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Energy Audits/Energy Evaluation

* HVAC

* Plug loads
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RE Resource Maps

* http://www.nrel.gov/gis/
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Author : Billy Roberts - April 17, 2015

Geothermal Power Generation
Current and Planned Nameplate Capacity (MW) by State
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Current and planned capacity additions are from the
Geothermal Energy Association (GEA, February 2015,
Figure 7). Total installed capacity is 3,522 MW and toral
planned capacity addition 1,275 MW,
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http://www.nrel.gov/gis/

RE Resource Maps

* Biopower Atlas

Select and Query Data Run Analysis LINREL Biopower Atlas
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. https://mapsbeta.nrel.gov/biopower-atlas/
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PV Watts http://pvwatts.nrel.gov/

PVWatts® Calculator :: N RE L

betStarted: [N sekasewoce ) HELP  FEEDBACK

NREL's PYWatts® Calculator

Estimates the energy production and cost of energy of grid-connected
photovoltaic (PV) energy systems throughout the world. It allows homeowners,
small building owners, installers and manufacturers to easily develop estimates
of the performance of potential PV installations.
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MREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,
operated by the Alliance for Sustainable Energy, LLC.
PVWaits® is a registered trademark by Alliance for Sustainable Energy, LLC in Golden, CO, 80401

Need Help? | Security & Privacy | Disclaimer | NREL Home
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PV Watts http://pvwatts.nrel.gov/

PVWatts' Calculator

NREL

nrel

My Locabion Resense wotice () HELP ~ FEEDBACK

RESOURCE DATA YSTEM INFD Rt

SOLAR RESOURCE DATA

The recommended weather data source is initially listed below. This is usually a good choice for your location, but
you can optionally change the weather data using the map below

Selected weather
data for your wn  (TMY2) BOULDER, CO 27 mi
location

Optionally, Select Different Weather Data

Currently, PVWatisd defaults 1o the closest TMY2 weather file (or international file). This wil be the standard for the foreseeadle
future We ais0 ofer the TMY3 [ocations and a 10 km gridded data set from SolarAnywhers®. \We will not be including the

older 40
km gridded data from PV\Watts Version 2 as the other datasets are superior. The selected weather 50urce pin is wrapped with 2 blue
background Click 3 dferent pin 1o select that source. If you enable SolarAnywhere® data for the contmental US. then double-click
anywhare on the map 1o select that grid cell (t must be enabled for each location). Refer 1o Help for more detailed information
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PV Watts http://pvwatts.nrel.gov/

PVWatts® Calculator ::NREL

Retensenosce | HELP | FEEDBACK

RESOURCEDATA  SYSTEMINFO  RESULTS

SYSTEM INFO

Medify the inputs below to run the simulation.

6010 | pe system size gomy: 1 H Draw Your System | Gofo
PeSOUrce atts@
Click below to resulis
Module Type: Standard 0 customize your system
on a map. (opticnal)
Array Type: Fixed (open rack) 0
System Losses (%): 14 o a!_’;;_m;,. " N >
Tilt (deg): 20 o
Azimuth (deg): 180 0
Advanced Parameters

INITIAL ECONOMICS (Optional)

Modify the inputs below to provide an initial rough estimate of the cost of energy produced by the system. Note
that complex utility rates and third-pariy financing can significantly change these values

System Type: Commercial ﬂ
Average Cost of Electricity ~ 0.09 0
Purchased from Utility
($/KWh):
Initial Cost ($/Wdc): 2.60 (]
WREL is a national laboratory of the U.S. Department of Enargy, Offica of Energy Efficiency and Renewable Energy.

operated by the Allsnce for Sustainzble Energy, LLC.

PVWaties I 3 ragisiered trademark by Allanca for Sustainable Enargy, LLC In Godden, ©O, 50401,

Need Help? | Saecurity & Privacy | Disclzimer | NREL Home
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PV Watts http://pvwatts.nrel.gov/

PVWatts" Calculator m N_R..,E.L

My Location | "' RetesseMotice 2) | HELP | FEEDBACK

RESOURCEDATA  SYSTEMINFO  RESULTS

SYSTEM INFO

Modify the inputs below to run the simulation.

6o to : 1 i Draw Your 6o to
DC System Size (kW): o System -
data Click below to results
Module Type: Standard o customize your system

on a map. (optional)

Customize Your System To Your Roof

On the map below, click the corners of the desired system. Note that the roof tilt and azimuth cannot be automatically determined from the
aerial imagery, and consequently the estimated system capacity may not reflect what is actually possible.

System Capacity: 34.8 kWdc (231 m"2)

Cocer J o e ]

NREL is a national iaboratory of the U,5, Deparmment of Enargy, Offica of Energy Efficiancy and Renswable Energy,
operated by the Alliancs for Sustainsble Energy, LLC.

