Strateqic

http://www.ndu.edu/inss

Institute for National Strategic Studies
National Defense University

No. 232
September 2008

Energy Security in South Asia:
Can Interdependence Breed

Stability?
by Joseph McMillan

Key Points

outh Asia is projected to play a major
role in global energy markets over the

next several decades, with India alone
expected to become the world’s third largest
importer of petroleum by 2030. Satisfying the
region’s growing demands will require a height-
ened degree of energy interdependence among
historically antagonistic states. Consequently,
like it or not, regional leaders will face a
tradeoff between traditional desires for energy
self-sufficiency and the ambitious develop-
ment targets that they have set for themselves.
Achieving such growth, therefore, requires that
India, Pakistan, and the other countries of South
Asia first address the persistent international
disputes that hamper cross-border energy
trade, establish effective control over presently
ungoverned areas, reorient the missions of
military forces to some extent, and develop a
better understanding of the effects that energy
interdependence will have on broader relations
with neighbors.

From the U.S. point of view, understanding
the multifaceted causal connections that exist
among economic development, energy sup-
plies, and security and stability, and how these
dynamics are likely to affect South Asian states’
decisionmaking, may provide points of leverage
with which policymakers can shape behavior
on a wide range of issues affecting U.S. objec-
tives in the region.
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South Asia’s Rise

Despite possessing nearly a quarter of the
world’s population, South Asia has long been
a backwater in terms of global economic clout,
accounting for less than 3 percent of worldwide
gross domestic product (GDP). In the last two
decades, however, the economic stagnation that
has historically characterized the region has
been overcome, thanks to significant policy
shifts, so that the subcontinent is now the locus
of some of the fastest growth in the world. India
has led the way, averaging over 8 percent real
growth over the last 5 years, but Pakistan,
Bangladesh, and Sri Lanka have also been
sustaining rates of 6 percent or more since 2005.
The rise of South Asia in general and India in
particular as a force on the economic scene
is now almost universally recognized.

On the other hand, apart from the caution
expressed by development economists about
energy availability as a potential constraint on
the continuation of these trends, there has been
relatively little attention to the impact that the
South Asian boom is likely to have on interna-
tional energy markets. The dominant focus in
global energy assessments has traditionally been
on the major hydrocarbon suppliers—especially
those in the Persian Gulf—and the developed
countries that historically have accounted for
the vast majority of energy consumption. More
recently, China’s role has been widely noted," but

South Asia has received considerably less attention.

Yet South Asia will be an increasingly important
player in this market. The International Energy
Agency (IEA) projects that energy demand in the

subcontinent will grow at more than double the
worldwide rate over the next several decades.
India will probably be the world’s third largest
petroleum importer by 2030.2

As they come to account for a greater
share of energy demand, the South Asian states
will also likely play a greater role in the politics
of global energy security. Conversely, energy
security considerations will also begin to exert
greater and more complex influence on political-
military dynamics within the region. The impact
of South Asia’s energy future upon the region’s
politics, military relationships, and stability
could be far-reaching and pose some basic
choices for national leaderships.

Strategic Prisms

The issue we now call energy security has
been a matter of concern to national security
strategists for nearly 150 years. Over time, the
prisms through which the subject is seen have
become increasingly sophisticated as the role
of energy in daily life has grown. It is possible
to identify four such strategic prisms, differing
from each other based on how energy resources
are used: to support military forces, to support
military industry, to support national civil
gconomies, or to sustain the broader transna-
tional economic system.

The narrowest way of thinking about energy
security from a political-military perspective is in
terms of energy requirements for military forces
themselves. This was how energy first became
a matter of interest to strategists, starting with
the increasing predominance of steam-powered
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warships in technologically advanced navies
in the mid-19™ century. In the beginning,
the introduction of steam power led the major
naval powers to acquire colonial outposts
to serve as coaling stations, but by the early
20™ century, the need to ensure reliable energy
supplies to military forces had led both the
United Kingdom and France to establish direct
government involvement in the ownership
and management of major oil companies.®

By the late 1930s, a second, broader way
of thinking about energy security had hecome
apparent. While military forces themselves were
even more dependent on oil than they had been
in the 1910s, the primary attention of energy
strategists had turned from the need to fuel
ships, airplanes, and tanks themselves to the
need to fuel the military industrial complex

that produced those ships, airplanes, and tanks.

