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On the Grid: China has more renewable capacity than any other country, 
but integrating clean energy onto the power grid remains a challenge. 
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Green Olympics: Beijing and Zhangjiakou will co-host the 2022 Winter Games, and 
the Chinese government has pledged to integrate the Games with the Jing-Jin-Ji 
region’s existing goals for clean energy and improved air quality.
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foREwoRd 

Dear Reader,

Last summer, Beijing and neighboring city Zhangjiakou won their joint bid to host the 2022 Winter 
Olympics. The international attention focused on this region in the lead-up to the Games provides a 
strong incentive for the Jing-Jin-Ji region to reach its ambitious air quality and low-carbon energy goals, 
and to show leadership to China and the world on the critical question of how to embrace a sustainable, 
prosperous energy development model. 

To this end, Zhangjiakou, accounting for more than half of renewable resources in Jing-Jin-Ji, has been 
named China’s first nationally-designated renewable energy demonstration zone. But Zhangjiakou is a 
small city, without significant energy demand. Partly as a result, the city faces high rates of “curtailment,” 
or wasted energy. Zhangjiakou’s current vision for how to reconcile its abundant renewable energy 
development with its small energy demand includes the idea of boosting local electricity consumption 
to absorb excess renewable energy, while constructing super high-voltage transmission lines to deliver 
renewable power to remote provinces. However, this first approach has the potential to work against 
China’s broader efforts to increase energy efficiency and cap total energy use by 2020; meanwhile the 
second approach will take huge capital investment and sacrifice transmission efficiency.

In this paper, we recommend a different solution: going beyond Zhangjiakou to establish the much larger 
region of Jing-Jin-Ji as a pilot renewable energy integration zone. Within the zone, we recommend making 
reducing curtailment a key goal, given that wasted renewable energy continues to be a severe obstacle 
to the transition to clean energy in Jing-Jin-Ji and across China. Other nations offer important examples 
to Jing-Jin-Ji on how to achieve these goals through a variety of policy and regulatory instruments. In this 
paper we highlight the case studies of Germany and Texas to show that with the right policy structures 
in place, Jing-Jin-Ji has the opportunity to be a national, and even global, model for renewable energy 
integration by the time the Olympic torch is lit in 2022. 

Some might ask what Germany and Texas have in common with the large and diverse region of Jing-
Jin-Ji. Despite their many differences, the three regions share similar geographic, population, and 
energy demand characteristics that make the German and Texas cases particularly useful for Jing-Jin-
Ji to consider. The three also share a common goal of increasing renewable energy—in the Texas case, 
to diversify energy supply and take advantage of strong wind resources; in Germany, to meet broad 
European Union climate and energy goals. In both places, the transition hasn’t been easy: both regions 
made major policy changes on issues such as transmission planning for renewable energy, dispatch order, 
and spot power markets. These changes involved serious debate, and took time and money to implement. 
But the results speak for themselves: both Germany and Texas are now able to integrate large amounts of 
clean wind and solar energy into the grid with very little waste. 

We hope this paper spurs a serious discussion about renewable energy integration. We look forward 
to engaging with policymakers, industry executives, and other experts to address these key issues as 
part of the Paulson Institute’s larger mission of supporting China and the U.S. in the transition to a more 
sustainable economic future. 

Kate Gordon
Vice Chair, Climate and Sustainable Urbanization 
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China is shifting to an energy system based on increasing 
percentages of clean power. Although China now leads the world 
in installations of wind and solar power (with 129 GW of connected 

wind capacity and 44 GW of solar PV as of 2015), the country has struggled 
to integrate the energy from wind and solar into power grids. But it can 
make progress by selectively adopting best practices from other countries 
and states facing the same challenges. 

Specifically, we believe that China—in particular, the Beijing-Tianjin-Hebei 
region (known as “Jing-Jin-Ji”), where the 2022 Winter Olympics will be 
held—can pilot renewable integration policies similar to those adopted in 
Germany and Texas. Germany and Texas have each succeeded in reducing 
wasted, or “curtailed,” wind power by adding transmission and changing 
market rules and grid operations. These two locations are excellent case 
studies for Jing-Jin-Ji for several reasons: renewable energy production in 
Germany and Texas is roughly the same distance from densely populated 

1.  ExECUTIvE SUmmARy

PlAnnEd loCATIonS foR ThE 2022 wInTER olymPIC EvEnTS

Beijing
- Ice events

yanqing
- Alpine events

Zhangjiakou
olympic village
- nordic / Freestyle Skiing

The 2022 Winter Olympic events will be spread out across downtown Beijing, the county of Yanqing, and Zhangjiakou city in 
Hebei province.
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urban areas as those in the Jing-Jin-Ji region. Jing-Jin-Ji’s population is 
similar to that of Germany and larger than that of Texas, and its electricity 
consumption is on par with that of both places. Finally, Germany and Texas 
both had to make difficult policy changes to enable renewable energy 
integration. 

In this report, we recommend a pilot of renewable energy integration 
covering the entirety of Jing-Jin-Ji that incorporates the following 
features:

h Establishing clear timelines for reducing curtailment of 
renewable energy in the region. The examples of Germany and 
Texas suggest that 4-5 years is sufficient time for completing the 
investments and policy changes needed to reduce renewable energy 
curtailment to as low as 1%. Achieving such a target will require a clear 
plan and timeline for action. 

h Improving coordination of transmission planning with 
renewable power additions within Jing-Jin-Ji, along with 
accelerating investments in transmission to ensure that the region can 
meet clean energy targets. 

h Testing a regional spot market across the entire Jing-Jin-Ji 
region. The present design of China’s feed-in tariff policy and lack 
of a spot power market make renewable energy appear artificially 
expensive relative to other choices. 

h Expanding dispatch to enable renewable energy to reach the 
entire Jing-Jin-Ji region whenever it is available, merging planning 
and control activities where needed. This change, which was essential 
in both Germany and Texas, will require a shift in the way the grid 
companies operate.

The 2022 Winter Olympics are an important catalyst for integrating 
renewable energy in Jing-Jin-Ji. As Beijing and Zhangjiakou prepare to 
co-host the Games, both are pursuing ambitious strategies to show 
progress on resolving air quality problems and showcase clean energy 
technology. Zhangjiakou is focusing on scaling up renewable energy, while 
nearby Beijing is promoting large-scale adoption of electric vehicles. What 
better way to promote clean energy than to link the two cities’ efforts 
explicitly, powering Beijing’s clean vehicle fleet with wind and solar from 
Zhangjiakou? Ensuring that clean energy from Zhangjiakou can reach all 
areas of Jing-Jin-Ji would also represent a tangible achievement of efforts 
to promote economic integration across this region. If Jing-Jin-Ji can 
resolve some of its biggest renewable energy challenges, these policies 
can be replicated nationally and even globally. 

As Beijing and 
Zhangjiakou prepare 
to co-host the 
Games, both are 
pursuing ambitious 
strategies to show 
progress on resolving 
air quality problems 
and showcase clean 
energy technology.
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DeFInITIonS

Balancing and balancing areas: Balancing 
refers to real-time or near-real-time actions taken 
by the grid operator to balance generation with 
consumption, to ensure reliable operation of the 
power system. Generation and consumption of 
electricity may be balanced over a specific area 
that may cross political or grid operator boundaries, 
as is the case in Germany.

Curtailment: A reduction in a specific generator’s 
energy output from what it could otherwise produce 
given available resources.1 Intermittent wind and 
solar generation in China often face curtailment by 
the grid operator. 

demand response: Actions taken by utilities, 
system operators, or electricity customers to reduce 
energy demand at specific times in response to 
price signals and other incentives during periods of 
high demand, or to shift power use to times when 
more low-cost power is available.

