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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



At a time of growing concern over the rising costs and long-term environmental 
impacts of the use of fossil fuels and nuclear energy, wind energy has become 
an increasingly important sector of the electrical power industry, largely because 
it has been promoted as being emission-free

Energy Security/Energy Independence

http://www.amazon.com/gp/product/images/0792396855/ref=dp_image_0/104-7984884-7683967?ie=UTF8&n=283155&s=books
http://search.barnesandnoble.com/booksearch/imageviewer.asp?ean=9780801882791


Scale of O & G Threat





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. 

Wind’s Footprint

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. 



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

Solar’s Footprint

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.



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



Oil and Gas Impacts 
Current activity only represents 10-15% 
expected over the next 30 years.



Energy by Design Impact Mitigation

The mitigation hierarchy
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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)
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Jonah Infill Project: Current Wells ~500
: Permitted Wells: 3100



- 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 

A window of opportunity…





Jonah Mitigation Goals

Target Name Goal (Ha) Goal (Acres) Goal (Number) Minimum Viable Size

Burrowing owl 13,690 33,828

6

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) 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
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Sage Grouse Model

Parameters based on the statistics 
(mean or mode) of sage grouse survey
data from Wyoming Wildlife Consultants

Predictive Species Modeling
Example: Sage Grouse

Elevation
<=2298 meters

Roughness
<=2.16 Veg. Cover

10-30% cover
Veg. Height
0-.5 meters

Vegetation Type
Wyoming & mountain
big sage types



Sage Grouse Winter/Breeding/
Early Brood Rearing Habitat
Data: Wyoming Wildlife Consultants, LLC
TNC Predictive Habitat Model

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



Pygmy Rabbit Burrowing Owl

Sage Grouse LeksPronghorn Migration Routes Prairie Dog ComplexesSage Grouse Winter

Sage Sparrow Wyoming Big Sagebrush Mountain Plover Cedar Rim Thistle



Dominant Land Ownership
Fire Condition Class

Residential Development

Invasive Weeds Barriers to migration





Jonah Mitigation Project Review

Project

Sage 
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Cottonwood 
Ranch 100% 0% 43% 14%

111
% 24% 123% 32% 32% 11% 489%

Elk-Mountain Red 
Canyon Burn 0% 1% 0% 0% 0% 1% 73% 1% 7% 2% 84%

MJ Ranch 100% 0% 68% 60%
480

% 0% 156% 70% 50% 0% 984%

Murdock 17% 0% 1% 0% 3% 0% 5% 1% 1% 0% 27%
Onion Springs 
Res. Reclamation 
Project 0% 0% 1% 1% 6% 0% 3% 1% 1% 0% 12%

Tibbals Reservoir 0% 0% 2% 1% 9% 0% 2% 1% 1% 0% 17%





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 

Influence emerging regulation and policy.  “First mover” advantage.

The business case for biodiversity offsets









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

Project
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Cottonwood Ranch 6 0 8267 4658.4 4658.4 838.4 22564.1 16450.8 17974.8 2294.3

Elk-Mountain Red 
Canyon Burn 0 49 0 12.8 12.8 25.5 13372.3 406.3 3804.8 372.2

MJ Ranch 6 0 13085 20205.4
20205.

4 0 28717.8 36177.7 28153.4 53.1

Murdock 1 0 208 109.8 109.8 0 879.9 482.5 401.1 0

Onion Springs Res. 
Reclamation Project 0 0 200 234.6 234.6 0 532.6 457.4 485.9 0

Tibbals Reservoir 0 0 374 393.6 393.6 0 413.4 582.8 475.6 0
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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%)









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.Once 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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