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What Are the Major Renewables?
Electricity Net Generation — 2006
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Wind’s Footprint

Wind Farm Area Calculator
This calculator estimates land-area requirements for wind power systems.

The results indicate a "footprint" of land that has to be taken out of production to
provide space for turbine towers, roads, and support structures.

The "footprint,” which is typically between 0.25 and 0.50 acres per turbine, does
not include the 5-10 turbine diameters of spacing required between wind
turbines. Because of this spacing, the area included within the perimeter of

the wind farm will be larger. However, it is important to note that the land
between the turbines - minus the "footprint" area - is still usable for its original
purpose.

The estimated land area required is: 0.76 acres.
This calculation assumes 1,000 kW and 2 turbines each requiring
an area of 0.38 acres.

A national laboratory of the WS, Departrment of Energy

-
‘{Q;g Me=L National Renewable Energy Laboratory

Innovation for Our Energy Future



Solar’'s Footprint

PV (photovoltaic systems) Area Calculator ‘
This calculator uses assumptions about land area requirements for photovoltalc

systems to estimates total land area requirements for a system of a given size
after subtracting the portion of PV that may be placed on rooftops of buildings.

Result: 1,000 kW of photovoltaics is estimated to require 6.4 acres.
This calculation assumes a generating capacity of 1,000 kW, where each kW
requires an average of 0.004 acres per kW, and that the first 20% of this capacity

Is placed on rooftops, and further that the remaining capacity is placed on land
where the photovoltaic panels can cover 50% of the land area.

A national laboratary of the U5, Departrment of Energy
Office of Energy Efficiency & Renewabla Energy

il -
%a‘é’ Me=L National Renewable Energy Laboratory

Innovation for Qur Energy Future



U. S. National goals

— Wind: 20% of total provided energy by 2030
— Solar: 10% of total provided energy by 2030




Mitigation, as defined by the Council on
Environmental Quality, may include one
or more of the following:

1.Avoid ...
2. Minimize...
3. Rectify (repair or restore)...

4. Offset the impact by replacing or providing
substitute resources or environments
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Energy by Design Impact Mitigation
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The mitigation hierarchy
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GreatBasin
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From Kiesecker et al. In Prep

Kiesecker, J.M, H. Copeland, A. Pocewicz, N. Nibbelink, B. McKenney J. Dahlke, M. Holloran and D. Stroud A Framework for Implementing
Biodiversity Offsets: Selecting Sites and Determining Scale. (Submitted to BioScience)

Kiesecker, J.M., H. Copeland, A. Pocewicz, B. McKenney et al. Development by Design: Blending Landscape Level Planning with the
Mitigation Hierarchy. (Submitted to Frontiers In Ecology and the Environment)

for biodiversity
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Mitigation Hierarchy. (Submitted to Frontiers In Ecology and the Environment)
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A window of opportunity...

- Off-site mitigation has been agreed to by the BLM,
State of Wyoming and operators (Encana, BP) on
the Jonah Field

- No standard criteria or methodology has been
identified to inform project selection

- BP, a long standing partner with TNC and co-
signer of the Energy and Biodiversity Initiative
(EBI), has invited TNC to design a methodology

- TNC has both methodology and technical capacity
for large landscape analysis of biodiversity. This
IS one of the key ways for TNC to engage



OFF-SITE MITIGATION
DESIGN PROJECT PROCESS
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SAVING THE LAST GREAT PLACES ON EARTH



Jonah

Mitigation Goals

Target Name Goal (Ha) Goal (Acres) | Goal (Number) Minimum Viable Size
Burrowing owl 13,690 33,828 220 ha
Cedar Rim thistle 3,433 8,483 n/a
Mountain plover 1,390 3,435 1000 ha
Pronghorn migration 7,738 19,121 n/a
Pygmy rabbit 20,804 51,407 1100 ha
Sage grouse (occupied leks) 6 n/a
Sage grouse (winter/nesting/early brood-

rearing habitat) 20,955 51,780 700 ha
Sage sparrow 8,813 21,777 100 ha
White-tailed prairie dog 1,705 4,213 2024 ha
Wyoming big sagebrush 22,573 55,778 6880 ha







