~GovEnergy

www govenergy.gov

Charting a Course to
Energy Independence

Provic

5% “-"‘"

afb"%'e

Doug Dixon
Pacific Northwest National Laboratory




* Renewable Energy Sources Assessment Approach

1 Biomass/Waste-to-Energy
1 Wind

—ISolar

1 Ground Source Heat Pumps
1 Geothermal

* Renewable Project Economics
—IIncentives & tax credits

— Fort Carson example
I Financial Analysis Tool
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Renewable Energy Assessment

.

* Energy characterization

1 Demand and electricity consumption
1 Electric rate - $/kWh and blended rate
=1 Significant changes to future consumption

Resource availability on and near site

Development costs

1 What technologies, if any, are economic?

* Financing options

Implementation suggestions
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Agricultural
=1 Crop residues
=1 Animal waste
= Dedicated energy crops
* Forest
| Thinnings
~1 Logging slash
 Industrial
= Mill residue
=] Other industry waste
Waste
=1 Municipal solid waste (MSW)
1 Construction and demolition (C&D) waste
= Landfill gas
1 Biogas or biosolids from wastewater treatment plants
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* Find amount of each resource available within 60 miles of site
(considering collectability and competing markets)

 Calculate how much electricity could be generated

« If>1 MW, use spreadsheet tool to estimate levelized cost of
electricity produced for each technology and resource
=1 Feedstock cost (collection, transportation, tipping fees, etc.)
— Plant development costs
=1 Size of plant

» Detailed economic analysis for feasible resources (consider
Incentives, taxes, financing)
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Assumed Availabl Potential
Site Collection Miles Tipping Cost VI’:‘I"S?N e Electricity
Location | from Fort Fee ($) Savings (tonslyear) Generation

(%) (MW)
Fort XXXXX Fort XXXX 0 $42 $27 10,000 1.1
City Landfill City 1 $35 $20 31,874 3.5
Cochise County
Westem Regional Whetstone 3 $45.50 $30.50 87,509 9.6
Landfill
Elgin Landfill Sonoita 20 $36 $21 1,508 0.2
Rio Rico Landfill Rio Rico 30 $36 $21 42,237 46
Sahuarita Landfill Sahuarita 45 $23.50 $8.50 61,922 6.8
Speedway C&D
L andil Tucson 55 $25 $10 24,345 2.7
Los Reales Landfill Tucson 55 $23 %8 515,321 56.5
Sierra Vista Transfer ]
Station Sierra Vista 1 $45.50 $30.50 29,112 3.2
Benson Transfer
Station Benson 25 $45.50 $30.50 8,319 1.0
Bisbee Transfer Bisbee 25 $45.50 $30.50 7.151 08
Station

TOTAL 764,716 83.8*
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Need minimum of a Class 3 wind resource with average
annual winds of at least 6.4 m/s (14.3 mph)

Methods used to characterize wind resource:

—1 Meteorological (Met) tower (@ 50 m height with 1 yr data
(minimum requirements for project development)

* Sodar and Lidar are new methods being used to compliment met
tower data collection
'~ Nearby wind data with similar elevation

~1 Wind mapping tools: clickable maps that give annual average
wind speed at difference levels of resolution
* Wind Navigator from AWS Truswind (2.5 km)
 First Look from 3TIER (5 km)

1 NASA Atmospheric Science Data Center surface meteorology
data set 1s used to determine atmospheric conditions
(temperature, pressure, wind direction at different times, and
corollary wind data)
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Find best sources available for wind data to determine if
sufficient wind resource exists.

Review maps of land use and transmission lines to determine 1f
potential interconnection location exists near high wind area.

Utilize land and IC information, along with energy use
estimates provided by the site, to estimate potential project size.

Calculate potential capacity factor and energy output per turbine

Estimate total project costs including project development,
generation equipment, balance of plant construction, IC and
transmission, O&M, available incentives, and taxes.

Run detailed economic analysis to determine 1f project 1s
economically viable (consider both IPP and ECIP financing

scenarios).
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U.S. DOE Solar energy maps
-1 Flat plate collector
=1 Single axis tracking
~1 Double axis tracking
National Resources Canada

-1 RETscreen solar energy
model

NASA

'~ Surface meteorology and
Solar Energy
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.

