Stem CUSTOMER CASE STUDY

Case study: Sol Systems

Consolidating a Portfolio onto

PowerTrack Cloud Through
Software-Only Migration

Bringing third-party SCADA sites onto one platform
with no new hardware and no site visits

CUSTOMER

Sol Systems LLC, a clean
energy asset developer,
owner, and operator

¢ The Challenge:

One Portfolio, Too Many Platforms -2 SCOPE

a0l More than 600 MW in migration
Sol Systems' portfolio had grown to include PV sites running on over 3 years, with 1 GW total
third-party SCADA, sitting outside the PowerTrack Cloud planned by end of 2026
platform the rest of the fleet was managed on. That split meant
no single view of portfolio performance, reports stitched a2 CHALLENGE
together by hand, and KPIs that didn't reconcile site to site. Sol "@“ PV sites monitored on third party
Systems needed those sites brought onto PowerTrack Cloud SCADA and sitting outside of the
without disturbing monitoring systems already installed and paid PowerTrack Cloud platform,
for, without capital spend on new field hardware, and without leaving no single view of

waiting months for a crew to be scheduled at each site. portfolio performance

. @ NEW HARDWARE
Q The Solution: No equipment purchased, no

one Platform No New Hardware installation, no truck rolls, and no
[}

impact to existing warranties
Stem migrated the portfolio into PowerTrack Cloud Software using

a software-only ingest, reading data directly from existing field (7Y TIME TO DATA

devices — inverters, meters, weather stations, and trackers — U Live in PowerTrack Cloud within 2
rather than scraping the incumbent SCADA portal. No monitoring weeks of full data availability
hardware was purchased or installed, existing warranties were

untouched, and the legacy system ran in parallel until cutover, so = INCLUDED

Sol Systems never had a monitoring gap caused by the transition. “~J PowerTrack Cloud's Advanced

With no hardware in the critical path, each migration was Modeling configured by Stem; a

completed within two weeks of full data availability. dedicated Project Manager and
Application Engineer assigned to

each site
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CUSTOMER CASE STUDY

Results

® Over 600 MW of PV consolidated into PowerTrack a8
Cloud over three years 11

® No new monitoring hardware, installation labor, or site

" . .
mobilization cost. PowerTrack Cloud has made it easier for

our team to bring data together across
projects and systems, reducing the
complexity of managing a growing
portfolio and giving us more consistent
visibility into project performance.”

® No impact to existing equipment, monitoring systems,
or warranties.

® Every migration live on PowerTrack Cloud within two
weeks of full data availability.
Advanced Modeling configured and delivered turnkey.
One platform, one interface, and one consistent set of Adam Polis, Director of Performance

KPIs across the managed fleet, regardless of which Engineering, Sol Systems LLC
SCADA system was originally deployed at each site.

How Stem Delivered

Reading data straight from the field devices

Stem's Application Engineering team installed PowerTrack SCADA on existing hardware, established communications
to the field devices at each site, and ingested data at the device level rather than as a rolled up plant summary. That
granularity is what makes real diagnostics, loss accounting, and equipment level analytics possible downstream.

Drivers built by hand to get the data right the first time

Rather than relying on generic templates, Stem's engineers manually created the device drivers for this portfolio.
Register maps, scaling, and point naming were verified against the equipment documentation up front, so data landed
correctly on the first try. That eliminated the rounds of data cleanup that often follow commissioning, and it shortened
the time to usable data.

Field and network support for the installer

Where site networks needed attention, Stem worked directly with the installer to diagnose network issues and verify
proper setup. That included merging the new data path into the existing site network so the legacy system and the new
PowerTrack Cloud service could operate independently, with no interruption to the customer's existing data integration.
Where that work was needed it added days to the schedule, and it was the biggest variable in how quickly a site

could go live.

Advanced Modeling configured by Stem, not by the customer

Performance modeling is the difference between a monitoring portal and an analytics platform, and it's normally the
customer's homework. Stem configured Advanced Modeling in PowerTrack Cloud for the portfolio, so Sol Systems

gained expected versus actual analytics, weather adjusted performance measurement, and loss attribution without

spending internal engineering hours building or tuning the model themselves.

A dedicated Project Manager and Application Engineer on every site

Each site was assigned a dedicated Project Manager and a dedicated Application Engineer who carried that site from
kickoff through validation. Sol Systems always knew exactly who owned the work and had a single point of contact for
every question. That same Application Engineer also worked directly with the Sol Systems team to build a generic
roadmap for standardizing data across the portfolio, mapping the data identically from site to site so KPIl and
performance analysis is faster and more consistent. What the team learned on one site fed the next one through that
common delivery process.
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CUSTOMER CASE STUDY

Key Takeaways:
Applying Sol Systems’ Approach to Your Own Portfolio

Is a software-only migration available to your portfolio?

IF YOUR FLEET SPANS MULTIPLE MONITORING PLATFORMS because each site arrived with whatever the developer
or EPC installed... Fragmentation accumulates cost over time — reports stitched together by hand, KPIs that don't
reconcile, and a different vendor to chase every time a site goes quiet. A single platform with a consistent data model
eliminates that translation layer entirely.

IF YOUR SITES ALREADY HAVE MONITORING HARDWARE AND WARRANTIES IN PLACE THAT YOU DON'T WANT
TO DISTURB... Software-only ingest reads directly from existing field devices or data can be read from an aggregator,
with no equipment to buy and no risk to coverage already in service. The legacy system can run in parallel until you're
ready to cut over, so there's no forced downtime or hard deadline.

IF PERFORMANCE MODELING AND LOSS ATTRIBUTION HAVE BEEN MORE HOMEWORK THAN YOU HAVE
ENGINEERING HOURS FOR... Advanced Modeling configured as part of onboarding delivers expected-vs-actual analytics,
weather-adjusted performance, and loss attribution from day one — without your team building or tuning the model.

