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ciency of ESPs, baghouses have not made inroads due to their
higher 0&M costs and some poor performing projects where
baghouses have operated sub-optimally.

The new standards offer a series of retrofit opportunities for
adding fields , rebuilding existing precipitator with taller sys-
tems, installing fabric filters and flue gas conditioning such as
ammonia injection, SO, conditioning and water fogging.

Market Exploding but Highly Cost-Sensitive

The market for AQCS systems in India is exploding. However,
the new regulations are not without considerable opposition
from utilities & IPPs who are concerned about unrealistic com-
pliance schedules, high capital & operating costs, inadequate
environmental cost recovery mechanisms, and technology
challenges concerning high ash Indian coals. These uncertain-
ties and pressures coupled with the high capex associated
with AQCS systems and their impact on tariff recovery, have
created a highly cost-sensitive AQCS market. These increased
capex costs were not anticipated by Indian power plants.
Many of the existing Power Purchase Agreements (PPAs) do
not have a pass through clause to the consumer. Therefore
there is currently no mechanism to pass the additional capital
cost to the rate payer or customer. All these factors are put-
ting immense pressure on Indian plants to adopt a low cost
approach to achieving compliance both in terms of capital
cost and variable costs.

Competition is fierce with more 30 global suppliers consisting
of boiler and environmental companies active in the Indian
market. The plethora manufacturers, many of them experienc-
ing a slow worldwide market demand for AQCS products are
offering products in India at amongst the lowest prices in an
attempt to get a piece of the market. This has put further

Exhibit 3: AQCS Price Comparisons

Low NOx Burners | $10,000/MW $20,000/MW NOx
SNCR $12,000/MW $25,000/MW NOx
SCR $45,000/MW $120,000/MW NOx
FGD $90,000/MW $250,000/MW S0,
SCR Catalyst $3,500/MW | $5,000- $6,000/MW NOXx
ESP Renovation | $25,000/MW $30,000/MW PM

downward pressure on ownership costs. In India it is expect-
ed that the price for environmental equipment will be close
to 50% of global prices. Therefore, localized manufacturing
becomes very vital to be competitive in the Indian market.

Implementation Delays

The new emission standards have taken the Indian power
industry by storm, as none of the power producers have had
much experience in the selection, procurement, commis-
sioning, operations, maintenance or commercial evaluation
of AQCS systems. Many of them are in a learning mode as
the industry grapples from lack of standardization in speci-
fications. Some of the IPPs are struggling from the lack of
compensatory tariffs and government owned utilities are
concerned about the short implementation timeline. Given all
these factors there is a good chance that the deadline will be
extended from 2 years to perhaps 3 or 4 years.

Krishnan & Associates, Inc. has announced the
release of its latest study Indian Power Generation
Market - Strategic Review & Forecast, 2016. K&A's
study takes an in-depth look at how new emis-
sion regulations and other market developments
will shape the future of the Indian fossil-fuel fired
power generation industry. For more information
visit http://krishnaninc.com/analytics/power-
market-reports/
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Sadbhav Infrastructure signs EPC
agreement with its four subsidiaries

Sadbhav Infrastructure Project, a leading road BOT company in
India that specializes in the development, operation and main-
tenance of highways, roads and related projects, has signed EPC
agreement with its four subsidiaries worth Rs. 283 crore for main-
tenance and repairs works.

The first agreement is with Sadbhav Rudrapur Highway for
Rampur-Kathgodam (1) section of NH-87, length 43.45 kms

valued at Rs. 69 crore. The second agreement is with Sadbhav
Nainitat Highway for Rampur- Kathgodam (lI) section of NH-87,
length 49.78 kms valued at Rs. 73 crore. The third agreement
is with Sadbhav Bhavnagar Highway for Bhavnagar-Talaja sec-
tion of NH-8E, length 48.05 kms valued at Rs. 82 crore. The
fourth agreement is with Sadbhav Una for Una-Kodinar section
of NH-8E, length 40.95 Kms valued at Rs. 59 crore.

Petrochemical complex to be set up in
Andhra Pradesh

Union minister for Petroleum and Natural Gas (independent
charge) Dharmendra Pradhan has recently said that a petro-
chemical complex will be set up in Andhra Pradesh in the current
(2016-17) fiscal year at a cost of Rs. 35,000Cr.

Speaking at a public meeting at the Vangali area under Sab-
bavarm mandal in Vizag district after Chief Minister N. Chan-
drababu Naidu laid the foundation stone for Indian Institute of
Petroleum and Energy (IIPE) in the presence of Union ministers
M. Venkaiah Naidu, Y. Sujana Choudhary and P. Ashok Gajapathi
Raju, Mr. Pradhan said the foundation stone for petrochemical
complex would be laid in this year. “Though the UPA govern-
ment had included the proposed petro-chemical complex in
the AP Reorganisation Act-2014, it mentioned that it was sub-

ject to feasibility. But, we have taken a decision to set up the
petrochemical complex in AP in be-tween Vizag and Kakinada
region,” he added.

Saying that his ministry has planned to invest crores of rupees
to make AP a petro-chemical and gas hub, Mr. Pradhan said the
capacity of HPCL-VR refinery in Vizag would be enhanced from
8.5 million tonnes to 15 million tonnes by December 2016 at an
investment of Rs. 21,000Cr, and there were plans for LPG pipeline
supply in the state at a cost of about Rs. 62,000Cr.

“The IIPE will produce top experts within four years in petroleum,
oil and gas sector and the campus will be ready in three to

four years at the Vangali area in around 200 acres,” Mr. Pradhan
added.
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India’s Power Industry Struggles to Solve

Pollution Problems
06/01/2018 | Sonal Patel

In a bid to tamp down pollution, India’s government in December 2015 notified the country’s coal
generators they would need to meet—for the first time—new emissions limits for nitrogen oxides
(NO,), sulfur dioxide (SO.,), and mercury, as well as tightened limits for particulate matter (PM) and
water consumption. The gazetted notification gave new plants until January 2017 and existing plants
just two years—until December 2017—to curb those pollutants.

But on November 17, 2017, in an affidavit filed with the Supreme Court of India, the Ministry of
Environment, Forest, and Climate Change (MoEFCC) recognized the timeframe wasn't feasible.
India produces 80% of its power with coal, and electricity is an “essential commodity and [an]
uninterrupted power supply in the country needs to be ensured at all times, therefore, many units
cannot be taken out for retrofitting at the same time and it has to be done in phases, so as to avoid
[a] problem in the power supply,” it said, asking the high court for an “appropriate order” to extend
compliance deadlines until at least 2022.

In the affidavit, the MoEFCC also urged the court to relax a ban it issued in October of pet coke and
furnace oil use by power generators and the cement sector in three states (Uttar Pradesh,
Rajasthan, and Haryana) that flank the National Capital Region, which is battling an unprecedented
smog crisis (Figure 1). The MoEFCC noted that while state-owned natural gas processing and
distribution company GAIL was looking into what it will take to make power generation through gas
competitive with coal plants, it was clear that India does not have enough domestic natural gas to
fuel its power sector. “Present availability of domestic natural gas is only 23 [million metric standard
cubic meters per day],” it said. That's enough to fuel 5 GW of power capacity, against a demand of
120 GW to 160 GW for the whole country.