The strategic significance of reliable energy
supplies for national economies as a whole,
rather than simply for defense needs, hit home
in the wake of World War I1, particularly in
19461947, when inadequate supplies of coal,
oil, and electricity for the manufacturing and
transportation industries paralyzed Western
European economies and raised fears not only
of another depression like that of the 1930s but
also of the collapse of democratic states and their
replacement by communist ones. This energy
crisis led directly to a radical innovation in
American foreign policy—the Marshall Plan—
and to the first steps toward the European
integration process that over a period of several
decades led to the modern European Union.*

Although the postwar European energy
crisis was addressed on a transnational basis,
energy security was still seen primarily in a
single state context. That is, strategists worried
primarily about what an energy shortage in
Belgium, for example, would do to the economy
of Belgium and thus to the politics of Belgium.
It was only over time, as global demand started
bumping against the limits of global supply
and national economies became increasingly
interdependent, that analysts began to under-
stand how a severe energy shortage in one part
of the world could have drastic repercussions
for the international economic system as
a whole, even in places where energy supplies
were locally abundant. The economic crisis

following the 1973—1974 Arab oil embargo
painfully brought home to most analysts the
severe global ramifications of major energy
shortages.’ This systemic perspective on energy
security is now virtually axiomatic within the
U.S. strategy community.

These four ever-broader perspectives on the
political-military implications of energy security
are cumulative, not sequential. In other words,
the World War 11 emphasis on energy security
as it related to war production did not negate
the need to consider the energy needs of mili-
tary forces. Likewise, awareness of the systemic

although the postwar
European energy crisis
was addressed on a
transnational basis,
energy security was
still seen primarily in
a single state context

effects of energy prices and availability on the
global economy does not negate the need for
strategists to take into account the other three
perspectives. In 1980, planners in the U.S.
Department of Defense as well as members of
the congressional Armed Services committees
spent nearly as much time worrying about the
effect of tumultuous energy markets on mili-
tary war reserve fuel stockpiles as they did
about the possible use of military forces to
protect global oil flows from disruption.®

South Asian
Energy Context

Which of these perspectives should domi-
nate thinking about energy security in South
Asia? The precise answer depends on what we
think the energy picture in the subcontinent
is going to look like in the coming years, but
three assumptions about South Asia’s energy
future seem reasonable. Some would probably
argue that they are indisputable.

Increasing Demand. First, we
can assume that energy demand in South Asia
is going to increase steadily and substantially
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for the foreseeable future. It will probably more
than double over the next 30 years—Indian
requirements alone are projected to increase
more than 140 percent—compared with an
increase of only 55 percent for the world as a
whole.” This rapid rise in energy needs is, of
course, a necessary corollary of continued eco-
nomic growth. It is well known that although
countries may differ in their ratios of energy
consumption to economic output, or energy
intensity, there is a clear and unavoidable
correlation between the two.

Moreover, this energy intensity tends to
increase in any given economy as the focus of
production shifts from the agricultural to the
manufacturing and service sectors®—exactly
what economists say has to happen in countries
such as Pakistan and India if recent growth
rates are to be sustained.® Even without such
a shift, two other factors suggest that energy
intensity in South Asia will have to increase
nevertheless. One is that, according to the World
Bank, unreliable supplies of energy, particularly
electricity, are already the most important
factor in the high cost of doing business in
South Asia compared to other regions. Reducing
such costs is one of the essentials of sustained
growth.X® The other is that whether or not
economic activity shifts away from the agricul-
tural sector, the pressing need to improve
standards of living in the countryside will
require a range of specific measures such as
rural electrification, improving transportation
of crops to markets, better medical care, clean
drinking water, and access to cleaner cooking
and heating fuels, all of which will further
drive up energy requirements.

Increasing Prices. Asecond
assumption is that we are never going to see
the days of cheap energy again. Energy econo-
mists have traditionally assumed that despite
a certain amount of volatility, real prices would
ultimately tend to gravitate back to the estab-
lished long-term average. But that paradigm
may have shifted. As Daniel Moran and James
Russell point out:

Before 2003 oil traders regarded $20 per
barrel as the trend around which short-
term volatility would revolve. Lately the
consensus has shifted closer to $40 or $50,
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an increase of 100 per cent or more in the
perceived trend in three years. Should this
wave-like process of periodic doubling con-
tinue at anything like a comparable pace

in the future, it seems certain that questions
about the market’s ability to revert to histor-
ical norms will grow more urgent among
the major consumer states."

Since those words were written, expectations
about the long-term price norm have, if any-
thing, moved even higher.

Strategists in the developed countries have
generally accepted such an upward trend as a
given. What matters from these countries’ per-
spectives is not that prices remain low, but that
they be predictable over the long run. Indeed,
the prospect of global petroleum production
peaking at some undefined point in the future
argues that an upward trend in prices would be
economically useful because it would gradually
suppress demand and encourage the develop-
ment of alternative energy sources as petroleum
resources are used up.*2 One may doubt whether
less affluent countries whose future develop-
ment depends in large part on increased energy
consumption can take such a sanguine view of
this prospect. Whether we welcome rising prices
or not, however, we must assume that they will
be a reality for the foreseeable future.

