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VHB Background

Founded In

1979

Mission
Partnering

with our clients
and communities

to create a
sustainable, resilient,

and equitable future.

Locations

on the East Coast ‘;

) w -
L RSN {
~ s \ /
- N
w |
. D
AN
'd
S
e |
[ ~ |
- 2]
Py, ’
~
~ S
f e . s
1
— [ h ¥
. ) “ .
A N, ¥
, i ”
3 €
L
h 5 Y
'\ i
'\

Passionate professionals e

Engineers, Scientists, Planners and
Designers



Market Drivers

» |mperative to get to Net Zero
and 100% resiliency

Carbon » Rapid advancement of new
energy technologies and
reduction In renewables cost

» Radical shift in self-ownership

Shareholder Market

Demand Incentives value from IRA Direct Pay
benefits

Economic
Performance




Energy Planning Across Markets

»

» VHB supports clients across its

Core Markets develop Carbon
and Energy Plans to achieve
their Climate and Resiliency
Objectives

These include innovative
approaches greenfield
development, re-
development & portfolio
strategic plans



Energy Planning Lifecycle

Stakeholder
Analysis &
Carbon Planning

Our clients need a
Trusted Advisor
that can work with
them across their
entire Energy
Planning Vanagement
Lifecycle N

Operations & Data ﬁ;aly&s
S Benchmarking
/f ENERGY PLANNING \X
Conceptual
Design

LIFECYCLE

Economics,

Integrated
Design & Incentives &
Engineering < Structure







Balancing & Managing Energy

» Going beyond Net Zero requires
balancing loads and on-site

LOat generation moderated by active

Optimization energy management and

market interoperability

Load

Market - On—Slt_e » Greenfields require early participation
Interoperability Generation in the Master Planning Process and
Model-Based Design of loads and
generation
Energy , S .
Management » Retrofits require similar modeling, but

a greater reliance on data analytics,
audits, and care Iin integrating new
Infrastructure
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Are Building Upgrades Needed for LTW? * HW Reset from 180F @ OF to

140F @ 60F
« GSHP operates 90% of the
year
GSHP Cutoff = 165 F * Produces up to 165F
100 500 * Provides 80% of the annual
load
90 190
Peaking Boilers operate 10%
80 180
of the year
70 170
* Produces HW from 165F to
§ 60 160:: 180F
2 50 150 > - Provides 20% of the annual
2 40 140 = load
30 | A TP - l, | A 130 Building upgrades would
| lower LTW distribution
20 120
temperature
10 110
 More hours of GSHP
0 100 operation

1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 1-Nov 1-Dec
GSHP Load (MMBtu/h)  mPeaking Load (MMBtu/h) HW Supply T (F) * Improves efficiency of GSHP

Ramboll







Potential GHG trendline

Scope 1 & 2 Greenhouse Gas Emissions
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mmmm GHG Emissions After Reductions Low Carbon Sup cenario Energy Efficiency
Grid Emission Reductions Bau Projected GHG Emissions After Reductions

------- 40% Reduction from 1990 “+=+=+= 85% Reduction from 1990

Ramboll
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Ambient Loop - Energy & LCCA Summary

Electrical & Natural Gas Cash Flow Projection (no tariff)
Demand
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Copyright notice

Important

© Copyright Jacobs Group 2024 . All rights reserved. The content and information contained in this presentation are the property of the
Jacobs Group of companies (“Jacobs Group”). Publication, distribution, or reproduction of this presentation in whole or in part without the
written permission of Jacobs Group constitutes an infringement of copyright. Jacobs, the Jacobs logo, and all other Jacobs Group trademarks

are the property of Jacobs Group.

NOTICE: This presentation has been prepared exclusively for the use and benefit of Jacobs Group client. Jacobs Group accepts no liability or
responsibility for any use or reliance upon this presentation by any third party.
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1.

Financial + Operational

Annual O & M Capital Renewal

Fiscal
Constraints

Greenhouse Gas
Emissions

Life-cycle Cost of Ownership

Strategic Plan

Campus Development

Fiscal
Constraints

Greenhouse Gas
Emissions

Unbalanced
Heating

Simultaneous
Heating &
Cooling

Unbalanced
Cooling

&)

Energy
2. Conservation

Combined Heat
& Power

Fuel Mix

Grid Purchases

.........................................................................................................