1. A pollution predicament. New Delhi and neighboring areas in the National Capital Region of India are battling a
debilitating air pollution crisis. In November 2017, fine particles suspended in the air shot up to maximum levels recorded,
soaring beyond hazardous levels. New Delhi officials took drastic measures, curbing construction and demolition work,
banning diesel generators, and temporarily shutting down a coal-fired power plant, while the Supreme Court ordered the
Environmental Pollution Control Authority to come up with an immediate, “comprehensive” plan to tackle the issue. This

image was taken at the New Delhi railway station on December 31, 2017. Courtesy: Sumita Roy Dutta/Creative Commons

‘Compliance with New Norms Is Limited’

As the court contemplates these matters, coal generators across the country are exploring the most
economic and technically feasible options to comply with the MOEFCC’s new environmental rules.
Dr. Rahul Tongia, a fellow with New Delhi—based Brookings India, explained to POWER that
generators have asked the government to temper emissions limits stipulated in the original edict, as
well as to phase them in, focusing first on PM and NO last. Currently, “compliance with the new
norms is limited, especially for plants that need retrofitting, and it's not clear when these would get
implemented in full,” he noted. “If the past is any guide, then much of the benefits of a five-year
delay could be lost—instead of testing, learning, and implementing in phases, there might be limited
action at the beginning, and a scramble near the end.”

In a paper he authored for Brookings India in February 2017, Tongia noted that India’s
environmental focus rests on PM, specifically, fine particulates (PM 2.5)—even though SO, and NO,,
which, emitted as gases, convert to PM after atmospheric reactions. “India used to claim that its coal
was low-sulfur, and hence [flue gas desulfurization (FGD)] wasn't required,” he noted. Meanwhile,
the data for how many plants have actually installed SO, controls to comply with the new limits is
scarce.

According to the International Energy Agency's (IEA’s) Clean Coal Centre, many coal generators
have individual deadlines for installation of pollution controls, but delays are expected owing to a
number of issues as India attempts to introduce mass retrofits or new technologies. The country will
need to tackle technical difficulties; financial issues associated with introducing multiple technologies
at the same time; a lack of local suppliers; and a subsequent need to import technologies as well as
all materials and reagents. Then it must grapple with a lack of local skills and expertise. “The utilities
have no experience in continuous emissions monitoring,” it noted in a February 2018 report.



https://www.iea-coal.org/nox-control-for-high-ash-coals-ccc-285/

NOx Compliance: A Pipe Dream?

The IEA Clean Coal Centre’s report specifically highlights India’s coming troubles associated with its
stringent new NO, limits. The new rules require coal plants built before 2004 to emit less than 600
milligrams (mg) of NO, per cubic meter (m3). Plants installed after 2003 and before 2017 must emit
no more than 300 mg/m3, and plants installed after January 1, 2017, must limit NO, emissions to 100
mg/mz,

Significantly, however, as Sanjeev Kumar Kassi, who serves as director for thermal engineering and
technology development at India’s Central Electricity Authority, noted: “Globally available [selective
catalytic reduction (SCR)] system|s] for reducing NO, emissions are not proven for Indian coal
having high ash contents. No proven and established control technology suited to our high-ash
Indian coals exists and pilot studies [are] needed before deploying any technology.”

The IEA points out that many boilers in India already have overfire air and deploy fuel biasing, but
only a few have low-NO, burners. (That point has been contested by an expert on the Indian power
market, who notes that because Indian plants did not have pollution standards before the 2015
announcement, no overfire air was ever used.) To meet the new limits, more than 300 units may
require SCR, it said. Though SCR achieves the highest NO,removal rates of all NO, controls (at 80%
to 90%), it is also the most expensive option. Installing SCR systems in existing units may also be
technically difficult, owing to plant layout. “For example, an extensive change in duct work, an
[induced draft] fan, and other equipment will be required, for which there will have been no provision
made in the existing design. There will be a need for reagent storage, an injection grid, and the
associated installations.”

An SCR for a 500-MW unit could also consume 2,500 tons per year of ammonia, but the use of
ammonia as a reagent will cause new environmental and safety concerns. An SCR system would
also require extra outages for inspection and replacement of the SCR catalyst, which is subject to
high rates of erosion due to the ash content of the coal, and it may not reach the three-year average
lifetime achieved with international steam coals. Then, “installation of the new system will lead to
changes in [operations and maintenance] and greater auxiliary power consumption due to the
increased pressure drop in the system,” it said.

The Challenge of Control System Supply

Beyond those challenges, India will likely need to import NO, control systems “as they are not
manufactured in India” and ensure they are suited to Indian conditions. Citing Kassi, IEA noted that
India is already facing a limited supply of desulfurization systems. Consequently, the installation of
NO, control technology at a rate of 20,000 MW/yr for a total 256,000 MW capacity (made up of
175,200 MW of existing units plus 80,800 MW under construction) would take more than 10 years.

Cost increases are also inevitable, with implications for the country’s power reliability, and grid
operators will be forced to take into account plant outages needed for modifications and retrofits.
The IEA suggests that a high demand for pollution control systems within the short timescale could
raise the energy tariff by an estimated 1¢/kWh. For plants older than 15 years, any increase in tariffs
could hamper recovery of the investment within their remaining lifetime. For plants whose
construction began before the new limits were introduced, delays and cost increases related to
redesign are inevitable.

However, Ravi Krishnan, founder of global consulting firm Krishnan & Associates, also cited in the
report, told POWER that competition among pollution control manufacturers is fierce in India. “I
personally don’t believe that there’s a shortage of suppliers because there are at least 30 to 35
emission control companies around the world who are all centered into India, because the market
for worldwide coal-fired emissions control technologies are dwindling. Coal-fired power plants are no
longer being built in many parts of the world and some are being shut down because of revenue
pressures from gas.” Krishnan said demand for emission control technologies is dependent on new
markets like India. “In fact, at a recent bid at NTPC, | think there were close to 25 to 30 suppliers.
There are a lot of Chinese, European, American, Korean, and Japanese suppliers with [joint
ventures] in India,” he said.



For now, despite several hurdles on the horizon, a few major players are evaluating NO,control
technologies. The country’s largest power generator NTPC currently is carrying out eight pilot
projects for installation of SCR and selective non-catalyst reduction (SNCR). Results for these
projects are expected in 2019, and the IEA noted that “utilities are not expected to make decisions
before the outcome of these tests is clear.” Indian power equipment maker BHEL is also testing its
own SCR catalyst on a pilot scale. Recognizing the market’s potential, global equipment
manufacturers have also jumped into the game. Doosan Babcock and Doosan Heavy Industries
recently developed low-NO, burners specifically for such applications.

However, SCR isn’'t the only option, noted the IEA. Generators may also consider multipollutant
control technologies like ReACT (Regenerative Activated Coke Technology), which was conceived
in Germany in the 1950s and has been used successfully in Japan and in the U.S. (Figure 2); Haldor
Topsoe’s SNOX, an FGD system that can remove NO, and particulates from flue gas; Tri-Mer’'s
UltraCat, a ceramic filter technology; and Linde’s LoTOX, a process that uses low-temperature
ozone injection to oxidize NO, for capture in an FGD system. “Although, there are no multi-pollutant
systems developed specifically for high ash coals, it appears that the existing ones can be applied
successfully,” the IEA noted. The potential of the ReACT system in particular for Indian high ash
coals has reportedly been recognized by the Indian government and utilities. However, both cost
and water availability should be important considerations in the technology selection process in
India, it added.