Increasing Foreign
Dependency. The third assumption is
that no South Asian country is going to be able
to meet its energy needs entirely from within
its own domestic resources. Most of the coun-
tries in the region have energy endowments
of one kind or another: India has significant
coal deposits, Bangladesh has natural gas, and
the countries across which the Himalayas and
Hindu Kush lie have substantial undeveloped
hydroelectric potential. But development of the
transportation sector in these countries is going
to depend on oil, which no South Asian coun-
try has yet discovered in any substantial quanti-
ties. In short, none of the South Asian countries
possesses the entire range of energy resources
needed to meet its development objectives.

The obvious conclusion is that energy trade
must be part of the solution to South Asia’s
continued development. A large share of that
trade must clearly come from outside the region.
After all, the South Asian countries collectively
are now able to meet less than 30 percent of
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their combined oil needs from within the
region;* if increasing demand is to be met at
all, most of the new supplies will have to come
from the Persian Gulf or beyond. However, in
addition to external sources of supply, interna-
tional energy experts increasingly believe that
greater cooperation within South Asia and with
adjoining regions would be one of the most
effective ways—perhaps an indispensable
way—to deal with the regional energy deficit.
This emphasis on regional cooperation has
caught the attention not only of academic
economists but of the official development
community as well. Cross-border energy trade
is one of the cornerstones of the U.S. Agency
for International Development’s (USAID’s)
South Asian Regional Initiative for Energy
(SARI/E), as well as a number of other plans
for regional development.

The rationale for looking to regional coop-
eration as the key to meeting South Asia’s bur-
geoning energy needs is laid out in a recent

greater cooperation
within South Asia and
with adjoining regions
would be one of the
most effective ways to
deal with the regional
energy deficit

World Bank study that describes such an
approach as providing a “logical and rational
public policy choice . . . a win-win situation to
all the participants.” The study points out that
the fundamental economic conditions for trade
exist: some countries in and near South Asia
(specifically Bhutan, Burma, Iran, Kyrgyzstan,
Nepal, Tajikistan, and Turkmenistan) have
more fossil or hydropower resources than

they can use, while others (Afghanistan,
Bangladesh, India, Pakistan, and Sri Lanka)
face a widening gap between demand and sup-
ply. The potential supplying countries would
obviously generate income for national eco-
nomic development by selling energy, while
importing countries such as India and Pakistan
would benefit by reducing the constraints on
growth currently imposed by inadequate energy
supplies. Moreover, the potential importers

must take into account that alternative solu-
tions to greater energy trade, such as invest-
ment in additional hydroelectric, fossil-fueled,
or nuclear electric generating capacity, would
all compete for capital with other equally press-
ing development needs, such as education and
infrastructure.®

Strategic Implications

How, then, among the four prisms through
which national security strategists might view
the issue of energy security, should we see the
evolving energy context in South Asia? While
military forces themselves and their support-
ing industrial base will continue to require
energy supplies (the first and second prisms),
those concerns pale in comparison to each
South Asian country’s need for energy in sup-
port of national economic development. To
the extent that South Asian economies hecome
increasingly integrated with each other and
with the wider international economy, South
Asian national security strategists also must be
increasingly aware of the impact of energy on
the global system. Moreover, as India becomes
a more important factor in world energy mar-
kets, New Delhi will inevitably play a much
greater role than in the past on matters of
global energy security, even if only politically
and not militarily.

It is unlikely that any South Asian country,
other than perhaps India, can have a major
effect by itself on the health of the international
energy system as a whole. However, even if we
limit ourselves to viewing South Asian energy
security through the third prism described
above (that of purely national economic health),
there are a number of imperatives for the region’s
foreign and defense establishments. Indeed,
the measures necessary to address the region’s
energy requirements will in many cases impose
new and more challenging demands on the
region’s diplomats and soldiers.

Resolving Regional Conflicts.
The most obvious of these demands is overcoming
the regional tensions that have stymied trade
among the South Asian states in the past. Perhaps
self-evident but nevertheless worth emphasizing
is that “trade flourishes under peaceful condi-
tions.”8 The lack of such conditions has affected
regional energy trade in two ways. The most
obvious is that investors are unwilling to put
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large amounts of capital into areas where they
perceive a high risk that war might destroy their
investments. The other is that animosities and
distrust can reinforce the view among political
leaders that only self-sufficiency in energy can
adequately protect national security. It should
be clear that this attitude is no longer tenable.
South Asian countries face a stark choice
hetween rapid development and energy self-suffi-
ciency; they cannot have both. It is therefore
incumbent on the region’s leaders and diplo-
mats to begin setting the conditions for energy
cooperation. Ideally, that means resolving
horder and resource disputes—including the
long-running issue of Kashmir. At a minimum,
it means that all sides must cease tolerating, let
alone supporting, organizations whose purpose
is to exacerbate the disputes.

