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THE BOTTOM LINE

India’s national- and state-level 
experience with auctions of 
solar energy products both 
large and small attests to the 
flexibility and adaptability of 
auction mechanisms. Under the 
National Solar Mission, auctions 
have been implemented with 
good results in a variety of 
settings. Lessons include the 
importance of clear ideas about 
key goals and objectives—and 
about areas where sacrifices 
can be made. Experience 
in several states has also 
underlined the importance of 
regulatory stability.

2014/15

Ashish Khana  
is lead energy specialist 
in the sustainable 
development and  

energy unit of the South Asia Region 
at the World Bank. 

Luiz Barroso is a 
managing director at  
PSR in Brazil.

A  K N O W L E D G E  N O T E  S E R I E S  F O R  T H E  E N E R G Y  P R A C T I C E

Promoting Renewable Energy through Auctions:  
The Case of India

Why is this case interesting?

India’s National Solar Mission led to concurrent 
implementations of renewable auction schemes 

Although India is the fifth-largest electricity consumer of the world, 
with an installed capacity of 211 GW as of the end of 2011, the 
country’s energy sector still has immense potential for growth. A 
quarter of the country’s population lack access to electricity, and 
yearly electricity consumption per capita stands at just 684 kWh, less 
than a third of Brazil’s and around a fifth of China’s. Solving India’s 
significant supply-side problems would open major opportunities for 
load growth, and renewable generation could be an important part of 
such a scenario.

Renewable energy—notably wind and solar—has played an 
important role as a complement to India’s coal-based electricity 
generation mix. Attractive fiscal and financial incentives introduced in 
the 1990s favored the growth of the Indian wind energy sector, to the 
point that by the end of 2012 the country ranked fifth in the world in 
installed wind power capacity (19 GW). When India decided to launch 
its Jawaharlal Nehru National Solar Mission (NSM) in January 2010, 
policy makers aimed to do for solar power what the previous policies 
had done for wind, enabling the Indian solar power sector to become 
an important international player. However, solar energy was not as 
close to competitiveness in the Indian context as was wind power, 
requiring greater efforts from policy makers to reach the expansion 
target. 

Under the NSM, the central government initially organized 
energy auctions to procure new solar capacity. For the longer term, 

much of the capacity expansion was to be decentralized to the 
state level. Motivated to design their own solar policies and targets, 
many of the state governments adopted auction mechanisms as a 
central scheme to achieve their goals, inspired largely by the central 
government’s initiatives. Because the Indian experience was varied, 
with implementation tailored to local circumstances, It is a valuable 
case study for the use of auctions to promote renewable energy.

What was the major challenge?

Auction designs had to take into account local 
peculiarities as well as national objectives

Auctions were to play a central role in the early stages of devel-
opment of the NSM. In the NSM mission statement (MNRE 2012), 
competitive bidding schemes were singled out as important 
supporting mechanisms specifically for research and development 
initiatives, ensuring adequate price discovery in contracting for pilot 
and demonstration projects. In Phase 1, encompassing the years 
2010 to 2013, the NSM aimed to build between 1,000 and 2,000 
MW of grid-connected solar power. Of that amount, 1,000 MW (that 
is, between 50 percent and 100 percent of the target) was to be 
contracted through centralized auctions.

Increasingly, the NSM scheme has relied on decentralized 
implementations. The NSM mission document states that the keys 
to promoting solar power over the longer term (culminating in 20 
GW of installed capacity by 2022) should be a renewable purchase 
obligation (RPO) scheme and state-level initiatives. In a policy 
document produced for NSM’s Phase 2 (2013–17) (GERC 2012), the 
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“In Phase 1, the 

government placed 

equal emphasis on 

large-scale concentrated 

solar power (CSP) and 

solar photovoltaics (PV); 

whereas more recent 

implementations have 

emphasized the PV 

technology for its shorter 

construction period, 

lower prices, and greater 

success in most early 

implementations.”

government estimated that state policies 
would be responsible for 60 percent of solar 
capacity additions during these years. States 
were given a large degree of autonomy to 
set and implement local policies, and many 
have chosen auction schemes to ensure 
solar capacity expansion at minimum cost. 
The greater involvement of the states during 
Phase 2 has posed new challenges of 
coordination, harmonization of policies, and 
sharing of best practices among states.

