall and grid operators develop frameworks to

doing so for the first or second time, in markets where regulatory frameworks are evolving and vendor-neutral

guidance is scarce.

This paper provides a practical framework for defining EMS requirements before vendor conversations begin.

The central recommendation is direct: define which layers of the control stack a buyer is responsible for, and

which you are buying, before you evaluate a single vendor.
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S E C T I O N 1

The Problem: “EMS” Is Not
a Single Specification

1.1 The term fragments across stakeholders, and hybrids widen the gap

Different stakeholders approach a hybrid solar-plus-storage project with different priorities, and

each tends to define the EMS in terms of the layer that matters most to their role.

These perspectives are all valid; they accurately describe the functions that are most relevant to

each role. The difficulty presented to buyers is that they describe different functions while using the

same term.

A hybrid project compounds this definitional challenge. The PV side and the storage side of a

project often involve different equipment, different OEMs, and in many organizations, different

internal teams. Each side’s stakeholders hold their own definition of an EMS, and a requirements

document written from any single perspective often captures only one part of the control stack (the

one most relevant to the most involved stakeholder) while leaving the rest as unstated assumptions.

Those assumptions surface late, during integration or commissioning, when they are most

expensive to resolve.3

1.2 The cost of an undefined boundary

A buyer who enters vendor evaluation without a defined requirements boundary is exposed to

vendor-led scoping. Importantly, while the consequences of vendor-led scoping can be extremely

detrimental to project timelines, the practice is rarely conducted in bad faith. A vendor naturally

frames the EMS requirements in terms of what its platform does well, and absent a buyer-defined

boundary, the vendor-led framing becomes the default specification. Two vendors framing the same

hybrid project around their respective strengths will produce proposals that are difficult to compare,

because they answer different questions. The remedy is for the buyer to define the question,3 and

doing so requires a clear view of the control stack rather than deep controls expertise.

SCADA and controls engineers focus on communication protocols, control modes,

and configuration.

•

EPCs focus on delivery, integration, and commissioning timelines.•

Finance and asset management teams focus on availability and compatibility with the project’s

revenue model.

•
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1.3 A market scaling faster than buyer familiarity

The pace of hybrid deployment has outrun the accumulation of buyer expertise. Across the United

States, Europe, and the Asia-Pacific region, solar-plus-storage is rapidly becoming the default

project structure, driven by falling storage costs, grid operator incentives, and the practical

advantages of co-location.1, 2 Many of the organizations now scoping hybrid projects are doing so

for the first or second time, in markets where regulatory frameworks are still evolving and vendor-

neutral guidance is scarce.

© 2026 Stem, Inc. 5



S E C T I O N 2

The EnergyManagement Control Stack

The most reliable way to define EMS requirements for a hybrid project is to stop treating “the EMS”

as a single control product and instead recognize it as a standalone coordination layer sitting above

a stack of distinct control components spanning both PV generation and storage. The EMS itself

performs no control: it is the conductor coordinating the players below it, dispatching setpoints to

one or more power plant controllers based on data it has ingested. Each of those layers performs a

specific function, each can be owned by a different party, and the buyer's task is to decide which

underlying layers fall within the scope of the system being purchased, and where the EMS’s

coordinating role begins and ends.

FIGURE 1

The EnergyManagement Control Stack
How control flows through a solar-plus-storage plant. EMS coordinates the control stack below it; it does not perform

control itself
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Telemetry & data flow upward Control & setpoints flow downward

Grid &Wholesale Market
Grid operator · ISO / RTO / TSO

EMS: Coordination Layer
Ingests telemetry, decides, and dispatches

setpoints to one or more power plant controllers

Power Plant Controller (PPC)

PV PPC
Generation

BESS PPC
Storage

PV and BESS control may be combined into one
unified PPC, or split — a deliberate design decision.

Generation side Storage side

PV Inverters
Coordinated by the PV PPC

Unit Controller
Battery + power conversion

(PCS) group

Battery Management System
Cell balancing · SOC · Safety

EMS Platform Scope decision point — may combine or vary

Third-party: OEM, EPC, or market

The EnergyManagement Control Stack
How control flows through a solar-plus-storage plant. The EMS coordinates the control stack below it; it
does not perform control itself.

FIGURE 1
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2.1 Battery Management System

The Battery Management System (BMS) resides inside the battery and governs cell balancing,

temperature, state of charge, and safety limits. The BMS is almost always provided by the battery

OEM and is rarely included in a buyer's EMS scope. For requirements purposes, it is sufficient to

recognize that this layer exists and that responsibility for it sits with the OEM. Because the BMS is

tightly coupled to the specific cell chemistry and is integral to the battery's safety certification and

warranty, the OEM must own it; a buyer generally cannot specify or alter this layer without voiding

those protections, so recognizing its existence and ownership is all that requirements need to do.

The EMS conducts; it does not play

The EMS itself performs no control. It ingests data, decides, and dispatches setpoints to one
or more power plant controllers.

2.2 Unit Controller

The Unit Controller coordinates a group of batteries and their associated power conversion

equipment, translating higher-level commands — such as a plant-level real- or reactive-power

setpoint, a charge/discharge instruction, or a curtailment order — into the device-level actions the

hardware can execute, such as individual PCS or inverter setpoints. Whether buyers include this

layer in their EMS definition varies considerably. Some treat it as part of the OEM's delivered

package; others expect it within the EMS. Because the division is genuine and commonly

encountered, this is the first layer where an explicit decision is valuable. An unstated assumption

here commonly resurfaces as a costly coordination dispute during commissioning.

2.3 Power Plant Controller

The Power Plant Controller (PPC) is the layer that causes a site of individual inverters and batteries

to behave as a single coordinated plant at the point of interconnection. On the generation side, a

PPC coordinates the PV inverters so that an array behaves as one large generator, regulating real

and reactive power and curtailing output when instructed.4 On the storage side, an equivalent

function governs the battery's response. In a hybrid plant, these functions must work in concert

because the grid responds to one plant at one point of interconnection regardless of how many

resources sit behind it. This layer is where the central architectural decision of a hybrid project is

made, and Section 3 examines it directly.

In our team’s field experience, fewer than a quarter of buyers include the PPC when they describe

their EMS requirements despite its importance. Because the PPC is the layer that determines

whether the plant meets its interconnection obligations as a single coordinated resource, leaving it

unspecified is among the most consequential omissions a buyer can make; doing so cedes the

defining architectural choice of the hybrid project to the vendor.

© 2026 Stem, Inc. 7



2.4 Site and Grid Interface

A dedicated interface

Some regions require a separate device — like a
Remote Intelligent Gateway (RIG) in CAISO-
interconnected projects — that must be explicitly
scoped, not assumed.

2.5 Cloud Optimization

At the top of the control stack is software that determines when to charge, discharge, and export to

capture the greatest value. In a hybrid plant, decisions regarding cloud optimization are more

involved than in a storage-only project because the optimizer must coordinate two resources

and address:

1. When to send PV directly to the grid

2. When to use PV to charge the battery

3. How to recapture energy that would otherwise be clipped

4. How to firm variable generation against a schedule or market signal.

© 2026 Stem, Inc. 8

SITE & GRID INTERFACE TERMS

NERC / CIP

NERC (North American Electric
Reliability Corporation) sets and
enforces bulk power system reliability
standards. CIP is NERC's
cybersecurity framework governing
how control systems are configured,
accessed, and protected.

IEEE 1547 / IEEE 2800

IEEE 1547 governs how distributed
energy resources connect to the grid;
IEEE 2800 extends similar
requirements to large inverter-based
resources at the transmission level.

Remote Intelligent Gateway (RIG)

A device required by some grid
operators that gives the utility direct
visibility into and limited control over a
plant's output. Requirements
vary by region.

When these definitions matter:

The site and grid interface layer
carries enforceable obligations set
before you reach commissioning, and
these apply regardless of what a
vendor's platform includes by default.

Interconnection and reliability standards govern how

a resource must behave at the point of connection,

and they vary significantly by region. In the United

States, these include IEEE 1547, the bulk power

system rules administered under NERC, and the

developing IEEE 2800 standard for large

inverter-based resources.5 In Europe, equivalent

requirements are set by national grid codes published

by each transmission system operator, informed by

ENTSO-E network codes. In Australia, the Australian

Energy Market Operator (AEMO) publishes its own

generator performance standards. Buyers usually

include this layer in their EMS definition unless a

specific requirement calls for a separate, dedicated

device. In some regions, grid operators require a

dedicated interface device — such as a Remote

Intelligent Gateway (RIG) in U.S.

CAISO-interconnected projects — that must be

explicitly scoped and contracted rather than assumed

to be part of the EMS.



Distributed generation projects frequently include optimization within their EMS definition. Utility-

scale projects rarely do, because at that scale the function is commonly handled by a separate

trading or scheduling operation. At utility scale, whether an optimizer is needed depends on the

offtake structure: a merchant asset still needs an optimizer to determine dispatch, so the function is

commonly handled by a separate trading or scheduling operation. A pure PPA asset typically does

not need one because it does not address cloud optimization; the plant's setpoint is delivered

directly via an on-site RTU, with no optimization layer required. This difference in where optimization

sits, and whether it's needed at all is the most frequent source of misalignment between buyer

expectations and vendor scope, and Section 4 treats it in detail.