B2 by ABanca for Energy, LLC In Golden, CO, 80401

Nead Help? | Security & Privacy | Disclaimer | NREL Home
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PV Watts http://pvwatts.nrel.gov/

PVWatts" Calculator ::NREL

MyLocaon " Reesenosce) | HELP | FEEDBACK

RESOURCE DATA  SYSTEMINFO  RESULTS

ESULTS 52,907 kWh per Year *

@ Print Results

S'rs'.eﬁn'1J |$Gn Month Solar Radiation AC Energy Energy Value
( KWh / m? | day ) (kWh) (s)
January 357 3,232 296
February 421 3,380 310
March 5.61 4,921 451
April 6.5 5,084 466
May 6.46 5,396 494
June 6.74 5,316 487
July 6.60 5,250 481
August 6.44 5122 469
September 599 4,702 43
October 499 4,186 383
November 3.80 3,250 298
December 3.38 3,069 281

Annual 5.33 52,908 54,847

User Comments

Optionally, add comments fo include in the print out.

LY Download Results: Monthly | Hourly Find A Local Installer

* Cauthan: Phatovoltale system parformance predictians caloulatzd by PVWattss Induds many inherant assumptions and
uncartznties and do not reflect varistons between B gles nor Sie-Epecic of axcapt 38 r2p by
FUWatES Inputs. For sxample, Py moduiss with better parfomiance ars not diferantizted witnin PyWatss rom |ssser
performing modules. Simikary, the *Energy Valus® calumn imply multipli2s the ubiity-average elactricity price by production.
Comglex utlity ratee and financing can significantly impact the energy valus. See Help for adotional guidanca,

Location and Station Identification

Requested Location nrel

Weather Data Source (TMYZ) BOULDER,CO 27 mi
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System Advisor Model

https://sam.nrel.gov/

* Detailed Performance and Economic Model
o Component level inputs, hourly outputs

Analysis Types
o Photovoltaic (PV)
o Solar Hot Water
o Concentrating

Solar Power

o Wind

Biomass Power

o Geothermal
Power

o Generic System

O

NATIONAL RENEWABLE ENERG
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Trough (phys), Single owner

Location and Resource
Solar Field

Collectors (SCAs)
Receivers (HCEs)
Power Cycle

Thermal Storage
Parasitics

System Costs
Degradation

Financial Parameters
Time of Delivery Factors
Incentives

Depreciation

Simulate > l‘_

Parametrics

P50 / P90 Macros

Stochastic

Resource Beam normal irradiancea (W,/m2)

Time series

Daily

Jun 18

Jun 13

[

Jun 20

Jun21

Jun 22

Jun 23

tatistics

Heat map ves
Il FIEIU LTIl PUWET PIOUULED (VWL

[0 Field thermal power avg. receiver loss (W/m)

[0 Field HTF energy inertial (consumed) (MWht)

[0 Field HTF mass flow rate total (kg/hr)

[0 Field HTF mass flow rate loop (kg/s)

[0 Field HTF pressure drop total (bar)

[ Field HTF temperature cold header inlet (C)

[0 Field HTF temperature hot header outlet (C)

[0 Field HTF temperature collector inlet (C)

[0 TES HTF mass in cold tank (kg)

IO TES HTF mass in hot tank (kg)

[ TES HTF mass flow rate - field side of HX (kg/hr)

[0 TES HTF mass flow rate - storage side of HX (kg/hr) —
I3 TES HTF temperature in cold tank (C)

[0 TES HTF temperature in hot tank (C)

[0 TES HTF temperature HX field side hot (C)
[0 TES HTF temperature HX field side cold (C)
[0 TES HTF temperature hot tank inlet (C)

[ TES HTF temperature cold tank inlet (C)
OO TES HTF velume in cold tank (m3)

OO TES HTF velume in hot tank (m3)

OO TES HTF velume total (m3)

mTES thermal energy into storage (MWt)

[ TES thermal losses from tank(s) (MWE)
[0 Cycle efficiency (gross)

[0 Cycle electrical power output (net) (MWe)
[0 Cycle electrical power output (gross) (MWe) ]
[0 Cycle HTF mass flow rate (kg/hr)

[0 Cycle HTF temperature in (hot) (C)

[0 Cycle HTF temperature out (cold) (C)

[0 Cycle cooling water mass flow rate - makeup (kg/hr)
m Cycle thermal power input (MWE)

[0 Condenser pressure (Pa)

Uu egq

m

- - \g - D [ Condenser fraction of operatlng bays %
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RETScreen International http://www.retscreen.net/