Reducing the impact of renewable 
energy development on electricity tariffs has 
been a major concern of both the central 
and state governments. In general, the 
higher costs of solar power must ultimately 
be passed through to final consumers. Auction schemes are useful 
in this sense, because they tend to minimize costs to consumers 
(Bridge to India 2012–14), and the NSM has taken further steps to 
dilute the tariff impact of contracting more expensive solar power. 
In Phase 1 of the NSM, a so-called “bundling” scheme was used 
to dilute these costs in a cheaper generation portfolio, whereas in 
Phase 2 a mechanism known as viability gap funding (VGF) was used 
to dilute solar costs over time. In a VGF scheme, the government 
pays a part of the plant’s capital cost up front and ensures a fixed 
payment per unit of energy delivered for the contract’s duration. 
Introduction of the VGF scheme in Phase 2 was made necessary 
by the nonavailability of a cheaper pool of thermal generation for 
bundling, and made possible by the National Clean Energy Fund’s 
approval of VGF as a funding source.

India also set the goal of achieving a global leadership role in 
solar manufacturing. This objective was very prominent in the NSM 
documents, which discussed the financial and fiscal benefits to be 
gained, the development of human capital, and other underlying 
infrastructure and ecosystem enablers. Policy design mechanisms 
were chosen with these concerns in mind. It was expected that 
demand for solar equipment stimulated by the NSM would spur the 
Indian solar manufacturing sector.

The technological routes to the NSM targets were left open, with 
the NSM aiming to maintain neutrality with respect to technology 

choices. That said, the implicit focus of central and state policies has 
changed over the years. In Phase 1, the government placed equal 
emphasis on large-scale concentrated solar power (CSP) and solar 
photovoltaics (PV); whereas more recent implementations have 
emphasized the PV technology for its shorter construction period, 
lower prices, and greater success in most early implementations. 
Another shift in focus has been the more recent development of 
mechanisms aimed at smaller-scale rooftop implementations, follow-
ing the successful commissioning of the first large-scale PV plants.

What results were achieved?

Both national- and state-level auctions have led to 
successful projects 

The Indian central government’s experience with auction implemen-
tations can be split into three main segments.

Phase 1 auctions. The first centralized auctions for procuring 
utility-scale solar plants were carried out in August 2010 and August 
2011. Extremely important in breaking new ground, these auctions 
resulted in impressive price discounts that made India one of the 
cheapest places for solar power in the world (figure 1). The auction 
demand was split into 500 MW of PV and 500 MW of CSP implemen-
tations. CSP plants, which usually involve larger capacities and longer 
construction times, were seen at the time as an attractive alternative 
to PV, which had historically been more common worldwide. At least 
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Figure 1. Procurement prices for solar PV projects worldwide

Source: Deloitte.
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“In 2013, the central 

government conducted 

auctions for rooftop  

solar generation in  

specific cities… While  

the awarded capacities 

have been small, the use 

of bidding processes to 

procure smaller-scale 

projects is an interesting 

departure.”

five of the seven CSP projects that were commissioned, however, 
suffered serious delays. As a result, more recent policies have 
focused on PV implementations. Among PV plants, delays have been 
relatively manageable: 125 MW out of the 140 MW sold in the August 
2010 auction were operational in March 2012; and the entire 310 MW 
sold in the August 2011 auction was operational in May 2013.

Prices and quantities of the most important national- and state-
level auctions for solar PV are summarized in figure 2. 

The rooftop auctions. In April, July, and December 2013, the 
central government conducted auctions for rooftop solar generation 
in specific cities. The product awarded in these auctions involves a 
capital subsidy for part of the plant’s investment cost. The generator 
is entitled to sell the electricity in the market. While the awarded 
capacities have been small (a total of 25.5 MW in the three auctions 
combined), the use of bidding processes to procure smaller-scale 
projects is an interesting departure.

