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Executive Summary 
After the inauguration of Barack Obama, the federal government followed a number of 

state initiatives in one important area of environmental regulation: imposing both national Re-
newable Portfolio Standards (RPS) and carbon restrictions on electricity generation. Many state 
governments have already enacted reasonably clear and ambitious environmental regulations to 
reduce the enormous carbon emissions of our electricity industry.1 These proposals reflect a 
heartfelt commitment to buy more and more electricity from renewable and low-carbon sources. 
We don’t yet know what specific legislation the new Administration and the Congress have in 
mind for the nation as a whole, but, building on the efforts of the states, numbers like 25 percent 
RPS by 2025 are in the air.2 These are ambitious goals, but they are doable and would certainly 
make a huge contribution towards the fight against global warming.  

Achieving these goals will require changes in how business is done in the electric power 
sector. At the enormous scale they will be needed, Renewable resources are not typically availa-
ble in close proximity to populated areas. Therefore, over the next twenty years, in spite of the 
resistance to new infrastructure development, the United States will need to make an intensive 
effort to expand its currently underdeveloped electricity transmission system.  That system was 
shaped, one hundred years ago, by local needs. Fifty years ago, regional needs began to be taken 
into account. In the next 20 years, national environmental needs will have to take priority.  

This White Paper – revised and expanded from the Paper we published in February 2009-
- advocates the development of Renewable Energy and of the interstate and offshore extra-high 
voltage (EHV) transmission systems that will be needed to meet the nation’s renewable and 
energy security challenges.3  A wholesome debate is now emerging about the best way to 
achieve our Renewable Portfolio Standards.  Do we need a “national coast-to-coast Electric Su-
perhighway” that installs an extra-high voltage system on top of the existing grid? Or are region-
al solutions better?  

A national RPS requirement mandating that between 20 and 25 percent of national elec-
tric consumption come from Renewables will create a massive new source of demand for Re-
newable generation that has not yet been constructed.  Because national electricity generation 
capacity is almost 1,000,000 MWs, the emerging Renewables mandate would amount to the need 
for at least 200,000 MWs of wind, solar, and biomass facilities. This mandate would require the 
investment of hundreds of billions of dollars in generating facilities, as well as a substantial in-
vestment – perhaps an additional several hundred billion dollars – in the transmission systems 
needed to take the renewable energy to market.  On top of that, there will need to be develop-
ment of natural-gas fired traditional generation facilities to firm up the intermittent Renewable 
power.  While the implementation is not completely defined, this mandate presents an unprece-

                                                 
1  For a review of state policies, see DSIRE: http://www.dsireusa.org 
2  See, inter alia,  the pending federal “American Clean Energy and Security Act of 2009,” (ACESA), and the an-
nouncement by the Environmental Protection Agency that it will treat carbon as a pollutant under the Clean Air Act. 
http://yosemite.epa.gov/opa/admpress.nsf/12a744ff56dbff8585257590004750b6/dfb9d60add641fac852576410070a
78d!OpenDocument  
3 In these pages, we will refer to extra-high voltage (EHV) AC transmission systems of 500 and 765kV, and to high 
voltage direct current systems (HVDC) of up to 800kV.  
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dented challenge to the American power industry, the scope of which is only beginning to be un-
derstood.4   

One thing, however, is clear: while the goal may be national in scope, the structure and 
governance of the power industry in the United States falls along regional lines, strongly sug-
gesting that efforts to meet the environmental goals should be regional. We should not waste 
time, effort or capital forcing square pegs into round holes. New nuclear plants will not be built 
in New England, huge wind farms will not emerge in the South (where there is not enough 
wind), and new coal plants will not appear in California. American states have such a diversity of 
interests, political appetites, and resources that federal electricity policy should continue its long-
standing practice of articulating broad policy objectives and letting states and regions determine 
how to achieve them. 

 
Figure 1: Anbaric’s Suggested Configuration of National Wind Development Strategy 

 

In this spirit, our White Paper will attempt to distill a huge and complex issue into a short and 
coherent argument that is summarized in Figure 1: 

The United States must build new transmission systems that accomplish the fol-
lowing objectives: 

                                                 
4 Very little has been written on the scope of this challenge. For an excellent review published in late 2008, see Su-
san Tierney, “A 21st Century ‘Interstate Electric Highway System’ – Connecting Consumers and Domestic Clean 
Power Supplies,” (The Analysis Group: Boston, MA. 2008), available at 
http://www.analysisgroup.com/analysisgroup/uploadedFiles/Publishing/Articles/Tierney_21st_Century_Transmissio
n.pdf;  and “Integrating Locationally-Constrained Resources into Transmission Systems: A Survey of U.S. Practic-
es,” by the Working Group for Investment in Reliable and Economic Electric Systems and CRA International (Oc-
tober, 2008), available at http://www.wiresgroup.com/. 
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(1) On the East and West coasts, connect nearby terrestrial and offshore wind re-
sources to the population centers;  

(2) In the Midwest and Southwest, connect the highest quality wind to inland 
population centers on both sides of the Continental Divide; 

 (3) In Texas, connect the wind and solar in the north and west to the population 
centers in the center and south;  

(4) And in the South, where wind resources are meager, allow nuclear power 
plants to meet RPS and carbon targets. 

We can follow these guidelines, achieve a 20 percent U.S. Renewable Portfolio Standard 
and substantially reduce carbon emissions from the power sector. But we must start from where 
we are. Rather than re-invent the wheel, we should use the best instruments we have. The Feder-
al Energy Regulatory Commission, where the federal government’s deepest expertise about elec-
tric markets resides, should be tasked with preparing a “Renewable Development Order,” similar 
in scope and importance to its open access orders.    

The 2010 “FERC Renewables Order” that we propose here should empower regional sys-
tem planners to use compliance with RPS and carbon standards as legitimate criteria for causing 
transmission to be developed. With FERC oversight, state regulators, utilities, and public au-
thorities should use long-term and competitively awarded Power Purchase Agreements to help 
finance both Renewables and transmission. This will ultimately help us to overcome the three 
biggest obstacles facing transmission development: Cost-Allocation, Siting, and what has aptly 
been called Interconnection Animus5. 