The value of this layered view is that, when understood, it allows a buyer to convert a vague request

into a precise one. A buyer may begin with the statement “We need an EMS,” but with an

understanding of the layered view, their more effective statement becomes: “We require the unit

controller through the site interface, coordinating both PV and storage; the OEM is delivering the

battery management layer, and optimization will be handled by our trading operation.” Such a

statement provides a strong foundation for a productive EMS vendor conversation.

© 2026 Stem, Inc. 9



FIGURE 2

Control Layer OwnershipMatrix
Defining Responsibilities Across Project Configurations

Each row in the matrix below is a layer of the control stack; each column is a common project
configuration. Ownership of each layer shifts meaningfully depending on project structure, which is why
“we need an EMS” describes a different scope in each column.

Before entering vendor conversations, a buyer’s first task is to identify which configuration most closely
reflects their project and to examine every ownership boundary it implies — particularly any that have
been assumed rather than deliberately assigned.

Control Stack
Layer

Standalone
Storage

Battery-only;
no PV controller

Hybrid,
Integrated
Control

PV+BESS
under one EMS

Hybrid,
Split Control

PV+BESS
owned separately

Cloud Optimization
Dispatch & markets

Buyer / Owner EMS Vendor Buyer / Owner

Site & Grid Interface
Interconnection & RIG

EMS Vendor EMS Vendor EPC

PV Plant Controller
Solar (part of the PPC)

Not present EMS Vendor Inverter OEM

BESS Plant Controller
Storage (part of the PPC)

EMS Vendor EMS Vendor Battery OEM

Unit Controller
Battery + PCS group

Battery OEM EMS Vendor Battery OEM

Battery Management
Inside the battery (BMS)

Battery OEM Battery OEM Battery OEM

Within the EMS purchase Owned by another party
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S E C T I O N 3

ACentral Decision:
OneController or Two

© 2026 Stem, Inc. 11

Critically, most disagreements about EMS scope are

not errors. There are many sound ways to build a

hybrid project, and an approach that appears wrong

from one vantage point often underlies a different but

equally valid design intention. For example, a merchant

project carrying low leverage is reasonably built for the

lowest capital cost. Meanwhile, a tolled project carrying

higher leverage is reasonably designed to minimize

operating cost over its life. Both reflect deliberate

optimization for different financial structures.

Key term

Power Plant Controller (PPC): the layer that makes
a site of inverters and batteries behave as one
coordinated plant at the interconnection point.

At the control layer of a hybrid plant, however, one

architectural decision carries real cost and risk, and a

sound requirements framework should resolve it early.

Early resolution is what lets a buyer hold every vendor

to one comparable specification instead of accepting

whichever architecture each vendor happens to prefer.

The next two sections address the decisions where this

leverage matters most.

PROJECT FINANCE TERMS

Merchant project:

A project that sells its output into the
wholesale market at prevailing prices.
Revenue is variable and depends on
market conditions.

Tolled project:

A project under a long-term contract
where a counterparty pays a fixed fee
for the right to dispatch the asset.
Revenue is predictable and
contracted for years.

Leverage:

The share of a project funded by debt
rather than equity. Lenders lend
against predictable cash flow, so
contracted (tolled) projects can carry
more debt than merchant projects.

Capex (capital expenditure):

The upfront cost to build the project.

Opex (operating expenditure):

The ongoing cost to run and maintain
the project over its life.

Where the definitions matter: a
merchant project funded largely by
equity against uncertain revenue has
reason to minimize upfront cost. A
tolled project with secure, long-term
revenue has reason to spend more
upfront to lower operating costs
across the asset's life. Different
financial structures point to different
engineering choices, and both
can be correct.



3.1 Whether PV and storage require separate controllers

A common assumption holds that a hybrid site needs one controller for the solar plant and a second

for the battery, on the premise that the two are fundamentally different control problems. However,

in most cases, they are not; a single PPC is capable of coordinating both PV and BESS at the point of

interconnection. Buyers should note that splitting PV and BESS control into two independent

controllers adds integration work, cost, and an additional interface at which faults can occur. In the

typical case, this differentiation provides no corresponding benefit. It can make grid compliance

harder because the plant must still present a single coordinated response at the point of

interconnection regardless of how its controls are divided internally.

This decision deserves buyer attention precisely because the hybrid project has become the default

structure. When a design proposes separate PV and storage controllers, the appropriate question

should ask which specific requirement drives the separation. Some designs do have a legitimate

reason, which is why the architecture allows for it. Frequently, though, no such requirement exists,

and the separation is an inherited habit rather than a considered choice. Ultimately, buyer scoping

requirements should treat unified coordination as the starting point and require any proposed split to

be justified on its merits.
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FIGURE 3

Unified vs. Split Plant Control
Two ways to coordinate PV and storage at a hybrid plant’s point of interconnection — one controller for both

assets, or a dedicated controller for each.

Unified Plant Control

A single controller meters the point of
interconnection and commands both PV
and storage.

One vendor interface, one source of
truth, and no negotiation between
controllers — the simplest path to a
compliant set point at the POI.

Split PV+BESS PPC

Dedicated controllers let each asset run
its best-fit vendor.

But both share one point of
interconnection and must coordinate with
each other — an added interface to
specify, test, and tune, and a path for
conflicting set points if it is not.

Note: the split configuration shown in the diagram only functions when a top-level PPC and EMS sit above
the two controllers to coordinate them, unless the asset is co-located and does not require POI control.
Without that coordinating layer, dispatching PV and storage as separate controllers does not produce a
single coherent plant response.

Utility Grid

POI

Transformer

PV Inverter PCS

PV array BESS

Unified PPC
Coordinates PV + BESS

Utility Grid

POI

Transformer

PV Inverter PCSPV PPC BESS PPC

Coordination interface

Inter-controller coordination Control & telemetry signal Power conductor

Power Plant Control POI metering point
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3.2 The related case against reprogrammable plant control

A second misconception common among experienced SCADA engineers is that the buyer must

retain the ability to customize and reprogram the PPC. The expectation has an understandable

origin: on earlier projects, particularly at utility scale, writing custom control code was standard

practice, so the requirement was written as a need to reprogram the controller.

In nearly all cases now, this capability is unnecessary, and requesting it introduces risk. The control

algorithms in a mature PPC are validated against applicable grid codes and, in many cases, tested

against hardware-in-the-loop simulators before deployment. Rewriting such logic in the field

reintroduces the faults and edge cases that validation is designed to eliminate. Field-rewritten logic

has not passed the grid-code validation or hardware-in-the-loop testing the original code cleared,

so faults that would have been caught in a controlled environment can instead first appear on a live,

grid-connected plant — tripping it offline, breaching compliance at the point of interconnection, or

damaging equipment.

Here, there is an important distinction to be made between configuration and reprogramming.

Engineers can adjust setpoints and tune parameters for site-specific conditions without touching the

underlying closed-loop logic, and this kind of parameter-level configuration is routine and expected.

Enabling a new control mode is different: even though it doesn't alter the underlying control logic, a

new mode must still be tested and validated before it can be enabled — it cannot simply be switched

on. Rewriting the underlying control logic itself goes a step further still, and it raises the probability

of faults instead of reducing it; this layer stays with the platform vendor. The appropriate

requirement should address configurability, parameter access, and validation evidence for any new

control mode, rather than prioritizing the ability to rewrite control logic.

© 2026 Stem, Inc. 14



S E C T I O N 4

TheOptimization Decision

Among all the layers in the stack, optimization is the one buyers most often misplace, and it warrants

separate treatment because the cost of misplacing it is high and because a hybrid plant places more

demands on the layer.

© 2026 Stem, Inc. 15

4.1 Where optimization actually resides

Confusion about optimization is understandable; often, when a

buyer states a need for “an EMS that optimizes revenue,” they

are describing a desired outcome and assuming the function

resides within the system being purchased. Sometimes it does.

Often it does not. Many platforms deliver the control stack up

through the grid interface and then connect to a separate

optimization layer, such as an in-house trading desk, a third-party

scheduling service, or a managed service. In these cases, the

platform enables optimization without directly performing it.

The distinction is highly relevant because the optimization layer is

where the project’s revenuemodel is executed, and for a hybrid

project, thatmodel ismore complex. Coordinating PV and storage to

capture energy that would otherwise be clipped, to firm generation,

and to participate inwholesale electricitymarkets (whether

administered by an ISO or RTO in theUnited States, a transmission

systemoperator in Europe, or amarket operator such as AEMO in

Australia) requires a layer that understands both resources together.

Where the revenue model lives

The optimization layer is where the project’s financial
model is actually executed. A gap here does not show
up in commissioning; it shows up in revenue.

Across major markets, regulators have moved to open

wholesale electricity markets to storage participation. In the

United States, FERC Order No. 841 requires grid operators to

allow storage resources to compete for capacity, energy, and

ancillary services, and Order No. 2222 extended comparable

access to aggregated distributed resources.6 In Great Britain,

the grid operator has developed a range of balancing and

ancillary service markets accessible to storage.7

MARKET PARTICIPATION TERMS

ISO / RTO
The entity that manages the
transmission grid and administers
wholesale electricity markets in a
given region. Examples include
CAISO, PJM, ERCOT, and MISO
for the US. Equivalent bodies
include National Grid ESO and
Ofgem in Great Britain, ENTSO-E
member transmission system
operators across continental
Europe, and AEMO in Australia.