The Phase 2 auction. No centralized auctions for large-scale 
solar generation were conducted in 2012 or 2013, leaving state 
policies to fill this gap, as discussed below. The first centralized 
auction under Phase 2 was held in February 2014. The main inno-
vations of the new bidding process applied in Phase 2 were (i) the 

absence of CSP technology, as the auction called only for 750 MW 
of PV projects; (ii) the application of the VGF scheme as a substitute 
for bundling; and (iii) the separation of demand into a “domestic 
content requirement” (DCR) portion and an “open” portion (375 MW 
each). The issue of DCR had been a major point of contention in the 
previous two years, as the United States filed an official complaint 
with the World Trade Organization against India’s DCR. At the same 
time, the Indian government had been disappointed by the fact that a 
large fraction of the Phase 1 auction’s demand was met by thin-film 
solar cells, which were exempt from DCR obligations (since this type 
of cell is not manufactured in India). The DCR subauction received 
half as many bids as its open counterpart (700 MW vs. 1470 MW) and 
resulted in significantly higher bids.

Regarding state-level implementations, the state of Gujarat 
stands out both as being the first state to develop a solar policy 
(even earlier than the NSM) and as the most prominent state to 
implement a feed-in tariff (FIT) mechanism, as opposed to an auction 
mechanism, for the development of solar power. Gujarat’s state 
policy has been responsible for the development of nearly 850 MW 
of installed solar capacity as of April 2014 (Bridge to India 2012–14), 
and the state’s FIT has tailed the price reductions coming out of NSM 
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Figure 2. Schematic overview of some of the most important solar PV auctions in India, 2010–14

Source: Authors.

Notes: Prices are calculated assuming an exchange rate of 60 INR/US$. The Tamil Nadu data depict the state’s “L1” auction results rather than the results obtained after the state’s “workable tariff” 
was disclosed. For the NSM Phase 2 auction, an “equivalent” nominal levelized tariff has been computed from the VGF (viability gap funding) amount. The subsequent fixed payments are based on 
an assumed discount rate of 13 percent and a plant capacity factor of 18 percent. Auctions of less than 50 MW of demand (which includes rooftop auction schemes and auctions from the state of 
Odisha) have been omitted.



“The Indian experience 

with auctions, from the 

CSP segment to procuring 

rooftop solar power, 

attests to the flexibility and 

adaptability of auctions.” 
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auctions. Gujarat’s success in promoting capacity additions relative 
to most other states can be attributed both to earlier implementation 
and relatively higher prices paid for solar power.

Among the states adopting auction-based mechanisms, most 
have had some amount of success, despite a few setbacks. Madhya 
Pradesh currently has the most successful state-level auction 
scheme, with 175 MW already operational (Bridge to India 2012–14). 

Several states have had trouble attracting the desired number 
of bidders. The auctions carried out by the states of Tamil Nadu, 
Punjab, and Uttar Pradesh have all been undersubscribed, meaning 
that they were unable to meet the desired capacity additions even 
by contracting the entire amount of solar power bid. One important 
reason for this result is the low bankability of distribution companies 
in these states, with high perceived risk dampening the private 
sector’s interest. (In the national-level auctions, the financial situation 
of the contract counterparty was much more stable.) Rajasthan 
has been able to avoid this issue for the most part by changing the 
contract counterparty to the state’s nodal agency (RRECL) rather than 
the distribution company.

Some state governments have introduced the “L1” lowest-bid 
pricing scheme. Under this scheme, adopted in Rajasthan, Tamil 
Nadu, and Andhra Pradesh, developers must meet the lowest offer 
of all the auction’s participants in order to be awarded the power 
purchase agreement. The economic rationale for the scheme is 
questionable: It could be successful in depressing prices if most 
bidders were behaving strategically, but in a competitive market it 
would simply result in most bidders refusing the power purchase 
agreement (PPA). Out of 180 MW bid for in the Rajasthan auction, 
winners of only 75 MW (less than the state’s target of 100 MW) 
accepted the L1 tariff. Similarly, in Tamil Nadu supply was reduced 
from 499 MW to 226 MW. Here again auctions have allocated less 
than the targeted capacities. On the other hand, states implementing 
L1 auctions have indeed been able to achieve lower prices.