With these simple principles, the United States is eminently capable of revolutionizing its 
electricity sector. We need to build a lot of transmission to accomplish America’s new energy 
vision. But we can do it. All it takes is common sense, diligence, and a willingness to work to-
gether. 

 
The Increase in Demand for Renewable Energy 

Renewable Energy generating capacity – including hydroelectric capacity – accounts for 
about 10 percent of total electricity generation.6 Where that number will be in 2030 depends, in 
large part, on what the Obama Administration and Congress decide to adopt in the widely antic-
ipated “Energy Bill of 2009.” Reports circulating at the time of this writing (November 2009) 
indicate a national Renewable Portfolio Standard ranging between 15 and 20 percent, to be 
achieved by 2020 or 2025. 

The pursuit of these objectives marks a huge change in American energy policy. In the 
past twenty years, most policy attention has been focused on developing competitive wholesale 
energy markets. By and large, that effort has succeeded, with workably competitive markets in 

                                                 
5  http://www.nrri2.org/index.php?option=com_content&task=view&id=203&Itemid=38  
6 From the Energy Information Administration’s 2008 Annual Energy Outlook, pages 10-11. “Total electricity con-
sumption…3,814 billion kilowatthours in 2006… renewable generation in the AEO2008 reference case…385 billion 
kilowatthours in 2006.” Available at http://www.eia.doe.gov/oiaf/aeo/index.html 
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oil, natural gas, and wholesale electric trade. Now, with a growing public awareness, a consensus 
appears to have emerged to combat global warming and reduce our environmental footprint.  

Clearly, the starting point is to implement much more aggressive electricity demand con-
servation programs. Demand for electricity nationwide has been increasing between 1 and 2 per-
cent per year, and with aggressive conservation measures that growth has already been reduced 
and in future years, we may see an absolute decline electricity demand.7 

Notwithstanding those contributions, the fact remains that we will continue to be an elec-
trified society with a need to generate massive amount of power. We will need to do so, howev-
er, in ways that are environmentally acceptable and do not exacerbate our energy security prob-
lems.  One of the best ways to begin simultaneously reducing our carbon footprint and integrat-
ing renewable resources is to embrace natural-gas fired power plants.  Natural gas is a much 
cleaner resource than coal, and with new developments in drilling technologies, is becoming a 
much more abundant and affordable domestic resource.  For a number of reasons that I will ex-
plain later in this paper, natural gas will help act as a bridge to integrating Renewable Energy and 
to developing sustainability.8   

Returning briefly to the bedrock fundamentals of electric energy, the United States has 
four large potential sources of domestically produced low-carbon input fuels for electricity gen-
eration: 

1. The cleanest sources are wind, geothermal, solar and energy from biomass sources. 

2. Next in the order of general environmental desirability is energy from large and small 
scale hydroelectric facilities whose net carbon efficiency is at acceptable levels. Whether 
or not large-scale hydro counts as desirable has been and will remain a much-discussed 
topic. 

3. Electricity from nuclear power plants; as with large-scale hydro, whether or not nuclear 
energy counts as desirable will remain a much-discussed topic.  

4. Electricity from natural gas, which emits about half as much carbon as oil or coal.  

5. Electricity from clean coal with carbon sequestration. 

For many parts of the United States, wind energy will have to meet the bulk of the de-
mand for renewable electricity. In the South, Southwest, and California, solar energy can play a 
substantial role. In the South, nuclear energy can be counted on. Coal – the fuel that drives the 
economy of the Midwest – faces an enormous challenge to become carbon-neutral, and it is un-
clear today whether or not it can meet that challenge. 

 

                                                 
7  It is fundamentally unclear whether it is possible to reduce the absolute level of electricity demand. There is in-
tense interest in the development of electric automobiles, whose demand for power (albeit offpeak) may be a sub-
stantial factor in demand. 
8  The Energy Information Administration updated their Reserve information in late October, 2009, posting the re-
serves discovered in 2008.  Reserves have reached a level not seen since the early 1970’s.  This is partially due to an 
increase in shale gas technologies.  http://tonto.eia.doe.gov/dnav/ng/ng_enr_sum_dcu_NUS_a.htm. 
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Natural gas: A bridge to a sustainable future  
While it is clear that the lowest-hanging fruit to a sustainable clean energy future is ener-

gy efficiency, the fact still remains that we, as a nation, will have to continue to generate massive 
amounts of electric power for decades to come.  One step in towards decarbonizing the power 
system would be to continue to convert more and more of America’s power generating fleet to 
clean, convenient, and ever more abundant natural gas.  Gas-fired generation is much cleaner 
than coal-fired generation, producing half the emissions of a coal-fired plant per unit of electrici-
ty.  On top of that, natural gas is a perfect partner for renewable energy; the bridge we need to 
transition from fossil generation to clean, new ways of generating electric power. 

Reduced emissions, when compared to coal, are not natural gas’s only benefit.  One of 
the most important aspects of natural gas-fired generation is its flexibility: properly configured, 
gas fired plants can be dialed up and down rather quickly, which have always made them a favo-
rite of system operators.  That flexibility makes them a wonderful firming resource for intermit-
tent renewable energy plants, which can come offline quickly if the wind dies down or the sun 
goes away.  The development or reconfiguration of natural gas plants in strategic locations can 
help to ease the burden on the system that integrating 200,000MWs of renewable generation will 
inevitably create.  Natural gas can help mitigate the strain that intermittent resources will put on 
our grid, and smooth out the generation on the system as a whole. 

The conversion from coal to natural gas has been under way since the 1990s, particularly 
in cities and along the coasts.  But, the increase in gas-fired generation put significant pressure 
on domestic and Canadian gas resources. The price of gas quadrupled in recent years to more 
than $10/MMBtu, then settled back down to $5/MMBtu.  This translated into higher electricity 
prices for areas with large percentages of natural gas in their generation portfolios. 

Most recently, however, gas prices have dropped to just over $3/MMBtu, due to a com-
bination of two factors: first, the decreased demand in the industrial sector brought on by the cur-
rent economic recession, and second, new drilling technologies that have allowed us to harvest 
more domestic gas.  These lower gas prices are not ephemeral.9 As recently as July 2008, the 
Energy Information Administration was forecasting natural gas prices between $8-12/MMBtu in 
2009.10  As we have seen, prices have continued to fall throughout the year reaching a low of 
around $3/MMBtu.  The Short Term Outlook as of October 2009 forecasts prices between $4-
6/MMBtu in 2010.  Suffice it to say, Natural gas prices will be lower over the next 5 years than 
we thought they would be 18 months ago. 