2. A multi-pollution solution. Wisconsin Public Service began commercial operation of the first-of-its-kind U.S. ReACT
(Regenerative Activated Coke Technology) facility at the Weston Power Plant 321-MW Unit 3 in November 2016, after a
three-year construction period. According to the utility, with the $345 million ReACT facility in service, Weston 3’s

emissions, including mercury, NO,, particulate matter, and SO., are all well below legal and regulatory requirements. This

image shows construction of the facility by Miron, which conducted superstructure work. Courtesy: Miron

Still, “It may be years before the exact effect is known of Indian coals on these systems. Hence
contracts with potential suppliers should have some flexibility and there should be provisions for
future possible technical changes,” the IEA said.

—Sonal Patel is a POWER associate editor
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Death Toll Rises at Indian Power
Plant 7 Months After Start

Rajesh Kumar Singh

Published on November 02 2017, 6:44 PM
Last Updated on November 06 2017, 7:26 AM

(Bloomberg) -- An explosion at a newly commissioned unit of a coal-fired power plant in northern
India killed 32 people, while about 80 are still recovering from injuries in one of the nation’s worst

industrial disasters in recent years,

Flue gases and steam were released by the blast Wednesday afternoon at NTPC Ltd.’s Unchahar
power plant, India’s biggest electricity producer said in a statement, NTPC has shut the unit, which

was commissioned in March and began commercial operations in September, while the rest of the
> !

NTPC has formed a committee to investigate the accident, Federal Power Secretary A.K, Bhalla said
by phone Friday. Officials from Bharat Heavy Electricals Ltd., which supplied the boiler, are also at

the site to investigate, he said.

“Until now we were busy with rescue operations,” Bhalla said. “From today onward we will try to

find out what went wrong and accordingly take action.”

The death toll ranks among one of the highest from a power-plant accident in recent years,
Seventy-five people lost their lives following an explosion at a hydropower station in Siberia in

2009, Dozens of fatalities have also been reported at Chinese plants,

Industrial Accidents

The Unchahar blast is the deadliest industrial accident in India since the 2009 collapse of an under
construction power-plant chimney at Bharat Aluminium Co.’s Korba project that killed 45 people,
according to the Hindustan Times, India reported 809 accidental explosion incidents in 2015,

causing 831 deaths, federal home ministry data show.

NTPC was little changed at 180.40 rupees as of 2:36 p.m. in Mumbai on Friday. Bharat Heavy

Electricals gained 2.6 percent to 100.15 rupees, The benchmark S&P BSE Sensex rose 0.3 percent,

While India relies on coal, Prime Minister Narendra Modi has made surprising progress on his
ambitious goals for developing the country’s renewable energy, said Jason Bordoff, director of
Columbia University’s Center on Global Energy Policy, Renewables are the fastest-growing form of
power and stand to challenge coal’s dominant position in the utility space,

“As a share of the total energy mix, renewables will grow and coal will fall,” Bordoff said. “But that's
a share of a pie that's getting massively bigger, That still means a lot more coal a decade or two
from now than it does today.”

The plant in Uttar Pradesh state has a total capacity of 1,550 megawatts, according to the company,
NTPC has generating capacity of 51.7 gigawatts, almost 16 percent of India’s total 329.3 gigawatts
capacity,

While safety standards at Indian power plants have improved in recent years, there’s still some way
to go, said Ravi Krishnan, who runs a specialized energy consultancy with offices in the U.S, and
India. NTPC has had an impressive safety record overall, he said.

“They have some of the best operating practices,” he said. “It surprised me when I saw this, it
doesn’t happen very frequently.”

©2017 Bloomberg L.P.
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The Indian power industry is now getting to grips with addressing new stringent
emissions requirements for coal plants. The Indian market for air quality control
eguipment and supporting ancillaries is expected to enjoy explosive growth.

Ravi Krishnan, Krishnan & Associates, Inc, Stamford, CT, USA (ravi@krishnaninc.com)*

Coal remains central to India’s power needs primarily due to energy security issues. Coal accounts for
61% of the country’s installed capacity and 75% of the power generated. An estimated 70.5 GW of
coal based power is in the pipeline at various stages of construction. Bowing to international
pressures, COP 21 compliance requirements and India’s own initiative to go green, the Indian Ministry
of Environment & Forests (MOE&F) has introduced stringent new standards to regulate NOx, SO2,
particulate matter and mercury emissions from coal fired power plants. See Table 1.

The new requirements come into effect in 2017, creating a very tight timescale for compliance.
Particulates were the only coal plant emissions controlled prior to the new regulations. The new
regulations tighten the existing PM requirements.

The new emissions norms for NOx and SO2, announced in December 2015, are stringent and
comparable with standards found in many Western countries.



For example, NOx emission targets will range from 600 mg/Nm3 to as low as 100 mg/Nm3 and will
vary depending on the commissioning date and size of the plant. Such targets will have to be
achieved in a fairly short period and call for some of the best available control technologies (BACT) to
be installed at Indian power plants.

The new Indian standards introduce a requirement for mercury, although this is less stringent than US
EPA requirements and the new European BREF levels. For example, the BREF level for mercury is 1-
4 ug/Nm3, compared with the 30ug of the new Indian regulations.

The new norms have major implications for a number of Indian utilities and independent power
producers (IPPs). A total of 175 GW of existing coal fired capacity will be impacted to varying
degrees, potentially requiring a spend of over $10 billion on air quality control systems.

The majority of the projects will be related to the removal of SO2, NOx and PM, entailing control
equipment upgrades, with mercury control largely achieved as a co-benefit of these measures.

The regulations are likely to give rise to the establishment of a whole new “eco-system” of equipment,
auxiliaries, consumables and waste disposal arrangements to support primary NOx control measures,
selective catalytic reduction (SCR), flue gas desulphurisation (FGD), electrostatic precipitators
(ESPs), and baghouses. Consumables will include urea, ammonia, limestone and lime.

Nearly two-thirds of India’s installed coal fired capacity is made up of plants commissioned after 2003
and all of them will have to be upgraded to the new requirements for NOx, SO2 and PM emissions.
The remaining one-third, primarily older plants commissioned before 2003, will have to at least
upgrade their PM control systems, if not more.

Table 2 shows a breakdown of Indian coal units by size and commissioning date.

Meeting NOx requirements

To meet the 100 mg/Nm3 NOx standard, new Indian plants will have to make use of SCR to achieve
compliance. However, existing plants required to achieve the 300 mg/Nm3 standard can potentially
attain this through a combination of primary measures, such as combustion controls and selective
non- catalytic reduction (SNCR) technology, with SCR technology required in some cases.

SCR - entailing injection of ammonia into the flue gas and reduction of NOx in the presence of a
catalyst primarily made up of vanadium, tungsten and titanium — can reduce NOx emissions from
coal-fired power plants by 90% and above. Primary measures include fitting of low NOx burners and
overfire air systems.

Whether SCR is needed or not to get to the 300 mg/Nm3 level depends on the size of units and the
type of coal being used.

A major impediment in India limiting the applicability of SCR and other NOx control systems is
technology preparedness for high ash Indian fuels.