IF YOUR GROWTH PLAN DEPENDS ON ADDING SITES WITHOUT ADDING OPERATIONAL HEADCOUNT... Because
new sites can often be added by software alone, the platform scales with the portfolio instead of gating growth behind
hardware procurement and installation schedules.

If your fleet is spread across monitoring platforms, a software only migration may be available
to you. In many cases Stem can read directly from your existing field devices, leave your
installed hardware and warranties untouched, run in parallel with your current system until
you're ready, and hand back a fully modeled site in PowerTrack Cloud. Contact your Stem
account team to scope your portfolio.

About Stem

Stem is a global leader in energy intelligence and the operating system for clean energy: where assets connect, sites
are optimized, and value is captured. Powered by decades of operational experience and purpose-built Al, our
PowerTrack™ platform is the layer that sits between raw data and confident action, making every decision-maker
smarter, every asset more productive, and every transition more certain.

From asset monitoring to portfolio optimization and control, PowerTrack delivers everything energy professionals need
in one place. With projects managed across 55 countries, we have spent nearly 20 years empowering asset owners,
operators, and developers to take command of what comes next, with the certainty to act, the trust to commit, and the
intelligence to lead.

stem

The Operating System for Clean Energy. © 2026 Stem, Inc.
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# Stem Customer Case Study — Sol Systems: editable source

This package holds the approved three-page, US Letter (612 × 792 pt) case study
*Consolidating a Portfolio onto PowerTrack Through Software-Only Migration*.
The editable source is `Stem_Case_Study_Sol_Systems.html`. It contains all copy,
layout and commented CSS. The PDF is rendered from that HTML with WeasyPrint
70.0. It contains no PDF backgrounds or screenshots of pages; all text is live
Inter font text.

Visual style follows **Stem Brand Guidelines v5 (Edition 1.0 · 2026)**. Only v5
palette colors (core colors and their published tint/shade ramps) and the Inter
family are used.

## Rebuild

Use Python 3.10+ with the native libraries WeasyPrint needs (Pango and
Fontconfig; on Debian/Ubuntu: `libpango-1.0-0`, `libpangoft2-1.0-0`,
`fontconfig`). A virtual environment is recommended.

```sh
python -m pip install -r requirements.txt
python build.py --package
```

This writes three deliverables into the parent folder (or `--output-dir DIR`):

| File | What it is |
|---|---|
| `Stem_Case_Study_Sol_Systems.pdf` | Plain PDF for sharing and printing |
| `Stem_Case_Study_Sol_Systems_with_source.pdf` | The same pages, with the source ZIP attached |
| `Stem_Case_Study_Sol_Systems_Source.zip` | This source folder |

`python build.py` (without `--package`) writes only the plain PDF.
`--draft` writes the PDF even when the fit check fails, for inspection only.

The build refuses any WeasyPrint version other than **70.0**. It stops if:

- the page count is not 3;
- the page size is not US Letter;
- content runs into a footer, or ends less than 12 pt above the dark About Stem panel;
- the About Stem copy comes within 16 pt of its footer rule.

The ZIP is deterministic (sorted, fixed timestamps) and excludes generated
PDFs, ZIPs and caches, so attachments never recurse.

For an AI application, upload the **Source ZIP** whenever possible. The AI must
be able to extract it, edit files and run Python/WeasyPrint. Not every AI
application or PDF viewer can read the attachment inside a PDF.

## Files

| File / folder | Purpose |
|---|---|
| `Stem_Case_Study_Sol_Systems.html` | All copy, styling (commented CSS in `<style>`), page structure and image placement. **Edit this file.** |
| `fonts/` | The exact Inter files used: `Inter-Regular.ttf` (400), `Inter-SemiBold.ttf` (600), `Inter-Bold.ttf` (700). Embedded locally; no web-font requests. |
| `img/` | Every image used, and only those (see below). |
| `build.py` | Render with WeasyPrint 70.0, run the fit check, and package (`--package`). |
| `requirements.txt` | Python dependencies pinned to the verified versions. |
| `verify.py` | Compares two PDFs page by page (page size plus rendered-pixel hashes). |
| `verify_package.py` | After `build.py --package`: fresh-unzip rebuild, attachment and previous-version checks; `--write` records them in `verification.json`. |
| `verification.json` | Recorded checks for this package (fresh-unzip rebuild, attachment PDF). |
| `README.md` | This guide. |

### Images (`img/`)

| File | Use | Origin |
|---|---|---|
| `hero-solar-storage.jpg` | Page 1 hero photo (solar + battery storage at dusk with signal wave), full width under an Ink scrim that is darkest on the left for title contrast | Supplied by the user (*Firefly_Gemini Flash_Hybrid.png*, 5504 × 3072 px), mirrored horizontally (solar panels on the right, storage on the left) and resized to 2700 px wide JPEG (≈ 300 dpi at the 612 pt hero width) |
| `about-signal-wave.jpg` | Page 3 About Stem background | v5 Brand Guidelines signal-wave image |
| `stem-wordmark-white.svg` | Logo on dark: hero, header bands, closing footer | Official v5 wordmark, reversed white |
| `stem-wordmark-color.svg` | Logo on light-page footers | Official v5 wordmark, Bright Violet |
| `icon-alert-bell.svg`, `icon-cloud.svg` | Page 1 Challenge / Solution headings | v5 Brand Asset Library |
| `icon-people.svg`, `icon-bar-growth.svg`, `icon-energy-hub.svg`, `icon-shield.svg`, `icon-energy-cycle.svg`, `icon-checklist.svg` | Page 1 at-a-glance card rows | v5 Brand Asset Library |
| `icon-growth-chart.svg` | Page 2 Results heading | v5 Brand Asset Library |
| `icon-solar-panel.svg`, `icon-code.svg`, `icon-globe.svg`, `icon-monitor-chart.svg`, `icon-user-network.svg` | Page 2 How Stem Delivered subsections | v5 Brand Asset Library |

The icons are vector paths taken from *Stem Brand Assets.pdf*. They are not
redrawn. Each SVG's viewBox is aligned to the top of the artwork, so the icon
top sits on the cap height of its heading.