At these more affordable prices, natural gas becomes the ideal partner to Renewable 
Energy.  For example, take a 200MW wind farm with a 25% capacity factor  that is backed by a 
gas-fired plant when the wind doesn’t blow.  If the cost of wind energy is $120/MWh and the 
firming gas plant produces power for $70/MWh, the weighted average cost of power comes to 
$82.50/MWh (120*0.25+70*0.75).  If we consider Renewable Energy as a bundled product of, 
say, wind and natural gas, renewables become more affordable.  Given the developments of 
shale gas technology, natural gas prices are likely to remain low for the foreseeable future.  Our 

                                                 
9 The Energy Information Administration updated their Reserve information in late October, 2009, posting the re-
serves discovered in 2008.  Reserves have reached a level not seen since the early 1970’s.  This is partially due to an 
increase in shale gas technologies.  http://tonto.eia.doe.gov/dnav/ng/ng_enr_sum_dcu_NUS_a.htm 
10 http://www.eia.doe.gov/pub/forecasting/steo/oldsteos/jul08.pdf  
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national strategy, therefore, should include bundling renewable energy projects, gas-fired genera-
tion and transmission in projects into a much larger product with all the environmental benefits 
of renewables and all the system benefits of a non-intermittent resource.  

 
Transmission Implications of Rising Demand for Renewable Electricity 

For all these reasons, the overarching transmission challenge posed by a federal RPS re-
quirement is to bring 
wind energy to markets 
where it can be firmed up 
by natural gas. The ques-
tion is how we get there, 
given the difficulties of 
building transmission. In 
recent years, the Federal 
Energy Regulatory 
Commission (FERC) has 
imposed a series of im-
portant changes compel-
ling that most state 
transmission systems be 
open to wholesale com-
petition and development 
by new entities. As a re-
sult, more transmission is 
being considered today – 
and being built today – 

than at any time in American history. Nevertheless, on a national level, transmission investment 
remains inadequate and much more is needed.   

Why is it so hard to build transmission? The answer is rooted in a century of history. 
Transmission began as a means of taking locally supplied generation across town to local loads.  
As time passed and utilities began investing in larger (sometimes shared) generation resources, 
the transmission system again evolved to transport energy across the state or within the region.  
Again, the design and voltage class was driven by the need to move power within the region.11  

As is evident from the gaps in Figure 2, no “Master Plan” directed the development of the 
grid. The result is a loosely integrated transmission system which has been developed with a fo-
cus on local needs rather than national needs and national synergies.12 Each utility area has de-

                                                 
11 Transmission ratings are essentially capacity designations: the higher the number (theoretically up to 1000kV, 
though not in the United States, where 765kV represents our limit), the greater the carrying capacity of the line. 
Think of 230kV lines as basic 4-lane roads, 345kV as four lane interstates, 500 and 765kV as six and eight lane su-
perhighways. 
12  Although the US electric system has been organized into two large grids -- the Eastern Intertie (largely the area 
west of the Rocky Mountains), the Western Intertie (with Texas a conspicuous island between the southern edges of 
the two) – transmission planning has not been optimized at this level. Within the Eastern Intertie, there are a number 
or “reliability councils” and there is a National Electricity Reliability Council (NERC) which provides vital reliabili-

Figure 2: Existing High Voltage (345kV and Up) in the United States 
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veloped over time its own “native mix” of generating assets, which were optimal in the context 
of the historic transmission system the utilities built to take power from those generators to their 
load areas.   Individual, project-by-project choices over time have created hundreds of power 
markets with their own idiosyncrasies, each with substantial differences in electric prices. 13 

In a perfect system, all markets would be able to receive the cheapest energy from a di-
verse pool of fuel sources all the time. But our Grid is far from perfect. 14 While perfection may 
not be achievable, based on what we know today, it is prudent to rethink how we are planning 
the system from a national perspective.  Given our desire to increase the diversity of our fuel 
portfolio and the desire to ensure that we are maximizing the overall efficiency of the system, we 
need to move away from a project-by-project approach to infrastructure development.  Not all 
transmission is created equal, and therefore it is prudent to ensure that the full benefits of trans-
mission investments are encouraged and considered.  

 
The Terrible Trio of Transmission Development  

It is difficult to build large new electric transmission projects anywhere in the United 
States.  In some areas, it is almost impossible. This difficulty is often blamed on siting: citizens 
typically do not want 100 foot metal towers in their backyards. Tough as they are, however, sit-
ing issues are only one of a trio.  Even more daunting and intractable obstacles to the develop-
ment of transmission are the issues of cost allocation and what regulatory expert Scott Hempling 
has aptly called the “Interconnection Animus.”  There is a vast literature on siting problems 
(which has spawned the by-now familiar “NIMBY” and “BANANA” acronyms), so we will fo-
cus instead on the two other members of the terrible trio.  

 
Don’t Connect Us, We’re Americans 

Interconnection Animus can also be referred to as the “how dare you buy my electricity” 
mind-set. From time to time, developers make an effort to electrically connect one state to anoth-
er so that one state can buy more electricity from another. In virtually all other aspects of Ameri-
can life, sellers like having buyers. In fact, sellers almost always try to make it easier for buyers 
to buy from them. Sellers build bigger warehouses, construct access roads and simplify purchas-
ing procedures. For example, Maine wants to sell lobsters to Massachusetts, and Maine lobster-
                                                                                                                                                             
ty standards and protocols. But these are aimed at what should be considered a minimal optimization objective: to 
keep the lights on. None of these organizations attempts to optimize the Grid for economic or environmental pur-
poses.   
13 The most extreme example of congestion cost in the United States is in the difference in energy prices between 
New York City and surrounding areas. In 2008, for example, the average price of electric energy in New York City 
was $96.25/MWh, while in neighboring New Jersey it was approximately $79.77/MWh. New York City consumes 
54.8 million megawatt hours (MWhs) per year. Thus, the $16.48/MWh difference – a.k.a., “congestion cost” – is 
$900 million per year. 
14  There are increasing concerns about the state of America’s infrastructure. The New York Times reported that 
“How large a challenge the country is facing can be seen in a report by the American Society of Civil Engineers, 
grading the nation’s infrastructure. The latest report, issued in 2005, assigned a cumulative grade of D, down from 
D+ four years earlier. Near-failing grades of D- applied to drinking water, sewage treatment and navigable water-
ways. The highest grade, C+, went for landfills and the recycling of solid waste.”  Energy infrastructure, including 
transmission, got a D grade. See http://www.asce.org/reportcard/2005/page.cfm?id=25, and “A Bridge Collapses,” 
New York Times, August 5th, 2007, Editorial, available at  http://www.nytimes.com/2007/08/05/opinion/05sun1.html 
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men buy boats and trucks to harvest their catch and deliver it to restaurants in Boston. The cost 
of those boats and trucks is usually reflected in the price Bostonians pay for lobsters.  

