RENEWAL THROUGH
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District Energy via DBOOM at Ford
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Auto Market is Evolving to Mobility:
A shift from making cars
to moving people and goods. seRce @

@
CAR
R2GO
SHARING CA 20 ‘ —
SHARE

BUS

AUTONOMOUS
VEHICLES RIDE
SHARING MULTIMODAL
E TRIPS

CAR
SHARE

ON-DEMAND

7
2R — B 5Ly




Evolution in Utility Systems
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3R0 GEN
(1980-2020)
« Pre-insulated pipes

* Industrialized compact
substations

« Metering & monitoring
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4™ GEN

(2020~ )

« Large energy demands

* Smart energy (optimum mteraction of
energy sources, distribution & consumption

* Two-way district heating
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Paradigm-Shifting Technology

TRADITIONAL MODEL

A
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HIGH WASTE

Central Steam Plant with large boilers and
extensive distribution system for heating

Distributed cooling assets (chillers) in buildings

Public utility supply for electricity

Isolated/stand-alone “process systems”

High maintenance requirements

NEW PARADIGM

C

HIGH EFFICIENCY

Central Energy Plant for simultaneous
production of heating and cooling utilities

Integrated water-based distribution systems
coupled with geothermal, energy recovery and
thermal energy storage

Utility integrated, highly efficient electrical
production via combined heat and power

Process needs met by recovered energy

Minimized maintenance, operations and waste




Evolution in Delivery Systems
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FOCUS ON SYSTEM

CUSTOMER
CORE BUSINESS

FOCUS ON MISSION

DBOOM Model

Reduces operating and maintenance costs
by operating utility systems efficiently
and reliably

Reduces labor costs

Reduces retail power costs through self
generation or efficiency improvement

Reduces or eliminates capital spend
on existing infrastructure

Improves emissions footprint
associated with utility systems

Allows customers to focus on core business




Ford Dearborn Facilities
Aging Infrastructure

1950s buildings are fragmented,
have an inefficient footprint, and
are unsupportive of collaboration,
productivity, and innovation
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Ford Land Property 5 Office Park East
) Primary Study Area 6 Fairlane North
1 R&E Campus 7 Commerce Park North
2 World Headquarters Campus 8 Commerce Park South
3 Town Center 9 Rouge Complex
4 Office Park West 10 Rotunda Center
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WATER SOIL/HABITAT MATERIAL USE WELLNESS ENERGY

50% reduction 50% reduction Transform site into a Zero waste Create a healthy 60% improvement
in CO, emissions in water use healthy, living sent to landfill + active workplace in chilled water
landscape production efficiency

Water heated by
100% geothermal

Dearborn Campus Sustainability Objectives

To utilize a global facility lifecycle planning process to transform our
workplaces into inspiring, innovative, and sustainable environments
that support Company business objectives and improve the Employee
Value Proposition.




Campus Transformation Objectives

Creating a modern, sustainable, high-tech campus
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Future
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DearbornCampus

for R 8 E Center

Transformation Master Plan

April 2015 - April 2016

I

R & E Center
Energy Master Plan

March 20160 - December 20186

MEP Selectod

Master Plan
March 2010
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Ford Project Timeline

CEP for R & E Center
construction documents
May 2017 - August 2015

CEP for R & E Cenler
design development
Decambar 2016 - April 2017

of CEP plant

Janwunry 2020

CEP for R & E Center Constructionof A, Band C
2 Construction of
NS, West Pond geothermal field P e
Nty 201t lv-uﬂﬂm' aneG J 2017 - Segtorber 2017 c { tion °' CEP March ~ Novermnber 20

Apnil 2018 - August 2018

Commercial operation

—0
DBOOM ™~ o) =
RFQissued || DBOOM DBOOM ) e e N
way 2016 | | shortlist RFP (& - G -
Ay 2010 issued N Geothermal test bores ™\ | QY Al
Augazst 2016 Ociober 2017 S
Geothermal thermal D Commissioning of CEP
conductivity tests BOOM August 2019 - December 2018
Wiy 2016 supplier DBOOM contract
procurement negotiations
Decamber 2016
DBOOM Interviews
Decenmoer 2006
DBOOM finai ;::d’ﬂ" B MEP Design B DBOOM [ Construction activities B Onsite studies /tests [ Master plan




Master Planning

Integrated Utility Planning Framework

[ l

Policies &
Practices

Demand Supply

INFRASTRUCTURE Campus Load Production Distribution
& LOAD ANALYSIS Analysis Facilities Systems

