Scott Clark, PE, CEM
Principal
Burns & McDonnell

Krishnan Umamaheswar
Research Scientist
DOE Gulf Coast Clean Application Center

Cliff Braddock, CEM
Chief Operating Officer
RobustEnergy, LLC

Ed Mardiat, DBIA
Principal
Burns & McDonnell

November 3, 2010

CHP Project
Development
Handbook

-"9 u%o
H &% U.S. Environmental Protection Agency
’&g Combined Heat and Power Partnership

s
AL bR




US CHP Partnership
Project Development Handbook

Stage 1: Qualification

Stage 2: Level 1
Feasibility

Stage 3: Level 2
Feasibility Analysis

Stage 4. Procurement

Stage 5. Operations &
Maintenance

What You Need to Know

CHP Project Development Process

W

V' STAGE 1

Qualification

STAGE 4

Procurement

STAGE 5

Operation and
Maintenance

S CHP

COMBINED HEAT AND
SEPA POWER PARTNERSHIP




CHP Project Development Cycle - Stage 1 through 3

U.S. DOE Gulf Coast Clean Applications Center
November 3, 2010

Krishnan Umamaheswar, CEM,CDSM, LEED AP
{{HIARIC))



Qualification - Basics

Goal
— Determine whether CHP is worth considering

Timeframe
— 30 minutes

Conducted by
— Building Owner/Staff

Links

— http://www.epa.gov/chp/project-
development/qualifier form.html



http://www.epa.gov/chp/project-development/qualifier_form.html
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Qualification - Questionnaire

Are you concerned about the impact of current or future energy
costs on your business?

Is there a substantial financial impact to your business if the
power goes out?

Does your facility operate for more than 5000 hours/ year?

Do you have thermal loads throughout the year (steam, hot
water, chilled water, hot air, etc.)?

Does your facility have an existing central plant?

Do you anticipate a facility expansion or major renovation within
the next 3-5 years?

Have you already implemented energy efficiency measures and
still have high energy costs?

Are you interested in reducing your facility's impact on the
environment?



Level 1 Feasibility Study Basics

Goal
— Determine economic and technical potential of CHP
Timeframe
— 4-6 weeks
Typical Costs
— S0-$10,000
Conducted by
— EPA CHP Partnership
* http://www.epa.gov/chp/project-development/stage2.html|

— US DOE Regional Application Centers

e http://www.gulfcoastcleanenergy.org/ProjectStartup/Projectsupp
ort/tabid/1635/Default.aspx

— Independent Project Developers
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Level 1 Feasibility Study — US DOE
GCRAC Approach

* Screening Analysis

— Establish if a site has the POTENTIAL to be a good
candidate for CHP

* Detailed Analysis

— Establish if CHP is VIABLE technically and
financially



Screening Analysis

* Based on monthly electricity consumption, gas
use and related expenditures

— Industry rules of thumb
— Rough Capital Costs
— Determination of Simple payback

e Time & Costs

— No cost to owner
— Study & Report completed — 1 week



Detailed Analysis

Walkthrough site-assessment

Utility rate structure analysis

Hour by hour simulation using DOE software
Calibration of baseline model to actual utility bills
Generation of “Alternate / What if?” scenarios
Sensitivity analysis

Use financial models to generate internal rate of
return(IRR)

Minimal cost to owner
Report and study completed — 1 month



Additional Tools & Resources

* Midwest Application Center
— CHP Guidebook (October 2005)
— Qualification spreadsheets
— Walkthrough Checklists
— Economic Tools
— Links to free and paid for software tools
— http://www.chpcentermw.org/10-00 tools.html

e RELCOST Financial
— Powerful dynamic Excel spreadsheet used for
* Evaluate financial viability
— Developed by Northwest Application Center
— Free to download
* http://www.chpcenternw.org/SoftwareTools.aspx
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Additional Tools & Resources

RETScreen
— Powerful “all —in-one” tool — energy modeling, financial analysis & emissions
— Free and downloadable
— http://www.retscreen.net/ang/download.php

Incentives Database
— http://www.dsireusa.org/

EPA CHP Partnership Emissions Calculator
— Downloadable spreadsheet to calculate GHG reductions
— http://www.epa.gov/chp/basic/calculator.html