Electricity is obviously a different business. The medium of electricity trade is not boats 
and trucks, but transmission lines. In the course of 100 years of evolution of the transmission 
network, states typically have discouraged the development of major transmission lines from one 
state to another. The typical pattern (especially on the Coasts) is for transmission and therefore 
electric trade to be transacted within a given state. As a result, it’s only a mild exaggeration to 
say that we are 50 electric countries. In the last couple of decades, some of these countries have 
gathered together in alliances (like New England and the member-states of the PJM Interconnec-
tion), and others have elected to remain autarchies (like Texas, New York, and California), for 
whom importing or exporting electricity is the exception rather than the rule. 

A dozen years ago, the federal government tried to reshape the Balkanized, medieval 
state of affairs by forcing states to enter into “organized markets” under federally-designed and 
enforced rules. Some states did (largely, the states of the Northeast, the Midwest, Texas, and Cal-
ifornia), and others (largely, the states of the South and the West excluding California) did not. 
The best analogy for this reform period is that it brought the electricity community from the 13th 
Century (think Italian city-states) to the 18th century (uneasy alliances of countries constantly 
shifting in elaborate balance of power games). We’re still a long way from the 21st century in 
this business. 

Interconnection Animus is Hempling’s wonderful description of the condition we are in. 
State governments, unfortunately, encourage their utilities and their state regulatory bodies to 
erect barriers to any project that looks like it might “drain” the state of its electric supply. It’s 
remarkable that this state of affairs has persisted this long. FERC’s effort to create standard in-
terconnection procedures crashed in 2004 with the demise of “standard market design,” an op-
portunity that may not arise again in our lifetimes.   

As we plod through the debate on where to get renewable energy, the need to integrate 
regionally diverse areas will become all the more important.  The desire for renewable energy, 
which is by definition a location-specific resource, is strongest in areas where it is least available 
– high-density population centers.  If we are going to distribute a constrained resource in a way 
that is economically beneficial to the greater good, states will need to work together on a region-
al basis to sell products in lucrative markets and return benefits to the communities the resource 
comes from.   

 
Cost Allocation 

The third of the terrible trio is, like siting, an old reliable: cost allocation. Over the last 
decade of attempted regulatory reform, theories about the ideal form of payment for transmission 
have fluctuated between two extremes: 

 
• Beneficiary pays: Given that the old system was designed to maintain reliable electricity deli-

very, any new transmission line must be paid for by those who benefit from it.  
• Everybody pays: Transmission is infrastructure, and, like most roads and tunnels and bridges, 

should be paid for by all users. 



11 
 

 

 

In the Northeast, we have been arguing about this for decades, and no end to the argu-
ment is in sight. A few years ago it appeared that New England was migrating from Beneficiary 
Pays to Everybody Pays, but then they changed their minds. In New York, the Beneficiary has 
traditionally paid, but there are always some who want to go to Everybody Pays. PJM settled on 
Everybody Pays for 500kV+ projects, but then Judge Posner of the Court of Appeals for the Se-
venth Circuit ruled that PJM (really, FERC’s approval of PJM’s process) “did not demonstrate 
that PJM members will receive sufficient benefits to justify shifting the costs of high-voltage 
lines upon them.15”  Other parts of the country have their variations on these themes.  

It has now become the rule that participants in cost allocation debates hire consultants to 
develop elaborate models and lengthy reports on who wins and who loses when a transmission 
line is proposed. Hempling’s essay returns to foundational principles:  

“A transmission system benefits not only the generation and loads it connects, but also 
the regional economy it supports. … “ 

 
Ratemaking and regulatory approvals often fail to take the larger picture into account: 
 

“There is no mention of employment growth, industrial location attractiveness, or envi-
ronmental values, even though the right transmission proposal can enhance all three.  It is 
this singular focus on revenue requirement and rate levels that produces zero-sum think-
ing.  As any attendee of RTO ‘settlement’ discussions will testify, calls for ‘consensus’ 
do not work well in a zero-sum context.” 
 

Those few who spend time and treasure on pursuit of multi-state transmission projects (or 
intra-state projects in states like New York and California with histories of internal cost alloca-
tion disputes) get whipsawed by these changes in and arguments about cost allocation principles. 

 Interconnection Animus and fundamental cost allocation disputes, however, will abso-
lutely prevent the country from “de-carbonizing” our electric system. An ambitious, new, federal 
mandate is about to hit us: the scale of what we’re signing up to is vast: the 20 percent Renewa-
ble Energy Standard requires integrating more than 200,000MW of wind into the national grid. 
Sure, some of the requirement will be met by solar, geothermal, and (perhaps) imported hydro. 
But the contributions from these sources will not exceed 50,000MW. So what we need to think 
most clearly about is wind, and the transmission that supports wind. 
 
Where is the Most Cost-Effective Wind? A Review of Wind Quality and Relative 
Costs 

Figure 3 presents a summary picture developed by the National Renewable Energy La-
boratory (NREL) on the geographic differences in the quality of wind resources. The best wind, 
according to NREL, is offshore, and the wind there is very good indeed. It ranges from excellent 
in the near-offshore to superb further out to sea. On land, wind of similar quality is found in only 
a few locations, mostly in the Dakotas, Montana, and Wyoming. The effects of the differences in 
the quality of the wind regime are expressed in the electricity concept of “capacity factors,” or 

                                                 
15 See http://www.ferc.gov/legal/court-cases/opinions/2009/PT1FG750-opinion.pdf  
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the ratio of the electrical energy produced by a generating unit for the period of time compared 
with the electrical energy that could have been produced at continuous full power operation dur-
ing the same period. Offshore wind will tend to have a higher capacity factor, terrestrial wind a 
lower capacity factor. 

