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Overview . .
$ Review of newer energy technologies from

concept to operation.

Chris Edward, PE

» Case studies on building and campus level
Implementation, with recommendations
on keeping projects successful throughout
the operational lifespan of these systems.

Principal with IMEG's
Sustainability and Energy Team

$# Campus Solar Array
* Industrial Rooftop Solar

Net Zero Microgrid
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Campus Energy Plan
Off-Grid Station
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Key Learnings

» The system types becoming most common
In the industry.

® Frequentissues in system setup and
commissioning.

$ Potential operational pitfalls and how to
avoid them.

$ Optimizing the capability of newer energy
technologies.




On-Site Energy Technologies

>SOLAR PV

>BATTERY ENERGY STORAGE

> MICROGRID

> COGENERATION

>5™ GEN DISTRICT HEATING AND COOLING / GEOTHERMAL
> CARBON-NEUTRAL FUELS



On-Site Energy Technologies

INDUSTRY STATUS - SOLAR PV
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On-Site Energy Technologies

U.S. Energy Storage Installations by Market Segment

INDUSTRY STATUS - BESS
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On-Site Energy Technologies
INDUSTRY STATUS - MICROGRID
#7%, us oeanTHENT OF By 2035, microgrids are envisioned to be essential building blocks of the future electricity delivery system to
0 ENERGY support resilience, decarbonization, and affordability.
2 G & T

Grid AC Waveform

59.5-60.5 Hz

} Backup

Smart PV

Smart Wind




On-Site Energy Technologies

INDUSTRY STATUS - COGENERATION

30% Tax Credit for Natural Gas CHP Projects

The Energy Investment Tax Credit (ITC) applies to CHP systems fueled by
natural gas, biogas, and other fuels. Technical eligibility requires overall

efficiency over 60% LHV, including heat recovery. Einaus Eshaust

s f\ "} Paak
Begin Construction Before January 2025 o # ' i
The 30% Tax Credit is available for projects that begin construction before T ' al
January 1, 2025. After this date, the new law established a Clean Electricity
Tax Credit for zero-carbon energy solutions, which will be available through

2032. CHP fueled by renewable fuels, including biogas and green hydrogen,
are expected to be eligible for this credit.

Heat
Exchanger




On-Site Energy Technologies

INDUSTRY STATUS - DISTRICT HEATING AND COOLING

5th Generation Substations — Ambient Loops

Integration of geothermal wellfields

Diversity of equipment location and type
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On-Site Energy Technologies

INDUSTRY STATUS - LOW-CARBON FUELS

BENEFITS OF

SAF @

Sustainable Aviation Fuels




Case Studies

Campus Solar Array

Eastern lllinois

Industrial Rooftop Solar
Upstate New York

Net Zero Microgrid ¥

Chicago Area

Industrial Microgrid
West / South Africa

Industrial Cogeneration
Central lllinois

Campus Energy Plan

Colorado

Off-Grid Station

Greenland




Campus Solar Array

9 Eastern Illinois
=

Introduction:

- The college campus sought a
renewable energy source, aligning
with local enthusiasm for the project.

- Desire to take advantage of federal
and state funding opportunities.

Project Requirements:

- Maximize Solar PV generation within a
$1.25 million budget.

- Provide enough detail on generation
analysis and cost estimating to
receive approval for full design-bid-
build process.

- Gain board approval of final costs.




Maximum Energy First Cost for PV Payback Period - Payback Period Campus SOIar Array

Savings Using PV First Cost for | System, Civil, and without First Costw/  with incentives , )
($fyr) * PV System ($) | Electrical Work ($] incentives (yr) | incentives ($)**  (yr)** 9 Eastern lllinois
328405 5 9,800,000 10,030,000 305 | $ 5,015,000 15.3 =
166,079 5 4,900,000 5,090,000 306 5 2,545,000 15.3
118,226 & 3,500,000 3,675,000 311§ 1,837,500 155
48510 § 1,400,000 1,530,000 315 | $ 765,000 158
40065 5 1,225,000 1,340,000 334 S 670,000 16.7

5

5

5

$

S

29,556 875,000 985,000 333 297,500 10.1
14,544 437,500 527,500 36.3 263,750 18.1 Problem:
8,492 262,500 344,500 40.6 110,250 130
5,442 175,000 250,000 85,000 156
34,999 1,050,000 1,235,000 382,500 10.9

Table 2. Solar PV Payback Analysis
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- Limited and inflexible funding.