Regulatory and policy instability has undermined state programs 
in Tamil Nadu and Andhra Pradesh. While these two states declared 
the most ambitious auctions-based policies in India, with each aim-
ing to contract 1,000 MW of new solar capacity, expectations for both 
states are now very low, as unclear policies and multiple changes 

have muddied the waters. In Tamil Nadu, the state regulatory 
commission has contested the “workable” tariff that was determined 
(outside any bidding process) by the state’s Energy Development 
Agency. No PPAs are active right now, and there are no indications 
of how the stalemate might be resolved. In Andhra Pradesh, the 
government decided to apply a “traditional” L1 bidding scheme to 
all auctioned projects, even though it had originally promised that 
it would allow price differences between different substations (to 
account for different irradiation levels and land costs). The state 
subsequently reduced its capacity target from 1000 MW to 350 MW.

Leniency with project delays has been the norm. According to 
announced schedules, the capacity contracted in the state auctions 
in Karnataka, Madhya Pradesh, and Rajasthan should be fully oper-
ational by now, yet delays of up to a year have occurred. All three 
states seem to have accepted the delays, extending deadlines with 
no penalties or requiring only minor justifications from the devel-
opers. Such practices set bad precedents, giving investors an extra 
incentive to be unrealistically aggressive on their planned schedules.

What are the key lessons?

Auctions should be part of a coherent strategy that 
meets clear policy objectives

Auctions have been implemented in a variety of settings, 
with good results. The Indian experience with auctions, from the 
CSP segment to procuring rooftop solar power, attests to the flexi-
bility and adaptability of auctions. While India’s CSP implementations 
are far from trouble-free, the program can be described as a qualified 
success, given the many obstacles encountered (Stadelmann, Frisari, 
and Konda 2014). India’s rooftop auction scheme is so new that 
plants have not yet been commissioned, but expectations are high.

The right policies can further the nation’s long-term 
goals. It is sometimes unclear whether India’s strategic policy 
goals are being met. The L1 schemes used in some state auctions, 
for example, seem overly focused on short-term price reductions, 
rather than on ensuring continued capacity additions and investors’ 
participation in future auctions. Likewise, leniency with PPAs that 
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are delayed or ultimately cancelled can negatively affect bidders’ 
incentives.

The country’s core goals for renewable energy should be 
made clear. Because most policy implementations involve trade-
offs, it is important to have clear ideas about key goals and objec-
tives and about areas where sacrifices can be made. One interesting 
topic in this regard relates to local manufacturing and job creation, 
both of which require a careful analysis of the country’s comparative 
advantage in specific solar technologies. Establishing a clear set of 
priorities for the NSM would help to ensure a coherent long-term 
plan and elucidate whether the higher cost paid for domestic content 
in the NSM Phase 2 auctions has been a good investment. 

Regulatory stability and trustworthiness are crucial. 
Several instances of erratic behavior on the part of the Indian 
national and state governments and regulators have likely hurt the 
country in the long run by reducing investors’ confidence. Last-
minute policy revisions in Tamil Nadu and Andhra Pradesh are the 
most prominent examples, although the successive delays that were 
observed in the implementation of the NSM Phase 2 auction have 
likely also had negative results. Investors need to feel secure before 
they will establish a strong manufacturing or developer base.
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Understanding CO2 Emissions from the Global Energy Sector

Why is this issue important?

Mitigating climate change requires knowledge of the 

sources of CO2 emissions

Identifying opportunities to cut emissions of greenhouse gases 

requires a clear understanding of the main sources of those emis-

sions. Carbon dioxide (CO2) accounts for more than 80 percent of 

total greenhouse gas emissions globally,1 primarily from the burning 

of fossil fuels (IFCC 2007). The energy sector—defined to include 

fuels consumed for electricity and heat generation—contributed 41 

percent of global CO2 emissions in 2010 (figure 1). Energy-related 

CO2 emissions at the point of combustion make up the bulk of such 

emissions and are generated by the burning of fossil fuels, industrial 

waste, and nonrenewable municipal waste to generate electricity 

and heat. Black carbon and methane venting and leakage emissions 

are not included in the analysis presented in this note.

Where do emissions come from?

Emissions are concentrated in a handful of countries 

and come primarily from burning coal

The geographical pattern of energy-related CO2 emissions closely 

mirrors the distribution of energy consumption (figure 2). In 2010, 

almost half of all such emissions were associated with the two 

largest global energy consumers, and more than three-quarters 

were associated with the top six emitting countries. Of the remaining 

energy-related CO2 emissions, about 8 percent were contributed 

by other high-income countries, another 15 percent by other 

1 United Nations Framework Convention on Climate Change, Greenhouse Gas Inventory 

Data—Comparisons By Gas (database). http://unfccc.int/ghg_data/items/3800.php

middle-income countries, and only 0.5 percent by all low-income 

countries put together.