Ancillary services
Grid services beyond energy
delivery — including frequency
regulation, spinning reserves, and
voltage support — that storage is
well-suited to provide and that
often represent a significant share
of project revenue.

Clipping / clipping recapture
When a solar array's peak output
exceeds what its inverter can
convert, the excess is lost. A
co-located battery can absorb that
excess, capturing value a
standalone solar plant cannot.

When these definitions matter:
In a hybrid plant, these revenue
streams depend on the PV and
storage systems being
coordinated together. They are
not automatically available just
because both resources are
present on site.



4.2 The highest-priority scoping question

If it is in scope, the buyer should confirm precisely what the platform performs

independently for a hybrid plant and what it delegates.

If it is handled separately, the buyer should confirm that the EMS provides documented,

accessible interfaces for an external optimizer to coordinate both PV and storage.

Either arrangement is workable. An unexamined assumption is the condition to avoid, because the

optimization layer is where the project’s revenue model is executed and a gap there is discovered at

the worst possible time: after the equipment is installed and the plant is energized, when interfaces

are fixed and contracts are signed, so closing the gap means a costly retrofit or renegotiation while

the plant is already expected to be generating revenue.

S E C T I O N 5
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Integrated Procurement Versus Assembling
the Layers

In Australia, AEMO administers energy and frequency control ancillary service markets in which

storage can participate.8 The specific rules differ by market, but the commercial opportunity is

consistent: a hybrid plant with access to the right optimization layer can capture value across

multiple revenue streams simultaneously.

The risk of getting the optimization distinction wrong is direct: if the optimization layer is mis-scoped or

lacks the interfaces to coordinate both resources, the stacked revenue streams the project’s financial

model assumes simply never materialize, and that shortfall is discovered only after the plant is earning.

The first scoping decision to resolve, before any conversation moves to protocols and control modes,

is whether optimization is within the scope of the EMS being purchased or is handled separately.

PROCUREMENT TERMS

Factory integrator:

Division of Responsibility (DOR) matrix:
A procurement document that explicitly assigns ownership of each
system component and interface to a specific party. Recommended by
EPRI's Energy Storage Integration Council as a standard RFP supplement.3

When these definitions matter:
Without a DOR matrix, ownership of the seams between components is
assumed rather than assigned, and assumed ownership is where gaps
and disputes concentrate.

The placement of the scope

boundary interacts with a second

decision: whether to purchase

equipment from a factory integrator

with much of the control stack

pre-assembled, or to assemble the

layers from separate suppliers. This

decision is more important in a hybrid

project, where the PV inverters and

the battery system often come from

different manufacturers.

A battery OEM or system integrator that delivers the BESS as a pre-assembled
package with some or all of the control stack already incorporated.



5.1 Purchasing an integrated package

Procuring an integrated package from a single OEM reduces the number of parties the buyer must

coordinate. The considerations to evaluate in this case are transparency and data access. When

several layers arrive within a single package, the buyer should confirm in writing what can be

observed, what can be configured, and what data can be exported, before executing the contract.

The questions that recur in the field cluster along the lines of:

In a hybrid project, these questions multiply because the generation and storage portions may carry

separate warranties and separate compliance obligations.

5.2 Assembling the control layers separately

Assembling the control layers from separate suppliers provides greater control and flexibility at the

cost of additional integration work and additional interfaces to manage. For buyers who choose this

path, the timing of the EMS decision is more consequential than is generally appreciated. When the

equipment is not pre-integrated, and particularly when PV and storage come from different OEMs,

the EMS defines how the separate components communicate and how they are coordinated as one

plant. Resolving the EMS decision early therefore shapes the equipment selection rather than being

constrained by it.

Timing matters

Resolve the EMS decision early. When equipment is not pre-integrated, that decision shapes
equipment selection rather than being constrained by it.

For the buyer, it’s critical to understand that neither path is superior in all cases. The appropriate

choice depends on the project’s structure, the buyer’s capacity to manage interfaces, and the value

the buyer places on long-term flexibility across a multi-vendor hybrid plant. The avoidable error is

making this choice implicitly and as a byproduct of which vendor was engaged first.

How compliance is managed across multiple vendors and contracts1.

How warranty obligations are tracked and validated as equipment changes hands2.

How visibility is maintained into the layers the buyer does not directly control3.

© 2026 Stem, Inc. 17



S E C T I O N 6

Ascoping framework:
seven questions to resolve first

The purpose of the preceding sections is to allow a buyer to enter vendor conversations with the relevant
boundaries already established. The following sequence of questions supports that outcome. A buyer should
resolve them with the internal team first; the answers constitute the requirements.

A buyer who enters vendor evaluation with clear answers to these questions is no longer subject to

vendor-led scoping. The conversation shifts from the vendor defining the buyer’s needs to the buyer

defining those needs and assessing whether each vendor can meet them.

Which layers of the stack are within scope, for both PV and storage?
Identify them explicitly, from the Battery Management System through optimization, on each side of
the hybrid project. Mark which the OEMs will deliver, which are expected from the EMS vendor, and
which the buyer will handle internally. This single step prevents the majority of
downstream confusion.

Is this a hybrid design (single PPC coordinating PV and storage) or a co-located design
(two separate assets sharing a point of interconnection but dispatched independently)?

Treat hybrid, unified coordination as the default, and require any proposed co-located split to be
justified by a specific requirement.

a.

If a split is used, confirm a top-level EMS/Plant PPC still sits above both the PV PPC and BESS PPC
to coordinate their combined response at the POI.

b.

Is optimization in scope or handled separately?
Resolve this before any other technical question, and confirm the optimizer coordinates both PV and
storage, whether it sits inside the EMS or connects to it.

What does the project’s financial structure require?
A merchant project built for low capital cost and a tolled project built for low operating cost will have
different requirements. The financial structure should inform the technical scope.

Integrated package or separate layers?
Decide deliberately. For an integrated package, secure transparency, data access, and warranty
terms in writing for both generation and storage. For separate layers, resolve the EMS decision early,
because it shapes the equipment selection.

What must be configurable, and how is it validated?
Specify the control modes and parameter access the site requires, and request evidence of validation
against applicable grid codes. Do not specify the ability to rewrite control logic.

Has complexity been justified?
Each additional controller, interface, and custom function must be commissioned, maintained, and
supported for the life of the project. The default should be the simplest design that meets the defined
requirements, with the burden on the vendor to justify added complexity.

© 2026 Stem, Inc. 18



S E C T I O N 7

Conclusion

The principal challenge in defining EMS requirements is not technical. It is the recognition that

“EMS” denotes a stack of distinct control layers, that a solar-plus-storage plant spans those layers

across two resources, and that the buyer’s responsibility is to decide, in advance of vendor

evaluation, which layers fall within the system being purchased and which do not. A buyer who

establishes that boundary clearly, treats unified PV-and-storage coordination as the default, settles

the optimization question early, resists unnecessary customization, and allows the project’s financial

structure to guide the technical scope will conduct a materially better procurement.

Defined up front, this work produces shorter vendor conversations,
proposals that can be compared on equivalent terms, and decisions that
hold up over the life of the project.
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Executive Summary
The term "energy management system" (EMS) has no shared definition across a renewable energy project. When
asked what an EMS is, a controls engineer, an EPC project manager, and a project finance lead will each describe
a different part of the control stack, and each will be partly correct. When the buyer has not drawn the definitional
boundary before entering vendor conversations, then the vendor draws it; the vendor's boundary tends to favor
its own product.
Battery storage deployment is accelerating across major markets globally, and solar-plus-storage is rapidly
becoming the default project structure as storage costs fall and grid operators develop frameworks to
doing so for the first or second time, in markets where regulatory frameworks are evolving and vendor-neutral
guidance is scarce.
This paper provides a practical framework for defining EMS requirements before vendor conversations begin.
The central recommendation is direct: define which layers of the control stack a buyer is responsible for, and
which you are buying, before you evaluate a single vendor.
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accommodate co-located resources.
1, 2


Many of the organizations now scoping these hybrid projects are







































SECTION 1
The Problem: “EMS” Is Nota Single Specification
1.1 The term fragments across stakeholders, and hybrids widen the gap
Different stakeholders approach a hybrid solar-plus-storage project with different priorities, andeach tends to define the EMS in terms of the layer that matters most to their role.These perspectives are all valid; they accurately describe the functions that are most relevant toeach role. The difficulty presented to buyers is that they describe different functions while using thesame term.A hybrid project compounds this definitional challenge. The PV side and the storage side of aproject often involve different equipment, different OEMs, and in many organizations, differentinternal teams. Each side’s stakeholders hold their own definition of an EMS, and a requirementsdocument written from any single perspective often captures only one part of the control stack (theone most relevant to the most involved stakeholder) while leaving the rest as unstated assumptions.Those assumptions surface late, during integration or commissioning, when they are mostexpensive to resolve.
3

1.2 The cost of an undefined boundary
A buyer who enters vendor evaluation without a defined requirements boundary is exposed tovendor-led scoping. Importantly, while the consequences of vendor-led scoping can be extremelydetrimental to project timelines, the practice is rarely conducted in bad faith. A vendor naturallyframes the EMS requirements in terms of what its platform does well, and absent a buyer-definedboundary, the vendor-led framing becomes the default specification. Two vendors framing the samehybrid project around their respective strengths will produce proposals that are difficult to compare,because they answer different questions. The remedy is for the buyer to define the question,
3
anddoing so requires a clear view of the control stack rather than deep controls expertise.
SCADA and controls engineers focus on communication protocols, control modes,and configuration.
•
EPCs focus on delivery, integration, and commissioning timelines.
•
Finance and asset management teams focus on availability and compatibility with the project’srevenue model.
•
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1.3 A market scaling faster than buyer familiarity
The pace of hybrid deployment has outrun the accumulation of buyer expertise. Across the UnitedStates, Europe, and the Asia-Pacific region, solar-plus-storage is rapidly becoming the defaultproject structure, driven by falling storage costs, grid operator incentives, and the practicaladvantages of co-location.
1, 2
Many of the organizations now scoping hybrid projects are doing sofor the first or second time, in markets where regulatory frameworks are still evolving and vendor-neutral guidance is scarce.
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SECTION 2
The Energy Management Control Stack
The most reliable way to define EMS requirements for a hybrid project is to stop treating “the EMS”as a single control product and instead recognize it as a standalone coordination layer sitting abovea stack of distinct control components spanning both PV generation and storage. The EMS itselfperforms no control: it is the conductor coordinating the players below it, dispatching setpoints toone or more power plant controllers based on data it has ingested. Each of those layers performs aspecific function, each can be owned by a different party, and the buyer's task is to decide whichunderlying layers fall within the scope of the system being purchased, and where the EMS’scoordinating role begins and ends.