On the other hand, it is clear that the cost of building and maintaining offshore will be 
much higher than terrestrial wind facilities. While the exact differences will vary by location (for 
both terrestrial and offshore wind), in general, we expect the cost of building offshore wind gen-
eration – excluding the transmission lines needed to bring it to market -- to be roughly double 
that of terrestrial wind16.  

That said, it has been reported that the 

“trend in Europe has been to move wind turbines offshore because of higher wind 
speeds, smoother, less turbulent air flows, larger amounts of open space and the 
ability to build larger turbines that are more cost effective in the ocean, off-
shore. The wind offshore tends to flow at higher speeds, thus allowing turbines to 
produce more electricity… The potential energy produced from the wind is direct-
ly proportional to the cube of the wind speed, meaning a few mile an hour in-
crease in wind speed would produce a significantly larger amount of electrici-
ty. For instance, a turbine at a site with an average wind speed of 16 mph would 
produce 50% more electricity than at a site with the exact same turbine with aver-
age wind speeds of 14 mph. The power of the wind is significantly less on 
land.”17 

This overview of terrestrial versus offshore wind, furthermore, must also take into ac-
count the relative cost of transmission. As indicated in Figure 4 below, the distance from excel-
lent offshore wind resources to shore is likely to be less than 100 miles; while the distance from 
the best terrestrial wind (the Dakotas, Montana, and Wyoming) to the urban areas of the East and 
West Coasts is thousands of miles.18 We need to evaluate carefully whether it will make sense to 
build EHV AC transmission from the Midwest all the way to New York City, for example, when 
wind resources also exist in upstate New York and offshore wind is available only 100 miles (or 
less) away.  
 
 

                                                 
16 The US Department of Energy’s Annual Report on U.S. Wind Power, Installation, Cost and Performance Trends 
2007 provides a useful review of differences in costs of wind projects in various parts of the United States. There is 
thus far scant experience, however, with offshore wind in the United States. 
17  From OffshoreWind.Net. See http://offshorewind.net/Other_Pages/Questions.html. 
18 In Figure 4, wind development potential is rated on a scale of 1 to 7. Class 1 areas are considered to have poor 
development potential; Class 7 areas are considered to have superb development potential. Wind speed is the key 
differentiator in the cost of wind energy production. Projects located in Class 5 areas or higher are considered to be 
cost competitive. The map indicates that, on a state-by-state basis, North Dakota, South Dakota, Texas, Kansas, and 
Montana are the five highest ranked states in terms of energy production from wind. Within states like California 
and Maine, there are also excellent wind opportunities. In all cases, a substantial amount of transmission develop-
ment will be required to bring the energy to market.  
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Figure 3: NREL Wind Resource Map 

 

The calculation of the relative cost of wind resources, therefore, is anything but simple. 
We have to balance four critical variables: 

1. The cost of building and maintaining the wind turbines. Offshore is more expensive 
than terrestrial. Inland sites will also have significant differences, with turbines built 
on or near mountaintops substantially more expensive than turbines built on flat land. 

2. The capacity factors of the different wind farms.  Offshore facilities may have 60 
percent capacity factors (thereby offsetting some of the higher capacity cost). Terre-
strial facilities far from urban centers (for example, those in South Dakota) may have 
45 percent capacity factors, while “near terrestrial” facilities (for example, those in 
California, Maine, and upstate New York) may have 30 percent capacity factors. 

3. The cost of terrestrial, overhead AC transmission: Overhead lines will be the tech-
nology and installation method of choice in some parts of the United States. The chal-
lenge will be to create an EHV network that spans states and electric regions. The 
cost of such an undertaking is not readily apparent, but will be measured in scores, if 
not hundreds, of billions of dollars of infrastructure. 
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4. The cost of DC transmission (both overhead and under water): Offshore wind, and 
some near-terrestrial wind resources, will be best accessed via waterborne, DC trans-
mission lines.  

a. On the East and West Coasts, DC projects are used to connect synchronous 
systems (New York and PJM, for example), or to bring hydroelectric power 
from large facilities in Quebec and the Northwest to load centers in the North-
east and California respectively. These are tried and true projects and applica-
tions of DC technology that are likely to be adopted to access renewable ener-
gy. 

b. Offshore wind – if developed on a very large scale – is likely to be harvested 
by large, offshore HVDC transmission networks. As we have seen from our 
maps, the distances from wind farm to shore in this case will be small (proba-
bly less than 100 miles). However, the transmission will have to be carefully 
developed to interconnect in ways that do not compromise the reliability of 
the Grid. DC technology is well suited to this task.19 

Whichever Renewables path we decide to follow, there is no doubt it will requires hun-
dreds of billions of dollars in transmission investment.  Our Grid was simply not designed to ac-
commodate 200,000MW of Renewables. In the coming months and years, therefore, transmis-
sion projects will compete for capital and selection on the basis of the differences in these com-
ponents of all-in cost of getting the wind to market. In many cases, the cost of transmission will 
determine which wind resources are most cost-effective.  

 
What is the Most Cost-Effective Transmission Strategy? 

Wind cannot reach the market without major new transmission investment. As it has be-
come clearer just how much more Renewable Energy and associated transmission we will need, 
a host of independent transmission development companies (including ourselves), established 
utilities, independent system operators, state governments, and federal agencies have put forward 
dozens of transmission proposals, studies, plans, and processes. Out of this maelstrom of activity, 
we believe two major transmission visions have emerged.  

1. A coast-to-coast Electricity Superhighway, in the form of a (largely) 765kV EHV 
system that radiates from the Midwestern wind states (from Kansas north to the 
Dakotas and Wyoming).  

2. A series of initiatives from coastal states that essentially confines that superhigh-
way to a smaller area and complements it with a system that enables coastal states 
to harvest near-terrestrial and offshore wind. This coastal complement eliminates 
the need for and interest in the wind resources from the Midwest delivered via the 
proposed national Electricity Superhighway. 