Indian coals can have up to 40%-45% ash content and Indian utilities are keen to evaluate cases
where SCR technology has been proven to be effective and cost- competitive on similar fuels before
making full-scale investments. Unfortunately, nowhere in the world are such high ash fuels burnt in
utility applications and it appears that SCRs have not been installed on units using fuel with an ash
content exceeding 60 g/m3, well below the Indian average of about 80 g/m3. In order to overcome
this impediment,SCRsystem&catalystsuppliers are piloting their technology on a split stream
demonstration basis with major Indian power producers such as National Thermal Power Corporation
(NTPC) to test the performance of various SCR catalyst configurations (honeycomb, plate,
corrugated, etc) with Indian fuels under Indian conditions.



India becoming the world’s largest FGD market

y_—

For power plants burning low sulphur Indian coal there were, until recently, no SO2 emission
standards. However, Indian coastal plants burning imported coals have always required FGD
technology if they are importing coals with sulphur content in excess of 0.5%. Furthermore, all new
plants nationwide were asked to allocate space for an FGD scrubber for potential future retrofits. At
the end of 2015 around 24 Indian power plants, mostly importing higher sulphur coal, had installed
FGD scrubbers.These units have been achieving SO2 emission levels of approximately 150 mg/Nm3
after the FGD upgrade.

The new SO2 standards in India require power plants to attain between 200 mg/ Nm3 and 600
mg/Nm3 depending on their size and commissioning date. Therefore, all new and many older coal
fired units will require an FGD system. The most common technologies to be deployed will be wet
scrubbing, using slurry as absorbent, usually lime or limestone, and seawater scrubbing.

Most of the new FGD systems are likely to be wet systems as seawater systems are generally only
used in coastal areas. Given that India is aiming for increased self- sufficiency in coal production,
fewer power plants in the future are likely to be located in coastal areas, a factor that will favour wet
FGD systems over seawater systems.

Another key criterion that will drive technology selection is the quality of gypsum, for which there is
tremendous demand given India’s building materials requirements.

Overall, the market for FGD is expected to be an $8billion+ retrofit and upgrade market.

ESPs dominate India’s PM control market

ESPs are already widely used in India to control the PM emissions from power plants to meet the
existing emissions standards.

Over 98% of India’s installed coal- fired generation capacity makes use of electrostatic precipitators.
In spite of the continuous deterioration of coal quality and increasing ash content affecting the
efficiency of ESPs, baghouses have not made inroads due to their higher O&M costs and some poor
performing projects where baghouses have operated sub-optimally.

To meet the new standards, 50-100 mg/ Nm3 for existing power plants and 30 mg/ Nm3 for new units,
will entail, for many plants, substantial retrofitting, including adding of fields to ESPs, rebuilding
existing precipitators with taller systems, installing fabric filters and flue gas conditioning such as
ammonia injection, SO3 conditioning and water fogging.



Prices under pressure

The market for AQCS systems in India is exploding. However, the new regulations are not without
considerable opposition from utilities and IPPs, which are concerned about unrealistic compliance
schedules, high capital and operating costs, inadequate environmental cost recovery mechanisms,
and technology challenges arising from high ash Indian coals. These uncertainties and pressures
coupled with the high capex associated with AQCS systems and their impact on tariff recovery, have
created a highly cost-sensitive AQCS market. These increased capex costs were not anticipated by
Indian power plants. Many of the existing power purchase agreements (PPAs) do not have a pass
through clause to the consumer. Therefore there is currently no mechanism to pass the additional
capital cost to the rate payer or customer. All these factors are putting immense pressure on Indian
plants to adopt a low cost approach to achieving compliance both in terms of capital cost and variable
COsts.

Competition is fierce, with more than 30 global suppliers, including boiler and environmental,
companies active in the Indian market. The plethora of manufacturers, many of them experiencing
weak worldwide market for their air quality control systems (AQCS) products, are offering products in
India at amongst the lowest prices in an attempt to get a piece of the market. This has put further
downward pressure on ownership costs. In India it is expected that the price for environmental
equipment will be close to 50% of global prices (see Table 3). Therefore, localised manufacturing
becomes very vital to be competitive in the Indian market.

Implementation delays looming

The new emissions standards have created shockwaves in the Indian power industry, as none of the
power producers have had much experience in the selection, procurement, commissioning,
operations, maintenance or commercial evaluation of AQCS systems. Many of them are in a learning
mode as the industry grapples from lack of standardisation in specifications. Some of the IPPs are
struggling from the lack of compensatory tariffs and government owned utilities are concerned about
the short implementation timeline. Given all these factors there is a good chance that the
implementation deadline will be extended from two years to perhaps three or four years.






Energy equals economic strength
03/01/2013

Coal is the backbone of India's electricity generation sector, so it is essential that the long-running
supply issue is addressed
Credit: World Coal Association

A power blueprint combining thermal, hydroelectric, nuclear and renewable generation must urgently
be drawn up to ensure India's current energy crisis does not take a toll on the country's economic
growth, argues Ravi Krishnan.

With projected long-term annual economic growth rates of more than 7 per cent, it is vital for
India to plan for concurrent growth within its energy sector, combining thermal,
hydroelectric, nuclear and renewable sources.

With the predominant use of domestic and imported coal as the country's primary fuel source,
the government has embarked on ambitious plans to increase coal-fired power generation
capacity.

Despite these aggressive plans, a number of factors including fuel and tariff considerations
have led to capacity addition shortfalls, which will have to be addressed on a number of
fronts immediately to ensure that the current energy crisis does not take a toll on India's
economic growth.

India has experienced impressive GDP growth rates exceeding 7 per cent in the past. While
recent trends indicate a slow down, long-term GDP growth of 7 per cent-plus is expected to
continue through to at least 2020. To support India’'s expanding economy, large-scale power
capacity additions in the range of 100-150 GW are projected over the next ten years. While
this represents an impressive objective, in reality there has been - and will continue to be -
shortfalls in capacity additions due to a variety of factors, including fuel constraints,
regulatory and tariff issues, shortages of skilled manpower and construction equipment,
infrastructure issues, and environmental and bureaucratic delays in obtaining clearances and
permits.



Contributing to the energy capacity addition shortfall is a shortage in domestic coal
production, price volatility for higher quality imported coal and natural gas. Bureaucratic and
government delays associated with obtaining permits and clearances for pre-bid activities
such as land acquisitions, water allocation, environmental clearances, and commercially
viable power purchase agreements (PPASs) also contribute to the ongoing power generation
capacity commissioning delays and shortfalls.

The lack of trained construction, commissioning, electrical and instrumentation personnel
accounts for close to a 33 per cent shortage in technically skilled manpower.

Major efforts are currently underway to train local talent from villages in proximity to power
projects, but this has led to non-availability and inadequate training procedures which can
contribute to delays in commissioning and construction.

Also, major construction equipment such as rolling stock, cranes, tunnel boring equipment
and welding machines are in short supply, and this has led to over-working of equipment,
safety issues and project delays.

The Indian government, national and state-run utilities, and independent power producers
(IPPs) are all taking measures to address these shortfall issues. It is expected that over the
long-term many of these issues will be mitigated to a significant degree resulting in a
decreasing gap in power demand and capacity.