Economic dispatch: The operation of generation 
facilities according to the merit order (see definition) 
to produce energy at the lowest cost to reliably 
serve consumers, recognizing any operational limits 
of generation and transmission facilities.2 Under 
economic dispatch, generators with the lowest 
marginal cost of production are the first ones to 
be brought online to meet demand, and the plants 
with the highest marginal costs are the last to be 
brought online. Dispatching generation in this way 
minimizes the cost of producing electricity.

Green dispatch (or environmental dispatch): 
A form of economic dispatch that accounts for 
the environmental costs of generation in addition 
to fuel and other marginal costs. Green dispatch 
can be implemented by taking into account the 
environmental cost to society of air and water 
emissions, for example, and including these costs in 
the merit order ranking of different power plants. In 
general, renewable energy such as wind and solar 
have priority in green dispatch.

marginal cost, variable cost, and total cost 
of production: In economics, marginal cost is 
the change in the total cost of producing one 
additional unit of a good. In the power sector, 
wind and solar plants generally have zero or 
near zero marginal costs of production, because 
the fuel for such facilities (wind and sun) are 
free and operation is very inexpensive. Marginal 
cost of production is distinct from the total cost 
of production, which includes all costs such as 
capital costs. Marginal cost of production is also 
distinct from the variable cost of production, 
which averages the fuel and other operating 
cost across all units produced by a facility, but 
excludes capital and other fixed costs.

merit order: Ranking available sources of 
electricity generation by ascending order of 
marginal cost of production. Ideally, this ranking 
also includes the cost of emissions; see also 
“green dispatch.”  A merit order does not 
necessarily require a wholesale power market.

Spot markets, intra-day markets, and day-
ahead markets: In general, a spot market is one 
in which financial instruments or commodities 
(such as electricity) are traded for immediate 
delivery, as opposed to delivery at another time 
or date. For electricity, however, the term “spot 
market” may also apply to day-ahead power 
markets—a market for electricity that closes at 
midnight the day prior to when the electricity will 
be delivered—as well as to intra-day markets, 
where buyers and sellers can contract for power 
purchases within the same day.3 Such markets 
are distinguished from long-term power contracts 
that may cover power purchases over a period of 
one or more months or one or more years. 

variable renewable energy: Electricity 
production from wind and solar resources is both 
variable (fluctuating throughout the day) and 
uncertain; this variability and uncertainty pose 
challenges for grid operation and dispatch.
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The seriousness of climate change is now recognized around the world, 
by developing and industrialized countries alike. The Paris climate accord 
of December 2015, in which nearly 200 nations committed for the first 
time to a universal agreement to reduce carbon emissions, is powerful 
evidence of this recognition. In China, leaders are taking steps to combat 
climate change, many of which are laid out in the country’s 13th Five-Year 
Plan, which included for the first time a national cap on overall energy 
consumption and increased targets for non-fossil fuel energy sources. 

One of the most important questions is how to transition from traditional 
high-carbon energy sources like coal to low- or zero-carbon sources like 
wind, solar, geothermal, and wave power. The good news is that the falling 
costs of renewable energy technologies over the past few years—for 
example, the cost of solar photovoltaic modules has fallen 75% in the past 
five years, while wind turbine costs declined by 30%—have brought the 
vision of a global clean energy transition significantly closer. 4

2. ovERvIEw of ChInA’S REnEwABlE 
EnERGy ChAllEnGES

CHINA WIND CURTAILMENT RATES IN INTERNATIONAL COMPARISON

Over 20%
10%-20%
Under 10%
N/A

% of power output curtailed in 2015

16%

14%

12%

10%

8%

6%

4%

2%

0%
TexasGermanyHebeiChina (national)

Curtailment affects most regions with high wind capacity in China; in 2015 curtailment reached 15% at the national level.

Source:  NEA, 2016
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China leads on wind and solar capacity, lags on integration

No nation has invested more in renewable energy than China. China now 
has more wind capacity than any country in the world—129 GW of grid-
connected wind as of year-end 20155—and is on track to surpass its 2020 
target of 200 GW ahead of schedule.6 China is also investing heavily in solar 
PV generation capacity, reaching an estimated 44 GW by the end of 2015.7 

China’s economy reaps many benefits from these investments, including 
clean energy, jobs related to making and installing wind and solar, and a 
leading position in global clean energy manufacturing. Given the long-term 
growth prospects in clean energy worldwide, as well as China’s targets 
for peaking carbon emissions before 2030 and producing 15% of primary 
energy from non-fossil fuels by 2020,8 the investments China has made in 
clean energy in recent years are likely to pay dividends for decades to come, 
especially if China can use the energy these sources produce more efficiently.

While China leads in terms of wind and solar capacity, its energy 
production from these sources lags behind other countries. In 2015, the U.S. 
produced more electricity from wind than China (190 TWh of output in the 
U.S. as compared to 185 TWh in China) with 75 GW of wind installed—just 
58% of China’s total connected wind capacity.9 One reason is that much of 
the energy solar and wind can produce in China is “curtailed” or wasted. In 
2015, China’s wind curtailment reached 15%,10 a sharp increase from 8% in 
2014.11 Solar curtailment reached 11% in the first three quarters of 2015.12 

wInd And SolAR CAPACITy (Gw) In ChInA And ThE woRld, 2015

Source:  Irena, GWEC, and others; note China wind capacity represents grid-connected wind only
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In comparison with other countries, China ranks first in terms of both wind and solar capacity. 
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Resolving curtailment is critical to achieving China’s clean energy and 
emissions goals. Indeed, the joint statement that the U.S. and China 
announced in September 2015, ahead of the Paris climate change 
conference, declared that China will implement a new “green dispatch” 
that will prioritize power generation from renewable sources.13 China is in 
the midst of a power sector reform effort, ultimately aiming towards what 
President Xi Jinping has called an “energy revolution” in both the supply 
and demand of electricity. This transformation will reduce overall energy 
consumption as well as expand non-fossil sources of energy.14 Ultimately, 
renewable energy integration is critical not just to fixing renewable 
curtailment, but to achieving President Xi’s full vision of a true revolution in 
energy supply and demand.

Curtailment causes and consequences

Simply using more clean energy from installed capacity would represent a 
quick win for both the global climate and China’s economy. Wind and solar 
energy have zero cost of production, and so failing to use the energy they 
could produce once installed represents an economic loss. From 2011 
to 2015, wind curtailment cost China’s energy sector RMB 51 billion and 
resulted in otherwise avoidable coal consumption of 430 million tons.15

Many factors contribute to China’s high renewable energy curtailment 
rates, as we discussed in greater detail in the Paulson Institute’s 2015 
power sector report, Deepening Reform to Reduce Emissions, Improve Air 
Quality and Promote Economic Growth.16 These factors include:

ComPARISon of wInd CAPACITy And PRodUCTIon In ChInA And ThE 
U.S. In 2015

Capacity (gW) Production (TWh)

75

190

129

China
U.S. 185

Source: Windpower Monthly

In 2015, China produced less energy from wind despite much more wind 
capacity installed than the U.S. 

Note: China capacity shown represents grid-connected capacity only.

BY THE NUMBERS

RmB 51 billion 200,000 new Evs

430 million tons 
of coal

42,500  
Eiffel Towers

... and resulted in unneeded coal 

consumption of 430 million tons 

- a weight equal to 42,500 Eiffel 
Towers.