Lol

- Inflationary pressures and material
Incentives: availability.
1. Federal Tax Solar Credit — Inflation Reduction Act (IRA)
- Energy Communities Bonus of 10%.
- Domestic Content Bonus of 10%
A total of 50% incentive has been incorporated into the incentive Outcome:
calculations.

- Low interest from labor market for
smaller systems.

- Fencing costs well exceeded the

|
2. IL Solar for All budget!

- Board approval difficult due to
3. IL Clean Energy Community Foundation incentive details.

4. lllinois Shines - Solar Renewable Energy Credit (SREC) - Smaller array than desired.




Issues Involved:

- Federal and State incentives
- Budgeting and procurement process

- Knowing the target

Key
Takeaways:

- Up-front review cost structures with financial
stakeholders

- Contractor involvement when budget is fixed

- Simplify and communicate the project goals

Campus Solar Array

9 Eastern Illinois
=




2.0-Megawatt roof-mounted system on ballasted
aluminum racking.

Installed in 2015 as part of a PPA contract where the
vendor retains the renewable energy credits funded by the
state of NY.

Contract length is 18 years, with an annual cost to
Cummins for the system.

There is a buy-out option for the system, and [
analysis shows an approximately $100K net added cost to
end the PPA in 2024 vs. completing the contract.

The generation profile on an annualized basis has
typically been within 10% of the projected output included
in the PPA.

This original installation has been removed from the roof
as roof leaking issues have caused repairs to be required.
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Industrial Rooftop
& Upstate Agvéclré r

Introduction:
- An existing rooftop solar PV array

had to be removed for roof repair
and replacement.

- The warranty did not cover the cost
of solar array removal. The roofing
company blamed the array.

Project

Reauiremendsihether the solar PV array,
owned by a 3@ party, should be re-
installed on the roof.

- Determine viability of an alternate
ground-mounted location.

- Review financial concerns of options,
including selling / disposal.




Industrial Rooftop
& Upstate Agvdclré r

Problem:
- Removal and replacement
electrical costs were very high.

- Shipping and redeployment more
expensive than buying new.

- Resale value of PV modules was
minimal. Recycling costs high.

Outcome:

- Least costly option was to remove
system from site, purchase RECs on
the NY state market.

- Assisted owner in selecting removal
methods.

- Wrote new standards for rooftop
installations.




Issues Involved:

- Solar PV operations agreements
- Roofing warranty coordination

- PV module depreciation

Key
Takeaways:

- Rooftop installations must have involvement of
the roofing installer and manufacturer.

- Have a long-term strategy for 39 party
agreements.

- Have a removal and recycling plan for year
20-30.

Industrial Rooftop

8 v=o Golar

Looking at seven top brands as measured by global shipment volume, prices
per watt varied based on time of year as well as where modules were produced.

Average PPW of Top Global Brands
As listed for sale on the EnergyBin exchange
Q12023 Q22023 Q32023 Q42023
Canadian Solar |
JA Solar
Jinko Solar

LONGi Green Energy

QCELLS Hanwha Solutions

Risen Energy

Trina Solar

o
PENERGYSIN

“Made in USA” vs. Imports

As seen on the next graph, “Made in USA" modules ranged 40-45 percent
higher than imports, excluding those from Western Europe. Because several
top global brands have U.S. assembly lines, including Jinke Solar and QCELLS,
prices are typically higher than imports. For example, imported Risen Energy
modules priced all-around lower than Jinko Solar and QCELLS.