## Mandatory rules for an AI editing this document later

1. Read this guide and look at all three pages before changing anything.
   **Edit the HTML, then rebuild.** Never edit the PDF directly, use a page
   image as a background, or swap in a different template.
2. **Change only what the user asks.** Keep every other element, position,
   spacing, line break, font, color, image and hierarchy as it is. Don't tidy
   unrelated copy or restyle anything.
3. **Keep exactly 3 US Letter pages.** Don't add pages, shrink fonts
   automatically, or move unrelated sections to make room. If an edit doesn't
   fit, tell the user and suggest options.
4. **No new colors or fonts.** Use only the tokens below and the packaged
   Inter files. A new element takes the size, weight and color of the existing
   element in the same role.
5. Each `<section class="page">` is one sheet. Footers and the About Stem panel
   are absolutely positioned at the page bottom. Everything else flows.
6. Keep the shared spacing tokens: `--h2-above` 18 pt, `--h2-below` 7 pt,
   `--h3-above` 6 pt, `--h3-below` 3 pt. Margins are `--margin` 54 pt (0.75 in).
7. Fine-tuning that is already in place:
   - **No-break spaces.** `&#160;` binds the last words of some Results
     bullets, "could go live." on page 2, and the at-a-glance Customer
     ("and operator") and Challenge ("portfolio performance") rows, so no single short word sits alone on a line. When that copy
     changes, re-check and move or remove these.
   - **Tracking.** `style="letter-spacing: …"` is optical tracking on three
     paragraphs: The Solution (page 1) and "Field and network support…" (page 2) at −0.01 em (−10), and the
     third Key Takeaway at −0.016 em (−16). It exists only to remove a short
     last line. Remove it if the copy changes.
   - **Caps.** All-caps text is typed in sentence case and set in caps with
     CSS `text-transform`. This covers the at-a-glance labels, the header
     labels and the Key Takeaways lead-ins. Edit that copy in sentence case.
   - **Measure.** A few elements have an explicit `max-width` purely so their
     lines break evenly. These are the hero subtitle, the hero title block and
     the at-a-glance Customer value. Re-check them when that copy changes.
   - **Heading breaks.** A `<br>` after the colon breaks "The Challenge:",
     "The Solution:" and "Key Takeaways:" onto their own line.
8. **Before delivering, render and inspect all 3 pages.** Check for:
   - orphans and single words on a last line;
   - unintended hyphen breaks;
   - clipping or overlaps;
   - icon tops that no longer line up with heading cap height;
   - any change in page count.

   Compare the areas you didn't change against the previous approved PDF
   (`verify.py`).
9. **Always run `python build.py --package` and deliver all three outputs.**
   Unzip the new ZIP into a clean directory, rebuild from it, and compare the
   PDFs page by page with `verify.py`. Then update `verification.json`.

## Brand color tokens (CSS custom properties)

| Token | HEX | v5 name / ramp | Use in this document |
|---|---|---|---|
| `--violet` | #634AEB | Bright Violet (primary) | Subheads, icons, accent edges, labels, bullets, quote mark |
| `--lilac` | #C8A7FC | Light Lilac | Hero subtitle, "Case study:" label, band label, closing tagline |
| `--aubergine` | #240533 | Aubergine | Hero base, header-band gradient start |
| `--ink` | #1C0733 | Ink | Dark headings, glance values, quote text, scrims, About panel |
| `--lime` | #BAF004 | Electric Lime (signal accent only) | 2 pt rounded rules under the title and About Stem |
| `--blue` | #1B34E0 | Current Blue | Header-band gradient end |
| `--indigo` | #34188A | Deep Indigo | Band gradient midpoint, callout gradient start, Key Takeaways lead-ins |
| `--violet-50` | #F5F1FF | Violet 50 | Card fills, icon circles |
| `--violet-100` | #E9DEFF | Violet 100 | Divider rules |
| `--neutral-100` | #E2E1E6 | Neutral 100 | Light footer rule, About body copy on dark |
| `--neutral-200` | #C8C6CF | Neutral 200 | (reserved) |
| `--neutral-300` | #A8A4B3 | Neutral 300 | Closing-footer legal line |
| `--neutral-500` | #6E6880 | Neutral 500 | Footer text, quote attribution |
| `--neutral-700` | #4A4656 | Neutral 700 | Body copy |
| `--white` | #FFFFFF | — | Page, text on dark |
| (rgba) | #A688F7 @ 28 % | Violet 300 | Closing-footer rule |

Approved gradients used:

- **Header bands:** Dark Purple → Blue (#240533 → #34188A → #1B34E0).
- **Callout:** Deep Indigo → Bright Violet.
- **Scrims:** Ink (#1C0733) at varying opacity over the photos.