From 2011 to 2015, wind curtailment 

cost China's energy sector RMB 
51 billion - enough money to buy 

200,000 new EVs 
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Remote location of most renewable energy in China: Wind and solar 
curtailment are most severe in sparsely populated regions such as Gansu, 
Xinjiang, and Inner Mongolia, which have high wind and solar capacity 
relative to local power demand, and are distant from densely populated 
coastal provinces. Wind and solar plants have developed overcapacity in 
these remote regions due to tariff design—namely, fixed feed-in tariffs 
that encourage development of wind and solar in regions with the best 
resources—as well as the speed of construction of renewable plants 
relative to that of transmission lines that could carry renewable energy to 
regions with greater electricity demand. 

dispatch based on monthly and annual generation plans and lack 
of a spot market: Under China’s present generation planning approach, 
power generators are compensated based on hours of operation, which 
are set by monthly and annual generation contracts. With some exceptions 
for efficiency or emission levels, each coal plant operating in China is 
entitled to an approximately equal number of operating hours per year to 
recover its operating and capital costs.17 When renewable power plants 
come online, they are essentially treated as competitors to the coal 
plants, because the renewable plants reduce the coal plants’ operational 
hours and therefore revenue.18 The lack of a spot power market, in which 
generators could compete on the basis of the lowest marginal cost 
of production as opposed to prices set by feed-in tariffs or long-term 
contracts, puts renewable energy at a disadvantage.19 In China, wind and 
solar are currently granted regulated feed-in tariffs, set at high price levels 
to encourage construction of new capacity. The amount of money paid 
to renewable generators for each unit of energy they produce consists 
of a fixed on-grid tariff set by the government, plus a subsidy paid by the 
government from funds collected from electricity consumers through 
a surcharge.  However, since the on-grid tariff for renewable energy is 
set higher than the power price of many coal plants, the wind and solar 
power price is uncompetitive with coal power prices in many regions. 
The structure of power markets in many countries avoids this problem 
by enabling wind and solar plants to bid into the intra-day market at their 
production cost, generally near zero.* 

Uncoordinated planning and approvals for transmission and 
generation: In China, wind and solar development have concentrated in 
the country’s sunniest and windiest areas, designated and approved by 
the local government.20 Many Chinese regions also have an excess of coal 
power capacity, also approved by local government.21 Transmission planning 
and investment are not well coordinated with generation investments. As 
a result, there is often a mismatch between national energy policy goals 
and actual investments in transmission and generation at provincial 

From 2011 to 2015, 
wind curtailment cost 
China’s energy sector 
RMB 51 billion and 
resulted in otherwise 
avoidable coal 
consumption of 430 
million tons. 

* In germany, many renewable plants receive feed-in tariffs, but these are distinct from the price at which wind and solar bid 
into the intra-day market. In areas of the U.S. with wholesale power markets, the price the wind and solar plants receive for 
the power they generate in an intra-day market is the average price, which is determined by the market clearing price for 
each period of the day. In addition, wind and solar may receive various subsidies, such as tax credits.
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and regional levels.22 Partly to address this, China’s March 2015 power 
reform document, Deepening Reform of the Power Sector, stressed the 
importance of more comprehensive, integrated planning at each level.23 

A related issue is that transmission planning is biased in favor of coal 
power. The dominant thinking has been that new transmission lines 
should be fully utilized;24 that presents a problem for renewable electricity, 
which is by nature intermittent. Transmission lines are expensive, so it’s 
understandable to look at each line in terms of its potential utilization. 
Indeed, that was also the predominant practice in U.S. and European 
transmission planning until recently. To enable a high penetration of 
renewable energy, it will likely be necessary for China to evaluate new 
transmission investments more systematically, in the context of making 
the entire power sector cleaner. 

limited inter-regional power trading: Despite construction of new 
inter-provincial transmission in recent years, and despite high levels of 
renewable energy curtailment, the country has seen little change in the 
amount of electricity transferred between provinces.25 To maximize local 
tax revenue and help local coal power and coal mining companies, local 
officials prefer provincial self-sufficiency in terms of electricity supply 
and demand. Importing power, including clean energy, would reduce 
local tax revenues and potentially hurt local coal companies.26 Recent 
policy decisions promote cross-provincial power trading, including quotas 
for renewable energy transmission, and anticipate the development 
of tradable renewable energy certificates.27 Still, such policies may be 
insufficient to overcome local protectionism. 

Currently, China has adopted a large number of pilot policies related to 
resolving curtailment and improving renewable integration, but a heavy 
focus of current pilot projects is on using renewable energy locally,28 
often by attracting more high-energy businesses to the area in order to 
increase local demand.* China’s wind and solar curtailment are worst in 
a handful of provinces, such as Gansu, Inner Mongolia, and Jilin, which 
are distant from the country’s heavily populated coastal region. Similarly, 
Zhangjiakou’s renewable energy plan calls for a significant boost to local 
energy demand. Given that China has capped the country’s total energy 
use to 5 billion metric tons of coal equivalent by 2020, boosting local 
electricity demand by attracting new industry may actually work against 
national climate goals.** For this reason, in this report we suggest a different 
region for a renewable energy integration pilot—specifically the Jing-Jin-Ji 
region, which has a combination of characteristics that might make renewable 
energy integration feasible, provided the right policies are put in place.

* The explanation for this focus on local demand may be a combination of insufficient transmission, insufficient local authority 
over transmission planning or power sector reform, and the sense that in the short term it isn’t feasible to resolve curtailment 
with steps such as market reform or changes to transmission planning.

** Pilots of winter heating from wind energy could reduce coal-heating emissions locally, with potential benefits for air quality. 
However, as of 2016 these efforts are restricted to small-scale pilots, neither absorbing a significant fraction of renewable 
energy nor displacing a significant share of coal heating.
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The Jing-Jin-Ji region is a microcosm of China’s renewable energy 
dilemmas: the region has a highly urbanized core; its internal population of 
110 million is larger than any Western European country. There is a dense 
concentration of energy-intensive heavy industry in Hebei province, and an 
ambitious program of wind and solar power in a relatively remote region 
of Zhangjiakou 200km to the northwest of Beijing. Yet despite the region’s 
compact size, its renewable energy sector suffers from curtailment due 
to insufficient transmission within the region, as well as all the factors 
outlined in Section 2. The challenge in this region, and nationwide, is to 
substantially increase the utilization of renewable output. 

The Jing-Jin-Ji region can lead on renewable energy integration: 
Local leaders are under intense pressure to improve policy integration 
and planning across Jing-Jin-Ji as part of a regional economic integration 
plan that includes environmental and economic goals.29 The regional 
economic integration plan in Jing-Jin-Ji, announced by President Xi 
Jinping in 2014,30 calls for the region to explore ways to harmonize and 
coordinate policies on infrastructure, logistics, government, and finance. 
Region-wide integration of renewable energy is a logical extension of 
such policies.

3. JInG-JIn-JI’S oPPoRTUnITy To lEAd

Let the Games Begin: Several of the 2022 Winter 
Olympic events will be staged in Chongli County of 
Zhangjiakou. Pictured here: Genting Resort, which 
will host freestyle skiing and snowboarding. 

JING-JIN-JI IS WELL-SUITED TO SUCCEED AS A RENEWABLE 
ENERGY INTEGRATION PILOT

Existing regional coordination

Strong urgent need to increase 
clean energy

Existing renewable energy capacity

Nearby energy demand
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The high-profile region also has plans to scale up clean energy in 
preparation for the 2022 Winter Olympics. In July 2015, in connection 
with the Olympics, Zhangjiakou was named as China’s first nationally 
designated Renewable Energy Zone.31 Beijing, meanwhile, is promoting 
new-energy vehicles—especially electric vehicles (EVs) and their 
charging stations—to reduce transportation emissions, setting a target 
of having an EV market of 600,000 vehicles in 2020, 75% of which are 
expected to be privately owned.32 The renewable zone-designated 
Zhangjiakou can and should be paired with Beijing to form a Jing-Jin-Ji 
renewable integration pilot region, with a specific timeline and maximum 
allowable curtailment rate of renewable energy. 