Throughout 2007 and 2008, the New England Independent System Operator (NE-ISO), 
the New York Independent System Operator (NYISO), the Southwest Power Pool (SPP), the 

                                                 
19 For more information on capacity factors and the capital costs of wind, see the Off-Shore Wind Blue Ribbon Pan-
el conducted by the state of New Jersey: http://www.state.nj.us/njwindpanel/docs/genweinf.pdf 
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Midwest Independent System Operator (MISO), the Pennsylvania-New Jersey-Maryland Inter-
connection (PJM), the Tennessee Valley Authority (TVA) and the U.S. Department of Energy 
(DOE) held a series of meetings to discuss the development of a coordinated system plan to 
bring wind energy from west to east.20  In essence, this was an evaluation of the feasibility of the 
eastern half of the 765kV Electricity Superhighway.  

In February 2009, this “Joint Coordinated System Planning” process (or, JCSP) issued a 
study whose results indicated more than $100 billion of investment for East Coast states: 

“If the U.S. wants to get 20% of its electricity from renewable energy by 2024, the study says, it 
would be necessary to build a new electricity circulatory system, including 15,000 circuit miles of 
extremely high voltage lines. The system, which would be laid alongside the existing electric grid 
infrastructure, would start in the Great Plains and Midwest -- where the bulk of the nation's wind 
resources are located -- and terminate in big cities along the East Coast. 

The transmission system would cost up to $100 billion. Building the wind turbines needed to 
generate the desired amount of power would cost about $720 billion, the study estimates -- mak-
ing the total investment about equal to the size of the current stimulus bill. The money would be 
spent over a 15-year period, and would be financed primarily by utilities and investors. 

The purpose of the study was "to make clear that if you need large sums of energy that's not car-
bon-based, these are the kinds of numbers involved" to achieve it, said Clair Moeller, head of 
transmission planning for the Midwest Independent System Operator.21” 

Meanwhile, the Eastern coastal states were increasingly taking the initiative to expand 
access to the outstanding wind resources that exist in the nearby terrestrial as well as the off-
shore. In Maine, Massachusetts, Rhode Island, New York, Delaware, Maryland and New Jersey, 
dozens of terrestrial and offshore projects have emerged and been pushed to various stages of 
development, most with substantial encouragement and assistance from state governments that 
are increasingly aware of the economic development opportunities that renewable energy man-
dates will create.22  

This rising tide of support from the coastal states signaled an end to their support for the 
concept of importing wind from the Midwest via a national Electricity Superhighway. Put anoth-
er way, the national superhighway changes character from a 765kV system that delivered rene-
wables from the Midwest to the East to a more complex system that would also deliver rene-
wables from the East’s own resources to its major metropolitan areas. This emerging Eastern in-
terest in exploiting its own high quality Renewable resources culminated in a letter sent on Feb-
ruary 7, 2009 by the CEOs of the New York and New England ISOs to other participants that 
they would no longer participate in all of the facets of  the Joint Coordinated System Planning 
process.23  
                                                 
20  For the web site that monitors progress made in these complex proceedings, see http://www.jcspstudy.org/. 
21  Rebecca Smith, “New Grid for Renewable Energy Could be Costly,” Wall Street Journal, February 9th, 2009. 
22  For example, the New Jersey Energy Master Plan requires 30% energy to come from renewable sources by 2020. 
As part of the plan, a minimum of 1000 Megawatts of offshore wind capacity must be developed by 2012, increas-
ing to 3000 MW by 2020.  Rhode Island aspires to meet 15% of the state’s electricity requirement with offshore 
wind. Governor Carcieri announced an agreement with Deepwater Wind to develop an offshore site to provide that 
energy. Sources: New Jersey 
http://www.njcleanenergy.com/files/file/Committee%20Meeting%20Postings/OSW%20Board%20Order%2010-23-
08-8D.pdf, Rhode Island: http://www.ri.gov/press/view.php?id=7202 
23  http://www.iso-ne.com/pubs/pubcomm/corr/2009/2009-2-4_jcsp.pdf 
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Disappointing as this Eastern expression must have been to the proponents of the coast to 
coast Electric Superhighway, we believe it is based on sound economic thinking and planning. 
Based on our analysis and experience, we suggest developments in the East indicate a new, sim-
ple and effective general rule about the sequence and scope of Renewables-enabling transmission 
development. Spurred by the immense, 200,000 MW challenge of the national Renewable Port-
folio Standard, a sensible U.S. transmission strategy and sequence of actions can be summarized 
as follows:  

(1) On the East and West coasts, connect near-terrestrial and offshore wind re-
sources to the population centers. The specifics of this rule vary slightly de-
pending on the “neighborhood” quality of the wind regime, and the availabili-
ty of on-land transmission routes. Here are a couple of specific examples. 

a. In New England, there is accessible and large scale on-shore wind po-
tential in Maine, and it can be connected to the population centers of 
Massachusetts and Connecticut via modest-length terrestrial and sub-
marine DC transmission lines.24 

b. In New York, there is ample “upstate” wind but north-south transmis-
sion into the New York metropolitan area has been stymied for dec-
ades by intra-state cost allocation disputes and fierce opposition in the 
Hudson Valley to terrestrial transmission. New and creative transmis-
sion solutions are beginning to emerge, however, that could provide a 
solution to delivering massive amounts of clean energy into New York 
City and Long Island. 

c. In New Jersey, there is little inland wind potential but enormous off-
shore potential that can efficiently be handled within the rules of the 
massive PJM system. There is no need to bring wind from PJM’s 
western fringe (the Dakotas) to New Jersey: much more can be ac-
complished by building offshore facilities.  Such wind diversification 
improves system reliability and creates a wider dispersion of economic 
development benefits.  Mid-Atlantic offshore resources could produce  
ample wind energy from within the region to supply population centers 
along the East Coast. 

d. California is a coastal state with impressive terrestrial resources (Te-
hachapi), offshore wind resources, and the best solar and geothermal 
potential in the country. It probably does not need wind from the 
Rockies. 