Policy calls for more power
The energy policy of India can be characterised by five major economic and social drivers:

e A rapidly growing economy, with a growing need for a dependable and reliable supply of
electricity, gas and petroleum products;

e Increasing household incomes, causing demand for affordable electricity;

o Limited reserves or bottlenecks to efficiently exploit fossil fuels, necessitating vast imports of
crude oil, natural gas, petroleum products and coal,

o Adverse environmental impacts of rapid urban and regional development, necessitating the
adoption of cleaner fuels and cleaner technologies.

e Increased investment in social and economic infrastructure, enhanced productivity in
agriculture and a fresh impetus to the manufacturing sector.

The current electricity generation capacity in India is approximately 206,000 MW, and it
ranks sixth in the world in terms of electricity generation, coming behind the US, China,
Japan, Russia, and Canada.

Today, India is on the same threshold of power generation capacity as was the case for China
15 years ago. Table 1 shows a comparison between installed generation capacity expansion in
China and India.

Fossil fuels account for about 65 per cent of the total installed capacity with the remaining 35
per cent being hydroelectric, renewable and nuclear. Among the fossil fuels, coal accounts for
about 56 per cent of the nation's generating capacity, with natural gas and oil accounting for 9
per cent and 1 per cent, respectively.



The central and state governments together own and operate approximately 73 per cent of the
installed capacity in India. The participation of the private sector has however been
increasing over time owing to power reforms. The full breakdown of generating capacity by
specific fuels is shown in Figure 1.

Since India’s independence from Britain in 1947, electric generating capacity has grown from
1400 MW to the current capacity of approximately 206,000 MW.

During the same period, India has witnessed a population growth from 250 million to over
1.3 billion. The growing population, combined with India's recent economic growth and
inadequate supply and distribution infrastructure, has resulted in power supply shortages -
both in terms of peak demand and overall energy supply.

An overall average peaking shortage of about 12 per cent has been typical on an all-India
basis, as shown in Figure 2. The large energy deficit gaps have resulted in low per-capita
consumption. Therefore, additional generating capacity will be required in order to serve the
country's population and fuel economic growth.

This has prompted the government to embark on an ambitious plan to increase power
generation capacity to bridge the growing power demand - capacity gap with low-cost power.

Five-year plans established by the government's Planning Commission lay out specific targets
for new generation capacity. The 10th five-year plan (2002-2007) had a target of 41,100 MW
of additional capacity.

However, only 18,000 MW of added capacity came on stream during this period,
representing a slippage of 56 per cent. For the 11th five-year plan (2007-2012), the slippage
decreased considerably as an estimated 67,000 MW was added against the 11th five-year plan
target of 83 000 MW. For the 12th five-year plan (2012-2017), an additional 93,000 MW of
new capacity has been targeted but less than 50% is expected to come on line due to current
market pressures.



Generation alternatives

The primary fuel in India for power generation is coal becasue domestic resources are
available in abundance in India. However, its coal production has remained low in
comparison to reserves, a key issue that has to be resolved in order to accelerate power
generation capacity additions in the future.

Natural gas is in short supply in India and supply to the existing gas-fired power stations has
been inadequate. As such, the plants have been operating at 58-60 per cent load factor.
Although India has identified a few domestic natural gas reserves and is in discussion with
natural gas suppliers in Qatar, Iran, and Australia, gas is not expected to bridge the power
generation deficits in the short-term. Furthermore the K-G basin projects in India is not
producing enough gas at competitive prices to justify natural gas-fired generation.

Indian coal has a high ash content (between 35-45 per cent), silica and alumina, and highly
abrasive with slagging characteristics. Given the high ash content and relatively weak coal
transportation system in the country, Indian coal does not 'travel economically'. Therefore,
locating power plants close to the pit heads is common.

Availability of coal for power production is a matter of serious concern in India. In order to
meet the original 12th five-year plan requirements, coal supply is estimated at around 842
million tonnes (MT) for 2016-17.

India will be facing a shortage of in the region of 280 MT. Domestic coal production has not
kept pace with recent power capacity additions. Many of the leading government-owned coal
producers have not been able to produce enough coal because of the following reasons:

o Land acquisition, rehabilitation and inability to settle with landowners and villagers as per
the Forest Rights Act;

o Delays in obtaining Ministry of Environment and Forest (ME&F) clearances;

o Deficient railway and mining infrastructure to move coal out from the mines and coal
terminals;

¢ Poor mining technology/mechanisation;
o Various NGOs opposing deforestation and resettlement of tribes and villages.

A large portion of the indigenous coal in India is trapped under the few remaining forests in
the central and eastern parts of the country, which are classified as protected areas. The
Ministry of Coal is looking to increase the amount of coal-bearing land it has, and needs
clearances from the ME&F to mine additional forest lands. However, the ME&F
superimposed forest cover on 602 coal blocks in nine important coal fields in India, and
recommended that 47 per cent of the blocks be kept off limits to mining.

The coal ministry however wants access to virtually all 602 blocks. This impasse is likely to
hurt economic growth unless addressed immediately, and will require resolution at the
highest level as it impacts sensitive issues and could affect the growth prospects for industry
and the economy.

The coal mining sector in India has been privatised. However, delays in land acquisition
norms, low-cost financing, inadequate skilled labor, misallocation of coal blocks to private
companies with limited mining expertise, weak transportation and poor environmental



permitting procedures are delaying the development of various private sector initiatives. The
private sector is attempting to produce more than 200 MT of coal reserves annually by 2020.

All these factors have placed an increased dependence on imported coal. Some of the Indian
power producers mitigated such issues by strategically locating plants in coastal areas and
securing coal resources from countries such as Indonesia, South Africa, Mozambique and
Australia.

However, recent initiatives by the Indonesian government to impose a 25 per cent tax on
exported coal and mandatory benchmarking exports to international prices has slowed down
several Indian power projects.

Many of the projects had aggressively bid in the tariff-based competitive bidding process,
based on their agreements/arrangements they had made for fuel stock from Indonesia at
significantly lower prices. Costlier imports are now impacting the commissioning rate of new
Indian coal power plants that are dependent on Indonesian coal as many of the PPAs do not
have an all-important ‘fuel pass-through clause'.

Therefore, in many power projects firing Indonesian coal the generation cost itself is more
than the PPA price resulting in a number stranded assets.

Indian power plants cannot run on such expensive coal imports. This will make power
unaffordable in India. Therefore, some of the options are to ramp up domestic coal
production, design equipment to burn a wider range of fuels and change the fuel mix with
emphasis on renewable sources.

Furthermore, various state governments which purchase the power from the IPPs will have to
raise consumer tariffs for the stranded projects that were originally bid for at a fixed rate.
However, raising consumer tariffs can be extremely unpopular and politically sensitive,
especially with national elections scheduled in 2014. This issue will be critical and will have
to be carefully timed by various state governments.

Unrealised potential

The Indian power sector has traditionally faced a range of challenges in expanding generation
capacity. India has added 91 GW in the past two five-year plans against a cumulative targeted
capacity increase of 124 GW. The shortfall was largely attributed to a shortage of boiler,
turbine and generator equipment manufacturing facilities. Additional factors that have
adversely affected capacity additions causing slippages include shortages of both construction
equipment and skilled manpower, availability of fuel, project financing, rail, port and other
infrastructure bottlenecks, project safety issues and delays in environmental and
governmental clearances.

