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▪ 501(c)(3) nonprofit based in Washington, DC

▪ Founded in 1966 to preserve, improve and 

enhance the environment

▪ Research, Scholarship, and Leadership programs

▪ Increase collective capacity of landscape 

architects to achieve sustainability:

• Invested over $3 million in research since 1986

• Awarded over $1.25 million in scholarships to 

over 550 students

LANDSCAPE ARCHITECTURE FOUNDATION



▪ Link to quiz in the chat + follow-up email

▪ 1.0 PDH (HSW) issued upon completion of 

10-question quiz with a score of at least 75%

▪ Retakes allowed

▪ Certificate will be emailed within 2 weeks

1.0 LA CES CEU (HSW) 
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IPCC via vox.com



The Washington Post, July 30, 2020Inside Climate News, April 13, 2021





What is the role of design in this transition?



Leo Marx, The Machine in the Garden

(Oxford & New York: Oxford University Press, 1964)



“Space and its sociopolitical arena will 

be the battlefield where the energy 

transition will be won or lost”
Dirk Sijmons & Machiel van Dorst

“Strong Feelings: Emotional Landscape of Wind Turbines” (2012)



THE ENERGY TRANSITION 
IS A SPATIAL PROBLEM

Wind farm near Abilene, TX (Photo: Joel Sartore)



Nicholas Pevzner, Yekang Ko, and Kirk Dimond. “Power Player: Designing for Just and 

Multifunctional Energy Landscapes.” Landscape Architecture Magazine, June 2021Pevzner, Ko, and Dimond. “Power Player: Designing for Just and Multifunctional 

Energy Landscapes.” Landscape Architecture Magazine, June 2021. 



Rebecca O’Neil, Danielle Preziuso, Katie Arkema, Yekang Ko, Nicholas Pevzner, 

Kirk Dimond, Simon Gore, Katherine Morrice, Chris Henerson, and Devryn Powell. 

“Renewable Energy Landscapes: Designing Place-Based Infrastructure for Scale.” 

Pacific Northwest National Laboratory (White Paper), July 2022.



MULTIFUNCTIONALITY



Strang, G. L. (1996). Infrastructure as Landscape [Infrastructure as 

Landscape, Landscape as Infrastructure]. Places 10 (3)



Fontana Dam Powerhouse

(Photo: Charles Krutch, TVA)



Norris Dam (Photo: Library of Congress)



Hood Design Studio: “Solar Strand,” University at Buffalo
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National Laboratory

Elisabet Metcalfe
Physical Scientist, 
U.S. Department of 
Energy

Gabe Landes
Director of 
Engineering, 
Renewable 
Properties



LAF Webinar: Energy

Solar Energy 

            
   August 22, 2024

                      Gabe Landes
                          LinkedIn

https://www.linkedin.com/in/gabe-landes-0449919/


Agenda

● Solar energy basics

● How projects get financed and built

● How C&I PV engages LAs

● Dual-Use, Agrivoltaics 

● Challenges

○ Interconnection 

○ Land use constraints

○ Opposition

○ Problems with success

● Opportunities 

○ Brownfields

○ Dual-use applications

○ Cost reductions

○ Automation 

○ Continued electrification 

● Land use and scale 

● Looking forward



Solar Energy System 



Scale: Resi, Commercial and Industrial, Utility 

12 kW for a house

100 MW for the grid 



Other



Renewable Properties

2.5 to 10 MW solar arrays.  Grid connected. 

Community Solar in 15 states.

Emerging opportunities in BESS and EV charger sites 



A solar project is a revenue

 generating asset

Development costs

 Land, legal, geotech 

CapEx

 EPC, contingency, financing

OpEx

Taxes

Insurance

Profit and Overhead 



A solar project is a revenue

 generating asset

Development costs

 Land, legal, geotech 

CapEx

 EPC, contingency, financing

OpEx

Taxes

Insurance

Profit and Overhead 



Metering kWh is metering $$$

source

https://www.globalenergyinstitute.org/unprecedented-increase-electricity-rates-across-nation-defines-our-2022-electricity-price-map


Modeling energy production 



System design

Layout, Equipment selection,

and Shading

Evaluate impacts to

LCOE, IRR, NPV, ROI



System construction 

1.5 yrs of Development 

Construction: 3 to 6 months

20 to 35 yr life 



LA involvement 

Often brought in as a

sub to the Civil Engineer.

Work output can impact

Site biodiversity. 

Local knowledge is valuable



Impact from local

regulations 



“Dual Use” 

Agrivoltaics



Agrivoltaics 

Benefits from AgPV:

80% times two 

 



AgPV - diverse array of crops

Jack’s Solar Garden in Boulder, Colorado. 