US Spot Prices of C-Si PV Modules Listed for Resale on EnergyBin ($/Wp)
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SOLAR AWNING DETAILS
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Net Zero Microgrid

& Chicago

Introduction:

- Recreation center project initiated
with grants for net-zero operation,
LEED platinum, microgrid
technologies.

Project financials did not work
without the funding assistance.

Project

RequiremeBtsero clectrical use within the
1-year period after start of operations.

Provide community shelter function
using the BESS / Microgrid for backup
power.

- Solar PV used for the site generation
system.




@ Modeled HVAC Usage @ Actual VRF System Usgae @ Actual HVAC Usage

40,000kWh

30,000kWh

20,000kWh

10,000kWh

Nov

VRF & HVAC System Comparison

VRF alone is always more than model Net Zero IVI icrog rid

Qg) Chicago

Problem:
- No budget initially established for
the BESS / microgrid components.

- PV production not meeting targets,
39 party EPC difficulties.

- Minimal requirements for continued
commissioning, verifications.

Outcome:

- Late corrections made to the PV
arrays, additional modules required.

- Battery system too small (but is

0ak Park

lanuary February

Modeled Month / Annual Tota

4.46% 5.68%

expandable).

Modeled Energy Generation

17,087 21,762

Actual Energy Generation

3,727 20,716

- Heavy energy use reductions

Difference

(13,361) (1,046)

required.

% Difference

78% BT




Issues Involved:

- Solar PV operations agreements
- Measurement and Verification

- Process and budget

Key
Takeaways:
- Keep the project team involved posi-
occupancy, through warranty period.

- Include Cx, M&V activities in contract
documents.

- Spend time in a pre-design phase to line out
essential project requirements and budgets.

Net Zero Microgrid

& Chicago
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Information
Help Screen =  Displays project and contact
= Detailed help information details

AR W
Oneline Auto- Soft Closed Transition 10/19/2018 15:54:59

Genset 1

North PV Array South PV Array

Load 4 - Load 4

Building
Loads

5o Fo QD H

- 3
Inverter System Alarm
Summary AC Metering Control Load Control History Scheduler

Security

=  Used for logging o
password, user pro
management, with
automatic log-out

Setup
=  Used to gain acces
configure the syste

Generator Set
Contextual icon
kW load display
Field customizable
generator/breaker

Solar Inverters

=  Contextual icon

= kW load display

=  Field customizable

System Menu
One-Line Diagram
Generator Summary
AC Metering
Trending
System Control
Load Control

Industrial Microgrid

9 West / South Africa
=

Introduction:

- Locations require on-site power
systems due to reliability issues.

Full site operation needed at any
time of day.

Opportunity to implement
advanced microgrid automation.

Project

Requirementsonnection and
islanding fransitions needed fo
be seamless.

Integration of Solar arrays, BESS,
diesel RICE engines.
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Industrial Microgrid

9 West / South Africa
5

Problem:

- New and untested equipment,
software, protocols.

- Sites remote from technical staff.

- Limited project team.

Qutcome:

- Project commission timeline went far
past initial estimates.

- Solar array installation fook 3
iterations to complete, major
comms protocol issues.

- Maintenance not supported and
difficult to keep systems fully
operational.




Issues Involved:

- Component interoperability
- Commiissioning

- Automation

Key
Takeaways:
- Test and verify equipment interoperability well
in advance of deployment.

- Understand commissioning targets and
requirements.

- Pre-plan levels of automation for a stepped
‘ramp-up’ of the system operations.

Industrial Microgrid

9 West / South Africa
5
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Tl [Ead Industrial
i 2 Cogeneration

LN.A PT L PT
= £ Introduction:
- L S | - Large site with dedicated ufility
1= " 8 substation.
~ - Near constant heating water
= needs.
— - Plenty of available land for PV
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Requirements for Interconnection Industrial
Interconnection Process Overview 2) %ﬁéﬁeration

Pursuant to the interconnection rules, DER interconnection requests must undergo the
following before permission to operate may be granted:

Problem:

" - Construction must start in 2024,
iPrepopications | > | hoplications. per IRA requirements