FIGURE 1
The Energy Management Control Stack
How control flows through a solar-plus-storage plant. EMS coordinates the control stack below it; it does not performcontrol itself
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The Energy Management Control Stack
How control flows through a solar-plus-storage plant. The EMS coordinates the control stack below it; it
does not perform control itself.
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2.1 Battery Management System
The Battery Management System (BMS) resides inside the battery and governs cell balancing,temperature, state of charge, and safety limits. The BMS is almost always provided by the batteryOEM and is rarely included in a buyer's EMS scope. For requirements purposes, it is sufficient torecognize that this layer exists and that responsibility for it sits with the OEM. Because the BMS istightly coupled to the specific cell chemistry and is integral to the battery's safety certification andwarranty, the OEM must own it; a buyer generally cannot specify or alter this layer without voidingthose protections, so recognizing its existence and ownership is all that requirements need to do.
The EMS conducts; it does not play
The EMS itself performs no control. It ingests data, decides, and dispatches setpoints to oneor more power plant controllers.
2.2 Unit Controller
The Unit Controller coordinates a group of batteries and their associated power conversionequipment, translating higher-level commands — such as a plant-level real- or reactive-powersetpoint, a charge/discharge instruction, or a curtailment order — into the device-level actions thehardware can execute, such as individual PCS or inverter setpoints. Whether buyers include thislayer in their EMS definition varies considerably. Some treat it as part of the OEM's deliveredpackage; others expect it within the EMS. Because the division is genuine and commonlyencountered, this is the first layer where an explicit decision is valuable. An unstated assumptionhere commonly resurfaces as a costly coordination dispute during commissioning.
2.3 Power Plant Controller
The Power Plant Controller (PPC) is the layer that causes a site of individual inverters and batteriesto behave as a single coordinated plant at the point of interconnection. On the generation side, aPPC coordinates the PV inverters so that an array behaves as one large generator, regulating realand reactive power and curtailing output when instructed.
4
On the storage side, an equivalentfunction governs the battery's response. In a hybrid plant, these functions must work in concertbecause the grid responds to one plant at one point of interconnection regardless of how manyresources sit behind it. This layer is where the central architectural decision of a hybrid project ismade, and Section 3 examines it directly.In our team’s field experience, fewer than a quarter of buyers include the PPC when they describetheir EMS requirements despite its importance. Because the PPC is the layer that determineswhether the plant meets its interconnection obligations as a single coordinated resource, leaving itunspecified is among the most consequential omissions a buyer can make; doing so cedes thedefining architectural choice of the hybrid project to the vendor.
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2.4 Site and Grid Interface






















A dedicated interface
Some regions require a separate device — like a
Remote Intelligent Gateway (RIG) in CAISO-
interconnected projects — that must be explicitly
scoped, not assumed.


































2.5 Cloud Optimization
At the top of the control stack is software that determines when to charge, discharge, and export to
capture the greatest value. In a hybrid plant, decisions regarding cloud optimization are more
involved than in a storage-only project because the optimizer must coordinate two resources
and address:
1.
When to send PV directly to the grid
2.
When to use PV to charge the battery
3.
How to recapture energy that would otherwise be clipped
4.
How to firm variable generation against a schedule or market signal.
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SITE & GRID INTERFACE TERMS
NERC / CIP
NERC (North American Electric
Reliability Corporation) sets and
enforces bulk power system reliability
standards. CIP is NERC's
cybersecurity framework governing
how control systems are configured,
accessed, and protected.
IEEE 1547 / IEEE 2800
IEEE 1547 governs how distributed
energy resources connect to the grid;
IEEE 2800 extends similar
requirements to large inverter-based
resources at the transmission level.
Remote Intelligent Gateway (RIG)
A device required by some grid
operators that gives the utility direct
visibility into and limited control over a
plant's output. Requirements
vary by region.
When these definitions matter:
The site and grid interface layer
carries enforceable obligations set
before you reach commissioning, and
these apply regardless of what a
vendor's platform includes by default.
Interconnection and reliability standards govern howa resource must behave at the point of connection,and they vary significantly by region. In the UnitedStates, these include IEEE 1547, the bulk powersystem rules administered under NERC, and thedeveloping IEEE 2800 standard for largeinverter-based resources.5In Europe, equivalentrequirements are set by national grid codes publishedby each transmission system operator, informed byENTSO-E network codes. In Australia, the AustralianEnergy Market Operator (AEMO) publishes its owngenerator performance standards. Buyers usuallyinclude this layer in their EMS definition unless aspecific requirement calls for a separate, dedicateddevice. In some regions, grid operators require adedicated interface device — such as a RemoteIntelligent Gateway (RIG) in U.S.CAISO-interconnected projects — that must beexplicitly scoped and contracted rather than assumedto be part of the EMS.




























Distributed generation projects frequently include optimization within their EMS definition. Utility-scale projects rarely do, because at that scale the function is commonly handled by a separatetrading or scheduling operation. At utility scale, whether an optimizer is needed depends on theofftake structure: a merchant asset still needs an optimizer to determine dispatch, so the function iscommonly handled by a separate trading or scheduling operation. A pure PPA asset typically doesnot need one because it does not address cloud optimization; the plant's setpoint is delivereddirectly via an on-site RTU, with no optimization layer required. This difference in where optimizationsits, and whether it's needed at all is the most frequent source of misalignment between buyerexpectations and vendor scope, and Section 4 treats it in detail.The value of this layered view is that, when understood, it allows a buyer to convert a vague requestinto a precise one. A buyer may begin with the statement “We need an EMS,” but with anunderstanding of the layered view, their more effective statement becomes: “We require the unitcontroller through the site interface, coordinating both PV and storage; the OEM is delivering thebattery management layer, and optimization will be handled by our trading operation.” Such astatement provides a strong foundation for a productive EMS vendor conversation.
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FIGURE 2
Control Layer Ownership Matrix
Defining Responsibilities Across Project Configurations
Each row in the matrix below is a layer of the control stack; each column is a common projectconfiguration. Ownership of each layer shifts meaningfully depending on project structure, which is why“we need an EMS” describes a different scope in each column.Before entering vendor conversations, a buyer’s first task is to identify which configuration most closelyreflects their project and to examine every ownership boundary it implies — particularly any that havebeen assumed rather than deliberately assigned.
Control StackLayer
StandaloneStorage
Battery-only;no PV controller
Hybrid,IntegratedControl
PV + BESSunder one EMS
Hybrid,Split Control
PV + BESSowned separately
Cloud Optimization
Dispatch & markets
Buyer / Owner
EMS Vendor
Buyer / Owner
Site & Grid Interface
Interconnection & RIG
EMS VendorEMS Vendor
EPC
PV Plant Controller
Solar (part of the PPC)
Not present
EMS Vendor
Inverter OEM
BESS Plant Controller
Storage (part of the PPC)
EMS VendorEMS Vendor
Battery OEM
Unit Controller
Battery + PCS group
Battery OEM
EMS Vendor
Battery OEM
Battery Management
Inside the battery (BMS)
Battery OEMBattery OEMBattery OEM





Within the EMS purchase 

Owned by another party 
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SECTION 3
A Central Decision:One Controller or Two
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Critically, most disagreements about EMS scope are
not errors. There are many sound ways to build a
hybrid project, and an approach that appears wrong
from one vantage point often underlies a different but
equally valid design intention. For example, a merchant
project carrying low leverage is reasonably built for the
lowest capital cost. Meanwhile, a tolled project carrying
higher leverage is reasonably designed to minimize
operating cost over its life. Both reflect deliberate
optimization for different financial structures.