Utility Business
Model Analysis

REFERENCE CASE /BASELINE Reference

. Own &
(FROM DATA & ASSUMPTIONS) Growth Forecast In-Kind Replacement / Addition as Required S

Operate

eelVIe =N Y VLT Growth Efiiciency/ [l Plants / Equipment S Risk Sl
ENERGY PORTFOLIOS Conservation Fuels / Storage Medium Management Einancing Models

Scenario 1

Scenario 3

vvvvvvv




Master Planning
Analysis Methodology

Dashboard Model

Scenario Summary Acregate
Shows information monthly, for Caipuis toads
10 years condensed into Electricity,
Chilled Water, Hot Water, and Steam

Key Performance Indicators

Annual Models

Hourly models for all campus
buildings for each specific year of
the DCT development horizon

Building Hourly Models

Each existing and planned building

DTE Energy




Master Planning
Building Level Energy Analysis

view: [0l jan Feb Mar Apr May Jun ful Aug Sep Oct Nov Dec Slze:M L Sort by: Load Mo. Mo, (PK)
Focus: CHW CW HW OAT
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Master Planning
Campus Level Energy Analysis
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Chart View; IGEOUYR 10-yesr Monthly Total  10-year Monthly Peak  10-year Annual Peak
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Electricity 13,655 kW Date 1231 Hour 23 Hour of Year 8,760 Air Temp: 35 =

Steam 62,739 pph Date: 1231 Hour 23 Hour of Year 5,760 Air Temp: 35 7 =
Chilled Water 1,170 tons Date 12/3) Hour 23 Hour of Year 8,760 Air Temp: 35 F =
| | | |
FTPITRT— T, i — FTTRETTSTraTIES bkl " TR ST . bl proTe
Hot Water 2,652 MBH  Dae:12/3) Hour 23 Hour of Year 3.760 Air Temp: 35 F =
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Master Planning
Campus Level Energy Analysis

Model Outputs

Central Energy Plant. One Year Supply Model

Allows the user to select a pre-defined scenario or create a custom scenario of the proposed Central Energy Plant.
The dasbhoard includes:

* Summary economic metrics

* Peak loads by utility for the selected year

* Load duration curves with associated supply sources

* One-week hourly load and supply explorer

CAPEX/OPEX Detal

Detail of the assumed capital and operating expenditures

Loads and Supply by Hour (8760)

8760 hourly view of all utility loads and sources of supply

Hourl m Profil

A table that can be imported into fordcampus.foveaservices.com for online visualization

Qutput
Model Inputs

Scenario Definitions

Output formatted with monthly outputs necessary for a GLD model run

A table with the pre-defined scenarios and areas to define custom scenarios

Houry Demand Profile (pre-defined

This shows the hourly load profile for the pre-defined year that has been selected in Dashboard cell D4

Hourly Demand Profile (custom)

Use this sheet to energy a custom hourly load profile in the provided range

rice Deck

Hourly Chilled Water Model

Hourly Model

A table where the monthly commaodity pricing assumptions can be viewed and modified

Chilled Water Model

Hourly Hot Water Mode! Hot Water Model
Hourly Steam Model Steam Model
Houry Electricity Mode! Electricity Model




2 Chilled Water Capacity in TES| ‘65,400 ton-hours
Master Plannin Oy —
g TES Pumping Load | 0.1 | kWiton

Start End (inclusive)
o Charge Times (24 hour format) 19 &
Campus Transformation T — s
Manths used 5 9
"
E n e rg y S ce n a rl Os Geothermal Borefield/Pond Assumptions
Number of Vertical Boreholes 525 see cell comment
Bore Depth 806 finear feet
Bore Cost $40 per linear foot
Single Bore Capacity 6 tons per borehole
Borefield Capacity 3,150 tons
Pond Capacity 0 tons
H 1 Chilled Water and Hot Water Assumptions
Scenario Assumptions e,
Centrai Chilled Water Yes
Use Steam to Hot Water Conversion Yas 85.0% Efficient
Edi Chilec Unloading Cugves HRC Centrifugal
Default Unit Size (central) 3,200 tons 3,200 tons
Units Installed 0 0
Installed Capacity (central) 12,800 tons
Cooling Towers (central) 16,050 tons
Installed Capacity (distributed) 0 tons
Cooling Towers (distributed) 0 tons

HRC CAPEX $1,200 per ton
Cooling Tower CAPEX (central) $125 per ton
Centrifugal Chiller CAPEX (central) $1,000 per ton

Steam and Electricity Assumptions

CHP Turbine 1: Mars 100 Edit Assumptions
CHP Turbine 2: Mars 100 it Asss )
Steam Turbine Generator Size: 5.0 MW
STG Peak Only: No
CEP
Peak Steam Load 209,992 Ibs
Boller Efficiency B85%

Forecasted Energy Prices X for Default
Natural Gas
Purchased Electricity (Energy)
Purchased Electricity (Demand)

!