Bringing Order to
Ungoverned Spaces. A corollary to
reduction of tensions is the need to stabilize
historically disorderly parts of the region. In
some cases, this means whole countries. One
of the principal elements in the World Bank’s
vision of a region-wide energy market is the
construction across Afghanistan of long-distance
power transmission lines from Tajikistan
and Kyrgyzstan and a gas pipeline from
Turkmenistan. It should be self-evident that
this vision cannot be realized as long as vast
areas of Afghanistan remain subject to disorder.
As David Hamon and Arnold Dupuy have
observed, “Oil and gas pipelines, by their very
nature as static assets, are inviting targets” for
terrorists and insurgents.” The same could be
said for long-distance power lines. Between
1990 and 2005, terrorists mounted more than
330 attacks against oil and gas facilities world-
wide, and it is well known that the Iragi electrical
grid has been a major target of insurgent
activity since the 2003 invasion.™

At the most obvious level, the existence
of such threats suggests that the security forces
of the countries through which energy flows
will find themselves taking on responsibility for
securing the energy lines of communication with
amuch higher priority than has been the case
in the past. The implications reach beyond the
purely military, however. The kind of regional
cooperation necessary to meeting each coun-
try’s national energy needs will require that
Islamabad, New Delhi, and Kabul recognize
their mutual interest in a stable Afghanistan
in which governmental authorities are capable
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of exercising credible control over the national
territory, including the most remote areas.
To reach the full potential of regional energy
cooperation, Kabul would also need to develop
the institutional capability to negotiate, monitor,
and enforce complex multinational energy con-
tracts, a capability inextricably tied to gover-
nance capacity in general.

India’s and Pakistan’s shared interest
in a stable, effectively governed Afghanistan
is arguably so strong that it should already be
overriding the two countries’ historic habit of
treating Afghanistan as an arena for bilateral

South Asian countries
face a stark choice
between rapid
development and
energy self-sufficiency;
they cannot have both

political jousting. If it has not yet reached that
level of importance, it will do so in the next few
years. Whether New Delhi and Islamabad will
recognize the imperative and act on it remains
to be seen, but the risks to each of not doing so
are clearly growing.

What is true of Afghanistan internation-
ally is equally true of Pakistan domestically.
The realization of robust energy trade between
Central and South Asia is vitally dependent on
the establishment of sustainable, dependable
order in the areas through which pipelines
and electrical lines must pass. International
investors considering whether to put money into
such projects will take into account not only
market prices and costs of production and
transmission, but also the risk that their invest-
ments will occasionally be blown to pieces.
Whether the risk comes from Pashtun national-
ists, religious extremists, or feuding tribes will
make little difference to venture capitalists.
Moreover, the same concern is likely to apply
to proposed projects with Iran. Whatever the
official U.S. position on the Iran-Pakistan-India
pipeline or the project to supply Iranian elec-
tricity to the Gwadar port, either could be
derailed if the infrastructure should be threat-
ened by Baloch separatists. In sum, the impact
that disorder along Pakistan’s frontiers will
have on the country’s energy security must now

be added to the many other reasons for address-
ing the chronic instability there.

Proliferation Concerns. No dis-
cussion of South Asian energy futures would be
complete without some reference to the option
of nuclear power. This issue, of course, has
achieved greater saliency in the 3 years since
the announcement that India’s nuclear weap-
ons program notwithstanding, the United States
would supply it with civilian nuclear technology.
That event, however, did not begin and will not
end South Asian interest in nuclear energy as
arelatively clean alternative to additional fossil
fuel-burning powerplants.

The problem, at least with respect to
Pakistan, is that significant development of
additional nuclear electricity generating capacity
will be an extremely capital-intensive proposi-
tion. To some extent, the same is true of other
sources of energy. The difference is that pro-
vided institutional constraints on investment
can be alleviated, profitable nonnuclear energy
projects have the potential for attracting out-
side capital. However, the international commu-
nity demands a higher standard when it comes
to investments involving nuclear technology.
Unfortunately, in the view of most Western
countries, Pakistan’s track record on nuclear
proliferation does not inspire the confidence
that would be necessary for potential inves-
tors and suppliers to make the kind of accom-
modation that the United States has made with
India. A fuller and more transparent accounting
of the activities of the A.Q. Khan network would
probably help in this regard, but it is hard to
say if that alone would resolve the matter suf-
ficiently for nuclear energy to be a plausible
alternative to regional energy trade as a solu-
tion to Pakistan’s future requirements.