## Type styles (Inter only)

| Role | Weight | Size / line height (pt) | Color |
|---|---|---|---|
| Hero title (h1) | Bold 700 | 25 / 28 | White |
| Hero "Case study: Sol Systems" | SemiBold 600 | 11 | Lilac + White |
| Hero subtitle | SemiBold 600 | 11.5 / 15.5 | Lilac |
| Section headings (h2) | Bold 700 | 15 / 18 | Ink (white on About Stem) |
| Subheads (h3, How Stem Delivered) | Bold 700 | 10.5 / 13.65 | Bright Violet |
| Key Takeaways prompt | SemiBold 600 | 11.5 / 13.8 | Bright Violet |
| Key Takeaways lead-ins (caps) | SemiBold 600 | 9 / 13 | Deep Indigo |
| Body copy | Regular 400 | 9 / 13 | Neutral 700 |
| Results bullets | Regular 400 | 9 / 12 | Neutral 700 |
| At-a-glance labels (caps, +0.1 em) | Bold 700 | 8 | Bright Violet |
| At-a-glance values | Regular 400 | 8.5 / 12 | Ink |
| Quote | SemiBold 600 | 9.5 / 13.5 | Ink |
| Quote attribution | Regular 400 (name Bold, Violet) | 8.5 / 12 | Neutral 500 |
| Callout | SemiBold 600 | 10 / 13.5 | White |
| Header labels (caps, +0.12 em) | SemiBold 600 | 8 | White (hero) / Lilac (bands) |
| Light footer | Regular 400 (page no. Bold, Ink) | 7.5 | Neutral 500 |
| Closing tagline | SemiBold 600 | 7.8 | Lilac |
| Closing legal line | Regular 400 | 7.4 | Neutral 300 |

## Copy: source and text kept as-is

All copy comes from the Word draft
`9.30.36_Case Study_Sol_Systems_Software Only Migration_v3.docx`. It is kept
word for word, in the original order. The only additions are the closing
footer's "The Operating System for Clean Energy." and "© 2026 Stem, Inc.",
added at the user's request to match *Stem_Project_Delivery_Overview_8.5x11_V2*.
The About Stem paragraphs were replaced at the user's request with updated
copy ("…global leader in energy intelligence and the operating system for
clean energy…", "…need in one place…", "…nearly 20 years…").
The draft notice "Draft for Marketing review, not for external distribution"
appears on the page 1–2 footers only.

These are known inconsistencies in the original copy, left unchanged on
purpose. Fix them only if asked:

- **Hyphenation is inconsistent.** At a glance has "third party SCADA";
  elsewhere it's "third-party". There are also "software only migration"
  (callout), "rolled up plant summary", "equipment level analytics" and
  "weather adjusted performance".
- **Numbers are mixed.** At a glance has "2 weeks" and "3 years"; the body has
  "two weeks" and "three years".
- **One bullet has no period.** The first Results bullet ("…over three
  years") ends without one; the others have one.
- **Apostrophes and ellipses are mixed.** "Sol Systems' portfolio" uses a
  straight apostrophe, while the Key Takeaways heading uses "Systems’". Lead-ins
  end in three periods ("...") rather than an ellipsis character.
- **First takeaway's bold breaks mid-sentence.** The Word bold ends after
  "If your fleet spans multiple monitoring platforms", so its body continues
  "because each site arrived…".
- **"PowerTrackTM" in About Stem.** The draft has "TM" as superscript letters,
  shown here as a superscript "TM" rather than the ™ symbol.

## Latest authorized edits

- **Page 1, at-a-glance Customer row:** the value has `max-width: 112pt`, so it balances to "Sol Systems LLC, a clean / energy asset developer, / owner, and operator". The box height is unchanged.
- **Page 1, at-a-glance Challenge row:** "portfolio performance" is bound with a no-break space, so the row doesn't end on a single word.
- **Page 1, The Solution paragraph:** tracking is now −0.01 em (−10) so the paragraph balances. It now runs to nine even lines instead of ten, with no lone "availability." on the last line and no line starting with an em dash.
- **Page 2, "Field and network support…" paragraph:** tracking is −0.01 em, and "could go live." is bound with no-break spaces, so the paragraph no longer ends on a single word.
- **Page 1 hero scrim:** deepened earlier under the right end of the title. The stops are 0.72 at 50 %, 0.50 at 66 % and 0.22 at 80 %.

Nothing else changed.

## Fidelity and verification

Two comparisons apply. See `verification.json` for the recorded results.

- **Rebuild.** A rebuild from a fresh unzip must match the packaged plain PDF
  page for page, comparing page size and pixel hashes at 144 dpi in the same
  environment.
- **Attachment PDF.** The with-source PDF must render identically to the
  plain PDF.

```sh
python verify.py first.pdf second.pdf --dpi 144   # exit code 0 = identical
python verify_package.py --previous previous_approved.pdf \
    --expected-changed 1 2 --edit "what changed" --write   # full package check
```
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      Case study: Sol Systems



      Consolidating a Portfolio onto PowerTrack Cloud Through Software-Only Migration



      

      Bringing third-party SCADA sites onto one platform with no new hardware and no site visits
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        Customer

        Sol Systems LLC, a clean energy asset developer, owner, and operator
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        Scope

        More than 600 MW in migration over 3 years, with 1 GW total planned by end of 2026
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        Challenge

        PV sites monitored on third party SCADA and sitting outside of the PowerTrack Cloud platform, leaving no single view of portfolio performance
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        New hardware

        No equipment purchased, no installation, no truck rolls, and no impact to existing warranties
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        Time to data

        Live in PowerTrack Cloud within 2 weeks of full data availability
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        Included

        PowerTrack Cloud's Advanced Modeling configured by Stem; a dedicated Project Manager and Application Engineer assigned to each site

      

    

  


  
    
      [image: ]The Challenge:
One Portfolio, Too Many Platforms



      Sol Systems' portfolio had grown to include PV sites running on third-party SCADA, sitting outside the PowerTrack Cloud platform the rest of the fleet was managed on. That split meant no single view of portfolio performance, reports stitched together by hand, and KPIs that didn't reconcile site to site. Sol Systems needed those sites brought onto PowerTrack Cloud without disturbing monitoring systems already installed and paid for, without capital spend on new field hardware, and without waiting months for a crew to be scheduled at each site.