Key term
Power Plant Controller (PPC): the layer that makes
a site of inverters and batteries behave as one
coordinated plant at the interconnection point.
At the control layer of a hybrid plant, however, one
architectural decision carries real cost and risk, and a
sound requirements framework should resolve it early.
Early resolution is what lets a buyer hold every vendor
to one comparable specification instead of accepting
whichever architecture each vendor happens to prefer.
The next two sections address the decisions where this
leverage matters most.





















































PROJECT FINANCE TERMS
Merchant project:
A project that sells its output into the
wholesale market at prevailing prices.
Revenue is variable and depends on
market conditions.
Tolled project:
A project under a long-term contract
where a counterparty pays a fixed fee
for the right to dispatch the asset.
Revenue is predictable and
contracted for years.
Leverage:
The share of a project funded by debt
rather than equity. Lenders lend
against predictable cash flow, so
contracted (tolled) projects can carry
more debt than merchant projects.
Capex (capital expenditure):
The upfront cost to build the project.
Opex (operating expenditure):
The ongoing cost to run and maintain
the project over its life.
Where the definitions matter:a
merchant project funded largely by
equity against uncertain revenue has
reason to minimize upfront cost. A
tolled project with secure, long-term
revenue has reason to spend more
upfront to lower operating costs
across the asset's life. Different
financial structures point to different
engineering choices, and both
can be correct.



























3.1 Whether PV and storage require separate controllers
A common assumption holds that a hybrid site needs one controller for the solar plant and a secondfor the battery, on the premise that the two are fundamentally different control problems. However,in most cases, they are not; a single PPC is capable of coordinating both PV and BESS at the point ofinterconnection. Buyers should note that splitting PV and BESS control into two independentcontrollers adds integration work, cost, and an additional interface at which faults can occur. In thetypical case, this differentiation provides no corresponding benefit. It can make grid complianceharder because the plant must still present a single coordinated response at the point ofinterconnection regardless of how its controls are divided internally.This decision deserves buyer attention precisely because the hybrid project has become the defaultstructure. When a design proposes separate PV and storage controllers, the appropriate questionshould ask which specific requirement drives the separation. Some designs do have a legitimatereason, which is why the architecture allows for it. Frequently, though, no such requirement exists,and the separation is an inherited habit rather than a considered choice. Ultimately, buyer scopingrequirements should treat unified coordination as the starting point and require any proposed split tobe justified on its merits.
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FIGURE 3
Unified vs. Split Plant Control
Two ways to coordinate PV and storage at a hybrid plant’s point of interconnection — one controller for bothassets, or a dedicated controller for each.
Unified Plant Control
A single controller meters the point ofinterconnection and commands both PVand storage.One vendor interface, one source oftruth, and no negotiation betweencontrollers — the simplest path to acompliant set point at the POI.
Split PV + BESS PPC
Dedicated controllers let each asset runits best-fit vendor.But both share one point ofinterconnection and must coordinate witheach other — an added interface tospecify, test, and tune, and a path forconflicting set points if it is not.
Note: the split configuration shown in the diagram only functions when a top-level PPC and EMS sit abovethe two controllers to coordinate them, unless the asset is co-located and does not require POI control.Without that coordinating layer, dispatching PV and storage as separate controllers does not produce asingle coherent plant response.
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3.2 The related case against reprogrammable plant control
A second misconception common among experienced SCADA engineers is that the buyer mustretain the ability to customize and reprogram the PPC. The expectation has an understandableorigin: on earlier projects, particularly at utility scale, writing custom control code was standardpractice, so the requirement was written as a need to reprogram the controller.In nearly all cases now, this capability is unnecessary, and requesting it introduces risk. The controlalgorithms in a mature PPC are validated against applicable grid codes and, in many cases, testedagainst hardware-in-the-loop simulators before deployment. Rewriting such logic in the fieldreintroduces the faults and edge cases that validation is designed to eliminate. Field-rewritten logichas not passed the grid-code validation or hardware-in-the-loop testing the original code cleared,so faults that would have been caught in a controlled environment can instead first appear on a live,grid-connected plant — tripping it offline, breaching compliance at the point of interconnection, ordamaging equipment.Here, there is an important distinction to be made between configuration and reprogramming.Engineers can adjust setpoints and tune parameters for site-specific conditions without touching theunderlying closed-loop logic, and this kind of parameter-level configuration is routine and expected.Enabling a new control mode is different: even though it doesn't alter the underlying control logic, anew mode must still be tested and validated before it can be enabled — it cannot simply be switchedon. Rewriting the underlying control logic itself goes a step further still, and it raises the probabilityof faults instead of reducing it; this layer stays with the platform vendor. The appropriaterequirement should address configurability, parameter access, and validation evidence for any newcontrol mode, rather than prioritizing the ability to rewrite control logic.
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SECTION 4
The Optimization Decision
Among all the layers in the stack, optimization is the one buyers most often misplace, and it warrantsseparate treatment because the cost of misplacing it is high and because a hybrid plant places moredemands on the layer.
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4.1 Where optimization actually residesConfusion about optimization is understandable; often, when abuyer states a need for “an EMS that optimizes revenue,” theyare describing a desired outcome and assuming the functionresides within the system being purchased. Sometimes it does.Often it does not. Many platforms deliver the control stack upthrough the grid interface and then connect to a separateoptimization layer, such as an in-house trading desk, a third-partyscheduling service, or a managed service. In these cases, theplatform enables optimization without directly performing it.The distinction is highly relevant because the optimization layer iswhere the project’s revenue model is executed, and for a hybridproject, that model is more complex. Coordinating PV and storage tocapture energy that would otherwise be clipped, to firm generation,and to participate in wholesale electricity markets (whetheradministered by an ISO or RTO in the United States, a transmissionsystem operator in Europe, or a market operator such as AEMO inAustralia) requires a layer that understands both resources together.Where the revenue model livesThe optimization layer is where the project’s financialmodel is actually executed. A gap here does not showup in commissioning; it shows up in revenue.Across major markets, regulators have moved to openwholesale electricity markets to storage participation. In theUnited States, FERC Order No. 841 requires grid operators toallow storage resources to compete for capacity, energy, andancillary services, and Order No. 2222 extended comparableaccess to aggregated distributed resources.6In Great Britain,the grid operator has developed a range of balancing andancillary service markets accessible to storage.7MARKET PARTICIPATION TERMSISO / RTOThe entity that manages thetransmission grid and administerswholesale electricity markets in agiven region. Examples includeCAISO, PJM, ERCOT, and MISOfor the US. Equivalent bodiesinclude National Grid ESO andOfgem in Great Britain, ENTSO-Emember transmission systemoperators across continentalEurope, and AEMO in Australia.Ancillary servicesGrid services beyond energydelivery — including frequencyregulation, spinning reserves, andvoltage support — that storage iswell-suited to provide and thatoften represent a significant shareof project revenue.Clipping / clipping recaptureWhen a solar array's peak outputexceeds what its inverter canconvert, the excess is lost. Aco-located battery can absorb thatexcess, capturing value astandalone solar plant cannot.When these definitions matter:In a hybrid plant, these revenuestreams depend on the PV andstorage systems beingcoordinated together. They arenot automatically available justbecause both resources arepresent on site.























































4.2 The highest-priority scoping question

If it is in scope,
 the buyer should confirm precisely what the platform performsindependently for a hybrid plant and what it delegates.
If it is handled separately,
 the buyer should confirm that the EMS provides documented,accessible interfaces for an external optimizer to coordinate both PV and storage.Either arrangement is workable. An unexamined assumption is the condition to avoid, because theoptimization layer is where the project’s revenue model is executed and a gap there is discovered atthe worst possible time: after the equipment is installed and the plant is energized, when interfacesare fixed and contracts are signed, so closing the gap means a costly retrofit or renegotiation whilethe plant is already expected to be generating revenue.
SECTION 5
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Integrated Procurement Versus Assembling
the Layers
































































In Australia, AEMO administers energy and frequency control ancillary service markets in whichstorage can participate.8The specific rules differ by market, but the commercial opportunity isconsistent: a hybrid plant with access to the right optimization layer can capture value acrossmultiple revenue streams simultaneously.The risk of getting the optimization distinction wrong is direct: if the optimization layer is mis-scoped orlacks the interfaces to coordinate both resources, the stacked revenue streams the project’s financialmodel assumes simply never materialize, and that shortfall is discovered only after the plant is earning.The first scoping decision to resolve, before any conversation moves to protocols and control modes,is whether optimization is within the scope of the EMS being purchased or is handled separately.PROCUREMENT TERMSFactory integrator:Division of Responsibility (DOR) matrix:A procurement document that explicitly assigns ownership of eachsystem component and interface to a specific party. Recommended byEPRI's Energy Storage Integration Council as a standard RFP supplement.3When these definitions matter:Without a DOR matrix, ownership of the seams between components isassumed rather than assigned, and assumed ownership is where gapsand disputes concentrate.The placement of the scopeboundary interacts with a seconddecision: whether to purchaseequipment from a factory integratorwith much of the control stackpre-assembled, or to assemble thelayers from separate suppliers. Thisdecision is more important in a hybridproject, where the PV inverters andthe battery system often come fromdifferent manufacturers.A battery OEM or system integrator that delivers the BESS as a pre-assembledpackage with some or all of the control stack already incorporated.




