Coal is, by far, the largest source of energy-related CO2 emissions 

globally, accounting for more than 70 percent of the total (figure 3). 

This reflects both the widespread use of coal to generate electrical 

power, as well as the exceptionally high CO2 intensity of coal-fired 

power (figure 4). Per unit of energy produced, coal emits significantly 

more CO2 emissions than oil and more than twice as much as natural 

gas. 
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THE BOTTOM LINE

the energy sector contributes 

about 40 percent of global 

emissions of CO2. three-

quarters of those emissions 

come from six major 

economies. although coal-fired 

plants account for just 

40 percent of world energy 

production, they were 

responsible for more than 

70 percent of energy-sector 

emissions in 2010. if warming is 

to be limited to two degrees 

Celsius, therefore, steep 

reductions will have to be made 

in the use of coal to generate 

electricity in the larger 

economies.
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Figure 1. CO2 emissions  

by sector

Figure 2. energy-related CO2 

emissions by country
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Transmitting Renewable Energy to the Grid: 

The Case of Texas

Why is this case interesting?

Texas needed to prioritize and accelerate 

development of remote wind sites

During much of the twentieth century, Texas was a major producer 

of petroleum in the United States. The state is now taking advantage 

of a major renewable energy resource: wind. It currently leads 

the United States with 9,528 MW of installed wind power capacity 

(ERCOT 2011) and, if it were a country, would rank fifth in wind 

generation worldwide.

When Texas reformed its energy program in 1999, it vowed to 

increase the role of renewables in its energy mix. It now uses a 

renewable portfolio standard to require energy utilities to increase 

their energy generation from eligible renewable sources. To minimize 

costs to the taxpayer, the state’s renewable energy program created 

competitive renewable energy zones that rely on the private sector 

to provide infrastructure and operations for generation and trans-

mission, while the state provides planning, facilitation, and regulation 

(figure 1).

The renewable portfolio standard mandated that electricity pro-

viders generate 2,000 MW of additional renewable energy by 2009. 

This 10-year target was met in just over six years and was followed 

up in 2005 by Senate Bill 20, which raised the targets and mandated 

that the state’s total renewable energy generation must reach 5,880 

MW and 10,000 MW by 2015 and 2025 respectively. Furthermore, the 

legislation required that 500 MW of the 2025 renewable energy target 

be derived from renewable sources other than wind.

What challenge did they face?

Transmission investment was contingent on 

generation commitments yet needed to precede it

Texas faced the challenge of meeting tremendous needs for trans-

mission infrastructure triggered by the scale-up of generation from 

renewable sources. Transmission infrastructure can take longer to 
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Texas leads the United states 

with 9,528 mw of installed 

wind power capacity—a 

level exceeded by only four 

countries. The state needed 

more infrastructure to transmit 

electricity generated from 

renewable sources, but the 

regulator could not approve 

transmission expansion projects 

in the absence of financially 

committed generators. To solve 

the problem, Texas devised a 

planning process that quickly 

connects energy systems 

to the transmission system. 

The system is based on the 

designation of “competitive 

renewable energy zones.
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Figure 1. Texas’s five competitive renewable energy zones

Source: ERCOT 2008.
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Measuring the Results of World Bank 
Lending in the Energy Sector

Why is this issue important?

The need for accountability has made it critical for the 

Energy Practice to measure results 

The World Bank tracks the outcomes of its projects in order to 

understand how well they are advancing the goals of ending poverty 

and promoting shared prosperity. For some years now those 

outcomes have been reported in a Bank-wide Corporate Scorecard 

based on a set of so-called core sector indicators (CSIs) that measure 

impact at the project level and permit aggregation of standardized 

data across the Bank. Each CSI is an indicator of output or outcome 

that is strategically relevant to a particular sector or theme, such as 

the energy sector.

Three CSIs are particularly central to the Bank’s Energy Practice, 

because they reflect its engagement in every step of the energy 

value chain—from generation to transmission and distribution (T&D) 

to “last mile” customer connections. The three indicators are:

• The number of people provided with access to electricity through 

household connections

• T&D lines constructed or rehabilitated, measured in kilometers 

(km)

• Generation capacity constructed, measured in megawatts (MW).