Payment

Shared Responsibility
SUBMIT the SUBMIT the
pre-application appropriate

request and level application 5 6 Unf”endly IﬂTerCOﬂﬂeCTlOﬂ

payment and payment Interconnection Engineering,

v |" Aoy | || Construction, | — process

Customer Actions

2 4 PART 467) Inspection

1 ~ " s 1 . . s . .
, Pre-Application Application Technical Application

EXECUTED COMPLETED EXECUTED

Report* Review Reviews" Approval by Customer by Customer by Customer

and ComEd and ComEd and ComEd High COSTS TO implemenT SYSTem

CONDUCT the REVIEW application CONDUCT APPROVE
pre-application for completeness technical reviews application and
assessment and and technical notify Customer

ISSUE the report specifications of next steps O u tCO m e :

ComEd Actions

*Completing

Rt | Appendix 1 Interconnection Process Timeline by Level Sysfem fuIIy designed

L i d

HOW [Qng is the Interconnection Process Duration and Fees
Interconnection  rreapeucamion | " Construction has started

(OPTIONAL) | 25 DAYS

Process? LEveL 1| meeting IRA minimums

’ Hn (£25KW EXPORT FEE: $50
Interconnection applicationsand & <50KW NAMEPLATE) |

processing times are classified by the LEVEL2 | FEE: $100 + $1/4W . . .
sizeandtypeofrenewableenergy _ (skw-sMw) ' Interconnection applications

systern being installed per Illinois LEVEL3 | 60 DAYS FEE: $500 + $2/kW . .
Administrative Code Part 466 and WNON-EXPORT) | f| Nad | |Zed

|
Part 467 Thetimeto review and LEVEL 4 205 DAYS
1

(SMW-10MW) | f
icati T 1 I
approveqpphcatmnsv.aﬂesbyLevel PART 467 vas —
ofinterconnection asseenin (> 10MW) | 1 1 - e
the charttothe right 0 -asmonths 100 -smonNTHs 200 -umontHs 300
-6 MONTHS =10 MONTHS =14 MONTHS

FEE: $1,000 + $2/kW

BUSINESS DAYS

=Amounts listed are base fees, additional fees may apply.




Industrial
Issues Involved: g %ﬁéﬁeraﬁnn

_~— AREA FENCE
/

I
|
| 2.5MWe
I

- Utility interconnection agreements l

COGEN UNIT 1

- Inflation Reduction Act

600V: 13.2KV

- Process and bUdgef TRANSFORMER lz
rearonuen X

]

|

|

|

|

|

|

|
13.2KV |
SWITCHGEAR
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Key
Takeaways:
- Start utility interconnection planning well in
advance of implementation deadlines.

COGEN UNIT 2

- Understand current IRA incentive
requirements and timelines.

- When incentives and interconnection costs
determine project viability, allow for proving
out within project schedule.




Property Type 2026-2029 Site 2030-2050 Site 2026-2029 GHGI 2030-2050 GHG

EUI (kBtu/square | EUI (kBtu/square Intensity (kg Intensity (kg
foot) foot) CO2e/square foot) | CO2e/square foot)

Ambulatory Surgical Center 79.2 63.5

Hospital (General Medical & Surgical) 217.6 172

Laboratory 200.7 161

Medical Office 76.7 64.9

Other - Specialty Hospital 217.6 172

Outpatient Rehabilitation/Physical 79.2 63.5

Therapy

Residential Care Facility 68 57.7

Urgent Care/Clinic/Other Outpatient

Campus Energy Plan

9 Colorado
=

Introduction:

- State mandates newly require
energy benchmarking and use
reductions over time.

Campus includes multiple
stakeholders on a common
cenftral utilities system.

" - n I‘ =
P . gl g U,

s, DRy S

ENERGY EFFICIENCY GHG REDUCTION STANDARD %

PATHWAY 1 PATHWAY REDUCTION PATHWAY P rOj ect

Requitementsi cnergy master plan
creating a roadmap for
decarbonization and compliance.