* Screening Level Evaluation Tool

o Excel based tool with extensive technology list for EE and

RE Systems
* Analysis Types . e RETScreen® International

o Photovoltaic (PV) . WWW.reECreen et
o) S Ola r H Ot W at er Clean Energy Project Analysis Software
'e) COncentratlng Projectinfonjnation See project datsbsse

Solar Power
o Wind
o Biomass Power g Eat |
o Geothermal | —er |

Power e ——
© Tldal POWEI’ Site reference conditions SRS AR ST
o Wave Power Cimete dta ocaton. | s EF Aior
o Heat pump i
o Solar Vent Preheat ® Q S
o Envelope

NATIONAL RENEWABLE ENERGY LABORATORY



Small Wind Economic Model

* Wind Exchange Website
o http://apps2.eere.energy.gov/wind/windexchange/e

conomics.asp
Wind Energy Payback Period Workbook (v1.0)
|Step 1: Financial Assumptions =
|
* Key Features [Step 2: Site Characteristics >

o Simple Analysis _ |
. . |Step 3: System Properties =

o Pre-built turbine models

o Several implementation

models Payback Period (Years) 16 View Graph _ |

View Cash-Flow |

Based on the assumptions that you entered, this investment does not look very
attractive. The payback period is 16. That means that your initial capital
investment will not be fully recovered until 16 years of the purchase. However,
this analysis is only preliminary. Please conduct a more thourough analysis
before proceeding.

NATIONAL RENEWABLE ENERGY LABORATORY


http://apps2.eere.energy.gov/wind/windexchange/economics.asp
http://apps2.eere.energy.gov/wind/windexchange/economics.asp
http://apps2.eere.energy.gov/wind/windexchange/economics.asp

Other Useful Resources

* Open El - www.openEl.org

* DSIRE USA — www.dsireusa.org

* Tribal Energy Program Website -
http://appsl.eere.energy.gov/tribalenergy/index.cfm

* NREL Website - www.nrel.gov

* Regional Resource Centers DOE -
http://apps2.eere.energy.gov/wind/windexchange/regional.asp

NATIONAL RENEWABLE ENERGY LABORATORY


http://www.openei.org/
http://www.dsireusa.org/
http://apps1.eere.energy.gov/tribalenergy/index.cfm
http://apps1.eere.energy.gov/tribalenergy/index.cfm
http://www.nrel.gov/
http://apps2.eere.energy.gov/wind/windexchange/regional.asp
http://apps2.eere.energy.gov/wind/windexchange/regional.asp

Priorities: Where to Install Solar

1. On the “Built Environment” where unshaded - size to
capacity (kW) and load (kWh & thermal)

a. On existing building roofs that have an expected life of at
least 15 more years and can accept added load. Reduces solar
load on building. NEPA categorical exclusion.

b. On ALL new buildings — all new building should be “solar
ready”, see http://www.nrel.gov/docs/fy100sti/46078.pdf

c. Over parking areas, pedestrian paths, etc. — energy generation
and nice amenity.

2. On compromised lands such as landfills & brownfields.
a. Saves green fields for nature.

3. IF installed on green fields minimize site disturbance,
plant native low height vegetation as needed.

NATIONAL RENEWABLE ENERGY LABORATORY


http://www.nrel.gov/docs/fy10osti/46078.pdf

Examples of RE Analysis with Tribes

e Pascua Yaqui Tribe near Tucson, AZ

NATIONAL RENEWABLE ENERGY LABORATORY

Scenario 1 — System Purchase

System Capacity: 2,865 kW

LCOE Nominal: S0.193/kWh

LCOE Real: S0.148/kWh
Annual Energy Savings: 5,209,462 kWh/yr
Implementation Costs: $10,399,950
Simple Payback Period: 21.9 years

Scenerio 2 — Power Purchase Agreement (PPA)

System Capacity: 2,865 kW

LCOE Nominal: S0.104/kWh
LCOE Real: $0.117/kWh
Annual Energy Savings: 5,209,462 kWh/yr
Implementation Costs: SO

First Year PPA Price: S0.104/kWh




Examples of RE Analysis with Tribes

e Pueblo of Picuris outreach

o Hosted TEP Strategic Energy
Planning Workshop August 2014

o Created a strategic energy plan
with the Northern Pueblo
Housing Authority.

o Performed a feasibility analysis of
rooftop vs community solar
through leveraging TA with NREL,
NAU, and Grid Alternatives.

o Kit Carson Utility has since agreed
to purchase any extra solar power
produced. Picuris have indicated
they will be applying for START
assistance to finish all of the
feasibility work needed to get the
project going.

NATIONAL RENEWABLE ENERGY LABORATORY
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Thanks!

lars.lisell@nrel.gov