The region is poised to benefit significantly from such an ambitious 
renewable integration plan. While Jing-Jin-Ji currently derives most of its 
energy from coal, the region ranks fourth in China for total wind capacity 
and seventh in solar PV.33 As of 2015, Hebei had 10 GW of grid-connected 
wind capacity and 2.4 GW of solar PV.34 The province’s wind power was 
curtailed roughly 10% of its operating hours,35 below the national average 
but still high by international standards. Zhangjiakou had 8 GW of wind and 
solar capacity at the end of 2015, and plans to grow this figure to 50 GW 
by 2030. That would be more than the capacity possessed by all but three 
countries in the world (China itself, Germany and the U.S.) today.36 

Yet Zhangjiakou’s local electricity demand is only 1.85 GW, and 
transmission capacity to other areas within Jing-Jin-Ji is only 5.5 GW.37 As 
a result, Beijing–just 200 kilometers away–cannot benefit from the clean, 
renewable energy current produced in Zhangjiakou now, let alone what 
will be added in the next five years. In 2014, Zhangjiakou’s curtailment rate 
reportedly reached 30%.38 Zhangjiakou curtailment could worsen unless 
there are significant new transmission investments designed specifically 
for absorbing renewable energy and sending it to other regions.

The renewable 
zone-designated 
Zhangjiakou can 
and should be 
paired with Beijing 
to form a Jing-Jin-Ji 
renewable integration 
pilot region, with a 
specific timeline and 
maximum allowable 
curtailment rate of 
renewable energy.

Smoggy Days: The Jing-Jin-Ji region has made international news over the past several years for its chronic air 
quality problems and has strong political will to ramp up clean energy use. 
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ZHANGJIAKOU’S STRATEGIES FOR RENEWABLE INTEGRATION

Zhangjiakou is focused on a variety of strategies for improving renewable integration: as part of the 
framework for establishing the city as a national renewable energy demonstration zone, leaders of the future 
Olympic co-host foresee seven ways that it can work to improve renewable integration in the city, most of 
which focus on changes to electricity demand39:

1. Growing electricity demand from service sectors that will benefit from the Olympics, such as tourism, the 
food and beverages industry, and logistics

2. Strategically increasing electricity demand from new economy sectors such as data centers

3. Increasing rural electricity demand

4. Promoting electric transportation, including EVs for public vehicles, taxis, and tourism

5. Expanding electric heating for new buildings, reaching 16 million square meters in 2020 and 90 million 
square meters in 2030

6. Generating hydrogen from wind power, starting with a 10 MW wind electrolysis station

7. Encouraging local industries, such as big data centers, to preferentially consume renewable energy 
locally, such as by purchasing otherwise curtailed energy

While these strategies all have merit, the city’s overall focus on boosting local electricity demand has the 
potential to work against the government’s efforts to cap total energy use by 2020. Expanding the Zhangjiakou 
pilot to cover the entire region of Jing-Jin-Ji, and shift its focus from renewable capacity to renewable 
integration, could reduce the curtailment rate as well as lead to more efficient overall use of energy. 

Solar Pv, Gw wind, Gw

hEBEI REnEwABlE EnERGy InSTAllEd CAPACITy In RElATIon To oThER PRovInCES  
(AS of 2015 yEAR End) 

Source: Paulson Institute, based on NEA data, 2015

China’s Hebei province ranks seventh nationally in terms of installed solar PV capacity and fourth in terms of wind capacity. 
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While no international case study can serve as the perfect model for 
renewable integration in Jing-Jin-Ji, Texas and Germany are sufficiently 
similar—in both geographic distances, and in terms of their ratio of 
renewable energy to demand—to serve as models. Both cases clearly 
illustrate that with the right regional pilot size and the right policies, it is 
possible to reduce renewable curtailment rates to as low as 1%. 

Both Germany (population 82 million) and Texas (population 28 million) 
are comparable with Jing-Jin-Ji in key respects. Both have large land areas 
and, like Jing-Jin-Ji, their renewable energy capacity is located far from the 
centers of greatest regional electricity demand. In both cases, significant 
changes to transmission and distribution planning and investment policies 
were needed to reach higher penetrations of renewable energy. Both have 
achieved very low levels of curtailment (at or below 1% on an annual basis 
for wind generation), and in both cases, significant changes to dispatch 
and market rules were required before this could be accomplished. 
Notably, both Texas and Germany are still perfecting policies to integrate 
even larger amounts of renewable energy. Germany plans to reach 80% 

4. CASE STUdIES fRom ThE U.S. And 
EURoPE Show REnEwABlE EnERGy 
InTEGRATIon IS ChAllEnGInG 
BUT AChIEvABlE wITh ThE RIGhT 
PolICIES

Source: Paulson Institute

ComPARISon of REnEwABlE PEnETRATIon In GERmAny, 
TExAS And JInG-JIn-JI

Wind+solar generation as % of demand
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Germany and Texas have higher renewable penetration rates (GW of wind 
and solar generation as percentage of overall demand) with far lower rates 
of curtailment than Jing-Jin-Ji. 
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renewable electricity by 2050, while Texas (which has no percentage 
target for renewable electricity) anticipates almost doubling solar and wind 
capacity between 2015 and 2017.40

Ultimately, the German and Texas cases show that a region the size of 
Jing-Jin-Ji could achieve a high degree of renewable energy integration 
through accelerated regional transmission planning for renewable energy, 
integrating dispatch over a wider region, and introducing spot markets 
with short trading intervals to match the variability of wind and solar 
resources.

GERmAny, TExAS And JInG-JIn-JI:
ComPARISon of REGIonAl ChARACTERISTICS 

Population (millions)
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Source: Paulson Institute

Texas and Germany are sufficiently similar to Jing-Jin-Ji—in both geographic distances, and in terms of their ratio of renewable 
energy to demand—to serve as models.
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Germany: Policy design and dispatch rules
overview: Germany is a world leader in integrating variable renewable energy. 
Wind and solar made up about 25% of net electricity supply in 2015.41  In 
one day of May 2016, renewable energy supplied almost 90% of the nation’s 
power, albeit for a short time in midday.42 Looking at capacity, at the end of 
2015, Germany had installed approximately 43.8 GW of wind and 39.6 GW 
of solar PV.43 Germany’s combined wind and solar capacity is far higher 
than the country’s average peak power demand in 2015 of around 50 GW.44  
Today, Germany has achieved a low level of renewable energy curtailment at 
approximately 1%. Thus, while China has surpassed Germany as the leading 
country in terms of absolute installed wind or solar capacity, Germany still 
has the highest penetration of variable renewable energy—arguably 
a better measure of clean energy progress than capacity alone.

The role of distributed energy: Distributed solar PV energy in particular 
has played a key role in enabling the country to absorb large amounts of 
renewable energy on the distribution grid level, avoiding large investments 
that might have been needed if solar policies had focused mainly on utility-
scale plants. The majority of solar PV capacity in Germany is in distributed 
rooftop systems,45 which came about through the country’s former 
policy of offering homeowners that installed PV generous 20-year feed-in 
tariffs at subsidized levels. The prevalence of distributed solar, especially 
rooftop solar, means that energy production is located close to electricity 
demand. This didn’t eliminate the need for new large-scale transmission 
and distribution investments for distributed energy integration. Rather, 
in Germany, grid investments have tended to emphasize installations of 
equipment to strengthen the flexibility of the distribution grid, as opposed 
to high-voltage transmission.46

Source: Agora-Energiewende

GRowTh In GERmAny wInd And SolAR Pv CAPACITy And PERCEnTAGE of 
ElECTRICITy ThEy SUPPly

In Germany, the percentage of electricity supplied from wind and solar has risen in tandem with capacity.
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TIMELINE OF GERMANY RENEWABLE ENERGY INTEGRATION

1994 

- Renewable Energy Law 
establishing 20-year fixed 
Feed-In-Tariffs for wind and 
solar is passed

1998 

- Germany orders formerly 
vertically integrated utilities 
to separate transmission 
and generation companies