1.2 MW 

Link ,  Link 

https://www.solarpowerworldonline.com/2021/06/largest-agrivoltaic-research-project-in-u-s-advances-renewable-energy-while-empowering-local-farmers/
https://www.jackssolargarden.com/


Jack’s Solar Garden - community use



Challenges

Interconnection 

Too much solar  



Opportunities 

Cost reductions

Too much solar 



Opportunities 

Automation

Dual-use installations



Land use and scale



All the panels for all the electricity needs in USA source 

2017

https://www.inverse.com/article/34239-how-many-solar-panels-to-power-the-usa


Land use map: note Ethanol 

2018

source

https://www.bloomberg.com/graphics/2018-us-land-use/?terminal=true


source

Alt img

2009 data

For the World’s energy needs     

 

https://landartgenerator.org/blagi/archives/127
https://commons.wikimedia.org/wiki/File:Fullneed.jpg


We can do better

Avoid ‘monoculture’



Better site management 



Improving site acquisition 

And incentivizing

‘Prefered project types’

SMART in MA

https://www.mass.gov/solar-massachusetts-renewable-target-smart


Integrating other stakeholders and values 

Biodiversity and Ecosystem Services

Tax benefits for locating

a project in an ‘Energy Community’

https://lightsourcebp.com/news/what-is-biodiversity-net-gain-and-how-will-it-help-nature/
https://betterenergy.org/blog/pv-success-to-help-communities-harness-ecosystem-benefits-of-solar-deployment/
https://pv-magazine-usa.com/2022/10/20/inside-the-ira-what-is-an-energy-community/


Thank you 



Geothermal 

in Landscapes
Elisabet Metcalfe

Stakeholder Engagement and Communications Lead

Geothermal Technologies Office

August 22, 2024 

Heat Pump Well (NREL pix 17442



Agenda

• Geothermal Energy Overview

• Benefits

• Geothermal District Heating and Cooling 
Overview and Examples

• Opportunities for landscape architects and 
designers

• How to Engage with GTO



What is Geothermal Energy?

|  EERE3 energy.gov/eere/geothermal/geothermal-basics

https://www.energy.gov/eere/geothermal/geothermal-basics




Renewable

Heat in Earth’s interior is continually 
replenished and will be for billions of years.

Reliable and consistent

Geothermal is always available, 
regardless of the weather.

Clean

Using geothermal for power or heating 
and cooling emits little to no carbon.

Nationwide

Geothermal heat exists everywhere in 
the United States!

|  EERE5

Electricity Production



Geothermal Heat Pumps

energy.gov/eere/geothermal/geothermal-heat-pumps

https://www.energy.gov/eere/geothermal/geothermal-heat-pumps


Geothermal Heat Pumps
Take advantage of constant underground temperatures 

to efficiently exchange temperatures

• “Heat sink” in summer

• “Heat source” in winter

Three key elements in a GHP system:

1. An underground heat collector

2. An indoor heat pump

3. A heat distribution subsystem (e.g., ductwork)

energy.gov/eere/geothermal/geothermal-heat-pumps

https://www.energy.gov/eere/geothermal/geothermal-heat-pumps


Not Seen and Not Heard

• Very little visual space is 
consumed by GHPs

• Outdoor component is buried 
(loops of pipes)

• Indoor component is a 
compact heat pump

• Vents and grates that you see 
in interior rooms are clean 
and unobtrusive

|  EERE8

• No outdoor condenser

• Quiet operation with no need 
for sound barriers and 
acoustic treatments

• Preserves building aesthetics 
inside and out



These Can Scale UP!

|  EERE9



Whisper Valley, Texas

|  EERE10

• Residential development near Austin, TX

• Geothermal hybrid system

• Distributed vertical boreholes connected to 

centralized pump house and cooling tower

• Coupled with solar power to electrify homes

• Reduces energy consumption of up to 80%

• Supports 700 acres of green space, wildlife 

habitat, organic gardens, pool/gym

https://ecosmartsolution.com/



Colorado State University

• Carbon neutral by 2040 and 100% 
renewable electricity by 2030

• 44 LEED certified buildings and 43 solar 
arrays

• GHP network installed in 2020

• Provides heating and cooling for 380,000 
square feet of building space

• 342 boreholes, 550’ deep

• 80 miles of pipe

• Lowest life cycle option for CSU when 
looking at replacing aging 
infrastructure

|  EERE11

https://source.colostate.edu/moby-geothermal-exchange/

https://www.coloradoan.com

https://www.coloradoan.com

Colorado State University



|  EERE12

• Drainage, aeration, and 

geothermal-fed temperature 

moderation of the root zone for 

the nearly 130,000 square feet of 

sod.

• 20,600 linear feet of drainage 

pipe and 4,100 linear feet of 

irrigation pipe were installed 

along with more than a thousand 

feet of pipe for the geothermal 

system

Atlanta Braves Truist 
Park, Atlanta, GA

The Motz Group

https://csengineermag.com/having-a-field-day/



Saint Patrick’s Cathedral

Sources: Dandelion Energy dandelionenergy.com/st-patricks-cathedral-geothermal-heating-cooling; 

PW Grosser pwgrosser.com/projects/geothermal-system-st-patricks-cathedral/; Renewable Energy 

Magazine renewableenergymagazine.com/geothermal/new-york-s-iconic-st-patrick-s-20170222