Master Planning
Campus Transformation

Chilled/Hot Water

Electricity/Steam

B
Chiled Water thome | Hot Water (MEW) Bactricity (kW) Staam (M)
o0 Aumtngm Wikt G 4 [ Paat B Y1 E23 MO Pos 42 7MW 00 o Pasd g £L57% e
Pam Bog 17070 e Pankc o/ WD 28277 M 0% Fesk Pyasshasss 100 00 PreA Cavgen. 200 502 Be
Foon w TESHRCG0 5.3 b #0.000
5o 0,200
200000 /
30000 40,200 120 000
-r".-...m--u----—'—"""’_
woom 77
. o P L B ST S 2
sam ="
H o ’ 0
G W0 X N & ¥WEONDWIN O 103 0N WO N NN G B0 N WW O NN W u_&n‘»uwwmzoﬂx»mm
L S— vt w ) e E AL
et e — [Ry— — ey
== oeimas P — — e e P ——
22000 Hourly profile for week of: 7/20:2026 Chilled Water
oo
o000

BEEES

Commodity Forecasts for Energy Prices e o

o DW Lzas: Bheg

wevere O3 Lasd wy TCUNRG

FARNMASANMMOI NI WO PR FOMD S UMY

Natural Gas || . Purchased Bectricity (Enemyl || o Purchased Electricity (Demand) FEO Houry profi for week of: 712002006 Hot Water
s $0.07 2 o000
&
2 2o 520 0,000
% 5005 Sa.000
: S04 515 1 § 0.000
w00
) o 510 s
o) Avgy 2026 Prica: $5.37/MMBTU so02 2026 Prico: 4.9 ChWh 20356 Price: $20 28KW X I | | I I
< S— L U100 50.03 e—C OO “ — R0 5
3 —t %00 s— Dyl - s Ol OB ATI 0 B LTI 0 612100 O 12180 K AXIB 0 € 1218 0 6 L2 18
2010 2005 2010 2035 2010 018 m20 2025 2010 2018 2020 2024 Wour ot Day
S Senrataneam S 40 s W it Oy wennnn i ol

Wour of Dy
Mara J00CH Va0 0] S T R Runbuess *e @ Dac laad B *0ere Dac lasd Camps
KD ety prodhe for week of, 772002026 Steam
20 000
200 000
8 100

B L e S,

o N W i 600_(00
WD e ™ N ™ e r = A n~ - -

0
P ARBOYSUBI TR R2M UMD S BT PR

Hour of Day
WG fantend) — 0 2 patred) G | O T 5G] ()
— L) ks - Sawr \aat MY +50000 Sruur Lont: Cormn

>




Outcomes of
Energy Master Plan

Low Entropy Systems for Campus

Central Energy Plant and Associated
Distribution System

» Eliminate steam for non-process systems
* Low temperature hot water

» Centralized chilled water

« Geothermal

* Thermal storage

« Combined heat and power




Central Energy Plant

34mw 156,000 [ 3000 R 40,000

cogeneration system hot water GEOTHERMAL chilled water
supply system storage




Water
Distribution
System

¥ CHILLED WATER LoD

CENTRAL ENERGY PLANT BUILDING i
CHILLER PLANT ,
f : BUILDINGS
» CIeLLED WUTES CHILLED WATER
|

MOT WARTER MOT WATER
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MEATING LOADS

COMBINED HEAT AND POWER F’LANTT

UTILITY ELECTRICY L
STEAM EXCHANGER
10 CEP . TLREINE .
GENERATOR

:

UTILITY NATURAL GAS | STEAM v
AR e
TO CEP GAS ELECTRICITY
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GTEAM LOADS
ELECTRIC LOADS
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GEOTHERMAL HEAT
EXCHANGER
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Rygan Heat Exchanger
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Geothermal
System




Thermal
Energy
Storage

CENTER DIFFUSER -

CHILLED WATER RETURN

INTERNAL PRCCESS PIPE ——

CHILLED WATER SUPPLY
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Combined Heat & Power




BUILD

OPERATE

MAINTAIN

v

What is DBOOM?

Design project as a holistic system

Construct balancing the design specification
and operations needs

Integrate risk throughout life-cycle, including financing risk,
construction risk and performance risk

Optimize for the benefit of customers

Maintain and upgrade technologies throughout life-cycle
by implementing and deploying improvements and
additional capital expenditures




Why DBOOM?