Previously, Bharat Heavy Electricals Limited (BHEL) was the only major supplier within
India. Although BHEL retains its leadership position, in the past few years several Indian
boiler and turbine manufacturers have solidified alliances with major western companies to
add substantial subcritical and supercritical boiler manufacturing capacity.

With this relatively new boiler capacity addition, shortfalls in generating capacity additions
should be substantially mitigated in the current and following five-year plans. The new added
Indian manufacturing capacity will also reduce an historical dependence on Chinese
manufacturers.



Looking ahead into the next ten years, if India wishes to realise its full economic potential
and achieve its goal of adding even 100,000 MW during this time, key issues such as coal
availability and linkages, rail and port infrastructure, land acquisition reforms, PPA revisions
and greater levels of foreign direct investment have to be achieved.

The industry is hopeful that national elections in 2014 will bring major regulatory and policy
reform. If these shortcomings are overcome, the country will undoubtedly continue to
represent the highest growth opportunity for new power generation capacity expansions in the
world.

Ravi Krishnan runs US-based Krishnan & Associates, which initiates business development
programmes for US and European OEMs seeking market expansion in India. For more
information, visit www.krishnaninc.com.
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Table 1: Demand Supply Scenario in Western India for the period April 2008 to February 2009

State/Union Peak Demand Peak Deficit Peak Deficit Energy Require- Energy Deficit Energy Deficit
Territories (MW) MW (%) ment (MU) (MU) (%)

Gujarat 11841 3024 25.5 61 910 6654 10.7
Chhattisgarh 2887 57 2 13 682 395 2.9

Madhya. Pradesh | 7,564 754 10 38 262 6,379 16.7
Maharashira 18 049 4674 25.9 110 767 23792 21.5

Daman and Diu 225 25 11.1 1630 202 12.4

Dadar and Nagar | 466 32 6.9 3239 132 4.1

Haveli

Goa 464 51 11 2532 40 1.6

rates have risen from the high 30 per cent range Table 2: Indic’s Fuel Options
to the mid-60 per cent range. India will need a :

| capacily addiion of 150250 GW over | | S0 Natural Gas
folal capacily o . =1 | e Domestic coal resources are in abundance | @ Limited availability of domestic gas
the next 12 years to address its goal to alleviate in India e High price of ING in spite of growing
poverty. e Privafe participation in coal mining expecfed | production
fo result in greater production efficiencies ® Potentially a longterm fuel source for India

FOSSIL FUEL RESERVES e Economical imported coal is accessible for

Low domestic reserves of fossil fuels form the third
main driver in India’s energy policy. As about 64
per cent of India’s total installed capacity is fossil-
fuel fired it has to import vast amounts of natural
gas, crude oil and pefroleum products. Coal :

“7 ¢ | Nuclear Hydro
accounts for about 53 per cent of the natfion’s : [Fg8 i , —
. : 4 . : mbitious plans for nuclear power face ® Large amounts of hydro potfential mainly in the

generafing capacity, while gas and oil account many challenges North and Northeast India
for 10 per cent and 1 per cent respectively. © | ® Access to nuclear technology, fuel source e High capital cosfs & long lead fime

India’s domestic of coal resources are : | and safely considerations e Seasondlity effects of snow and rainfall
available in abundance. Most of these are in :
the states of Bihar, Jharkhand, Orissa, Madhya : | Wind Solar
Pradesh, Chhattisgarh and  West Bengal. : | ® Not suitable for base load generation e Abundant sunlight and ideal for solar pow-
Production of coal in India has traditionally been : | ® Potentially low load factors ered generation
low compared with ifs reserves. One reason is © | ® Moderate wind patterns. ® Population density and space constraint

because the past has seen restrictions on the
eniry of private sector players in the mining of this
fuel in the country. These restrictions have been :
removed, encouraging private parficipation in

coal mining.

Indian coal is high in silica and alumina
and s high|y abrasive, with high s\ogging§
characteristics. lts high ash content of 35-45 per
cent and the weak coal transportation system in :
the country mean that it is economical to locate :
power plants close to pit heads. Most of the pit :
head stations have their own dedicated coal :
fransportation system and do not depend on :

India’s railways.

To address the need for a higher quality of :
coal many Indian power producers are now :
acquiring fields in the countries of east Asia, :
such as Indonesia, and erecting power plants :
in Indian coastal fowns fo fap info a more :
economical fuel supply. This should fulfill some
of the country’s need for higher quality coal, but
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coastal locations

e Coal is the most economical fuel for meeting
base load demand

e Clean coal technologies a priority by the
Government of India

Supplement to coalfired generation
Not suitable for large base-load operations

: country's power generation.

domestic supplies will still fuel the bulk of the :

Natural gas is in short supply in India and
supply 1o gas fired power siations has been :
inadequate, which has meant they have been :
operating at load factors of around 58-60 per
cent. Gas is not expected to bridge the power
generation deficits in the shortterm although
India has identified a few domestic natural gas
reserves and is in discussion with suppliers in :

. Quatar, Iran and Australia. Table 2 shows India’s :

fuel alternatives. .

The final main driver of India’s energy policy :
concerns the environment, on which rapid urban
and regional development has had a negative
impact. India aims fo adopt cleaner fuels and
cleaner technologies fo compensate. Projections
are that coal fired power generation in India is

|ike|y expond ropid\\/. If this growfh is uncontrolled

it will be to the detriment of the environment.
. While India’s focus is on generating low-cost

power, the government recognizes the potential
impact on airquality that new coal plants

: would have.

In response, India has begun various initiatives

at the national level that aim to brmg in more
: sfringent regulations for nitrogen oxides (NO),
: PM10, sulphur dioxide (SO,) and, potentially,

mercury emissions. For example, some of the

: plants burning high-sulphur coal now must either

include an FGD scrubber, depending on the
plant location, or make space provisions for a

: future retrofit of SO, removal technologies.

This is a major development for a country that
has no official standard for major pollutants such

: as NOx, SO, and mercury but largely regulates
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India’s power generation by capacity

Breakdown of generation assets ownership

on a caseby-case basis. In the case of CO, :

emissions, no regulations exist.

India is not expected to accept a binding :
emissions reduction farget as the initiative is :
considered too expensive and could double the
cost of electricity generation. However, various
measures are being considered to deploy cleaner :

coal technologies.

economic growth, despite progress on various
fronts. Compared with western nations, the :
quality of the rail and road systems is poor and
they fail to offer the same connectivity. Similarly :
the country’s energy infrastructure is in confinuous
need of expansion fo support increasing demand

from consumers and industry.

Although infrastructure investment is on the rise,
the government recognizes that future growth :
may be consfrained without further improvements :
fo infrastructure, the inadequacy of which is a :
key risk to the continued growth of the Indian :
1947,
electricity generating capacity has grown from :
1400 MW to about 150 GW today, the sixth :

economy. Since independence in

highest in the world behind the figures of the US,
China, Japan, Russia, and Canada.

has grown from 250 million fo over 1.1 billion. :
The rising population, India’s high economic :
growth rate and its inadequate supply and :

distribution infrastructure have caused power
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basis with significantly greater shortages in

¢ selected regions such as the west of the country,

where deficits are as high as 26 per cent, as
Table 1 shows.