2000 

- Changes to Renewable 
Energy Law sets target 
of obtaining 12.5% 
of electricity from 
renewable energy by 
2010, increases feed-in 
tariffs for wind and solar

- Spot power trading 
market established

2005 

- Germany’s Federal 
Network Agency starts 
overseeing the power 
grid and gas market

- Federal Network Agency 
study suggests major 
new transmission and 
distribution investments 
needed to integrate 
wind and solar energy

2009 

- Federal Network 
Agency approves 
1,876 km of new 
transmission 

- Germany's 
Transmission 
System Operators 
(TSOs) integrate 
their balancing 
markets to dispatch 
renewable energy 
across boundaries 
of four transmission 
systems

2011 

- Hourly intra-day power 
market switches to 15-
minute intra-day power 
market to facilitate dispatch 
of renewable energy

- Together with several 
neighboring countries, 
Germany forms the 
International Grid Control 
Cooperation 

- Parliament passes 
transmission planning law, 
making the Federal Network 
Agency responsible for 
planning and approval of 
transmission lines that 
cross state boundaries

2014 

- Changes to the Renewable 
Energy Law require Germany to 
get 40-45% of electricity from 
renewable energy by 2025, 55-
60% by 2035, and 90% by 2050

2015 

- European Transparency 
Platform for electricity, 
hosted by the European 
Network Transmission System 
Operators for Electricity 
(ENTSO-E), goes live

2016 

- U.K. integrated into 
Central European 
balancing market

- Germany wind and 
solar reach a new 
record of meeting 
90% of the country's 
electricity demand 
for a short period; 
wind and solar to 
provide over 25% of 
electricity for the full 
year
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Investments in transmission and distribution specifically designed 
for renewable integration: Much of Germany’s wind capacity is in 
the north, while the sun is strongest and most consistent in the south. 
As a result, the country has needed more transmission and distribution 
investments to integrate renewable energy. A 2005 study showed that 
more transmission investment was needed to meet the country’s 2015 
clean energy goals. As a result, in 2009, Germany’s Federal Network 
Agency (Bundesnetzagentur) approved 1,876 km of added transmission 
lines—though construction has been slow.47 As the country’s renewable 
targets have increased, so have planned transmission and distribution 
additions. In 2010, the German Energy Agency (Dena) projected the need 
for an additional Euro 10 billion investment for adding a further 3,600 km of 
new transmission over 10 years to achieve 39% of electricity from renewable 
energy by 2020, mostly via conventional 380 kV overhead alternating current 
(AC) transmission lines.48 Even larger investments would be needed at the 
distribution grid level: Dena projected in 2012 that Germany would need 
to spend Euro 27-40 billion to add 135,000 km of new distribution lines at 
various voltage levels by 2030.49 The country is planning four new north-
south high-voltage direct-current (HVDC) lines,50 though German experts 
caution that HVDC is not the grid’s main approach for renewable integration. 
Rather, the grid will continue to need upgrades at all voltage levels, as well 
as reinforced connections to neighboring countries.

To accelerate transmission additions and grid reinforcements for 
renewable integration, the 2011 Grid Expansion Acceleration Act and the 

Under the German Sun: Most of Germany's solar capacity is on rooftops, like this photovoltaic array on a 
timber framed house in Buschhoven near Bonn. 

As Germany's 
renewable targets 
have increased, 
so have planned 
transmission and 
distribution additions.
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Energy Act gave additional authority to the Federal Network Agency to 
conduct grid planning.51 Essentially, the law required grid planners and 
grid companies to work together to ensure sufficient transmission and 
distribution to enable all renewable energy to reach end customers. As of 
2015, Germany’s grid companies, called Transmission System Operators 
(TSOs), are required to publish Network Development Plans every two 
years to describe how they will reinforce the grid to meet future changes 
in demand and supply—including renewable energy.52 The Federal 
Network Agency is responsible for planning and approving the plans, while 
the TSOs are responsible for construction.53 The cost of transmission and 
distribution system reinforcements are shared across electricity customers 
in Germany, depending on the location and voltage of the upgrades.

Germany’s renewable energy policies have raised some questions about 
cost.54 Studies have shown that introducing a maximum permissible 
threshold for renewable curtailment, instead of requiring full use of 
renewable energy, could reduce the cost of transmission and distribution 
investment needed over the next 10 years.55 The question is, what is 
the optimal level of renewable curtailment? Based on modeling of costs 
and benefits, Germany is currently considering legislation that would 
set a transmission planning threshold for maximum permissible annual 
curtailment of 3% across each TSO’s service territory.56 Previously, TSOs 
have been obligated to build sufficient transmission to ensure that all 
renewable energy can be fully utilized.

Establishing a strong and transparent intra-day power market: 
Under Germany’s Renewable Energy Law, renewable energy—such as 
wind, solar, wave, and hydro—is given dispatch priority. In the country’s 
electricity market, wind and solar occupy the least-cost position in 
the generation merit order. Wind and solar enjoy this position because 
Germany has an efficient intra-day market; when power is traded the 
same day as it is needed, dispatch is not based solely on daily, monthly, 
or annual plans or contracts. Germany’s intra-day power market began 
trading in 2006, and volumes have grown as the country has added more 
renewable energy. The country switched from an hourly market to 15-
minute intra-day trading in 2011, and since then the intra-day power 
market volume has almost doubled.57 

Germany is also boosting transparency to enable customers, generators, 
and other market participants to have far greater awareness of power 
supply, demand, and generation on every country’s power grid. These data 
are available through a European electricity transparency platform, which 
went live in January 2015.58 Transparency strengthens energy markets by 
both encouraging greater flexibility of supply and demand in the short 
term, and improving the efficiency of long-term investment decisions for 
both transmission and generation. 

Under Germany’s 
Renewable Energy 
Law, renewable 
energy is given 
dispatch priority. In the 
country’s electricity 
market, wind and 
solar occupy the 
least-cost position in 
the generation merit 
order.
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Unifying zones for balancing renewable energy: Starting in 
2009, Germany’s four TSOs introduced a common balancing market, 
where previously they each primarily relied on internal resources to 
balance supply and demand. The balancing area expanded to include 
several countries outside Germany—Austria, Czech Republic, Denmark, 
Switzerland, the Netherlands, and Belgium—beginning in 2011 with the 
establishment of the International Grid Control Cooperation (IGCC).59 The 
introduction of a common balancing area has saved Germany money and 
made renewable integration easier: even though electricity produced from 
variable renewable sources has risen dramatically, the cost of procuring 
balancing resources has fallen by half since this change was made.60 

Greater integration with the rest of Europe: Germany’s grid is 
connected to those of its neighbors. Germany has a power surplus 
and exported approximately 9% of net power in 2015.61 To date, export 
of renewable energy to other countries has not been the main factor 
enabling Germany to successfully integrate large amounts of renewable 
energy,62 but this will likely change in coming years. Europe is currently 
engaged in EU-wide transmission planning for greater renewable energy 
integration. The European Network of Transmission System Operators-
Electricity (ENTSO-E) envisions that new interconnections will ultimately 
enable renewable energy to be balanced across the continent for greater 

Source: Source: KIT

Spot markets for electricity, especially those with short time intervals, 
help renewable generators like wind and solar match supply with demand; 
Germany has seen a steady rise in trading volume on its newly-created  
15-minute electricity market since its introduction.

how 15-mInUTE PowER ConTRACTS BETTER mATCh 
REnEwABlE oUTPUT
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Source: 50Hertz

GERmAny’S foUR TSoS And ThE InTERnATIonAl GRId ConTRol CooPERATIon AREA

Balancing electricity dispatch across historic political boundaries (within Germany and near Germany) has been key to 
reducing the cost of integrating renewable energy.
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efficiency and flexibility.63 