Wealth of information, tools & approaches
— Northeast RAC = http://www.northeastchp.org/nac/businesses/tools.htm

— Intermountain RAC =2 http://www.intermountaincleanenergy.org/support/

— CogenPro = http://www-rohan.sdsu.edu/~eadc/cogenH.html|

— BCHP (developed by ORNL)
http://www.ornl.gov/sci/engineering science technology/cooling heating p
ower/success analysis BCHP.htm
11
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Level 2 Feasibility Study Basics

Goal

— Replace assumptions with verified data

— Optimize CHP System design, capacity and operation

— Determine final system pricing and ROI
Timeframe

— 1-4 months
Typical Costs

— $10,000 - $100,000 depending on site-specific complexities
Links

— EPA CHP Partnership

* http://www.epa.gov/chp/documents/level 2 studies september9.pdf

Conducted by firms with a track record of CHP feasibility studies

— Independent engineering firms

— Project developers

— Consultants

— Equipment suppliers



http://www.epa.gov/chp/documents/level_2_studies_september9.pdf

Level 2 Feasibility Study — Key
Elements

DESCRIPTION OF EXISTING SITE PLAN AND EQUIPMENT
SITE ENERGY REQUIREMENTS

CHP EQUIPMENT SELECTION

SYSTEM Operation

Regulatory & Permitting Requirements

Total CHP SYSTEM COSTS

Non-fuel O&M Costs

Project Scheduling

Assumptions for Cash Flow Analysis
Discounted Cash Flow Analysis for CHP System
Detailed Appendices



EPA CHP Partnership Contacts

Neeharika Naik-Dhungel
(naik-dhungel.neeharika@epa.gov)

Gary McNeil
(mcneil.gary@epa.gov)

CHP Partnership help line

Tel : 703-373-8108
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U.S. DEPARTMENT OF ENERGY

Gulf Coast Clean Energy Application Center




US DOE GCRAC Contacts

Dan Bullock, MS, MPAff Ross Tomlin, MPAff
Director Clean Energy Policy
281-364-6087 281-363-7922
dbullock@harc.edu rtomlin@harc.edu
Krishnan Umamaheswar, LEEDA?, CEM, CDSM Ginny Jahn

Project Support Administrative Support
281-363-7906 281-364-6051
ukrishnan@harc.edu giahn@harc.edu

U.S. DEPARTMENT OF ENERGY

Gulf Coast Clean Energy Application Center
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Procurementis ...

* Selecting a project Developer

* Secure financing

* CHP Siting and Permitting

* Contract negotiation

* Project engineering and construction
* Final commissioning

This process is simildao many central plant
construction projects.



Selecting Deve
Amult-FRA 8 OA LJX A Y SR
Mechanical engineers and Contractors
Electrical Engineers and Contractors
Structural Engineers and contractors
Equipment suppliers
Project manager

Environmental consultants
Financiers



Devel oper Opt

Internal Team Highest Maximum Control, Competes with
returns internal
projects
Turnkey Less Reduced Transfer after Limited
provider commissioning technology
exposure
Teaming with Divided with Divided with Negotiate skills Gaps in
EPC partner partner and resources  contract scopes
as needed

Note: All options can be design-build; or engineer — bid - construct



ProjJ ect Munha&Cingh a

Financing Option | Return to Positive features On balance | Not Good
owner sheet

Internal Funding Highest Avoid Fees Competes with
internal projects

Debt funding Less SBA guarantee Yes Usually < 80%
possible for $750K

Equity Funding Much less, 100% possible Depends Reduced benefit
high for Less risk from project, split
investors ownership

Lease (operating, Positive CF  Lower risks, most Depends

capital, leveraged) common

Project or Third Less No recourse to Depends Some equity

Party customer required, high costs

BOO Much Less  Simply Depends Less flexibility for

owner
Bonds (public) Very high Lowest cost of Yes Time consuming

debt process to implement



Contracting Gotta Haves...

Commercial operations date

Milestone dates for engineering, construction, equipment
delivery, startup

Costing and pricing methodology for labor, equipment,
vendors, with pricing caps

Performance guarantees
Warranties

Acceptance criteria

Bonus opportunities and conditions
Penalties and conditions

Integration and interconnection with existing energy
systems



Risk Mitigation...