* Identify solar potential

1 Determine seasonal and annual
solar radiation from existing
sources

 Identify potential development
arcas

= Installation-specific sites

1 Potential users of generated energy
(on-site or 0ff-s1te%

1 Existing electrical transmission
system

-1 Potential users of waste thermal
energy (building, process, central

energy plants) _
- Based on site-specific inputs, Ft. Carson Solar PV project
determine applicable solar
technology
Doug Dixon
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Ground Source Heat Pumps -

2a) Horizontal Closed-lcop 2b) Spiral Closed-loop

Water &
Antifreeze
in Pipe

¢ Open'LOOp Sé’ﬁ?'o" Multiple

in Pipe
ST S =
—1Need water source e

and Sink ( 1 . 5 -3 . O 2¢) Vertical Closed-loop 2d) Submerged Closed-loop
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-
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* Closed-Loop =
. 2e) Single Well Open-loop 2f) Double Well Open-loop
—Horizontal -
* Need ~4-5x building = P
floor area ~ s
1 Vertical s
® Need ~ 1 /2X bulldlng 2g) Surface Water Open-loop 2h) Direct Expansion
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Ground Source Heat Pumps -

» Thermal energy not electricity generation

* Will work anywhere, but some conditions are
cost-prohibitive
—Deep groundwater — expensive open-loop wells
—Rocky surface — expensive trenching
—Dry, sandy soil — low thermal conductivity
—Mild climate — less significant savings

e Retrofit or new construction
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Ground Source Heat Pumps -

Optimizes building
& site energy costs
» Restricted to GSHP

E FEDS Installation Inputs
File Inputs Options Help

0| |E| 6] Blw & & & O

FACKITY ENERGY
OECISION SYSTEM

retrofits only

are adjusted to thiz pear] —— =

Uses site-specific: el ane
—Building data S
—1 Weather e Lid.lt lttm
—1 Ground/soil

characteristics

Go To Building Set Inputs

1 Energy costs
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 Utilize information available from previous DoD study, plus
new additional sources, to determine 1f the following conditions
exist to demonstrate potential:
=1 Existing power plant operation or developer activity

1 One or more wells tested with temperatures in excess of 100°C (212°F)
logged downhole (at depths less than 3,000 m)

~1 Demonstrated high fluid flow rates on the order of 1,000 gallons per
minute per MW

—1 Heat flow rates greater than 80 mW/m2 (milliWatts per square meter)

=1 Other exploration data and information available

 Utilize best available geothermal resource information, along
with energy use estimates provided by the site, to estimate
potential project size.
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 Estimate total project costs including development,
infrastructure, well field drilling, steam and brine
gathering system, balance of plant construction, IC
and transmission, O&M, available incentive and
taxes.

—1 Well fields may consist of 10-100 wells with each well
costing $1 million to $4 million to drill
* Run detailed economic analysis (taking into account
incentives, taxes) to determine if project 1s
economically viable (consider both IPP and ECIP
financing scenari0s).
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Renewable Energy

.

* State
1 Sales, income, and/or property tax exemptions
Investment tax credits
Production tax credits
Rebates
Renewable portfolio standards (RPS)/Renewable energy certificates (RECs)
'~ Varies for each resource and sometimes technology used

* Federal

—1 Investment tax credits

[=]
[=]
[=]
[=]

1 Accelerated depreciation of equipment
~1 Production tax credits

* Source: Database of State Incentives for Renewables and Efficiency
(DSIRE) http://www.dsireusa.org/
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http://www.dsireusa.org/

Renewable Portfolio Standards

www.dsireusa.org / July 2009

WA: 15% by 2020*
‘ MT: 15% by 2015

ME: 302 by 2000
New RE: 10% by 2017

[ NH: 23.8% by 2025
2t MA: 15% by 2020

+ 1% annual increase
(Class | Renewables)

[RI1: 1696 by 2020 |
| CT: 23% by 2020 |

VT: (1) RE meets any increase
MN: 25%6 by 2025 in retail sales by 2012;
(Xcel: 30% by 2020) (2) 20% RE & CHP by 2017

MI: 10% + 1,100 MW g7
/B by 2015*

WI: Varies by utility; M 3 NY: 249 b 2015

10% by 2015 goal ' ‘
122 105 Vv é i}OH 25% by 20251

IL: 25% by 2025

OR: 25% by 2025 (large utilities)
5% - 10% by 2025 (smaller utilities)