More recently, additional indicators have been developed cov-

ering measurement of energy efficiency in heat and power (lifetime 

savings, captured in MWh).

What challenges were faced in the effort to measure 

results?

Data back to FY 2000 had to be retrieved and aligned 

with the new CSIs

Previously, each project in the energy sector had devised its own 

indicators of results, which made it difficult to report the Bank’s 

achievements in terms that were both broad and precise. With the 

advent of the Corporate Scorecard, however, the clear advantages of 

being able to demonstrate results led the Energy Practice to examine 

the Bank’s energy projects back to FY 2000 and, to the extent 

possible, to retroactively harmonize or align the indicators used in 

those projects with those devised for the Corporate Scorecard. The 

results of this “archaeological” exercise are reported in this note.

The results reported here for the fiscal years 2000–13 are the 

first such report of energy-sector indicators reflective of the broad 

lending patterns of the World Bank during this period.

To compile the report, all World Bank projects approved in the 

energy space between FY 2000 and FY 2013 (approximately 70–80 

projects per year on average) were screened to extract those 

that had adopted indicators similar enough to those used in the 

Corporate Scorecard that they could be mined for comparable data.

Information was extracted from two types of project documents: 

the Implementation Completion and Results Report (ICR) for 

closed projects and the most recent Implementation Status and 

Results Report (ISR) for active projects. In some cases, information 

was referred back to project staff for confirmation or, where 

discrepancies had been spotted, for correction. In a few cases 

where indicators were not explicitly mentioned in the ICR or ISR, 

2014/6

THE BOTTOM LINE

this note is the first report 

of energy-sector indicators 

reflecting the World Bank’s 

broad lending patterns during 

fy 2000–13. to compile it, 

energy projects back to fy 2000 

were manually screened for 

results data comparable with 

the standardized indicators 

now used in the Bank’s 

corporate scorecard. in the 

future, automation will make 

it easier to collect, aggregate, 

and analyze data on project 

outcomes.
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Transmitting Renewable Energy to the Grid: 

The Case of Texas

Why is this case interesting?

Texas needed to prioritize and accelerate 

development of remote wind sites

During much of the twentieth century, Texas was a major producer 

of petroleum in the United States. The state is now taking advantage 

of a major renewable energy resource: wind. It currently leads 

the United States with 9,528 MW of installed wind power capacity 

(ERCOT 2011) and, if it were a country, would rank fifth in wind 

generation worldwide.

When Texas reformed its energy program in 1999, it vowed to 

increase the role of renewables in its energy mix. It now uses a 

renewable portfolio standard to require energy utilities to increase 

their energy generation from eligible renewable sources. To minimize 

costs to the taxpayer, the state’s renewable energy program created 

competitive renewable energy zones that rely on the private sector 

to provide infrastructure and operations for generation and trans-

mission, while the state provides planning, facilitation, and regulation 

(figure 1).

The renewable portfolio standard mandated that electricity pro-

viders generate 2,000 MW of additional renewable energy by 2009. 

This 10-year target was met in just over six years and was followed 

up in 2005 by Senate Bill 20, which raised the targets and mandated 

that the state’s total renewable energy generation must reach 5,880 

MW and 10,000 MW by 2015 and 2025 respectively. Furthermore, the 

legislation required that 500 MW of the 2025 renewable energy target 

be derived from renewable sources other than wind.

What challenge did they face?

Transmission investment was contingent on 

generation commitments yet needed to precede it

Texas faced the challenge of meeting tremendous needs for trans-

mission infrastructure triggered by the scale-up of generation from 

renewable sources. Transmission infrastructure can take longer to 
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with 9,528 mw of installed 
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countries. The state needed 
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electricity generated from 

renewable sources, but the 

regulator could not approve 

transmission expansion projects 

in the absence of financially 

committed generators. To solve 

the problem, Texas devised a 

planning process that quickly 

connects energy systems 

to the transmission system. 

The system is based on the 

designation of “competitive 

renewable energy zones.
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Figure 1. Texas’s five competitive renewable energy zones

Source: ERCOT 2008.
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