5.1 Purchasing an integrated package
Procuring an integrated package from a single OEM reduces the number of parties the buyer mustcoordinate. The considerations to evaluate in this case are transparency and data access. Whenseveral layers arrive within a single package, the buyer should confirm in writing what can beobserved, what can be configured, and what data can be exported, before executing the contract.The questions that recur in the field cluster along the lines of:In a hybrid project, these questions multiply because the generation and storage portions may carryseparate warranties and separate compliance obligations.
5.2 Assembling the control layers separately
Assembling the control layers from separate suppliers provides greater control and flexibility at thecost of additional integration work and additional interfaces to manage. For buyers who choose thispath, the timing of the EMS decision is more consequential than is generally appreciated. When theequipment is not pre-integrated, and particularly when PV and storage come from different OEMs,the EMS defines how the separate components communicate and how they are coordinated as oneplant. Resolving the EMS decision early therefore shapes the equipment selection rather than beingconstrained by it.
Timing matters
Resolve the EMS decision early. When equipment is not pre-integrated, that decision shapesequipment selection rather than being constrained by it.For the buyer, it’s critical to understand that neither path is superior in all cases. The appropriatechoice depends on the project’s structure, the buyer’s capacity to manage interfaces, and the valuethe buyer places on long-term flexibility across a multi-vendor hybrid plant. The avoidable error ismaking this choice implicitly and as a byproduct of which vendor was engaged first.
How compliance is managed across multiple vendors and contracts
1.
How warranty obligations are tracked and validated as equipment changes hands
2.
How visibility is maintained into the layers the buyer does not directly control
3.
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SECTION 6
A scoping framework:seven questions to resolve first
The purpose of the preceding sections is to allow a buyer to enter vendor conversations with the relevantboundaries already established. The following sequence of questions supports that outcome. A buyer shouldresolve them with the internal team first; the answers constitute the requirements.
A buyer who enters vendor evaluation with clear answers to these questions is no longer subject tovendor-led scoping. The conversation shifts from the vendor defining the buyer’s needs to the buyerdefining those needs and assessing whether each vendor can meet them.





Which layers of the stack are within scope, for both PV and storage?
Identify them explicitly, from the Battery Management System through optimization, on each side ofthe hybrid project. Mark which the OEMs will deliver, which are expected from the EMS vendor, andwhich the buyer will handle internally. This single step prevents the majority ofdownstream confusion.














Is this a hybrid design (single PPC coordinating PV and storage) or a co-located design(two separate assets sharing a point of interconnection but dispatched independently)?









Treat hybrid, unified coordination as the default, and require any proposed co-located split to bejustified by a specific requirement.
a.
If a split is used, confirm a top-level EMS/Plant PPC still sits above both the PV PPC and BESS PPCto coordinate their combined response at the POI.
b.





Is optimization in scope or handled separately?
Resolve this before any other technical question, and confirm the optimizer coordinates both PV andstorage, whether it sits inside the EMS or connects to it.














What does the project’s financial structure require?
A merchant project built for low capital cost and a tolled project built for low operating cost will havedifferent requirements. The financial structure should inform the technical scope.














Integrated package or separate layers?
Decide deliberately. For an integrated package, secure transparency, data access, and warrantyterms in writing for both generation and storage. For separate layers, resolve the EMS decision early,because it shapes the equipment selection.














What must be configurable, and how is it validated?
Specify the control modes and parameter access the site requires, and request evidence of validationagainst applicable grid codes. Do not specify the ability to rewrite control logic.














Has complexity been justified?
Each additional controller, interface, and custom function must be commissioned, maintained, andsupported for the life of the project. The default should be the simplest design that meets the definedrequirements, with the burden on the vendor to justify added complexity.
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SECTION 7
Conclusion
The principal challenge in defining EMS requirements is not technical. It is the recognition that“EMS” denotes a stack of distinct control layers, that a solar-plus-storage plant spans those layersacross two resources, and that the buyer’s responsibility is to decide, in advance of vendorevaluation, which layers fall within the system being purchased and which do not. A buyer whoestablishes that boundary clearly, treats unified PV-and-storage coordination as the default, settlesthe optimization question early, resists unnecessary customization, and allows the project’s financialstructure to guide the technical scope will conduct a materially better procurement.
Defined up front, this work produces shorter vendor conversations,proposals that can be compared on equivalent terms, and decisions thathold up over the life of the project.
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EMS_Requirements_White_Paper_Source/build.py

#!/usr/bin/env python3
"""Render editable HTML with WeasyPrint 70.0. Never read or edit an input PDF.

python build.py --package
python build.py --package --out-dir /path/to/deliverables
"""
from pathlib import Path
import argparse,hashlib,io,json,re,zipfile,datetime
import xml.etree.ElementTree as ET
import weasyprint
from weasyprint import HTML,Attachment
from weasyprint.text.fonts import FontConfiguration
from fontTools.ttLib import TTFont

ROOT=Path(__file__).resolve().parent
NAME='Stem_EMS_Requirements_White_Paper'

def editable_html():
    """Preserve untouched spans exactly; position newly edited text using local fonts.

    New text inherits the original baseline, size, font, and average tracking.
    Longer lines do not automatically move sections or add pages.
    """
    source=(ROOT/'index.html').read_text(encoding='utf-8')
    fonts={}
    def rewrite(match):
        fragment=match.group(0)
        node=ET.fromstring(fragment)
        changed=False
        for span in node.iter('tspan'):
            old=span.get('data-baseline-text')
            if old is None or old==(span.text or ''):continue
            text=span.text or ''
            if '\n' in text or '\r' in text:
                raise ValueError('Use separate tspan lines with explicit y baselines; do not insert line breaks into one tspan.')
            path=ROOT/node.get('data-font-file')
            if path not in fonts:fonts[path]=TTFont(path)
            font=fonts[path];cmap=font.getBestCmap();units=font['head'].unitsPerEm
            x=float(span.get('x').split()[0]);size=float(node.get('font-size'))
            tracking=float(span.get('data-tracking','0'));positions=[]
            for char in text:
                glyph=cmap.get(ord(char))
                if glyph is None:
                    raise ValueError(f'Character {char!r} is not in {path.name}. Use a complete approved Inter font, not a system fallback.')
                positions.append(f'{x:.6f}')
                x+=font['hmtx'].metrics[glyph][0]*size/units+tracking
            span.set('x',' '.join(positions));changed=True
        return ET.tostring(node,encoding='unicode') if changed else fragment
    return re.sub(r'<text\s+[^>]*>.*?</text>',rewrite,source,flags=re.S)

def source_zip(path):
    """Deterministic source-only archive. Build output is intentionally excluded."""
    files=[ROOT/'index.html',ROOT/'build.py',ROOT/'README.md',ROOT/'requirements.txt',ROOT/'reference_layout.json']
    files+=sorted((ROOT/'fonts').glob('*'));files+=sorted((ROOT/'img').glob('*'))
    with zipfile.ZipFile(path,'w',compression=zipfile.ZIP_DEFLATED,compresslevel=9) as archive:
        for file in files:
            member=zipfile.ZipInfo(ROOT.name+'/'+file.relative_to(ROOT).as_posix(),date_time=(2026,10,2,0,0,0))
            member.compress_type=zipfile.ZIP_DEFLATED;member.external_attr=0o100644<<16
            archive.writestr(member,file.read_bytes())

def main():
    parser=argparse.ArgumentParser(description=__doc__)
    parser.add_argument('--package',action='store_true',help='Create plain PDF, PDF with embedded source, and Source.zip.')
    parser.add_argument('--out-dir',type=Path,default=ROOT/'output')
    args=parser.parse_args()
    if weasyprint.__version__!='70.0':raise SystemExit(f'Requires WeasyPrint 70.0, found {weasyprint.__version__}. Install requirements.txt.')
    out=args.out_dir.resolve();out.mkdir(parents=True,exist_ok=True)
    html=editable_html();identifier=hashlib.sha256(html.encode('utf-8')).digest()
    font_config=FontConfiguration()
    document=HTML(string=html,base_url=str(ROOT)).render(font_config=font_config)
    if len(document.pages)!=20:raise SystemExit(f'Expected 20 pages, rendered {len(document.pages)}. Correct layout before delivery.')
    # Preserve original JPEG bytes and raster dimensions; compress PDF streams.
    options={'optimize_images':False,'pdf_identifier':identifier,'uncompressed_pdf':False}
    plain=out/(NAME+'.pdf');document.write_pdf(plain,**options)
    print(plain)
    if args.package:
        archive=out/(NAME+'_Source.zip');source_zip(archive)
        attached=out/(NAME+'_with_source.pdf')
        stamp=datetime.datetime(2026,10,2,tzinfo=datetime.timezone.utc)
        attachment=Attachment(filename=str(archive),name=archive.name,description='Editable HTML/CSS, exact local Inter fonts, images, rebuild script, and instructions.',created=stamp,modified=stamp,relationship='Source')
        # Both PDFs are rendered by WeasyPrint from the same Document object.
        # This adds the source attachment at generation time, not by PDF editing.
        document.write_pdf(attached,attachments=[attachment],**options)
        print(attached);print(archive)
if __name__=='__main__':main()
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# EMS Requirements White Paper — editable HTML/CSS source

The document is a fixed-layout, 20-page US Letter white paper (8.5 × 11 inches). The source preserves the original copy, section order, page breaks, photos, diagrams, colors, font sizes, and positions.