    

    
      [image: ]The Solution:
One Platform, No New Hardware



      Stem migrated the portfolio into PowerTrack Cloud Software using a software-only ingest, reading data directly from existing field devices — inverters, meters, weather stations, and trackers — rather than scraping the incumbent SCADA portal. No monitoring hardware was purchased or installed, existing warranties were untouched, and the legacy system ran in parallel until cutover, so Sol Systems never had a monitoring gap caused by the transition. With no hardware in the critical path, each migration was completed within two weeks of full data availability.
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        			Over 600 MW of PV consolidated into PowerTrack Cloud over three years



        			No new monitoring hardware, installation labor, or site mobilization cost.



        			No impact to existing equipment, monitoring systems, or warranties.



        			Every migration live on PowerTrack Cloud within two weeks of full data availability.



        			Advanced Modeling configured and delivered turnkey.



        			One platform, one interface, and one consistent set of KPIs across the managed fleet, regardless of which SCADA system was originally deployed at each site.



      



    

    
      “

      “PowerTrack Cloud has made it easier for our team to bring data together across projects and systems, reducing the complexity of managing a growing portfolio and giving us more consistent visibility into project performance.”



      Adam Polis, Director of Performance Engineering, Sol Systems LLC
    
  


  
    How Stem Delivered
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        Reading data straight from the field devices



        Stem's Application Engineering team installed PowerTrack SCADA on existing hardware, established communications to the field devices at each site, and ingested data at the device level rather than as a rolled up plant summary. That granularity is what makes real diagnostics, loss accounting, and equipment level analytics possible downstream.
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        Drivers built by hand to get the data right the first time



        Rather than relying on generic templates, Stem's engineers manually created the device drivers for this portfolio. Register maps, scaling, and point naming were verified against the equipment documentation up front, so data landed correctly on the first try. That eliminated the rounds of data cleanup that often follow commissioning, and it shortened the time to usable data.
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        Field and network support for the installer



        Where site networks needed attention, Stem worked directly with the installer to diagnose network issues and verify proper setup. That included merging the new data path into the existing site network so the legacy system and the new PowerTrack Cloud service could operate independently, with no interruption to the customer's existing data integration. Where that work was needed it added days to the schedule, and it was the biggest variable in how quickly a site could go live.
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        Advanced Modeling configured by Stem, not by the customer



        Performance modeling is the difference between a monitoring portal and an analytics platform, and it's normally the customer's homework. Stem configured Advanced Modeling in PowerTrack Cloud for the portfolio, so Sol Systems gained expected versus actual analytics, weather adjusted performance measurement, and loss attribution without spending internal engineering hours building or tuning the model themselves.
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        A dedicated Project Manager and Application Engineer on every site



        Each site was assigned a dedicated Project Manager and a dedicated Application Engineer who carried that site from kickoff through validation. Sol Systems always knew exactly who owned the work and had a single point of contact for every question. That same Application Engineer also worked directly with the Sol Systems team to build a generic roadmap for standardizing data across the portfolio, mapping the data identically from site to site so KPI and performance analysis is faster and more consistent. What the team learned on one site fed the next one through that common delivery process.
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    Key Takeaways:
Applying Sol Systems’ Approach to Your Own Portfolio



    Is a software-only migration available to your portfolio?



    
      If your fleet spans multiple monitoring platforms because each site arrived with whatever the developer or EPC installed... Fragmentation accumulates cost over time — reports stitched together by hand, KPIs that don't reconcile, and a different vendor to chase every time a site goes quiet. A single platform with a consistent data model eliminates that translation layer entirely.



    

    
      If your sites already have monitoring hardware and warranties in place that you don't want to disturb... Software-only ingest reads directly from existing field devices or data can be read from an aggregator, with no equipment to buy and no risk to coverage already in service. The legacy system can run in parallel until you're ready to cut over, so there's no forced downtime or hard deadline.



    

    
      If performance modeling and loss attribution have been more homework than you have engineering hours for... Advanced Modeling configured as part of onboarding delivers expected-vs-actual analytics, weather-adjusted performance, and loss attribution from day one — without your team building or tuning the model.



    

    
      If your growth plan depends on adding sites without adding operational headcount... Because new sites can often be added by software alone, the platform scales with the portfolio instead of gating growth behind hardware procurement and installation schedules.



    

  


  
    If your fleet is spread across monitoring platforms, a software only migration may be available to you. In many cases Stem can read directly from your existing field devices, leave your installed hardware and warranties untouched, run in parallel with your current system until you're ready, and hand back a fully modeled site in PowerTrack Cloud. Contact your Stem account team to scope your portfolio.



  

  
    About Stem



    

    Stem is a global leader in energy intelligence and the operating system for clean energy: where assets connect, sites are optimized, and value is captured. Powered by decades of operational experience and purpose-built AI, our PowerTrackTM platform is the layer that sits between raw data and confident action, making every decision-maker smarter, every asset more productive, and every transition more certain.



    From asset monitoring to portfolio optimization and control, PowerTrack delivers everything energy professionals need in one place. With projects managed across 55 countries, we have spent nearly 20 years empowering asset owners, operators, and developers to take command of what comes next, with the certainty to act, the trust to commit, and the intelligence to lead.
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Stem_Case_Study_Sol_Systems_Source/build.py

#!/usr/bin/env python3
"""Build the Stem Sol Systems case study from its editable HTML source.

    python build.py              # plain PDF only, written to the parent folder
    python build.py --package    # all three deliverables:
                                 #   Stem_Case_Study_Sol_Systems.pdf
                                 #   Stem_Case_Study_Sol_Systems_with_source.pdf
                                 #   Stem_Case_Study_Sol_Systems_Source.zip
    python build.py --package --output-dir /some/folder
    python build.py --draft      # write the PDF even if the fit check fails

The PDF is rendered from Stem_Case_Study_Sol_Systems.html with WeasyPrint
70.0. The PDF is never edited directly; only the attachment step (pypdf)
touches the rendered file, and it does not change the pages.
"""
from pathlib import Path
import argparse, zipfile

from weasyprint import HTML, __version__ as WEASY_VERSION
from weasyprint.text.fonts import FontConfiguration
from pypdf import PdfReader, PdfWriter