(2) In the Midwest, connect the highest quality wind to inland population centers. 
It makes sense to connect the best resources to the large Midwestern cities on 
both sides of the Continental Divide; 

                                                 
24  There are multiple projects competing to connect northern Maine and the Canadian Maritimes to Southern New 
England, including the Green Line, promoted by New England Independent Transmission Co., LLC, of which the 
author of this White Paper is Chairman.  For more information, see http://greenlineproject.com/news/presentations/, 
“NEITC Presentation to ISO-NE Planning Advisory Committee at "HVDC Day"”, December 17th, 2007. 
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a. The JCSP plan should indeed move forward, but with its eastern ter-
minus in the great cities of the Midwest (Chicago, Cincinnati, Cleve-
land, St. Louis) and its western terminus in Boise, Reno, Phoenix, or 
even Las Vegas.25 

(3) Texas, long an electricity island, will remain so. It has huge wind and solar 
potential and it has already taken the lead nationally with a coherent transmis-
sion strategy that connect the wind and solar in the north and the west to the 
population centers in the center and the south.  

(4) In the South, where wind resources are meager, there is a willingness to build 
additional nuclear power plants. National RPS legislation may have to account for 
the nuclear preference in the few places it exists, even if this does not fit conven-
tional RPS prescriptions.  

 
How We Get There: Regulated Competition 

The approach outlined above is a more practical and achievable mission for the U.S. 
transmission system than a coast-to-coast Electric Superhighway. It gives nearly every state a 
stake in the boom times that will come to the Renewables industry if national policy mandates 
Renewable Portfolio Standards and carbon reductions. It reduces the excessive reliance on one 
place, or one wind regime, that sometimes accompanies discussions of a national Electric Super-
highway. And it allows our various states and regions to do what they do best – plan their own 
Renewables destinies – under the prodding of a national RPS and carbon requirement.  

Finally, we have to give some thought to how we get there. There is a real danger that 
these laudable environmental goals will be undermined by the emergence of environmental 
mercantilism – actions by individual states to subsidize their own renewables industries. If state 
regulators and legislators go too far -- under the intense pressure to help out home-grown rene-
wables even when cheaper alternatives are available next door – then sound regional solutions 
will be undermined by the very states that should be leading the regional effort. 

Two practices from the past – but improved with what we have learned over the last 
twenty years – can prevent such mercantilism from undermining effective action. First, we need 
to plan regionally to meet environmental goals. In the last 10 years, the various Independent Sys-
tem Operators (ISOs) and Regional Transmission Organizations (RTOs) have improved trans-
mission planning, making it much more regional in scope. The ISOs and RTOs have not been 
leaders, however, in developing transmission solutions to meet renewables objectives because 
they have not been allowed to incorporate those objectives into their planning processes. Instead, 
they have been empowered to commission transmission projects only to maintain system reliabil-
ity.26 We now need to empower them to incorporate environmental objectives into their regional 
planning. 
                                                 
25  On February 9, the Independent Transmission Company proposed a project to move Renewable Energy into Chi-
cago.  See Jason Fordney, “ITC unveils $12 bil Green Power Express line,” Platt’s Energy Trader, February 10th, 
2009.  
26  The Federal Energy Regulatory Commission, in its Order 890, has prodded the ISOs and RTOs to incorporate 
economics more aggressively into their transmission planning. The Eastern ISOs have uniformly failed to do so, 
while Texas and California’s ISOs have been much more successful in this endeavor, because it has morphed into 
allowing environmental criteria to become the basis for transmission planning. 
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 Second, we need to revive on a national scale the use of regulated, competitive procure-
ments of Renewables and the transmission by which they are delivered. These procurements 
should be organized around open and competitive requests for proposals (RFPs) that lead to 
long-term power purchase agreements (PPAs).27 In the transmission responses to these PPAs, 
both the incumbent “home” utilities and independent transmission developers should be invited 
to compete. In transmission, as in generation, the competitive power industry has demonstrated 
repeatedly its ability to deliver more innovation and greater efficiencies than traditional cost of 
service regulated generation development.  

This recommendation for updated regional integrated planning with federal oversight, 
and reliance on RFPs and long-term PPAs, is simply to call for regulated competition28. 

The collapse in liquid financial markets in the power sector in 2008 makes it even more 
critical that PPAs come back to the fore. For that reason, the December 2008 proposal by North-
east Utilities and NStar to use a PPA to finance a multi-billion dollar transmission-plus-
hydroelectric project that they themselves would own with Hydro Québec is a small step in the 
right direction.29 To make it a big step in the right direction, this opportunity must be opened up 
to competition from others. There are wind, transmission, and other renewable developers in 
New England that believe they can do a better job to meet New England’s energy and environ-
mental objectives, and consumers deserve to hear from them. 
 
The Energy Independence Bill of 2009 

We can now wrap all this up into a coherent set of recommendations for those participat-
ing in the national debate: 

1. We can achieve a 25 percent U.S. Renewable Portfolio Standard and substantial 
carbon reductions from the power sector if we build enough transmission and 
couple the renewable generation with versatile gas-fired plants. 

2. Rather than re-invent the wheel or put too much decision-making power in the 
hands of a single federal agency, we should use the best instruments we have. 
The Federal Energy Regulatory Commission is where the federal government’s 
deepest expertise about electric market resides. FERC should be tasked with pre-
paring a “Renewable Development Order,” similar in scope and importance to its 
open access orders.  

                                                 
27 In many states, PPAs fell out of favor when we began our experiment in electricity restructuring. That experiment 
gave rise to a number of market mechanisms (now including “RECs” or renewable energy credits) that do a good 
job in pointing out the immediate value of shortages and surpluses in the power sector. Thus, there is a financial spot 
market for “RECs,” as there is for the carbon credits that will issue from the other important new environmental 
initiatives (such as the Regional Greenhouse Gas Initiative, or RGGI in the Northeast), that tell us pretty clearly the 
cost of non-compliance with nascent but growing environmental requirements. Useful as they are for immediate 
purposes, however, RECs and carbon credits provide only limited support to the financing of wind, transmission and 
other green energy projects. 
28  Not a new idea, but one long ago advocated in the utility industry by Nobel Prize winning economist (and law-
yer) R.H. Coase in The Firm, the Market, and the Law (Chicago: University of Chicago Press, 1990). 
29  See Federal Energy Regulatory Commission, “Petition of Northeast Utilities Service Co and NSTAR Electric Co 
for Declaratory Order in EL09-20. “  Docket EL09-20-000, January 12, 2009. 
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3. FERC’s new Renewables Order should empower ISOs, RTOs and traditional sys-
tem operators to use compliance with RPS and carbon standards as legitimate cri-
teria for causing transmission to be developed. As suggested in Figure 1, we be-
lieve their economic and technical analyses will show that coastal states should 
develop nearby inland and then offshore resources, in that order. Many of these 
projects will use High Voltage Direct Current rather than the EHV AC technolo-
gy. 