## Files

| File or folder | Purpose |
| --- | --- |
| `index.html` | Authoritative editable source: all visible text, inline vector artwork, positioning, and commented CSS. |
| `fonts/` | Exact Inter font files extracted from the original, including its complete faces and subset variants. No remote fonts. |
| `img/` | Only referenced images: original photography, logos, backgrounds, and decorative graphics. Original transparency masks are incorporated into PNG alpha channels. |
| `build.py` | Renders the HTML with WeasyPrint **70.0** and creates the requested PDF/source deliverables. It never loads or edits an input PDF. |
| `requirements.txt` | Pinned Python rendering dependencies. |
| `reference_layout.json` | Original page text and dimensions for comparison. This is reference data; edit the HTML, not this inventory. |

## Setup and rebuild

Use Python 3.10 or newer. Python 3.12 was used for the verified build.

```sh
python -m venv .venv
# Linux/macOS:
. .venv/bin/activate
# Windows instead:
# .venv\Scripts\activate
python -m pip install -r requirements.txt
python build.py --package
```

WeasyPrint also requires its platform libraries, including Pango, HarfBuzz, and Fontconfig. Install the system dependencies appropriate to your operating system using WeasyPrint's installation instructions: https://doc.courtbouillon.org/weasyprint/stable/first_steps.html#installation . Linux was used for this delivery. The same pinned Python packages alone do not guarantee pixel-identical rendering across operating systems with different native font engines.

`python build.py --package` writes these three files under `output/`:

1. `Stem_EMS_Requirements_White_Paper.pdf` — plain sharing/printing PDF.
2. `Stem_EMS_Requirements_White_Paper_with_source.pdf` — identical visible pages with the source ZIP attached.
3. `Stem_EMS_Requirements_White_Paper_Source.zip` — this source folder, without build output or circular copies of the PDFs.

Use `--out-dir /path/to/folder` to choose another destination. Without `--package`, the script generates only the plain PDF. An ordinary PDF viewer's Attachments panel can extract the ZIP from the second PDF; the standalone ZIP is provided for applications that do not expose PDF attachments.

The original PDF and the previous low-level JSON reconstruction are not required to rebuild this package.

## Editing in an AI application

Upload the **Source.zip**, or extract it and supply the complete source folder. Tell the application to edit `index.html`, then run `python build.py --package`. Uploading only the plain PDF does not give it this source.

### Authoring model

Every HTML `<section class="page">` is one fixed-size printed page. Its inline `<svg>` contains live `<text>` and `<tspan>` elements, not outlined letters or screenshots. Artwork retains vector paths where the original used vectors. This model preserves the existing design more closely than automatically reflowed paragraphs.

Text can be found with a normal text search. Edit the visible text between `<tspan ...>` and `</tspan>`. A sentence may span multiple tspans because the original line breaks and font runs are preserved. The `data-baseline-text` attribute is the original text snapshot used to detect edits: leave it unchanged. `build.py` automatically recalculates character x positions for edited tspans with the exact local font, size, and original average tracking. Unchanged tspans retain their exact original coordinates.

Longer copy does **not** automatically reflow. If a line no longer fits, explicitly redistribute it into existing lines, or add a tspan with an appropriate `y` baseline and `x` start while keeping the layout and page count. Preview the rebuilt PDF. The builder checks the page count and rejects characters missing from the specified subset font rather than silently choosing a new system font. For new characters, use a complete approved Inter face and explicitly check its layout; do not substitute another font.

### Rules for later edits

- Edit the HTML, then rebuild all deliverables. Never patch the PDF directly.
- Change only what the user asks. Preserve all other copy and artwork.
- Keep the 20-page count, US Letter size, section order, page breaks, and existing margins/positions.
- Keep the original font faces, weights, sizes, and colors. Do not add new colors or fonts.
- Use locally supplied assets. Do not replace logos or redraw them.
- Check every affected page visually for overlaps, clipping, orphans, widows, awkward hyphen breaks, and broken URLs.
- Keep the exact original text in unchanged lines, including punctuation, superscripts, special characters, and nonbreaking spaces.
- Never convert whole pages or live text into raster images.
- Include only files referenced by the source in `img/`.

## Brand color tokens

The supplied **Stem Brand Guidelines_v5** is the current brand reference, superseding older Stem guidelines. Literal SVG fill/stroke values preserve the original exact artwork; the commented CSS also declares the primary brand tokens.

| Token | Hex | Brand role |
| --- | --- | --- |
| `--stem-violet` | `#634AEB` | Bright Violet: primary brand color, headings, rules. |
| `--stem-lilac` | `#C8A7FC` | Light Lilac: text on dark backgrounds, tints. |
| `--stem-ink` | `#1C0733` | Ink: primary text. |
| `--stem-aubergine` | `#240533` | Aubergine: dark surfaces. |
| `--stem-indigo` | `#34188A` | Deep Indigo: gradient midpoint, dark accents. |
| `--stem-blue` | `#1B34E0` | Current Blue: gradient anchor. |
| `--stem-lime` | `#BAF004` | Electric Lime: signal accent. |
| `--stem-neutral` | `#6E6880` | Neutral: secondary text. |
| `--stem-white` | `#FFFFFF` | White: background and reverse type. |

The original also uses existing shades/tints such as `#4A4458`, `#9A94AB`, `#A9A2BC`, `#EBE3FA`, and `#EDE7FB`, plus translucent fills and colors within photography. These are retained as-is to honor the exact-copy requirement. They are not additions to the approved brand palette and should not be propagated into new design elements.

## Type styles

All visible text is Inter. CSS aliases such as `StemInter...` identify the exact local binary font file; they are not different font families. Original embedded fonts with identical internal names can have different weights, so do not consolidate aliases based on names alone.

| Style | Original font weight | Typical size, points |
| --- | --- | --- |
| Cover title | Inter Black 900 | 36 |
| Cover subtitle | Inter SemiBold 600 | 16 |
| Cover eyebrow / website | Inter Bold 700 / SemiBold 600 | 9 |
| Main section headings | Inter ExtraBold 800 | 20 |
| Executive Summary heading | Inter Black 900 | 20 |
| Final-page heading | Inter ExtraBold 800 | Approximately 31 |
| Purple subsection headings | Inter Bold 700 | Approximately 11.2 |
| Main body text | Inter Regular 400 | Approximately 10 |
| Executive Summary body | Inter Regular 400 | 8.8 |
| Final-page body | Inter Regular 400, with bold emphasis | Approximately 11 |
| Footers / page numbers | Original Inter Regular or Bold | 9 |
| Diagram labels, table text, reference text, and superscripts | Original local Inter variant | Smaller sizes retained individually in the HTML |

The original uses Black 900 headings and copy smaller than the new guideline's general accessibility recommendation. These sizes and weights are deliberately retained for this exact-layout recreation. A future accessibility or brand-conformance redesign would be a separate, requested change.

## Original copy left as-is

No editorial revisions were made. The original title wording, table-of-contents labels, section/subsection numbering, acronym definitions, product naming and trademark symbols, quoted terms, citation numbers, reference entries and URLs, footer wording, and copyright year are retained. Different wording between table-of-contents labels and printed section headings remains as supplied. Original line breaks and nonbreaking spaces are preserved. The reference inventory records the original PDF extraction order; the visual order and positions in the HTML remain authoritative.

The imported control-stack diagram carried an invisible old footer within its clipped artwork. That hidden footer was omitted from the HTML so it does not appear as additional selectable copy; visible diagram content is preserved.

## Verification

The delivery was verified by extracting the delivered ZIP into a fresh folder and running `python build.py --package` there. The fresh plain PDF and source-attached PDF both have 20 US Letter pages. Each rebuilt page was compared with its delivered counterpart at 144 dpi: all rendered RGB pixels matched, and extracted page text matched. The source ZIP attached to the PDF was also checked against the standalone ZIP.

The WeasyPrint recreation visually preserves the original layout and was compared page by page with the original. Small raster interpolation, vector edge, and font-rendering differences exist between the original PDF engine and WeasyPrint; this HTML version is not claimed to be pixel-identical to the original low-level reconstruction. Fresh builds in the verified environment are pixel-identical to the delivered HTML-generated PDFs.

## Requested update — October 4, 2026

On page 3, a white SVG fade spans the full page width above the background art and below the live text. It retains the 58% maximum whitening behind the body copy and the extended, gradual vertical taper down the page. The fade affects the entire background across the page, including the purple curve. All copy, text styles, positions, and other pages are unchanged.

### Section 2.4 sidebar addition
Page 8 includes the user-supplied “Site & Grid Interface Terms” sidebar. Its text is preserved verbatim after decoding HTML character entities and applying the requested bold/italic emphasis. Section 2.4 is rewrapped in a left column; its existing dedicated-interface callout is retained. Section 2.5 follows both columns. The total remains 20 pages. Sidebar text uses existing local Inter faces at 8.5pt, with the existing violet and light callout fill.
The italic closing note uses a slight SVG slant of the complete local Inter Regular/Bold faces, since the original embedded italic faces are limited character subsets. No additional fonts are introduced.

### Section 3 finance sidebar addition
Page 11 includes the user-supplied project-finance definitions beside the original section 3 copy, which is rewrapped on the left with its Key term callout retained. Both sidebar titles are all caps and all sidebar text is 8.5pt Inter, using the existing violet and pale callout fill. The closing note is italic. The outer quotation mark in the supplied prompt was treated as a quotation delimiter. The total remains 20 pages. Only pages 8 and 11 are changed in this revision.

### Sidebar visual styling
Both terminology sidebars use violet (#634AEB) header bands, white title text, a 0.75pt lilac (#C8A7FC) rounded border, and inset 0.6pt lilac horizontal dividers between definitions and above the closing note. This follows the Single Vendor Accountability reference box treatment with horizontal separators. The 8.5pt text, copy, positions, dimensions, and 20-page count are unchanged.