ROOT = Path(__file__).resolve().parent
NAME = "Stem_Case_Study_Sol_Systems"
SOURCE_HTML = ROOT / f"{NAME}.html"
EXPECTED_PAGES = 3
REQUIRED_WEASYPRINT = "70.0"
PT = 0.75              # points per CSS px (WeasyPrint layout units are px)
FOOTER_TOP = 738.0     # pt; light-page content must end above this
ABOUT_GAP = 12.0       # pt; min. space above the dark About Stem panel (page 3)
ABOUT_FOOT_GAP = 16.0  # pt; About Stem copy must clear its footer rule by this


# ---------------------------------------------------------------- fit check
SKIP_CLASSES = {"foot", "foot-dark", "hero"}   # footer zones + full-bleed hero art


def _classes(box):
    el = getattr(box, "element", None)
    return set((el.get("class") or "").split()) if el is not None else set()


def _content_boxes(box):
    """Laid-out content boxes, skipping footers and decorative absolute layers
    (the at-a-glance card, which is absolutely positioned, is still checked)."""
    cls = _classes(box)
    if cls & SKIP_CLASSES:
        return
    if box.style["position"] == "absolute" and "glance-wrap" not in cls:
        return
    if getattr(box, "element_tag", None) not in (None, "", "html", "body", "section") \
            and hasattr(box, "margin_height"):
        yield box
    for child in getattr(box, "children", None) or []:
        yield from _content_boxes(child)


def _find(box, cls):
    if cls in _classes(box) and hasattr(box, "position_y"):
        return box
    for child in getattr(box, "children", None) or []:
        found = _find(child, cls)
        if found is not None:
            return found
    return None


def check_fit(doc):
    """Return a list of overflow problems (empty when every page fits)."""
    problems = []
    for number, page in enumerate(doc.pages, 1):
        limit = FOOTER_TOP
        about = _find(page._page_box, "about")
        if about is not None:
            limit = about.position_y * PT - ABOUT_GAP
            inner = max([(b.position_y + b.margin_height()) * PT
                         for child in about.children for b in _content_boxes(child)] or [0.0])
            foot = _find(about, "foot-dark")
            if foot is not None and inner > foot.position_y * PT - ABOUT_FOOT_GAP:
                problems.append(f"page {number}: About Stem copy ends at y={inner:.1f}pt, "
                                f"needs {ABOUT_FOOT_GAP:.0f}pt clear of its footer rule")
        lowest = max([(b.position_y + b.margin_height()) * PT
                      for b in _content_boxes(page._page_box)] or [0.0])
        msg = f"page {number}: content ends at y={lowest:.1f}pt (limit {limit:.0f}pt)"
        (problems.append(msg) if lowest > limit else print(msg))
    return problems


# ---------------------------------------------------------------- packaging
def make_source_zip(path: Path):
    """Deterministic ZIP of this folder (sorted, fixed timestamps), excluding
    generated PDFs/ZIPs and caches so attachments never recurse."""
    with zipfile.ZipFile(path, "w", zipfile.ZIP_DEFLATED, compresslevel=9) as z:
        for p in sorted(ROOT.rglob("*")):
            if (not p.is_file() or "__pycache__" in p.parts
                    or p.suffix in (".pdf", ".zip", ".pyc") or p.name == ".DS_Store"):
                continue
            info = zipfile.ZipInfo((Path(ROOT.name) / p.relative_to(ROOT)).as_posix(),
                                   (2026, 1, 1, 0, 0, 0))
            info.compress_type = zipfile.ZIP_DEFLATED
            info.external_attr = 0o644 << 16
            z.writestr(info, p.read_bytes())


def main():
    ap = argparse.ArgumentParser(description=__doc__,
                                 formatter_class=argparse.RawDescriptionHelpFormatter)
    ap.add_argument("--package", action="store_true",
                    help="also write the source ZIP and the PDF with the ZIP attached")
    ap.add_argument("--output-dir", type=Path, default=ROOT.parent)
    ap.add_argument("--draft", action="store_true",
                    help="write the PDF even if the fit check fails (inspection only)")
    args = ap.parse_args()

    if WEASY_VERSION != REQUIRED_WEASYPRINT:
        raise SystemExit(f"WeasyPrint {REQUIRED_WEASYPRINT} is required (found {WEASY_VERSION}). "
                         "Run: python -m pip install -r requirements.txt")

    dest = args.output_dir.resolve()
    dest.mkdir(parents=True, exist_ok=True)

    doc = HTML(filename=str(SOURCE_HTML), base_url=str(ROOT)).render(
        font_config=FontConfiguration())
    if len(doc.pages) != EXPECTED_PAGES:
        raise SystemExit(f"Page count changed: expected {EXPECTED_PAGES}, got {len(doc.pages)}.")
    for page in doc.pages:
        if (round(page.width * PT, 2), round(page.height * PT, 2)) != (612.0, 792.0):
            raise SystemExit(f"Unexpected page size {page.width * PT} x {page.height * PT} pt")
    problems = check_fit(doc)
    if problems and not args.draft:
        raise SystemExit("Layout overflow:\n  " + "\n  ".join(problems))
    if problems:
        print("WARNING (draft build):\n  " + "\n  ".join(problems))

    pdf = dest / f"{NAME}.pdf"
    # Fixed identifier keeps rebuilds stable in the same environment.
    doc.write_pdf(pdf, pdf_identifier=b"Stem-Case-Study-Sol-Systems", optimize_images=False)
    print(f"Built {pdf} ({len(doc.pages)} pages, US Letter)")

    if args.package:
        zipped = dest / f"{NAME}_Source.zip"
        make_source_zip(zipped)
        writer = PdfWriter(clone_from=PdfReader(pdf))
        writer.add_attachment(zipped.name, zipped.read_bytes())
        attached = dest / f"{NAME}_with_source.pdf"
        with attached.open("wb") as f:
            writer.write(f)
        print(f"Packaged {attached}\nPackaged {zipped}")


if __name__ == "__main__":
    main()
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Stem_Case_Study_Sol_Systems_Source/requirements.txt