FIXED PRICE AGREEMENTS: Add penalties for missing
delivery and construction milestone dates; establish project
acceptance standards and warranties

EQUIPMENT: Select proven suppliers and technologies,
with warranties, training, O&M services, and performance
guarantees

PERMITTING: Obtain air, water, wastewater, zoning, and
site permits BEFORE financing

UTILITY AGREEMENTS: Confirm in writing interconnection
agreement and schedule

FINANCIAL STATEMENTS: Proforma, with cash flows, debt
coverage, allowance for working capital, budget for repair
and replacement, secure long term fuel supply agreements



Resour ces

Financing:
www.epa.gov/chp/documents/pguide select contractor.pdf

Siting and Permitting:
www.epa.gov/chp/documents/pguide financing options.pdf

www.epa.gov/chp/documents/pguide permit reqs.pdf

Contractor Selection
www.epa.gov/chp/documents/pguide.pdf

CHP Partners resources:
www.epa.gov/chp/partnership/partners.html



http://www.epa.gov/chp/documents/pguide_select_contractor.pdf
http://www.epa.gov/chp/documents/pguide_financing_options.pdf
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http://www.epa.gov/chp/documents/pguide.pdf
http://www.epa.gov/chp/partnership/partners.html

CHP Project Development
Stage 4 — Contractor Selection / Project Implementation

Pre-qualifications of
Coniractors

Prepare an Affective
Contract

Determine Key
Permitting Milestones &
Costs

Determine Utility
Interconnection
Requirements
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* Development internal goals for the Project
» Determine your appetite for Risk

 Find Partners that maich your Risk Profile
* Previous CHP experience
» Successful track record
* In-house resources
« Design-Build/EPC capabilities

EEEEEEEEEEE



» Develop Project Specific Criteria

« Commercial Operation Date

» Key Milestones

« Cost Structure & Fees

 Develop Achievable Performance Guarantees
» Define Warranty Requirements

» Define Bonus and Penalty 6 Make It a Win-Win
Agreement

MCHP

EEEEEEEEEEE



* Understand Required Approvals
* Local Utilities (gas & electric)
« Construction

 Operations
* Develop Overall Permitting Roles &
Responsibilities Matrix

- Begin Meeting with Regulatory Agencies Early
» Determine Permitting Costs
- Stick to Permit Applications Deadlines



* Apply for Interconnection with the Servicing Utility

* Determine the Interconnection Study
Requirements & Initiate

- Develop the Interconnection Agreement (in
Parallel)

* Finalize Excess Power Purchase Agreement
including;

e Term

« Commercial Operation Date
* Pricing S’CHP



Case Study: Thermal Energy Corporation
Houston, TX

Overview

Master Plan Implementation for
$372MM Plant Expansion

Plan Recommendations
Included;
— 4 Miles of Thermal Distribution

— 32,000 tons Chilled Water Plant
Addition

— 8.8 MG Thermal Energy Storage
— 45 MW / 330,000 Ib/hr

— Combined Heat & Power (CHP)
— Electric Substation Upgrades

— New System Wide Control System

S CHP

S COMBINED HEAT AND
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Case Study: Thermal Energy Corporation

Houston, TX

M-, New 32,000 Ton East Chiller

Ny s

I

: . I /,: /;; W‘%\’@;" Plant

— (4) 8,000 Ton York Chillers

— New Roof Mounted Cooling
Towers

— Chilled Water Distribution Pumps
— Expandable to 80,000 Tons

Thermal Energy Storage

— 8.8 Million Gallon Stratified Water
Tank

TUES S haREE—S— — Separate Pumping System

S CHP
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Case Study: Thermal Energy Corporation
Houston, TX

Electrical Infrasiructure
Upgrades
d 138kV Sub-Station Expansion
0 138kV Feeders for Chiller Plant
d 45 MW CHP Power Export

45 MW CHP System
0 45 MW Gas Turbine (LM 6000)
d 30,000 Ib/hr HRSG

Mission Ciritical Control Room
d Toshiba DCS

S CHP
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Case Study: Thermal Energy Corporation