The large energy deficit gaps have resulted :

in low percapita consumption, so India will
need additional generating capacity fo serve ifs

¢ population and fuel economic growth. To this end

India’s infrastructure has not kept up with its i the government embarked on an ambitious plan

fo raise power generation capacity to bridge the

growing power demand-capacity gap with low- :

cost power.

The Planning Commission has established five- :

year plans that lay out specific targets for new
generation capacity.

The tenth five-year plan, covering 2002-2007, : government has embarked on programmes to

had a farget of 41.1 GW of additional capacity.

2012-2017.

This expansion includes 14 Ultra Mega :

Power Projects that are awarded based on
tarif-based competitive bidding. The projects

i are designed to be environmentally friendly.
: They will emit low amounts of greenhouse
Over the same period, the population of India

gases, employ supercritical technology and use
100 per cent of fly ash.

SHORTAGES CONTINUE

. India’s power sector has fraditionally faced a :
supply shortages in terms of peak demand :
and overall energy supply. Peaking shortage :
has been about 13 per cent on an allndia :

range of challenges in expanding generation

: GW over the same period. India needs to add
: 78 GW in the current five-year plan, essentially
. doubling the 78 GW added over the last
i 22 years.

Of the targets sef across the last three five-

¢ year plans, only 50 per cent of the target
¢ capacity has been achieved, failures largely
¢ affributed 1o a shortage of boiler, turbine and

generator equipment, long lead times, shortages

: of consfruction equipment, shortage of skilled

manpower, fuel availability, a lack of project

financing, rail and other infrastructure related

issues, and delays in obtaining environmental

. and governmental clearances.

To  accelerate additions,  the

capacity

: encourage foreign participation in the supply of
The 11th, covering 20072012, is slated to :
add 78 GW of capacity. Some 83 GW of new :
capacity is the target for the 12th plan, covering :

power generation equipment supply. The result
is that Western and Chinese manufacturers
now actively provide equipment and services

¢ in India.

This has significantly eased the bottlenecks

i the industry previously faced. Various fraining
i and manpower development programmes and
. expedited processes fo obtain various permits
iond clearances have also been initiated to
© address external delays.

Financing for power projects from world

: capital markets — a historical consfraint — is less
¢ of an impediment for India today as many Indian

Power Producers have started delivering results

: that match their earlier projections.
capacity. The country has added 30 GW in the :
past 7 years whereas China has added 303 :

Confidence among the investment community
is on the rise. °
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Energy storage and microgrids

CMP’s MiRIS pilot project:
batteries (both Li-ion and flow
are included

CMI Energy, well known as a global player in steam generation, has diversified into renewables, in particular CSP, and is now
taking steps into the battery storage area with completion of the MIRIS facility at CMI Group’s international headquarters in
Seraing (Belgium). The aim of the MiRIS (Micro Réseau Intégré Seraing) pilot plant, which incorporates a microgrid and PV, is
to look at a range of battery options and their integration with renewables. Ravi Krishnan, Krishnan & Associates*

enewable energy has many
R environmental and economicbenefits,

but intermittency of solar and wind
resources is by far the most formidable
technical barrier to widespread system
integration. Wind and solar generation are
not dispatchable thus grid operators must
wrestle with transmission and distribution
system upgrades in addition to grid capacity
constraints, spinning reserve margins, and
frequency regulation to offset the effects
of intermittency. Duplicate fossil-fired
resources are often constructed to backstop
renewables when the wind doesn't blow or
the sun doesn’t shine. The elegant solution
to each of these problems is energy storage.

Small-scale energy storage projects are
typically used in either high power, short
duration applications such as frequency
regulation or in low power, long duration
applications such as time shifting of energy
(kWh) and demand (kW) within a facility or
local grid. Time shifting is the process of
storing energy produced by an intermittent
generating resource and releasing it at a
later time when the energy and/or demand
reduction is needed, typically during costly
on-peak hours. Unfortunately, most energy
storage technologies are unable to perform
well in both roles.

There are many other economic
advantages available to facilities with excess

capacity to adopt energy arbitrage practices
by storing low cost, off-peak energy for
resale to the grid during on-peak hours
at a premium price. A properly designed
energy storage system may supply valuable
grid ancillary services, such as grid voltage
support, frequency regulation, and spinning
reserve to the grid in some regions. This
option is especially attractive for facilities
with self-generated renewable energy that
have with surplus capacity at certain times
during the day.

As an alternative, energy storage may
allow a facility with essential services to
avoid the cost of expensive conventional
backup power equipment.

Figure 1. The MiRIS pilot plant is under construction at CMI Group’s
international headquarters in Seraing (Belgium). The facility is
expected to be completed in late 2018. Source: CMI Energy

* A global energy industry marketing firm, www.krishnaninc.com. Ravi can be reached at ravi@krishnaninc.com
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Energy storage and microgrids

From boilers to batteries

CMI Energy, part of CMI Group, a well
established player in steam generation
(notably HRSGs, as well as industrial and
LNG boilers), is also active in renewable
energy system design and integration,
particularly concentrated solar power with
thermal storage. The natural extension of
that experience is battery energy storage,
particularly when integrated with intermittent
renewable energy resources, on either side of
the meter. CMI Energy also acts as an EPC
integrator within the energy storage sector,
providing optimised solutions depending on
each customer’s specific needs and the best
available technical-economic features.

CMI Energy is currently constructing
the MIRIS (Micro Réseau Intégré Seraing)
facility, Europe’s largest industrial energy
storage pilot, located adjacent to the CMI
Group’s international headquarters in
Seraing (Belgium) (Figure 1). The purpose
of the full-scale pilot plant is to demonstrate
advanced integration of intermittent
renewable energy resources with battery-
based energy storage thereby producing
a fully dispatchable renewable energy
resource.

MiRIS, scheduled for completion in
late 2018, consists of renewable power
generation and energy storage systems. The
renewable portion of the project includes
a 2 MWp 1.75 GWh/y photovoltaic system
consisting of 6500 roof top panels (Figure
2) and carports, and 36 inverters. The
energy storage portion of the demonstration
project includes two types of flow battery
systems plus a lithium-ion battery system
for a combined total of 4.2 MWh of storage
capacity. The technology showcase will
interconnect with the building’s electrical
network and its DSO 15 kV distribution
service connection. The CMI complex
consumes approximately 1.3 GWh/y.

CMI Energy plans to use the MIiRIS
project to investigate the interoperability
of renewables and different energy storage
technologies for a variety of energy user
energy profiles, particularly with respect to
renewable energy time shifting and energy
resale to the grid. Another important goal
is to demonstrate off-grid or “islanding”
operation of the MiRIS microgrid. Potential
ancillary services that may be provided to
the local grid will also be evaluated as well
as the impact of user demand response.

Figure 2. PV panels, part of CMI Energy’s
MIiRIS project. MiRIS will be integrated
with the CMI Group’s international
headquarters complex, allow its engineers
to perform detailed analysis of renewable
integration with energy storage. Source:
CMI Energy

Jean-Michel Gheeraerdts, president of CMI
Energy spoke to the importance of MiRIS when
announcing the project: “We now have ways
of use green energy sources that eradicate
their major flaw: intermittent production.
Energy storage and management can be
applied in a number of fields as an alternative
to diesel generators for unconnected regions,
as a way of deferring investment in parts
of the network, as a means of optimising
existing photovoltaic or wind systems, and
as an enabler of participation in the primary
or secondary reserve markets.”