Reduce the building’s energy
use through the
technologies

Metric: Site EUI Property Type Metric: GHGI Property Type Metric: Site EUI or GHGI Target
Reparting Requiremants . Reporting Requiremants : i Reporting Requirements

Demonsirate EUI target was met
through ENERGY STAR &
Portiolio Manager benchmarking
report

Image 2.2- The Colorado Building Benchmarking and Performance Standards (EPS) pathways to compliance.

Demaonstrate GHGI target was
met through ENERGY STAR &
Portfolio Manager Building
Emissions Calculator report.

Demanstrate EUI target was mat
threugh ENERGY STAR ©
Portiofio Manager benchmarking
report, OR GHGI target was met
through Portfolio Manager
Building Emissions Calculator
report.

Help all stakeholders understand
costs and incentives.




Heating Vs Cooling Energy | Campus Energy Plan

9 Colorado
=

Problem:
- Existing gas-fired boilers and
electric chillers support most
- e campus buildings.

Multiple users on the campus
present different decarbonization

e goals and financial incentives.
 Other Potentlal Energy Pro;ects (Excludlng Bundled Energy Projects)

Campus growth will require
additional energy infrastructure.

-5,000,000

Outcome:
e - Focus is on energy efficiency
~16,000,000 o measures first. This extends fimeline
20,000,000 BB L CHNY for larger investments.

u Sum of Elec

-10,000,000

-25,000,000

kBtu Reduction Potential

HVAC equipment life cycle planning
provided schedule of conversions to
PRI low-temperature heating.

-40,000,000

-30,000,000




Issues Involved:

- Benchmarking data requirements
- Incentive structures

- Planning for utility system changes

Key

Takeg\yavidfrastructure changes require
consistent and a long-term outlook.

- Incentives and mandates are constantly
evolving.

- Iterative approaches can minimize cost and
space-planning issues.

Campus Energy Plan

9 Colorado
=




Off-Grid Station

9 Greenland
<>

Introduction:

- New science station located on
top of the Greenland ice sheet

- Submitted for funding,
construction complete by 2030

Project

Requirements:ation of renewable

energy sources

- Automation and remote
management via microgrid
control system.

High level of power plant
reliability.




Hydrogen Power Plant Conceptual Diagram

2monofacial and 2 bifacial
‘modules at south-facing tilts

2 west-facing
bifacial modules

Water from snow melt

\’.;ndancllSolaransrgyfrom E_}@ @

Summit Station site.

Compressor Storage

H.

Master Microgrid
Electrical to power system Controller

f—
SR —

Heat Recovery to water
side heat exchanger

==

Gas Turbine i

Off-Grid Station

9 Greenland
=

Problem:

- Existing station runs entirely on
Jet-A fuel.

- Complex systems are difficult to
maintain in this remote
location.

Outcome:

- Renewable generation
includes Wind, Solar, BESS,
Hydrogen.

- Planning for future Fuel Cell or
Nuclear microreactor

- Redundancy through diversity
of generation sources.




Issues Involved:

- Leading-edge energy technologies
- Off-grid operations

- Extreme conditions

Key

Takeywrys:systems that can achieve specific project
goals to ensure time and $S$ is not wasted.

- Decarbonization goals are pushing designers to
utilize long-term solutions.

- R&D efforts are progressing rapidly from benchtop
to proving grounds.

Off-Grid Station

9 Greenland
=
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> LESSONS LEARNED AND KEY TAKEAWAYS

« Energy-focused projects are becoming more complicated.

Incentive structures, costs, and regulations can change drastically from year 1o year.

Take the time to understand the level of complication. Pull the right people together.

Ensure the implementation team has the time and tools they needs to accomplish the
project requirements.

Build system operations into the project plan.

Set the processes and timelines to match project needs.

Provide flexibility for the future. The energy economy is moving quickly!

Successtul Implementation


Presenter Notes
Presentation Notes
Amanda
Use Power BI as a tool to present visualization of data. 
Wont go into too far detail but describe basics of Avas tools 



Thank you.

Chris Edward

Chris.J.Edward@imegcorp.com
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