Energy Interdependence and
National Security. Finally, addressing
South Asia’s energy needs, particularly if the
solution is along the lines currently envisioned
by the development community, will require
a reorientation in the way South Asian defense
and foreign affairs strategists have historically
thought about their respective countries’
national security.

Willingly accepting dependence on foreign
suppliers for such a vital resource as energy is
something that goes against the instincts of
virtually every national security strategist.

The link between energy security and national
security has become so strong that even countries
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rejecting the idea of war over other issues seem
prepared to contemplate the use of military force
to ensure energy supplies in extremis.®

As long ago as the 1950s, major oil consumers
considered military responses to the trend
toward nationalization of major oil-producing
companies in the 1950s and 1960s, not because
of principled opposition to socialized ownership
of major industries but because of concern that
the production policies of state-owned compa-
nies might be dictated by political rather than
economic motives—as turned out to be the
case in 1973.

Such reluctance is understandably height-
ened if there is a history of tension between
supplier and consumer, or if the supplier is
seen as unstable or undependable. Thus, the
construction of a natural gas pipeline system
between the Soviet Union and Western Europe
in the 1980s raised fears that were expressed
in a 1982 U.S. National Intelligence Estimate:

[The Kremlin] calculates that the increased
future dependence of the West Europeans
on Soviet gas deliveries will make them
more vulnerable to Soviet coercion and will
become a permanent factor in their decision
making on East-West issues.?

If energy interdependence did nothing
more than place consuming countries at the
mercy of their suppliers, the strategist’s life
would be comparatively simple. For example,
one might think at first glance that Pakistan
would put itself in a strongly advantageous
position if a large share of Indian energy sup-
plies flowed across Pakistan’s territory. But
experience shows that the strategic dynamic
created by interdependent energy markets can
be complex and hard to predict. Fears that the
Soviet Union would use natural gas shipments
for political leverage turned out to be exagger-
ated because the Kremlin’s need for cash for the
ailing Soviet economy outweighed any possible
value the pipeline may have had as a coercive
instrument. On the other hand, seen from Kyiv
and Minsk 25 years later, Russia’s opportunity
to manipulate natural gas supplies for political
purposes may be a much more serious issue.

Moreover, depending on the relative politi-
cal and military power of the partners in an
interdependent energy relationship, supplying
countries may find themselves the object of
greater solicitude about their foreign policy
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and domestic politics than they originally
bargained for. In 1933, when King Abdul Aziz
selected Standard Qil of California in preference
to a British company to develop the oil reserves
of Saudi Arabia’s Eastern Province, he did so in
part because he saw the United States as having
no imperial agenda in the region.? He could
not have foreseen that global dependence on
Saudi oil would someday make the United
States intensely interested not only in the external
defense of the kingdom but also in the stability
and durability of its domestic institutions.
Similarly, just as the construction of power

the United States
should spotlight the
energy implications of
economic development
in its strategic dialogues
with India, Pakistan,
and Afghanistan

lines and pipelines across Afghanistan to
Pakistan would heighten Islamabad’s stake in
developments in Afghanistan, so the continua-
tion of such lines into India would heighten
New Delhi’s stake in developments in Pakistan.

U.S. Policy Implications

How the South Asian countries approach
their energy security challenges has important
consequences for U.S. interests in the stability
and peaceful development of this critical
region. If they approach energy security with
the zero-sum mentality that has tended to
characterize other aspects of regional relations
in the past, or if they gravitate to the kind of
neomercantilist efforts to secure complete

control of their own energy needs throughout
the supply chain that characterized European
powers in the early 20™ century, then the region
is in for a renewed cycle of heightened tension
and constrained development.

Conversely, decisions by South Asian
governments to take a chance on creating the
kind of interdependence envisioned by foreign
energy experts could lead the region down a
much more productive path from both the eco-
nomic and security points of view. As outlined
above, however, successful energy interdepen-
dence requires all of the region’s governments
to undertake significant changes in political-
military policy, both as prerequisites to the
creation of an operating regional energy system
as well as to ensure the system’s successful func-
tioning once it is created.

Given its interest in this outcome, the
United States should look for opportunities
not only to encourage more open energy pol-
icies—as USAID is already doing through its
SARI/E plan—but also to promote the politi-
cal and security decisions that are necessary to
these policies’ success. For example, the United
States should encourage regional militaries
and domestic security agencies to begin think-
ing about the implications of having to secure
energy transit facilities such as pipelines and
power transmission lines across remote and
rugged parts of their countries, and urge them
to start shaping their capabilities accordingly.
Moreover, the United States should spotlight the
energy implications of economic development
in its strategic dialogues with India, Pakistan,
and Afghanistan, emphasizing the linkages
between enduring energy security and issues
such as resolution of disputed borders and the
extension of governance to ungoverned areas.