4. There are other states, from Idaho to Illinois, Michigan to Oklahoma, that are 
likely to find it cost-effective to participate in the national Electric AC Super-
highway. 

5. With FERC oversight, state regulators, utilities and public authorities should use 
long-term and competitively awarded Power Purchase Agreements to help 
finance both renewables and transmission.   

We also need more specific programs for dealing with the “Terrible Trio” of siting, Inter-
connection Animus, and cost allocation. Our specific recommendations are: 

1. Siting: There will not and cannot be effective federal eminent domain in the 
electricity sector. Electricity is not natural gas, and federal legislators will not at 
the end of the day support a version of ACESA (or subsequent legislation) that 
makes it “easy” to exercise federal eminent domain in pursuit of mega-large new 
transmission superhighways. Relying on that is a panacea and avoids the real 
question: given difficulty in siting, how do the nation’s electricity regions (the 
ISOs and where there is no ISO the alternative reliability and regulatory organi-
zations) permit the new transmission lines needed?  

i. Proposed answer: much as the engineers in electric regions like to create 
“master plans,” technological change is far too rapid for us to develop and 
stick to a master plan. Engineers can have at it and create one interesting 
report after another, but from a practical standpoint it will be much better 
to go at it incrementally: let each region figure out what it needs for the 
next five years, issue Requests for Proposal from utilities and Transcos, 
pick the winners, and keep going in annual or biannual RFPs until the RES 
is securely met.  

ii. The criteria for selecting winners include the ability to site. If one party 
suggests building overhead 765kV through New York’s Hudson Valley 
(which will cause a civil war in New York), and another party has a better 
idea, the RFP selectors need to pick the one that can get done.  

iii. This approach unleashes competition, and competition will do more to 
contain the ultimate cost than any combination of master plans or consul-
tants’ reports. 

2. Interconnection Animus:  This one should be easy. FERC needs to tell ISOs 
(and their like in non-organized markets) to stop treating new transmission in-
terconnection projects as if they are generating plants. They’re not… they are 
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infrastructure that will be around for decades longer. FERC needs to institutio-
nalize the view – consistent with federal policy -- that connecting control areas is 
economically desirable. The forthcoming federal carbon legislation and regula-
tion will prevent “leakage” between more and less aggressive carbon-reduction 
regions.  This is especially important when transmission projects are participant-
funded (beneficiary pays). Here are specific changes in tariffs:  

i. Following traditional utility cost-recovery practice, FERC should require 
ratebasing the interconnection costs of transmission projects that further 
federal policy. Especially when transmission projects are participant-
funded, the sponsors of transmission lines should pay only their own 
project costs, not an ISO’s or the usually even more provincial local utili-
ty’s notion of what an importing region should be charged to interconnect.  

ii. Interconnection costs on either side of the new line should be ratebased 
within their respective control areas.  For a variety of reasons, FERC did 
not impose this requirement on PJM, and as a result PJM utilities often 
impose huge interconnection costs on transmission projects to other con-
trol areas.  

3. Cost Allocation: Implementing the suggestions to solve the Interconnection 
Animus problem (see #2 above) will do a lot to solve the cost allocation issue too. 
Aside from the interconnection costs (which tend to be used as weapons of 
project destruction), we have to recognize that some regions and states simply be-
lieve that the Beneficiary Pays/Participant Funded approach to cost allocation is 
better policy. Neither federal legislation nor FERC regulation needs to try to de-
vise a “one size fits all” cost allocation policy. 

i. That said, we believe that the bulk of wind-powered energy will come 
from very large (300MW+) projects. Participant funding works where 
those projects plug into a large load area like New York City or Boston, 
where the higher cost of wind energy gets dispersed among many custom-
ers. But there are also places (e.g., Delaware) where large wind projects 
propose to connect to small load zones. In those cases, since the RES obli-
gation should be seen as an effort to achieve a public good, ways have to 
be found to allocate the higher initial cost of clean energy to a larger mar-
ket.  

ii. We believe that states should create “renewables market areas” so they 
can spread the costs of renewables among a sufficient number of ratepay-
ers. In New England, for example, the Governors are contemplating a re-
gional renewable compact, including multi-state procurement authority for 
renewables. That way, small states like Rhode Island, can enjoy similar 
economies of scale from which larger states naturally benefit.   
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iv. Even in the contentious area of cost allocation, therefore, diversity can en-
dure, as long as there is a reasonable understanding of local and regional 
constraints and opportunities.  

If we implement these simple guidelines, and assuming we do have national carbon standards 
and policies, we can decarbonize our electric system efficiently in the years ahead. The desire for 
master planning is appealing, as long as it’s master planning and not a Master Plan.  Above all, 
our efforts will be efficient and effective if we let loose the genie of competition in the transmis-
sion and renewables development space. Let’s plan to compete, and that way -- as long as the 
overall regulatory framework deals with the Terrible Trio -- the best projects will win.  

Finally, Tom Friedman, in Hot, Flat and Crowded, calls wind, solar and other renewables 
“Fuels from heaven,” and so they are. Since we are far more accustomed to getting our fuels 
from below the ground, we have to change our way of thinking. With fossil fuels, we have be-
come accustomed to making modest capital investments to build the power plant, and then pay 
(sometimes exorbitantly) for the fuels that drive them. With renewables, we will pay more to 
build the plant, but then we won’t have to pay any fuel costs. In the long run, given the finite na-
ture and political risk of fossil fuels, renewables are a safer bet.  But we can’t just hop from one 
side of the ravine to the other.  We will need a bridge. 

Can we meet our ambitious renewables objectives, create domestic jobs, build rene-
wables inside the United States, and protect ratepayers from exposure to cost overruns? Yes we 
can, but only if we harness the best of regulation and competition.  