# Exact versions used to build and verify the approved PDF.
WeasyPrint==70.0
pydyf==0.12.1
tinyhtml5==2.1.0
tinycss2==1.5.1
cssselect2==0.10.1
Pyphen==0.18.1
fonttools==4.65.0
Pillow==12.3.0
cffi==2.1.1
pypdf==6.10.0
# Only needed for verify.py (page-by-page pixel comparison):
PyMuPDF==1.26.6







Stem_Case_Study_Sol_Systems_Source/verification.json

{
  "authorized_edit": "Page 1 at-a-glance Customer value balanced with max-width 112pt; no other changes.",
  "document": "Stem_Case_Study_Sol_Systems (3 pages, US Letter 612 x 792 pt)",
  "renderer": "WeasyPrint 70.0 (pydyf 0.12.1); comparison renderer PyMuPDF 1.26.6",
  "fresh_unzip_rebuild_plain_vs_packaged_plain": {
    "dpi": 144,
    "page_count_first": 3,
    "page_count_second": 3,
    "pages": [
      {
        "page": 1,
        "dimensions_match": true,
        "pixels_match": true,
        "first_pixel_sha256": "cc0a5f3ae53f208992162d5daae925816fa910dfadfce39fda0686afc184d6cc",
        "second_pixel_sha256": "cc0a5f3ae53f208992162d5daae925816fa910dfadfce39fda0686afc184d6cc"
      },
      {
        "page": 2,
        "dimensions_match": true,
        "pixels_match": true,
        "first_pixel_sha256": "65c1d7562c2fc35630cde3bd14cd0e8a802df775b655f2e7418f30cb6c4dd302",
        "second_pixel_sha256": "65c1d7562c2fc35630cde3bd14cd0e8a802df775b655f2e7418f30cb6c4dd302"
      },
      {
        "page": 3,
        "dimensions_match": true,
        "pixels_match": true,
        "first_pixel_sha256": "df87cd8398c4caf37a25d26404ee65ca0ba0e4a7560ac68d35e41138425bf271",
        "second_pixel_sha256": "df87cd8398c4caf37a25d26404ee65ca0ba0e4a7560ac68d35e41138425bf271"
      }
    ],
    "match": true
  },
  "fresh_unzip_rebuild_with_source_vs_packaged_plain": {
    "dpi": 144,
    "page_count_first": 3,
    "page_count_second": 3,
    "pages": [
      {
        "page": 1,
        "dimensions_match": true,
        "pixels_match": true,
        "first_pixel_sha256": "cc0a5f3ae53f208992162d5daae925816fa910dfadfce39fda0686afc184d6cc",
        "second_pixel_sha256": "cc0a5f3ae53f208992162d5daae925816fa910dfadfce39fda0686afc184d6cc"
      },
      {
        "page": 2,
        "dimensions_match": true,
        "pixels_match": true,
        "first_pixel_sha256": "65c1d7562c2fc35630cde3bd14cd0e8a802df775b655f2e7418f30cb6c4dd302",
        "second_pixel_sha256": "65c1d7562c2fc35630cde3bd14cd0e8a802df775b655f2e7418f30cb6c4dd302"
      },
      {
        "page": 3,
        "dimensions_match": true,
        "pixels_match": true,
        "first_pixel_sha256": "df87cd8398c4caf37a25d26404ee65ca0ba0e4a7560ac68d35e41138425bf271",
        "second_pixel_sha256": "df87cd8398c4caf37a25d26404ee65ca0ba0e4a7560ac68d35e41138425bf271"
      }
    ],
    "match": true
  },
  "packaged_with_source_vs_packaged_plain": {
    "dpi": 144,
    "page_count_first": 3,
    "page_count_second": 3,
    "pages": [
      {
        "page": 1,
        "dimensions_match": true,
        "pixels_match": true,
        "first_pixel_sha256": "cc0a5f3ae53f208992162d5daae925816fa910dfadfce39fda0686afc184d6cc",
        "second_pixel_sha256": "cc0a5f3ae53f208992162d5daae925816fa910dfadfce39fda0686afc184d6cc"
      },
      {
        "page": 2,
        "dimensions_match": true,
        "pixels_match": true,
        "first_pixel_sha256": "65c1d7562c2fc35630cde3bd14cd0e8a802df775b655f2e7418f30cb6c4dd302",
        "second_pixel_sha256": "65c1d7562c2fc35630cde3bd14cd0e8a802df775b655f2e7418f30cb6c4dd302"
      },
      {
        "page": 3,
        "dimensions_match": true,
        "pixels_match": true,
        "first_pixel_sha256": "df87cd8398c4caf37a25d26404ee65ca0ba0e4a7560ac68d35e41138425bf271",
        "second_pixel_sha256": "df87cd8398c4caf37a25d26404ee65ca0ba0e4a7560ac68d35e41138425bf271"
      }
    ],
    "match": true
  },
  "attachment": {
    "name": "Stem_Case_Study_Sol_Systems_Source.zip",
    "identical_to_delivered_source_zip": true
  },
  "vs_previous_approved_version": {
    "pages_identical": [
      2,
      3
    ],
    "pages_changed": [
      1
    ],
    "expected_changed": [
      1
    ]
  },
  "fonts_embedded": [
    "Inter",
    "Inter-Bold",
    "Inter-Semi-Bold"
  ],
  "all_checks_pass": true
}