The establishment among the South Asian
countries of reciprocal interests in each other’s
political and economic welfare clearly holds
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risks, but also has the potential for great ben-
efit beyond simple energy security for all the
countries in the region. The creation of the
European Coal and Steel Community in 1951,
which brought six recently warring countries
together to address common energy challenges,
proved to be the first step on the road to today’s
European Union. Of course, there is no guar-
antee that energy cooperation by itself will have
such remarkable consequences anywhere else.
Certainly the idea that interdependence neces-
sarily guarantees peace is readily dispelled by
a retrospective examination of the rosy future
envisioned for the Euroatlantic world as late as
the summer of 1914. Nevertheless, as the World
Bank puts it;

[T]he world experience appears to demon-
strate that cross border investments and
trade and associated business interests help
to lower political tensions. Entrepreneurial
investment initiatives with imaginative
financing and risk mitigation strategies—
possibly with the involvement of multilateral
financing institutions in some projects as
neutral parties to help build the confidence
and mitigate risks—could help to start and
strengthen the virtuous circle of trade growth
and regional peace.??
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Over the course of the next two decades, three billion people will join the middle class,
many of them from emerging economies in Asia. The corresponding growth in energy
demand will be felt most acutely in the power-generation sector. The twin challenges of
meeting rapidly expanding energy demand to ensure energy security and economic growth
and mitigating the associated environmental impacts are at the core of the 2012 Pacific
Energy Summit, to be held in Hanoi, March 20-22. In advance of the meeting, NBR asked
Srinivasan Padmanaban, Director of the South Asia Regional Initiative on Energy (SARI/E)
and Senior Energy Advisor at USAID (India), to outline the key issues for improving energy
security in South Asia. [1]

Read the entire interview for expert insights on power-generation strategies for South Asia
and answers to the following questions:

What measures would strengthen energy security, and what obstacles must first be
overcome?

What are the benefits of energy efficiency as an energy security tool, and what
vehicles can we deploy for broader implementation?

What are the barriers to intraregional, cross-border energy cooperation, and how
can they be minimized?

The 2012 Pacific Energy Summit brings power generation to the fore among a number of competing energy issues.

Why is power generation of critical importance now?

The need to ensure energy security in today's economic climate is imperative and urgent. Energy security is a critical component of
regional stability and plays a key role in supporting economic development and national security. Recent events, such as the

uprisings in the Middle East and Africa; the 2011 Japan earthquake and tsunami, which led to the crisis at the Fukushima Daiichi
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Nuclear Power Plant; and the instability in the eurozone, have enlarged the risks and compounded the uncertainties related to
energy supply and demand. The net result of these global impacts on the energy security of nations and regions has highlighted the

importance of the stable provision of affordable and environmentally sound power supplies.

Policymakers can choose from a wide array of fuel choices, all with varying price points and environmental impacts.

How do you suggest they prioritize these options when seeking to advance energy security?

The future supply and demand balance in global energy markets will be determined by many factors: the pace of economic growth
and its structure; energy efficiency and efforts to minimize local and global environmental impacts; market and technological
innovations that drive deployment at scale of new and renewable energy technologies; and the rapid use of liquefied natural gas

(LNG) as a global commodity.

LNG provides a case in point. It is linked to both availability and changing price points—gas is no longer limited as a regional or
continental resource. In 1990, there were just 8 LNG exporters, 30 terminals, and 61 ships worldwide, and LNG accounted for less
than 3% of global fuel consumption. By way of contrast, in 2010 the figures jumped to 20 exporters, 90 terminals, and 300 ships

worldwide, and LNG accounted for 10% of global demand—a threefold increase across the LNG value chain!

What are the main energy challenges facing Asia today, and what is the magnitude of severity of each? What is the

role of the electric power sector in constructing sustainable solutions to these challenges?

The fundamental energy challenges that individual countries face are energy security, climate change, and energy access. Electricity
access in India, for instance, is only 67% of the population. This means that there are almost 400 million people who are without
service or underserved. In addition to these three challenges, the fourth major obstacle is capital mobilization for energy
infrastructure investments. Climate change could be seen as an opportunity for resource mobilization, development, and growth
and for countries to move from an economy dominated by fossil fuels to one dominated by renewable energy. So there are a lot of

business, trade, economic growth, and science and technological development opportunities out there.

Ultimately, the problem boils down to this simple question: How can countries grow their economies without increasing their
carbon emissions? Nowhere do these challenges converge as they do in the electricity sector and all strategies—short-, medium-, or

long-term—must address this question.

The electric power sectors in Asia are largely managed by governments and by the public sector, although there are certain
countries where the private sector plays a very important role. | think this makes a very good case for a public-private partnership:
to champion sustainable clean-energy business solutions. The private sector, on its own, may not have the resources, and clearly
cannot raise the resources required for the dramatic need for energy supply growth. Therefore these projects will depend on
institutional and government financing. But having said that, the private sector has a much stronger track record in operations and
delivery of efficient services, and it can definitely improve the quality and reliability of energy supply by providing better
management. Finally, the private sector also brings innovation, better governance, and superior management, technology, and

financing.