It NV: 25% by 2025* |

¥ CO: 20% by 2020 (10Us)
y 2020 (co-ops & large munis)*

CA: 20% by 2010 KS: 20% by 2020

TEMO: 15% by 2021 | 3t MD: 2096 by 2022 |
2t AZ: 15% by 2025 —_— [ ¥ DE: 209 by 2019~ |
¥ NC: 12.5% by 2021 (10Us)
It NM: 20% by 2020 (10Us) 10% by 2018 (co-ops & munis) | ¥ DC: 20% by 2020 | A
10% by 2020 (co-ops)

TX: 5,880 MW by 2015

[ £x PA: 1896 by 2020t |
[ £ NJ: 22.5% by 2021 |

avs

>
AN

@
AN
[H1: 20% by 2020|& é : 29 states & DC
have an RPS
. _ e 5 states have goals
State renewable portfolio standard -ﬁ} Minimum solar or customer-sited requirement
State renewable portfolio goal % Extra credit for solar or customer-sited renewables
6 Solar water heating eligible 'I' Includes separate tier of non-renewable alternative-reeeﬁ-rees—_
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http://www.dsireusa.org/

PS Policies with Solar/DG Provisions

} www.dsireusa.org /7 July 2009
s I
[

NH: 0.3%6 solar-electric by 2014

‘

‘,

MI: triple credit for solar

-‘ ' # NY: 0.15429% customer-sited
|

by 2013
OH: 0.5% solar (8] ¢ | NJ: 2.12%6 solar-electric by 2021|
by 2025 ,

/" [PA: 0.5% solar PV by 2020 |

NV: 1.5% solar by 2025;
2.4 to 2.45 multiplier for PV

CO: 0.89% solar-electric
by 2020

MO: 0.3% solar-electric
by 2021

AZ: 4.5% DG by 2025

aw

NM: 496 solar-electric by 2020
0.6% DG by 2020

DE: 2.005%b solar PV by 2019;
triple credit for PV

NC: 0.2% slar
by 2018

| MD: 29%b6 solar-electric in 2022|

DC: 0.49 solar by 2020; 6
1.1 multiplier for solar

TX: double credit for non-wind
(Non-wind goal: 500 MW)

14 states & DC

o have an RPS with
. State renewable portfolio standard with solar / distributed generation (DG) provision solar/DG provisions

State renewable portfolio goal with solar / distributed generation provision

6 Solar water heating counts toward solar provision

_~GoVEnergy
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 Incentives are essential to achieving a cost
effective project

* Many incentives are not directly available to
federal customers, but use of third party
contracts should provide the benefit indirectly

* RECs can be sold by federal customers or third
parties to reduce the capital costs of renewable
energy projects
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3 Phases

Develops Turn purchases, owns

and operates the

Key Project .
' project
______________________________________ Capital_+ AssetMgt + O&M ,
30% tax credit +
ITC Depreciation
Buys the Solar REC Provides Tax Credits
Doug Dixon I
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Financial Analysis Tool for Electric Energy

* Developed by Princeton Economic Research, Inc. and the National
Renewable Energy Laboratory for the U.S. Department of Energy

* Private ownership rate of return module

* Develops an annual after-tax cash flow based on:
7 the revenues defined in the power purchase contract, and
=1 costs associated with constructing and operating the renewable generation
facility
* Includes all state and federal incentives for renewable energy technologies

*  PNNL required at least a 10% internal rate of return (IRR) after tax for
project to “work”

«  PNNL modified to include MILCON Energy Conservation Investment

Program module with NIST Building Life-Cycle Cost (BLCC)
methodology
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* For “firm” or dispatchable resources: avoided
retail power costs, 1.€. average avoided retail
rate (includes all retail rate elements, including
demand charges)

* For “intermittent” resources = avoided
“energy”’ component of power costs, 1.¢. only
energy component of retail rate
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* A resource assessment provides an estimate of the
relative cost-effectiveness of the various renewable
energy technologies

* Financial attractiveness of the RE technologies can
change significantly with modifications to state and
federal incentives

 Third party investment/ownership 1s key to obtaining
the most attractive project for federal customers

* Long term contracts are required to allow an adequate
return on mnvestment
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Doug Dixon

doug.dixon(@pnl.gov
509-372-4253
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