Stem_Case_Study_Sol_Systems_Source/verify.py

#!/usr/bin/env python3
"""Compare PDF page dimensions and same-renderer raster hashes."""
import argparse, hashlib, json
import fitz

def compare(first, second, dpi=144):
    a, b = fitz.open(first), fitz.open(second)
    result = {'dpi': dpi, 'page_count_first': len(a), 'page_count_second': len(b), 'pages': []}
    for i in range(min(len(a), len(b))):
        pa = a[i].get_pixmap(dpi=dpi, alpha=False)
        pb = b[i].get_pixmap(dpi=dpi, alpha=False)
        ha = hashlib.sha256(pa.samples).hexdigest()
        hb = hashlib.sha256(pb.samples).hexdigest()
        same_size = tuple(a[i].rect) == tuple(b[i].rect)
        result['pages'].append({'page': i+1, 'dimensions_match': same_size,
            'pixels_match': ha == hb, 'first_pixel_sha256': ha, 'second_pixel_sha256': hb})
    result['match'] = len(a) == len(b) and all(p['dimensions_match'] and p['pixels_match'] for p in result['pages'])
    return result

if __name__ == '__main__':
    parser = argparse.ArgumentParser(description=__doc__)
    parser.add_argument('first'); parser.add_argument('second'); parser.add_argument('--dpi', type=int, default=144)
    args = parser.parse_args()
    result = compare(args.first, args.second, args.dpi)
    print(json.dumps(result, indent=2))
    raise SystemExit(0 if result['match'] else 1)







Stem_Case_Study_Sol_Systems_Source/verify_package.py

#!/usr/bin/env python3
"""Verify a packaged build and (optionally) record the result in verification.json.

Run after `python build.py --package` from this folder:

    python verify_package.py --previous /path/to/previous_approved.pdf \
        --expected-changed 1 2 --edit "What was changed" --write

Checks:
  1. Unzips the delivered Source ZIP into a fresh temp folder, rebuilds with
     --package, and compares both rebuilt PDFs with the delivered plain PDF.
  2. Compares the delivered with-source PDF with the delivered plain PDF.
  3. Confirms the attachment inside the with-source PDF is byte-identical to
     the delivered ZIP.
  4. Optionally compares with the previous approved PDF and checks that only
     the expected pages changed.
Exit code 0 when every check passes. Requires PyMuPDF (see requirements.txt).
"""
from pathlib import Path
import argparse, json, shutil, subprocess, sys, tempfile, zipfile
import fitz
from verify import compare

ROOT = Path(__file__).resolve().parent
NAME = "Stem_Case_Study_Sol_Systems"


def main():
    ap = argparse.ArgumentParser(description=__doc__,
                                 formatter_class=argparse.RawDescriptionHelpFormatter)
    ap.add_argument("--dir", type=Path, default=ROOT.parent, help="folder holding the deliverables")
    ap.add_argument("--previous", type=Path, help="previous approved PDF")
    ap.add_argument("--expected-changed", type=int, nargs="*", default=[])
    ap.add_argument("--edit", default="", help="description of the authorized edit")
    ap.add_argument("--dpi", type=int, default=144)
    ap.add_argument("--write", action="store_true", help="write verification.json")
    args = ap.parse_args()

    d = args.dir.resolve()
    plain, attached, zipped = d / f"{NAME}.pdf", d / f"{NAME}_with_source.pdf", d / f"{NAME}_Source.zip"
    with tempfile.TemporaryDirectory() as tmp:
        tmp = Path(tmp)
        zipfile.ZipFile(zipped).extractall(tmp)
        out = tmp / "out"
        r = subprocess.run([sys.executable, str(tmp / f"{NAME}_Source" / "build.py"),
                            "--package", "--output-dir", str(out)], capture_output=True, text=True)
        if r.returncode:
            raise SystemExit("Fresh rebuild failed:\n" + r.stdout + r.stderr)
        res = {
            "authorized_edit": args.edit,
            "document": f"{NAME} (3 pages, US Letter 612 x 792 pt)",
            "renderer": "WeasyPrint 70.0 (pydyf 0.12.1); comparison renderer PyMuPDF 1.26.6",
            "fresh_unzip_rebuild_plain_vs_packaged_plain": compare(str(out / plain.name), str(plain), args.dpi),
            "fresh_unzip_rebuild_with_source_vs_packaged_plain": compare(str(out / attached.name), str(plain), args.dpi),
        }
    res["packaged_with_source_vs_packaged_plain"] = compare(str(attached), str(plain), args.dpi)
    att = fitz.open(attached)
    res["attachment"] = {"name": att.embfile_names()[0],
                         "identical_to_delivered_source_zip": att.embfile_get(0) == zipped.read_bytes()}
    ok = all(v["match"] for v in res.values() if isinstance(v, dict) and "match" in v)
    ok = ok and res["attachment"]["identical_to_delivered_source_zip"]
    if args.previous:
        prev = compare(str(plain), str(args.previous), args.dpi)
        changed = [p["page"] for p in prev["pages"] if not p["pixels_match"]]
        res["vs_previous_approved_version"] = {
            "pages_identical": [p["page"] for p in prev["pages"] if p["pixels_match"]],
            "pages_changed": changed, "expected_changed": args.expected_changed}
        ok = ok and changed == sorted(args.expected_changed)
    res["fonts_embedded"] = sorted({f[3].split("+")[-1] for p in fitz.open(plain) for f in p.get_fonts()})
    res["all_checks_pass"] = ok
    print(json.dumps({k: (v["match"] if isinstance(v, dict) and "match" in v else v)
                      for k, v in res.items()}, indent=1))
    if args.write:
        (ROOT / "verification.json").write_text(json.dumps(res, indent=2) + "\n")
    raise SystemExit(0 if ok else 1)


if __name__ == "__main__":
    main()