How would you define robust, cross-border energy trade and energy security in a regional context? What is your
assessment of the political and institutional responses to manage risks and threats to energy security? Are they

adequate for both the short and long term?
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In a South Asian regional context, | find that the risks associated with forging an intraregional, cross-border energy cooperation—
which include policy, legal, institutional, regulatory, and infrastructural barriers—would be greatly minimized if the economic and
environmental benefits were better understood. Other barriers to robust trade include the lack of trans-regional energy
infrastructures, such as transmission networks and gas pipelines; inconsistent regulatory framework for regional planning; weak
contract enforcement and payment risks; riparian rights and water-sharing issues; incongruent pricing policies and access
regulations; differences in energy subsidization policies; and the lack of coordination and communication among regional

transmission utilities.

Balanced against these risks and barriers are several benefits of regional energy cooperation. In theory, cross-border trade among
India and its South Asian neighbors could lead to lower relative prices and the improved welfare of participating countries, because
nations would enjoy the comparative advantage of their neighbors’ relative energy-resource endowments and technologies. For
example, India could fuel its growing economy through imported clean-energy options, such as hydro power from Bhutan and

Nepal, thereby avoiding additional reliance on its low-quality coal.

Differences in production costs will encourage cross-border trade as long as the price differentials are sufficient to repay the
investment and operations and management costs of interconnecting the grids. Power-grid interconnections enhance supply
reliability, peak load control, and opportunities for capturing economies of scale. The extreme seasonality of both power

generation and demand among South Asian countries increases these potential benefits.

Given that volatile energy prices are a threat to energy security in South Asia, how might cross-border projects play a
role in alleviating this uncertainty? What would be the best way to engage all stakeholders to fully analyze this option

as part of the sector power-planning process?

The development of cross-border project infrastructure, or “hardware,” and the facilitation of cross-border trading through
regulatory, policy, and pricing mechanisms, or “software,” are the key building blocks to meeting the larger goals of capturing the
efficiencies and synergies of regional energy collaboration. By capturing such synergies and the natural-resource advantage that
each participating nation brings to the table, we can advance regional energy security in the face of price and supply volatility. Both
the development of cross-border transmission infrastructure and the efficient utilization of that infrastructure can be best realized
by engaging regional stakeholders to harmonize policies and regulations and by reducing tariff barriers. It also requires developing
a cross-border grid code, effective governance structures, and legally binding contracts that support the long-term financing of new

generation as well as transmission infrastructure.

At least three South Asian countries—Bangladesh, India, and Pakistan—face a perennial energy shortage on account of
the gap between energy supply and demand. What is the scale of this problem, and is there the potential for regional

cooperation to address it?

The gap between the latent demand and supply of energy is a major energy security issue for the region. Over the last two decades,
South Asia has been one of the fastest-growing regions in the world, with an average annual growth rate of 6% as measured by
GDP per capita. The International Energy Agency (IEA) has projected that South Asia could have the highest growth rate of energy
consumption in the world by 2020. Yet despite this impressive macroeconomic growth, the energy sector in the region has not
been able to keep pace, and South Asia continues to experience chronic supply shortages and poor quality of service. With a
regional population of nearly 1.5 billion, more than half do not have access to commercial energy sources. It is estimated that the

regional average economic growth rate of 6% per year is constrained by 2%—3% annually due to the lack of energy resources.
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In order to meet rising energy demands, South Asian governments have increased their reliance on oil imports. As a result, each
country, without exception, depends on these imported supplies to meet more than a quarter of their commercial energy needs.
The energy shortage among Bangladesh, India, and Pakistan is 15%-35%, and the capacity shortage is 10%-40%. Bangladesh has a
peak deficit of 1,200 megawatts (MW), and Pakistan’s deficit is more than 5,000 MW. India’s capacity deficit is nearly 20,000 MW,
or approximately 12% of its total capacity. Intraregional energy trade has the potential to address this problem by ensuring that
these countries build upon the complementarities in energy demand and supply as well as drive the formation of competitive
energy markets. As an example of complementarity, we can look at the different time zones between the three countries, which

reflect varying times of peak demand.

What is the way forward for electricity trading and market development in South Asia, given the political and

economic realities of the region?

The overall context for regional energy cooperation has undergone a change in the past few years. A window of opportunity has
opened due to a shift in the regional political and policy mindset that has caused countries to look outward for advancing their
energy security needs. There is broader recognition that energy trade is better for energy security and helps diversify a country’s

energy base through mutual dependence.