.......

Aligns design with construction and operations
New technology operated by domain experts

Eliminates the loss of knowledge during transfers
from design to deployment to operations

More powerful incentives to operate
iInfrastructure efficiently

Directs focus and resources on the mission of the
organization




Model Comparison

TRADITIONAL MODEL

Develop strategic plan

Design holistic infrastructure system
with multiple components

Disaggregate and prioritize components

Competitively select contractors for
highest priority components

Construct and integrate these components

Hand off responsibility for operating new
infrastructure to primary client

Re-evaluate budget for remaining components

DBOOM MODEL

Develop strategic plan

Conceptualize holistic infrastructure system
and critical attributes

Integrate Owner/Operator and its domain
experts with design process

Identify system components which should be
operated by domain experts

Align risks with parties best suited to manage

Design and implement contracts with
performance incentives

Monitor performance of infrastructure system




Traditional Model VS

ABROGATION & AVERSION

Ownership by customer
Purchasing at lowest cost per component

Quality at minimum compliance

Latent defects are the responsibility of Customer

Technology/efficiency risk bo

Decisions biased towards Customer behaviors

Requires more calendar time

Engineered products purchased and applied
independently

Limited Customer input after design stage

DBOOM Model

PERFORMANCE BASED

Ownership by 3rd party
Purchasing based on highest lifestyle value
Quality at highest value

Latent defects are the responsibility
of Owner/Operator

Technology/efficiency risk borne by
Owner/Operator

Decisions utilize best available human capital

Minimize calendar time

Integrated system

Opportunity for Customer involvement throughout




Typical
DBOOM
Structure

PROJECT
DEBT

Debt agreement

PROJECT FORMATION

CUSTOMER
REPRESENTATION

CUSTOMER

Consignment

PROJECT SPECIFIC;

agreement

SPECIAL PURPOSE VEHICLE

(SPV)

O & M agreemant

Equity sharohoider
agrasmant

POTENTIAL SPV MEMBERS

« Financer
» Operator
+» Bullder

« Manufacturer

PROJECT
EQUITY

EPC contfract
PROJECT
DESIGNER / CONTRACTOR
Subca!nradr-
VENDORS Su BCONTﬁACTORS EXPERTS

@

PROJECT OPERATOR

Interface agreement [
Subocontracts

VENDORS

SUBCONTRACTORS

EXPERTS




Ford
DBOOM
Structure

PROJECT FORMATION

CUSTOMER

REPRESENTATION

FORD

Enetgy services | agreement

PROJECT SPECIFIC
DTE DEARBORN CEP, LLC

PROJECT DESIGNER / CONTRACTOR |

DTE ENERGY SERVICES
I EPC contraat
Subcontracts
SOLAR MEP ASSOCIATES OTHER
RENTECH PEC

DRESSER-RAND WALBRIDGE

Equity shareholder
agreement

PROJECT
FUNDING
DTE
ENERGY

O &M agraement

PROJECT OPERATOR
DTE ENERGY SERVICES

|

Subcontracts

SOLAR

WATER TREATMENT

OTHER




Contractual Relationships

CHP

<«
GAS TURBINES

-«

_‘ <~ COMPR
STEAM ._'
TURBINE

NATURAL GAS

FROMDTE GAS 0

HRSG
‘—4
STEAM HEAT e -t
FORD CAMPUS CENTRAL
ENERGY PLANT
—— ¢ \ 4
. COOLING TOWER
o < - — = HEAT EXCHANGERS
! > =
« 800 acres : s h WATER PUMPS
«20 buildings = HOT WATER < 1
« 7.5 million GSF i s : > - HEAT PUMP CHILLERS
+ 30,0000 employees l 0 i
: 1 - MECHANICAL CHILLERS
1
: i NON-CHP
i o
i
GEOTHERMAL L
& DISTRIBUTION Innuonm

>0
ELECTRICY

TOIFROM
DTE ELECTRIC

DTEE owns
DTEES builds & operates

DTEES builds, owns & operates

DTEES builds, owns & operates




Ford-DTE Service Agreements

STEAM SERVICES | Steam supplied by DTEE
AGREEMENT | from CHP facility

D‘.I'l Energy
ELECTRIC

O BUILD & TRANSFER AGREEMENT
Construction and purchase of CHP facility

CHP FACILITY O&M AGREEMENT
CHP facility operations

ENERGY | Capital recovery associated the
INFRASTRUCTURE | non-CHP facility infrastructure

AGREEMENT Operations of non-CHP facility and
CHP facility infrastructure

9

S

3

II‘.II Energy
ENERGY
SERVICES