### Market and procurement terminology sidebars
Pages 15 (section 4.1) and 16 (section 5) include the supplied definitions, with matching purple/white header bands, borders, dividers, and 8.5pt copy. Original wording is retained. Page 15 body text remains 10pt Inter, with local 11.5pt leading to fit paired columns within 20 pages. Its section 4.1 subheading is moved up 10pt and the body rewrapped. Page 16 baseline spacing above section 5 is tightened to make room, with all font and icon sizes retained. The procurement title and introduction are rewrapped to the left of their sidebar. The section 3 sidebar title is now PROJECT FINANCE TERMS. Quote delimiters and HTML character entities in the prompt are decoded.

### Sidebar spacing refinement
Header bands are 24pt high with one-line 8.5pt white all-caps titles. Definition sections use more whitespace around separators; paragraph endings are balanced to avoid single-word final lines where possible. The market sidebar is 164pt wide so its title fits on one line. On page 16, the section 5 title spans the page and the procurement sidebar starts beneath it, with a wider 264pt body; the introduction is rewrapped on the left. All wording, font sizes, colors, and 20-page count remain unchanged.

### Sidebar alignment and procurement line breaks
The site/grid sidebar begins at the visible top of its adjacent body paragraph (94.073pt) and ends even with the dedicated-interface box (522.513pt), with extra spacing between definitions. The market sidebar begins at its adjacent paragraph top (230.31pt). The procurement introduction column is widened 10pt within the existing gutter; its closing clause “often come from different manufacturers.” stays together on one line. No copy or type size changes.

### Even site/grid row padding and procurement gutter
The page-8 sidebar now uses equal visual padding (13.66245pt) above each definition heading and below each body block, with divider positions centered in the whitespace. Its aligned top and bottom are retained. On page 16 the gap from the paragraph to the sidebar is 20pt; the sidebar is 254pt wide and remains inside the same right margin. Original copy, font sizes, paragraph line breaks, colors, and page count are retained.

### Visible spacing correction
Page 8 padding is computed from the visible glyph bounds of each heading and last body line, so whitespace above and below each definition is equal to the eye, rather than using font line-box metrics. The sidebar retains its aligned outer bounds. Page 16 now has a 40pt gutter between paragraph and procurement sidebar, twice the preceding revision. The sidebar moves 20pt right and starts 6pt higher, still below the title. Font sizes, copy and paragraph line breaks are retained. This build is provided from a fresh revision-specific output directory.


Revision 17: Applied PDF annotations 1–14. Citation punctuation precedes the marked superscripts; the page 3 citation comma is also raised. Added spaces around the two marked em dashes, aligned the page 6 legend markers, centered the page 10 legend, and converted the procurement citation to superscript 3. About Stem copy was replaced with the supplied paragraph; PowerTrack[TM] is displayed as PowerTrack™. Other original wording remains as-is.

Revision 18: Periods precede citation 4 on page 7 and citation 6 on page 15. The page 11 finance sidebar label “Where the definitions matter:” is bold italic, matching the page 15 sidebar label weight. All other copy and layout remain unchanged.

Revision 19: Page 15 main body uses 13.65 pt leading with its existing 10 pt Inter type. Page 15 vertical spacing was rebalanced while keeping content on the same page. Page 5 photo is proportionally enlarged and center-cropped into a taller rounded frame from y214.5 to y715.0, keeping its bottom edge and footer unchanged.

Revision 20: Page 15 sidebar width is 138 pt with 8.5 pt definition text; its white single-line header is 7.6 pt to fit. The main text column is 322 pt wide, with more space above heading 4.1 and 9 pt additional space between main paragraphs. Pale purple text callouts on pages 7, 8, 11, 15, 17, 18 use line height 1.3 times the font size. Original copy and 20-page count are preserved.

Revision 21: Main body paragraph baseline spacing is standardized to 16.25 pt, matching the quoted “Among all the layers...” paragraph. Font sizes remain unchanged. Page 15’s final paragraph continues at the top of page 16 from “In Australia,”; page 16 is rebalanced locally. Callouts retain 1.3x font-size line height and sidebars retain 8.5 pt definition text. Content and 20-page count remain unchanged.

Revision 22: The EMS conducts; A dedicated interface; Key term; Where the revenue model lives; Timing matters callout body lines use 16.25 pt leading. Headings have 18.25 pt baseline spacing before body copy. Vertical padding is balanced, excess frame space removed, and page 8 info-box bottoms aligned. Page 7 text above the footer has more clearance. Text stays on its revision 21 page; all other wording, fonts, colors, and 20-page count remain unchanged.

Revision 23: Main body paragraphs use 16 pt line height, keeping each paragraph’s original first-line anchor and all text on its revision 22 page. The five named purple callouts return to 13 pt leading (1.3×10 pt), while retaining their current frames, heading gaps, vertical centering, page 8 aligned bottoms, and page 7 footer clearance. Sidebars, table and diagram labels, reference styles, fonts, colors, and the 20-page count are preserved.

Revision 24: Market Participation Terms restored to164pt width. Pale callouts use equal8pt vertical padding,13pt body leading,18.25pt heading gap. Three requested paragraphs shortened by one line through measured tracking, with unchanged wording. Main body remains16pt leading; all copy retains its page.

Revision25: Specified figure introductions/captions/notes use14pt leading; Section6 introduction13.5pt. Pale callout contents optically centered using actual glyph bounds. Page15 outside gaps are balanced. Page12 photo proportionally enlarged inside a taller rounded frame. Section4.2 moves18pt upward; Section5 stays fixed. All wording, fonts, colors and20pages remain.

Revision26: Section2.4 paragraph narrowed to one extra line; Section2.5 has6pt more space above. Outside gaps for Key term, revenue model and Timing matters balanced. Section4.2 bullets/conclusion move12pt up. Section5 title/paragraph move16pt up beside the stationary sidebar. Copy and page assignments unchanged.

Revision27: Procurement Terms sidebar has12pt side padding and268pt overall width, with its center retained. Its DOR note is three lines with unchanged wording and typography. Main text position, pagecount and fonts/colors preserved.
Revision27 additional spacing: Revenue model callout has16pt outside gaps above/below using paragraph line bounds, consistent with other callout spacing. Its following paragraph shifts down within page15.

Revision28: Procurement sidebar320pt wide,12pt side padding,26.5pt gaps between definition groups. Definition copy totals nine lines instead of ten, with unchanged wording. Adjacent main paragraph reflows to180pt width, retaining19.2pt gap and staying on page16. All typography, colors, and20pages preserved.

Revision29: Section4.2 bullets/conclusion move8pt upward; all Section5 content and its sidebar move12pt upward for more footer clearance. Copy, layout widths, fonts/colors and20page count remain.
Revision29 additional: Procurement purple header22pt high, extended6pt upward. Title remains vertically centered; definition positions preserved.
Revision29 additional: Factory integrator body uses-.255pt character tracking at8.5pt Inter to fit two lines; wording unchanged. Subsequent definitions/dividers and sidebar bottom move11pt up to preserve section spacing.

Revision30: Procurement sidebar top aligns to neighboring paragraph line top. Section4.2 bullets/icons/conclusion shift4pt down for extra clearance above the first icon. Section5 heading/main paragraph remain fixed; all wording and20pages preserved.

Revision31: Page6 bottom legend and each page13 legend row horizontally centered on the612pt page, moving complete SVG groups including clipping, symbols and labels. No wording, fonts/colors, assets, pagecount or vertical positions changed.

Revision32: Closing page uses the user-supplied Stem_AIONA_Overview_V6 last-page source, preserving its exact Inter-Regular/Bold font files, background, white logo, title/lead, two About paragraphs, contact card and footer. All closing-page text is stored in reference_layout.json under closing_page_reference and authored live in index.html. The provided copy, address, phone, NYSE line, and copyright are left as supplied. Scoped page20 CSS prevents changes to other pages. Closing type styles: title20.5pt/1.15; lead16pt/1.3; body9.3pt/1.66; contact title11.5pt/1.2; contact body9.3pt/1.6; tagline7.8pt; copyright7.4pt. Additional reference tokens: neutral100#E2E1E6, neutral200#C8C6CF, neutral300#A8A4B3; no new brand palette. The page6 purple separator moves5.598663pt right to page center; its already-centered legend stays fixed. Only actually used images are included.

Closing-page reference color tokens:

| Token | Value | Use |
|---|---|---|
| Neutral100 | #E2E1E6 | Contact details |
| Neutral200 | #C8C6CF | About body |
| Neutral300 | #A8A4B3 | Copyright |

Closing-page reference type styles (local StemClosingInter):

| Style | Size | Leading | Weight |
|---|---:|---:|---:|
| About title | 20.5pt | 23.575pt | 700 |
| Lead | 16pt | 20.8pt | 700 |
| Body | 9.3pt | 15.438pt | 400 |
| Contact title | 11.5pt | 13.8pt | 700 |
| Contact details | 9.3pt | 14.88pt | 400 |
| Footer tagline | 7.8pt | 7.8pt | 400 |
| Copyright | 7.4pt | 7.4pt | 400 |

Revision34: Reverted revision33 font-weight changes. HTML/styles match revision32 exactly; all earlier layout and closing-page changes remain.
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weasyprint==70.0
pydyf==0.12.1
fonttools==4.61.1
Pillow==12.3.0
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