Savings !

D

9

SEMEnergy Conservation Fortiolio

549 | Fleet Efficiency.
335 | Updated Bullding Stancarcs
518 | Onste PV [Ovined)

$16 | Offsite Solar (PPA) - OK Wind

15| Offsite Solar (PPA) - NC Solar

$14] Education and Behavior Change
53 | Cnsite PV (PPA)

! per metric ton of carbon emissions avoided
2 in metric tons of carbon emissions

What to invest in
Il BAU Development Data, Criteria, Vision I Evaluations of Options I \odeling and Scenario Testing Il Recommendations & Implementation -

3. Geo-exchange Wind Energy

v
>

©

Power
6. Purchases

Iy

Fuel Switch
in Boilers

1 Construction
= Standards

=
4.. Photovoltaics

Chiller Plants Nuclear Energy

Average Annual GHG
Reduction Potential 2

3998

11738

3136

1
1757

Business as
Usual

o o

Goal/Objective

Thermal

Storage
STRATEGIC ENERGY
MANAGEMENT (SEM)

Gas Boilers ON-SITESOLAR+EV
EXPANSION
OO0 | e
CAMPUS ENERGY
TRANSITION
5' Fuel Cells OFF-SITE RENEWABLES

+OFFSETS

Small-scale
Wind

SEM 1B

SEM1

Deep Energy Retrofits +
Building Conversions

2B EV Infrastructure

2A On-Site Solar

Electric Vehicle (EV) Charging Stations and
Controls for Fleet and Commuter Vehicles

Ele esi e
CHP + Batteries +
Microgrid

3A Thermal Reliability C Thermal Transition

Phased Geo

Boiler Replacement and/or Distribution Ne

Combined Heat & Power

300M

250M

At Travel Carton Offsets. | 52

Offsets {Port 2) |7

Offsets (Port 1) |57

200M

Pipeline Quality Biogas | $148

150M

Present Value $

100M

50M

oM
BAU

Social Cost of
Carbon

- Operations &
aintenance

$239.23M

. Commodities
[ caPex

missions
=0

(MTCO2e)

Roadmap with

Road
carmap Risk Transfer

2.

How to deliver it

INTENSITY OF RISK TRANSFER

PARTNERSHIP OUTSOURCE
Traditional Special Purpose Concessionaire Equity " Fully Privatized
Fundi . Financial Vehicle
MIKIng
38 2A/28
Self-Develop Design-Bid-Build Design-Build Deségn-BuiIdeth D Private
U P
DPrlpject [ | [ sa | L 2aB |
elivery
3C
Outs
0 . Self-Operate Shared Operations Ope?aliions
peration &
Maintenance B [ 1A |
3B
3c  |RN2ARB
History Forecast

Capital Investment (Nominal $)

ALY
y

m— Business-as-usual
s Technology Roadmap
wwww Technology Roadmap w/ Risk Transfer





https://www.wired.com/story/the-biden-administration-weighs-the-social-cost-of-carbon/




DISTRICT BUILDINGS
Q NATURAL

GAS
CENTRAL PLANT

& A PROCESS
TO SITE /4] sTeAm

CHILLED WATER

HOT WATER

HEAT PUMPS

AIR SOURCE

IMAGE: © SALAS O'BRIEN

HEAT PUMP
SEWAGE HEAT GROUND
RECOVERY GEO-EXCHANGE
GRID
e==fp ELECTRICITY
TO SITE

UTILITY

4

BATTERY SOLAR PV EMERGENCY FUEL RICE / CHP THERMAL
3
STORAGE GENERATOR CELL STORAGE TANK






Ground Source
Heat Pumps
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Individual Buildi

Use the chilled water
as an energy source

This scenario will allow
the CEP LWT to be
lower.




Oilon Industrial Heat Pumps







Thermal Energy Storage

Hot thermal storage Chilled thermal storage






Ground Source
Heat Exchangers




Ground Heat Exchanger Options
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Pond Closed Lake/River Ground Loop Horizontal Ground Vertical Ground Supply/Reinjection
Loop OpenLoop Heat Exchanger  Heat Exchanger Wells
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