Smart energy management

A single energy management system (EMS)
ensures optimal energy flows within the MiRIS
microgrid thus maximising the profitability of
the overall system while contributing to its
safe and reliable operation (Figure 3).

The EMS performs data management,
modelling of alternative operating scenarios,
as well as facility energy and demand
forecasting. In addition, the EMS can
evaluate the most economic combination
of operating variables, electricity market
signals, and weather projections in real-time
to optimise the operation of the entire facility
and its grid interconnection. CMI Energy
developed the EMS in close collaboration
with the University of Liege in Belgium.

The EMS is uniquely capable of adapting
to a variety of different applications by
employing a suite of sophisticated and
innovative algorithms. System optimisation
considers various inputs, such as forecast
PV panel electricity production, expected
loads, current and expected electricity tariffs,
and grid constraints to derive optimal control
decisions for each component, with both grid-
tied and off-grid operation of the micro grid.
Among the grid-tied applications are behind-

the-meter segments, such as energy price
arbitrage for consumer bill optimisation, self-
consumption and peak shaving, including
participation in reserve and capacity
markets. The EMS will be enriched with
added capabilities as experience is gained
with operation of MiRIS.

Lithium-ion battery option

Most energy storage projects today rely
on packaging very large numbers, often
tens of thousands, of individual lithium-
ion (Li-ion) cells to meet a project’s energy
storage requirement. Li-ion batteries,
commercialised in the early 1990s, have
found many commercial and residential
uses. Lithium-ion batteries have been the
preferred energy storage technology for
much of the past decade, particularly due
to scale and manufacturing efficiencies from
electric car production. Li-ion batteries are
currently used in applications ranging from
small-scale residential systems to grid-
connected containerised battery systems
that supply ancillary services.

The operation of a Li-ion battery, is
in principle, the same as a conventional
battery. However, instead of metallic
electrodes and an acid-based electrolyte,
lithium ions are injected into the structure
of the electrode materials and lithium ions
flowing between the electrodes produce
current. The typical Li-ion battery used for
energy storage applications uses a lithiated
metal oxide positive electrode and a carbon
negative electrode (Figure 4).

Modern Li-ion cells are generally available
in different formats, such as prismatic and
cylindrical. Depending on a project’s energy
density requirements, individual batteries
are grouped into multi-cell modules in
series/parallel arrays to form a battery string
that will produce the desired voltage and
capacity. Each string is usually controlled
by a battery management system. Battery
strings are then combined to provide the
required amount of energy storage (kWh).
For the MIRIS project, 1260 kW/1340 kWh
of Li-ion batteries packaged within a single
shipping container will be used.
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Figure 3. The different roles of the energy management system. Source: CMI Energy
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Energy storage and microgrids

Two flow battery options
As an alternative to Li-ion,
CMI Energy determined that
flow batteries exhibit the best
combination of life cycle cost,
expected near-term economies

of scale, and reasonable
technology risk for bulk energy e
storage.

Navigant Research recently
released a Leaderboard Report e

that examined the “strategy
and execution” of 13 companies
offering non-lithium-ion battery
technologies for grid energy
storage. The two companies
judged to be market leaders
were Sumitomo Electric

Figure 4. Basic operation of a lithium-ion battery. Source: BYD
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connected in series to form a
cell stack. The energy storage
rating (kWh) is determined by
the amount of electrolyte in
the two electrolyte tanks (see
Figure 5).

Unlike Li-ion batteries, redox
e batteries can be fully discharged
with no impact on the life of
the battery. Redox batteries
€ are characterised by very high
power output, capable of deep
discharge and fast recharging of
spent electrolyte, can undergo
complex charge/discharge
cycles (particularly attractive
remotely controlled grid
ancillary services), very quick

Industries (Sumitomo vanadium
redox flow battery) and ViZn Energy
Systems (ViZn zinc-iron redox flow battery).

For the MIiRIS project, CMI Energy
concluded strategic partnership agreements
in late 2017 with Sumitomo and with ViZn
for the supply of flow batteries for the MiRIS
and future projects.

Sumitomo Electric's redox flow battery
(600 kW/1.75 kWh) uses vanadium dissolved
in sulphuric acid as its electrolyte, with inert
graphite electrodes.

The ViZn flow battery (400 kW/1200 kWh)
uses a zinc-iron (hybrid) solution as its
electrolyte.

Flow battery technology is distinctly
different from conventional batteries.
A flow battery stores energy in the
electrolyte, unlike conventional lead-acid or
Li-ion batteries, which store energy in the
electrodes.

Modern flow batteries use two dissolved
chemical components to form liquid
electrolytes, positively or negatively
charged, as energy carriers. The electrolytes
are simultaneously pumped through two

half cells separated by an ion-selective
exchange membrane. The thin exchange
membrane between the cells prevents the
electrolytes from mixing but allows specific
ions to pass through to complete the redox
(reduction-oxidation) reaction and thus
produce a flow of electric current.

For example, in Sumitomo’s vanadium
flow battery, the battery reactions change
the valence of the vanadium in both the
positive and negative electrodes (Figure 5).
The valence change moves protons through
the membrane, charging or discharging
the battery. In a similar fashion, ViZn uses
a zinc-iron electrolytic solution for its flow
battery design.

The power rating (kW) of a flow battery
is determined by the size, number, and
configuration of electrodes in the cell stacks.
A bipolar design describes cells stacked in a
sandwich configuration so that the negative
plate of one cell becomes the positive plate
in the next cell. The voltage of a single
cell is approximately 1.4 V. To obtain the
design voltage, multiple layers of cells are

Figure 5. Flow batteries are an important technology option for grid-connected
energy storage systems. Source: Sumitomo Electric Industries, Ltd.
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ramp rates, and have a long life
because the electrolyte can be replaced.
The electrolytes are also incombustible.
ViZn’s electrolyte has the added advantage
of being globally abundant, non-toxic, and
easily recycled. The output and capacity of
a redox flow battery is expected to remain
close to 100% of rated capacity for the first 20
years of operation. Li-ion batteries typically
lose storage capacity with age and the
charge/discharge cycles must be carefully
managed in order to maximum battery life.
Conversely, flow batteries are much more
complex that conventional Li-ion batteries
(except for the battery management system)
and have a much lower energy density.

The capacity of a redox flow battery is
also easily expandable as the power output
(kW) and the energy storage capacity (kWh)
may be independently specified because
the number of cell stacks determine power
output and the energy storage capacity is
a function of available electrolyte (the size
of the storage tanks). Flow batteries are
also uniquely capable of providing both
rapid, high-power discharges as well as
long-duration low-power releases, ideal for
grid-connected applications. In merchant
applications, for example, flow Dbatteries
can provide two daily charge/discharge
cycles and millisecond switching for
wholesale grid regulation services, which
are substantial economic advantages over
conventional batteries.

Future plans

In the immediate future, CMI Energy will
complete MiRIS and begin developing a
deep understanding of how to economically
optimise renewable energy sources coupled
with energy storage for a range of users and
demand load profiles. An added complexity
in assessing the economics is the impact of
grid interoperability (purchases, sales, and
supply of ancillary services), which is site
specific. Once these design and engineering
hardware and EMS issues are well in hand,
CMI Energy plans to expand its MiRIS

project in the future by incorporating
further energy storage and management
innovations. m
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