Policies to integrate renewable energy by increasing flexibility 
of supply and demand: To date, Germany has not relied heavily on 
demand-side policies to enable greater integration of renewable energy,64 
but this is changing. Electric vehicle charging and electric heating and 
cooling are being considered both to reduce carbon emissions from 
transport and heating while also utilizing locally-available renewable 
energy.65 Starting in 2009, Germany required new buildings to obtain a 
share of heating from renewable sources.66 Compared to neighboring 
Denmark, Germany has relatively fewer cities that rely on district heating, 
but, like Denmark, the country’s district heating plants are designed to 
cycle flexibly, which helps combined-heat-and-power plants respond to 
changes in renewable energy output.67 Today, policymakers are prioritizing 
initiatives that can increase the flexibility of demand through greater use 
of demand-response technologies as well as market mechanisms such as 
demand-response aggregation services.68 
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Key takeaways from Germany: 

h focusing on distributed solar enabled Germany to reduce the cost 
of transmission investments needed for its transition to clean energy. 
Most of Germany’s solar capacity is on rooftops, and therefore is already 
located near electricity demand. While the country needed to strengthen 
its transmission and distribution system, the level of investment was 
far smaller than if the country had focused exclusively on utility-scale 
renewable energy.

h Germany expanded investments in transmission and distribution 
to enable renewable energy, with the costs paid for by utility customers. 
Notably, German law required its grid planning agency and four 
transmission system operators to plan and build the grid to enable all 
renewable energy to reach customers. 

h Germany established a strong and transparent intra-day power 
market to ensure that renewable energy takes priority and that 
customers benefit from the low marginal costs of energy provided by wind 
and solar.

h Germany linked balancing markets within the country as well as 
with several neighboring countries. The result is that Germany is able to 
integrate more renewable energy at lower cost. 

h To date, Germany has not relied on boosting local demand to 
integrate high levels of renewable energy. Boosting demand and, more 
importantly, increasing the flexibility of demand are being considered as a 
strategy for renewable integration only after taking other steps to reform 
dispatch, markets, and transmission planning. 
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expert Voices: germany

Andreas Kuhlmann,  
Chief Executive, 
German Energy Agency 
(Deutsche Energie-
Agentur, DENA)

what are the most important changes made by Germany to enable high 
utilization of renewable energy on the grid? what can China learn from 
this case?

I visited Zhangjiakou in March 2016, and as I understand it, one of the main 
questions in that region is how to integrate renewable energy into the grid. I hear a 
lot about China and State Grid working on connecting grids globally, an interesting 
debate. We should not neglect though to discuss possibilities and necessities on 
the regional distribution grid level. So the current issue that I see is more with the 
national transmission and regional distribution grids. 

That’s what we see in Germany as well, where we have had to scale up the 
distribution system rapidly. In those regions with a strong existing distribution 
grid, there is less pressure for new investment, and good distribution grids can 
also become smart distribution grids by implementing the latest technology, 
which enables us to integrate more renewable energy while avoiding some costly 
transmission investments. The direction in Germany is towards intelligent and 
flexible grid management as a means to absorb variable energy. At the same time, 
Germany expects to make significant transmission and distribution grid investments 
over the next 10 years with the intent of integrating even more renewable energy—
the latest estimate is over US$ 45.2 billion (RMB 293 billion) combined for both 
transmission and distribution investment.

how do you plan new transmission capacity—should transmission 
additions rise in tandem with new renewable generation? 

Basically, the grid expansion and renewable energy expansion should have the 
same pace, but not necessarily with the intent of absorbing every last kWh from 
renewable energy—our studies show that this would result in excessive cost for the 
ratepayer. Therefore, current draft legislation limits the grid extension obligations 
of the system operators according to the principle that curtailment of 3% of annual 
renewable energy production is acceptable for grid planning. Renewable energy 
will still have priority dispatch and be compensated at 95% for any curtailment. In 
those regions where you have a very strong existing distribution grid, there may be 
less need to extend the transmission grid. The other point is that if you strengthen 
distribution grids, you can make them smart distribution grids with newer 
technology. That is helpful for integrating renewable energy into the system.



The Paulson Institute

Case studies from the U.S. and Europe

24

Texas: Institutional changes and a new 
approach to transmission investments
overview: Texas is one of the largest U.S. states by population and land 
area, and today is also the nation’s leading producer of wind energy. The 
state’s success at clean energy generation would have been impossible 
without changes to state law, such as accelerated transmission approvals 
and dispatch of renewable energy over a wider area. Thanks to difficult 
policy decisions made by the Texas government, the state not only met 
its goals for renewable capacity, but reduced wind curtailment from 17% 
to 0.5% in five years. While Texas spent US$ 7 billion on new transmission 
designed specifically to connect wind plants, paid for by the state’s 
electricity customers, the investments are paying for themselves by 
producing savings as high as US$ 3.3 billion per year.69 

Texas is unique among the contiguous 48 U.S. states in that its grid 
functions in some respects as an island. The Electric Reliability Council of 
Texas (ERCOT) is the grid operator for the state of Texas and is managed 
separately from the rest of the U.S. power grid; ERCOT is therefore 
dependent upon its own resources to meet its electricity needs.70 In 1996, 
in response to federal regulations, ERCOT became the first Independent 
System Operator (ISO) established in the U.S.71 Given the state’s 
characteristics as an “electricity island,” it is impressive that ERCOT has 
managed to integrate a fairly high amount of variable renewable energy in 
the span of just a few years. Wind supplied 12% of total electricity demand 

GRowTh In TExAS (ERCoT) wInd And SolAR Pv CAPACITy And PERCEnTAGE of 
ElECTRICITy ThEy SUPPly

In Texas, the percentage of electricity supplied from wind has risen in tandem with capacity. 

Note: solar PV capacity while currently small, is projected to rise rapidly in 2016 and 2017.

Source: Electric Reliability Council of Texas (ERCOT)
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After investing US$ 7 billion to add 5,790 circuit-km of new transmission 
specifically for integrating wind, curtailment in Texas dropped dramatically.

TExAS TRAnSmISSIon InvESTmEnTS And CURTAIlmEnT

Source: Paulson Institute and electric Reliability Council of Texas (eRCoT)
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in ERCOT in 2015, up from around 6% in 2009,72 and with recent additions 
the proportion is rising quickly. In the months of November and December 
2015, wind supplied 18% of total electricity demand.73 On several days in 
late 2015, wind supplied over 43% of power demand in the state.74 ERCOT 
had about 16 GW of wind capacity and 300 MW of solar PV as of late 
2015,75 as compared to average power demand of 40 GW.  

Texas’s path to a high penetration of variable renewable energy was not 
straightforward. In 2002, Texas established a renewable portfolio standard 
requiring its utilities to procure a rising percentage of wind energy, 
but conventional transmission planning processes were insufficient to 
integrate large amounts of wind generated in remote areas.76 Specifically, 
in the area of McCamey, Texas, 760 MW of wind were installed in a region 
with just 400 MW of transmission capacity, leading to wind curtailment of 
about 32% in 2002.77 

Changes to state laws on transmission planning and investment: 
Previously, grid planning in Texas required a firm commitment from 
generation companies to use the transmission lines that would be 
built—and to make a legally-binding financial commitment to use the lines 
equal to the total cost of the transmission additions.* Wind generation 
companies were unwilling to do so.78 Adding new transmission for 
wind therefore became a “chicken-and-egg” dilemma: wind developers 
wouldn’t add new capacity without more transmission, but transmission 
couldn’t be added without commitments that wind developers were 
unable to make. 

* In other words, the wind developer would be required to deposit funds in a bank equal to the cost of the lines, as a guarantee 
against its commitment to use the lines as stipulated.