=N -

e

e ; -',g.= o). o et !
ageisparliowiiie . Sage Grouseilek
bl ]




Sage Grouse Lok
Fraitie Dog Town

SICKLE SALTBUSH
o

Pvgmhrabbll - _. 1 - 5“9.‘"6!’.“?"‘.'“{::

Jonah Fi%ltsurroﬁingl o Sage sparrow

- W  Brewers Sparrow
R i
Prairie Dog_To_wn =+ ‘é Brewers Sparrow,

- S o Sage sparrow. Sage Grouse Lek
p

s

3 e
EDARRIM THISTLE




Jonah

Mitigation Goals

Target Name Goal (Ha) Goal (Acres) | Goal (Number) Minimum Viable Size
Burrowing owl 13,690 33,828 220 ha
Cedar Rim thistle 3,433 8,483 n/a
Mountain plover 1,390 3,435 1000 ha
Pronghorn migration 7,738 19,121 n/a
Pygmy rabbit 20,804 51,407 1100 ha
Sage grouse (occupied leks) 6 n/a
Sage grouse (winter/nesting/early brood-

rearing habitat) 20,955 51,780 700 ha
Sage sparrow 8,813 21,777 100 ha
White-tailed prairie dog 1,705 4,213 2024 ha
Wyoming big sagebrush 22,573 55,778 6880 ha







Sage Grouse Winter/Breeding/
Early Brood Rearing Habitat

Data: Wyoming Wildlife Consultants, LLIC
TNC Predictive Habitat Model

Goal: 20,955 ha
Min. Viable Size: 700 ha




Jonah Off-Site Mitigation Project
OG Norm -- Summed # of Runs
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Jonah Off-Site Mitigation Project
OG Norm -- Summed # of Runs




Jonah Mitigation Project Review
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The business case for biodiversity offsets

" Access to land and resources: Significant coincidence between
development conservation interests.

" Maintaining license to operate: Address concern for biodiversity loss:
" |Increased “regulatory goodwill”: Good relationships with regulators
can lead to faster permitting. “Preferred partner” status.

= Social license to operate: Better relationships with local communities,
government regulators, environmental groups, employees.

" Flexibility: location/scale of rehabilitation.

= Efficiency. often more cost-effective than on-site rehabilitation.

" Reputation benefits e.g. easier access to capital and labour

" |nfluence emerging regulation and policy. “First mover” advantage.




WIND ENERGY DEVELOPMENT POTENTIAL IN WYOMING
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PRIORITY CONSERVATION AREAS IN WYOMING | gmm TNC Ecoregional Portfolio Sites
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- TNC Portfolio Sites
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Matching for ecologically
equivalency?

1. Nature Serve Integrity Guidelines

2. USFWS Habitat Evaluation Procedure

3.NRCS Range Sites Index

4.BBOP Benchmark Approach
5. Restoration Success based approach



Jonah Mitigation Project Review
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Avoid » Minimize/Restore » Offset
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The United States is the largest energy consumer in terms of total use,
using 100 quadrillion BTU:
(29,000 TW = 29,000,000,000 MW = 29,000,000,000,000 KW) in 2005

The majority of this energy is derived from fossil fuels:
40% Petroleum

23% Coal

23% Natural Gas

The remaining 14%:
Nuclear Power
Hyrdoelectric Dams
Miscellaneous Renewable Energy (~3%)



Western United States Geothermal Resources
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U.S. Renewable Energy Contributions

Percent of Total Electric Generating Capacity
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Mitigation Design Questions

1.How do you identify suitable offset sites?

2.How do you ensure offsite mitigation,
compensates for onsite impacts?

3. How do you confirm offsets are ecologically
equivalent?

4.0nce offset sites are located how do you identify
appropriate mitigation actions?

5. How do you ensure offsite mitigation conforms to
the mitigation hierarchy ?
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