Houston, TX

Results

« Savings of $200MM NPV over
the next 15 years

* Emissions reduced by 83,000
metric tons carbon (52,000
cars)

- Largest, most efficient and
reliable medical center
centiral plant in the country

am(?F"’

EEEEEEEEEEE



Case Study: Mueller Energy Center
Austin, TX

Overview

CHP efficiency - 1¢t LEED®
Platinum hospital in the world
— 7,400 tons of chillers
— 47,000 Ib/hr of steam capacity
— 4.3 MW CHP System
— Focus on Reliability

First project to use LEED NC 2.2
CHP calculation (8 of 10 Pts)
Utility grid interconnection

8,000 ton/hr siratified water
thermal energy storage

DOE funding - $1 million

SCHP

SEPA COVER PARTNERSHI




Case Study: GRU South Energy Center

Gainesville, FL

Overview

Critical Cooling, Heating &
Power including;
— 4.3 MW CHP / Critical Power
— 44,500 lb/hr Steam
— 4,200 tons Cooling
Developed innovative CHP
alternative to conventional
utility plant RFP, resulting in;
— 40% Lower Energy Consumption
— 70% Less CO2 Emissions
— 98% Less NOx Emissions

LEED® NC 2.2 CHP Calculation

Methodology
S’CHP
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US CHP Partnership
Project Development Handbook

Stage 5: Operations & Maintenance

CHP Project Development Process

« Survey of CHP system
operations managers

* Top 10 list of lessons
learned from operating

CHP systems serving STAGE 4

Procurement

critical loads

STAGE 1 STAGE 5

Qualification Operation and
Maintenance
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CHP Project Development Handbook
Stage 5: Operations and Maintenance

- Service agreements
« Combustion turbine

* Natural gas
compressor

 Heat Recovery
Steam Generator

« Auxiliary systems

CHP

A COMBINED HEAT AND
SEPA POWER PARTNERSHIP

1



1. The plant must be designed with a means to
perform maintenance on all equipment
while still meeting customer demand.

Includes switchgear clean & inspects, work on the
dearator tank, replacement of isolation valves,
upgrades to PLC / DCS processors and memory -
how will you perform these and still meet the contract
requirements?

S CHP

COMBINED HEAT AND
SEPA POWER PARTNERSHIP



2. Know your customer.

« Can they go without steam for two hours while you
fire up a backup boiler? Can chilled water supply
temperature vary over the seasons? Is the
response time of your equipment sufficient to meet
their transients? Is your water chemistry compatible
with their piping and seal material? Does any of the
plant equipment have to meet additional regulatory
requirements that you are unaware of (e.g.,
Emergency Diesel Generator for a health care
facility)?

S CHP

COMBINED HEAT AND
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3. Contract with customer should enable the
CHP owner to operate the plant in the most
economical means possible while still
meeti ng the customer 0Ss

4. If electrical power is critical, do not use
overhead distribution lines.

5. If electrical power is critical, do not use
overhead distribution lines.



6. Leading edge or bleeding edge? If unproven
technologies are used, you must be
prepared:

Unplanned outages that could extend for weeks.
Minor failures that are compounded by ridiculous
lead times for spare parts.

Service technicians not trained on the new
equipment (further extending down time).
Spares that you do purchase becoming obsolete
within two years due to design improvements.

S CHP
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/. Ensure your backup and auxiliary

equipment are rated to provide long term,
reliable service. The grid cannot provide
backup steam or chilled water to your
customer.

. Billing instruments must be periodically
checked / calibrated. Contract with

customer should include periodicity and if a
3'd party is required to conduct the

checks. S’ CHP



9. Regarding O&M budgets - just because the
primary equipment is small does not mean
all the support equipment (or labor) is

cheaper.

For example, a Schweitzer SEL 451 protective relay
costs the same for a 4AMW gas turbine output
breaker as it does for a 45MW gas turbine. The list
IS long.

S CHP
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10.CHP involves medium voltage (>= 12 KV)
relay and protection schemes that are
iInherently more complex than at a non-CHP
facility due to the utility interconnect.

« This requires a higher than typical level of
support capability to ensure uninterrupted
service. Active involvement by in-house
specialist personnel adds value.
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