BY THE NUMBERS

In 2014, the American Wind energy 
Association estimated the economic 
benefits to Texas of wind energy  

at US$ 3.3 billion  
per year

$3.3 BIl



The Paulson Institute

Case studies from the U.S. and Europe

26

In 2005, the Texas legislature addressed the problem with legislation 
requiring the state’s power sector regulator, the Public Utilities Commission 
of Texas (PUCT), to increase renewable energy generation in West Texas. 
The law required the PUCT to establish Competitive Renewable Energy 
Zones (CREZ)79 and gave PUCT additional authority to approve transmission 
projects for CREZ based on anticipated future growth in renewable energy 
production.80 Instead of assuming that new transmission lines should be 
fully utilized by newly-added generation (as had been the case previously), 
planners began to evaluate new transmission investments based on how 
they contributed to the overall ability of the system to integrate larger 
amounts of remotely-sited renewable energy.

The transmission investments needed for renewable energy in Texas have 
been significant: the CREZ transmission line additions cost an estimated 
US$ 7 billion and added 3,600 circuit-miles (5790 circuit-km) of lines—
mostly 345 kV lines—to carry roughly 18.5 GW of wind and solar energy.81 
This works out to roughly US$ 2 million per mile (US$ 1.25 million per 
km). The transmission capacity added for the purposes of CREZ are paid 
through the rate base of the utilities.82 In other words, the total cost of 
transmission is added to the electricity bills of all customers.

TExAS TRAnSmISSIon AddITIonS UndER CREZ

Source: electric Reliability Council of Texas (eRCoT)

Transmission additions in Texas’ Competitive Renewable Energy Zones (CREZ), 
depicted by the green lines, led to a dramatic reduction in wind curtailment.
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TIMELINE OF MAJOR POWER MARKET POLICY CHANGES IN TEXAS

1995 

- Texas passes legislation deregulating 
wholesale generation market and giving 
ERCOT authority for ensuring fair access to 
the power grid for all market participants

1996 

- ERCOT becomes the first 
Independent System 
Operator in the U.S., 
responsible for managing 
grid planning and dispatch 

1999 

- Texas passes legislation requiring 
utilities to separate transmission, 
generation, and power delivery 
businesses

2001 

- Nine previously 
separate control 
areas are unified 
into a single 
control area to 
facilitate sending 
power throughout 
the state

2002 

- Retail competition begins 

- Renewable Portfolio 
Standard requires addition 
of 2 GW wind power (target 
later raised)

2010 

- ERCOT begins operation of 
statewide nodal electricity 
market and abolishes four 
separate wholesale price zones

2005 

- Texas passes legislation 
requiring Public 
Utilities Commission 
to identify Competitive 
Renewable Energy 
Zones (CREZ) with 
up to 18 GW of wind 
power, and accelerates 
approval process for 
transmission lines to 
connect wind in these 
zones

- Renewable Portfolio 
Standard requirement 
to is raised 5.8 GW of 
wind capacity by 2015 
and cumulative 10 GW 
of wind by 2025

2009 

- CREZ 
transmission 
proposal is 
approved and 
lines begin 
construction, 
prior to which 
full-year wind 
curtailment 
reaches 17%

2007 

- Texas Public Utilities Commission completes 
study of CREZ transmission line options

2013 

- CREZ transmission 
lines mainly completed 
in December

2015 

- ERCOT reaches 
nearly 16 GW of 
wind installed, 
well beyond the 
state's mandate 
of 10 GW by 2025

2014 

- Full-year wind 
curtailment rate falls 
to 0.5%

2016 

- Texas achieves 
new record 
of 45% of 
electricity from 
wind on one 
day in March
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ERCOT analysis showed that new transmission capacity would need to 
rise approximately in tandem with newly added wind capacity, but that 
wind output would hit maximum levels statewide on only a small number 
of hours during the year.83 To achieve a fair balance between the costs 
and benefits of new transmission, planners set a 3% maximum allowable 
curtailment threshold across all wind plants state-wide.84 The 3% maximum 
planning threshold was vetted via an open stakeholder process, but in 
setting this threshold ERCOT did not rely on extensive cost estimates using 
simulations of multiple scenarios. Grid planners simply lacked the time 
for such analysis, given that the 2005 CREZ law specified that planners at 
ERCOT had just six months to formulate the CREZ transmission plan.85 This 
is relevant for grid planning in China: grid planners and regulators rarely 
have the luxury of time for exhaustive scenario planning, and must rely on 
reasonable assumptions about where new variable renewable capacity is 
likely to be added given regional and national policy goals. 

Largely as a result of the new transmission line additions, which were 
completed gradually between 2011 and the end of 2013, wind curtailment 
in Texas fell from 17% in 2009 to under 0.5% in 2014.86 During this period, 
ERCOT wind capacity rose from 9 GW to 16 GW.87 While the transmission 
lines built under CREZ still have excess capacity for new wind additions, 
Texas is now debating whether to extend the project to allow the state to 
expand wind and solar investments still further.88

Changes to power markets: the story of CREZ in Texas shows how 
mechanisms to fund new transmission investments, and plan such 
investments to match the course of development of new renewable 
energy, can help solve the curtailment problem in a single region. However, 
the success of CREZ must be understood within the larger U.S. regulatory 
context. Texas benefitted from the existence of real-time wholesale power 

Lone Star Wind: Texas is one of the largest U.S. states by population and land area, and also the nation’s 
leading producer of wind energy. 
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markets that favor lowest-marginal-cost generation (such as wind and 
solar), and an independent transmission operator that dispatches plants 
according to a least cost methodology (also called economic dispatch). 
These market and regulatory institutions are widespread in the U.S. today, 
but Texas was an early pioneer—and had to overcome some difficult 
challenges in the early years, such as unexpected price spikes.

Texas deregulated its wholesale power market in the 1990s and in 2000 
introduced an intra-day power market, in which dispatch automatically favors 
least-marginal cost production from wind and solar. Thus, one key market 
element was already in place when the state began adding wind capacity. 
However, several additional changes were needed to enable a smooth 
transition to a renewable future. Similar to Germany, Texas changed dispatch 
to ensure the grid could respond better to rapid changes in renewable 
output. The intra-day power market in Texas shifted from 15-minute 
intervals—already shorter than in many countries or states—to a 5-minute 
interval better suited to high penetration of variable renewable energy.89 

Changes to dispatch: related to changes in policies around power 
markets, the state also needed to make changes to historic dispatch 
practices, especially to enable renewable energy to flow more easily around 
the state. In 2001-2002, the state merged nine separate control areas into a 
single control area covering all of ERCOT, to reduce the cost of transmission 
congestion and balancing load.90 Then, in 2010, the state shifted from a 
market based on four separate balancing zones to full locational marginal 
pricing across the state,91 effectively improving the efficiency of the market 
statewide while also providing market signals that can enable long-term 
investments in transmission or generation to ease congestion. Thus, Texas 
had to transform itself from a patchwork of dispatch areas and pricing 
zones to a single, unified state market for electricity. State grid planners 
describe these changes as just as essential to renewable integration as the 
transmission investments under CREZ. 

Key takeaways from the Texas case:

h The state changed its laws to accelerate transmission investment 
specifically designed for renewable energy integration. Note 
that Texas transitioned from assuming new transmission lines should 
have high utilization to building transmission specifically for achieving 
renewable energy targets, without requiring new lines be utilized at 
a specific level. The state planned its transmission system using a 3% 
maximum acceptable curtailment level for renewable energy.

h Texas established a strong and transparent intra-day power 
market to incentivize renewable energy. The state’s power markets 
now enable generators to bid power into 5-minute electricity markets, 
a time interval more suitable to intermittent output from wind and solar 
farms. The existence of such markets lowers the cost of integrating 
renewable energy.

Largely as a result of 
the new transmission 
line additions, which 
were completed 
gradually between 
2011 and the end of 
2013, wind curtailment 
in Texas fell from 17% 
in 2009 to under 0.5% 
in 2014.
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expert Voices: Texas

warren lasher,  
Director of System 
Planning at ERCOT 

what are the most important changes made by Texas to enable high 
utilization of renewable energy on the grid?