• Construction started 1858; completed 1879

• 5 million+ annual visitors today; 76,000 

square feet of space

• Oil-powered steam radiators installed ~1957

• GHP heating and cooling system replaced 

aging system in 2017

• 10-well standing column well system; depth 

of 2,200 feet

• Four wells run along 51st Street; remaining six 

run along 50th Street

• Eliminates cost of burning ~218 barrels of oil 

per year and reduces CO2 emissions by 30%

https://dandelionenergy.com/st-patricks-cathedral-geothermal-heating-cooling
https://pwgrosser.com/projects/geothermal-system-st-patricks-cathedral/
https://www.renewableenergymagazine.com/geothermal/new-york-s-iconic-st-patrick-s-20170222


How to Engage with GTO

• Funding Opportunities

• Updated Website

• Funding Opportunity Quick Guides

• The Drill Down

• Lithium Storymap

• Stakeholder Toolkits

• Infographics

• Project Postcards

|  EERE14

GTO is using multiple tools and resources 

to help spread the word about 

geothermal energy and engage with 

stakeholders.



64U.S. DEPARTMENT OF ENERGY       OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Thank You!

Get the hottest geothermal news from The 

Drill Down, GTO’s monthly newsletter! 

Sign up today: geothermal.energy.gov

https://www.energy.gov/eere/geothermal/geothermal-technologies-office


Distributed 
Wind Energy

Danielle Preziuso

Distributed Wind Lead

Socio-Technical Systems Engineer

August 22, 2024

PNNL-SA-202715
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Distributed Wind??

Distributed energy resources are technologies used to generate, store, and 
manage energy consumption for nearby energy customers.

Rooftop Solar Panels Battery Storage Smart Thermostats

And wind turbines!



Defining and Describing

Distributed Wind

Distributed 

Wind

Distributed 

Wind

Distributed Wind

67

Distributed Wind



68

Applications 
and 

Customers
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Current Deployment



70

Turbine Sizes

Small (100 

kW)

Midsize (101 – 1,000 

kW)

Large-scale, land-based 

(1,001 – 5,000 kW)

Adapted from Calautit et al. 2018. "A Review of Numerical Modelling of Multi-Scale Wind Turbines and Their Environment" Computation 6, no. 1: 24. https://doi.org/10.3390/computation6010024. 



Anneliese Fensch / PNNL

Joe DelNero / NREL

Alice Orrell / PNNL

Pieter Huebner / Bergey Windpower Co.

Small wind turbines 
are often deployed in 
rural settings and 
remote locations.



Small wind turbines 
can also be located 
near infrastructure 
when properly sited.

Padma Kasthurirangan

American Windpower
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Important Notes on Small Wind Turbines

CertificationBuilding-Integrated and 

Rooftop Installations

Photo from LinkedIn
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Building-Integrated and Rooftop Installations

• Estimated Monthly Generation: 100 kWh 

• Actual Monthly Generation (March 2015): < 1 kWh

• Cost: ~$100,000

• Payback: None

Photo from Dave Jager / NREL

• Estimated Generation for 192 days: 6,269 kWh 

• Actual Generation for 192 days: 127 kWh

• Cost: $39,000

• Payback: None

Photo from Flickr 2874788682

Most turbines deployed on buildings and rooftops perform below expectations
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Small Wind Certification

Applicant
Turbine 

Model

Certified Power 

Rating @ 11 m/s 

(kW)

Certification 

Standard

Bergey Windpower 

Company
Excel 10 8.9 AWEA 9.1

Bergey Windpower 

Company
Excel 15 15.6 AWEA 9.1

Eveready Diversified 

Products (Pty) Ltd.

Kestrel 

e400nb
2.5 AWEA 9.1

Eocycle 

Technologies, Inc.
EOX S-16 22.5/28.9 AWEA 9.1

HI-VAWT Technology 

Corporation/Colite 

Technologies

DS3000 1.4 AWEA 9.1

SD Wind Energy, Ltd. SD6 5.2 AWEA 9.1

Wind Resource, LLC
Skystream 

3.7
2.1 AWEA 9.1

Datei:International Electrotechnical Commission Logo.svg

Small Wind Standards

Test Facilities

Certification Bodies 

https://www.pnnl.gov/distributed-wind/market-report/small-wind-turbine-

certifications

http://upload.wikimedia.org/wikipedia/de/3/3e/International_Electrotechnical_Commission_Logo.svg


Mike Craft
Terry Spradley

Midsize distributed 
wind turbines are 
often deployed to 
support 
commercial and 
industrial 
applications.

Jacob Garbe // PNNL



TVI GroupFoundation Windpower, LLC

Foundation Windpower, LLC
Harvest the Wind Network

Large-scale wind 
turbines can be used 
in distributed 
applications; they 
have categorically 
fewer turbines relative 
to wind farms.
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Opportunities and Challenges

• Lack of consideration of 
distributed wind

• Continued need for cost 
reductions and reliability 
improvements

• Local zoning and 
permitting ordinances

• Projects require breaking 
ground

Source: https://www.nrel.gov/analysis/distributed-wind-futures.html



Thank you!

79

danielle.preziuso@pnnl.gov

Join us for the 2024 Distributed Wind 
Energy Summit!

Virtual – September 17th
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