The transmission investments made under CREZ have clearly enabled the 
successful integration of large amounts of wind that we have seen today. I would 
consider CREZ to be a major success. 

I would add that changes to the wholesale power market in Texas were also very 
important. Texas shifted from a wholesale power market that had four zones to one 
with full locational marginal pricing, with different real-time prices at each of the 
various nodes in the Texas grid. We also moved from 15-minute dispatch to 5-minute 
dispatch. Without these changes, I don’t think we would be able to integrate the 
wind power that we have. 

Currently, Texas is looking at demand response, electrification of transportation, and 
desalination as ways to make electricity demand more responsive to the supply 
of renewable energy. But up until the present, the transmission investments and 
changes to wholesale power markets have played a larger role by far than these 
new directions.

how do you plan new transmission capacity—should transmission 
additions rise in tandem with new renewable generation? 

In Texas, we found that transmission capacity should rise at a certain proportion 
of the amount of renewable energy capacity coming online. Wind farms don’t all 
produce power at the same time, and in ERCOT today, we have over 15 GW of 
wind capacity in West Texas, but this capacity only produces more than 11 GW of 
output around 4.5% of the year. We designed the CREZ transmission additions with 
a goal of having no more than 3% overall wind curtailment in ERCOT. To arrive at 
that threshold, we relied mainly on stakeholder discussions rather than conducting 
costly and time-consuming simulations of multiple transmission scenarios. 

h To ensure clean power reaches customers at the lowest cost, Texas 
unified dispatch and balancing zones to balance electricity supply 
and demand across the entire state. This facilitates the priority use of 
renewable energy while also providing market signals to encourage 
future transmission and generation investment.

h Despite having larger wind capacity located in sparsely populated 
areas far away from demand centers, the state did not try to boost 
local demand in areas with high wind. Texas is now considering 
measures to increase the flexibility of electricity demand, but only as 
a supplemental strategy after having fully implemented reforms to 
markets, dispatch, and transmission planning. 
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The international examples of Germany and Texas show that a region 
with the same approximate distance between areas of renewable 
energy production and electricity demand as in Jing-Jin-Ji, with a similar 
ratio of renewable energy production to regional electricity demand, 
and facing some of the same challenges of rapid growth of renewable 
energy, can achieve high levels of renewable penetration with very low 
levels of curtailment. However, achieving these goals would require 
adopting policies that require substantial changes in grid operations and 
transmission planning.

In this section we propose an overall framework and strategies for a new 
type of renewable energy integration pilot that incorporates the entire 
Jing-Jin-Ji region, and suggest basic elements to distinguish this pilot from 
existing ones. 

Policy recommendations 

We recommend establishing Jing-Jin-Ji as a regional renewable 
energy integration pilot, explicitly linking renewable energy produced in 
Zhangjiakou with centers of high electricity demand, such as Beijing and 
Tianjin. A pilot would include the following features:

The right capacity and curtailment goals: China and Jing-Jin-Ji already 
have a variety of targets related to renewable capacity and utilization, 
but the National Energy Administration (NEA), in collaboration with State 
Grid and provincial officials, should add targets and timelines for reducing 
curtailment and adding renewables-specific transmission capacity. As the 
Texas and Germany cases clearly show, policy decisions are essential to 
incentivize tight coordination between grid planning and investment on 
one hand with policy goals for non-fossil energy on the other. A Jing-Jin-
Ji pilot focused on renewable integration would include quantified targets 
and clear timelines for (1) increasing transmission capacity specifically 
designed to improve integration of renewable energy across the region 
from high wind and solar energy producing parts of Jing-Jin-Ji; (2) 
resolving transmission bottlenecks within the region, particularly between 
Zhangjiakou and the large cities of Beijing and Tianjin; and (3) reducing 
curtailment below a reasonable technical threshold, to be determined 

5.  RECommEndEd ElEmEnTS foR 
A JInG-JIn-JI REnEwABlE EnERGy 
InTEGRATIon PIloT REGIon

We recommend 
establishing Jing-Jin-Ji 
as a regional  
renewable energy 
integration pilot, 
explicitly linking 
renewable energy 
produced in 
Zhangjiakou with 
centers of high 
electricity demand, 
such as Beijing and 
Tianjin. 
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through additional analysis. Based on the cases of Germany and Texas, 
it should be feasible for Jing-Jin-Ji to achieve a maximum curtailment 
threshold of 3% by 2022.

The right transmission and distribution design: Based on experiences 
in other regions with rapidly rising renewable capacity, internal Jing-
Jin-Ji transmission and distribution need to be expanded to ensure that 
renewable capacity can be used over a wide geographical area—as 
opposed to focusing on boosting local demand. In principle, regional 
transmission should rise in tandem with renewable capacity, with cost 
recovery through electricity tariffs. While policies encouraging electric 
vehicles, hydrogen production, and heating from renewable electricity 
have merit, to date such policies have not been major factors in enabling 
international leaders like Texas and Germany to achieve high renewable 
penetration rates with far lower rates of curtailed energy. Taken too far, 
encouraging demand could also contradict efforts to improve energy 
efficiency and increase the overall share of clean energy in the energy mix.

The right pricing and dispatch structures: Various studies have shown 
that coal power prices in China do not capture the full societal cost of 
coal use.92 At the same time, the design of China’s feed-in tariff policy and 
lack of a spot power market make renewable energy appear artificially 
expensive relative to other choices. In contrast, in the U.S. and Germany, 
renewable energy is typically viewed as having the lowest marginal 
cost—at least, from the perspective of dispatch—due to its position on 
the merit order dispatch curve. An intra-day or day-ahead power market 
and balancing area that cover a wide geographical region, such as all of 
Jing-Jin-Ji, would help reflect the economic benefits to consumers and the 
economy of prioritizing wind and solar dispatch.  

Olympic Blue: The 2022 Games present an opportunity for China to accelerate the Jing-Jin-Ji region’s existing 
goals for clean energy and air quality. 
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Conclusion 

The Jing-Jin-Ji region includes the high-tech cities of Beijing and Tianjin, 
scenic mountains, rural farm villages, and energy-guzzling industrial 
centers. Due to a combination of geographical factors and a high 
concentration of energy-intensive industry, the region suffers from chronic 
air quality problems. This already high-profile region, which will host the 
Winter Olympics in 2022, presents a compelling opportunity to test out a 
renewable energy integration pilot area, precisely because its high energy 
consumption could potentially allow the region to absorb a large amount 
of energy from renewable sources such as wind and solar. 

Based on the examples of Germany and Texas, Jing-Jin-Ji has the potential 
to improve region-wide renewable energy integration in order to improve 
air quality and raise the region’s share of non-fossil electricity. For this 
reason, we suggest that instead of focusing on the relatively small area 
of Zhangjiakou as a demonstration zone for renewable energy, China’s 
government should expand the concept into a larger pilot project for 
renewable energy integration covering the entire region of Jing-Jin-Ji—
thereby linking high renewable supply in one area of Hebei to the centers 
of demand in the rest of this larger, highly-populated area. Such a pilot 
would include three key elements: (1) improving regional transmission 
planning, (2) expanding dispatch to cover the whole region, and (3) piloting 
a regional spot market. While implementing these policy suggestions 
is by no means straightforward, we believe such major policy changes 
are necessary to achieving a true revolution in energy production and 
consumption. Resolving the immense challenge of renewable integration 
in Jing-Jin-Ji would allow the region to become a model for replication 
nationally and even globally.

Based on the 
examples of Germany 
and Texas, Jing-Jin-
Ji has the potential to 
improve region-wide 
renewable energy 
integration in order 
to improve air quality 
and raise the region’s 
share of non-fossil 
electricity.
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