In countries like Bangladesh, India, and Pakistan, the energy sector reforms of the past two decades have created a new dynamic for
trade through the creation of national transmission grid companies. In the case of India, there is the emergence of an open, market-
driven, private-sector energy market, which is aggressively looking for opportunities outside the country. If we combine these
developments—which are reinforced by experience worldwide proving that regional energy cooperation can help countries meet
energy demand at lower costs and achieve higher GDP growth rates—with global drivers such as climate change, we find that

cross-border energy trade is an increasingly important game changer.

What are the most cost-competitive clean energy programs in terms of addressing energy security? How can regional

cooperation advance the role of such programs?

Energy efficiency is probably the most cost-competitive alongside a number of renewable energy programs, which are beginning to
make the grade. The cost of saved energy through end-use efficiency measures in industry, homes, buildings, and farms is a fraction
of the cost of purchased electricity, generally one-half to one-fifth. With time, the cost differential between the two will widen
further. The economic case for energy efficiency is quite convincing in many instances, with the exception perhaps of certain
transformational technologies, where capital costs are rather high. Regional cooperation in alternative energy technologies
represents the flow of ideas across borders as compared to regional energy trade in electrons and/or molecules. Such outreach of
ideas—the best energy-efficiency practices in policy, management, technologies, and financing—can play a vital role in building

trust and confidence between nations and prepare them for undertaking the more difficult task ahead: cross-border energy trade.

A vehicle to advance regional collaboration is the establishment of centers of excellence in energy efficiency to serve as platforms
for business and market transformation. Such a center might serve as a hub for information, capacity building, and business
incubation, while also bringing together regional stakeholders to discuss and plan market transformational strategies and
programs. The USAID SARI/E program, for instance, has helped establish the Regional Center for Lighting in Sri Lanka, as well as
a Regional Center of Excellence on Micro Hydro in Nepal. These centers provide leadership in the design and deployment of

energy-efficient and renewable-energy technologies and programs in South Asia.
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One of the many potential strategies for reducing global greenhouse gas emissions is through end-use efficiency in the
electric power sector. Can you highlight where the biggest improvements can be made most economically in the
residential, commercial, and industrial sectors? What role can standards, regulations, and price-driven incentives

play, and what evidence can you cite for their effectiveness?

There is significant potential for energy efficiency in all sectors—residential, commercial, and industrial. Industry has been at the
forefront of energy conservation programs with a savings potential of 20%-30%. In South Asia, the green building movement has
resulted in several commercial and residential projects, which have achieved more than 50% energy savings over conventional
buildings. This is realized through improved building envelope design; day-lighting; the use of efficient heating, ventilation, and air
conditioning (HVAC) systems; and harnessing supplementary renewable energy. It is important to recognize that while efficiency
improvements have the potential to boost economic growth, they can also result in higher tax revenue for the government. An
analysis of macroeconomic benefits for India's Maharashtra state illustrates this point: redirecting electricity saved through
efficiency improvements to electricity-deprived businesses has the potential to increase economic output and therefore tax revenue.
This measure has the potential to reduce the state government's fiscal deficit by 15%—30%, depending on the size of backup power
generation. An analysis of India’s electricity efficiency potential shows that efficiency improvement, in combination with new

supply, can eliminate electricity shortages at the same investment level as a “business-as-usual” electricity supply scenario.

The vision of energy efficiency as a cost-effective, environmentally sound complement to capacity-addition strategies in power and
energy is beginning to emerge. In several South Asian countries, for instance, legislation in energy conservation has raised
immeasurably the profile of energy efficiency and its importance to the national development agenda. This legislation provides a
strategic framework for the formulation and development of energy conservation policies such as standards and appliance labeling,
as well as mandatory energy audits. It also attempts to strike a balance between regulatory enforcement and voluntary
participation, and between market-driven methods and government mandates. In India specifically, energy conservation has been
further enhanced by the National Mission on Enhanced Energy Efficiency (NMEEE) under the government’s National Action Plan
on Climate Change (NAPCC), and it is designed to be implemented through market-based instruments such as the Perform,
Achieve, and Trade (PAT) scheme.

What are the options for cleaner and more efficient coal combustion in both the Asia-Pacific and internationally over
the next fifteen to twenty years? What would be the drivers and the contours of a regional clean coal partnership in
South Asia? Which policy options would most significantly reduce emissions from the region’s coal fleet over the next

fifteen years, while still meeting the increased demand for electricity?

Coal is the mainstay and key primary energy resource for India—the region’s fastest growing economy—and it will likely continue
to be the dominant resource for approximately the next 30 years. While India accounts for about 10% of global reserves and
approximately 7% of the annual world production, other South Asian countries currently have very limited coal consumption. Yet
this might change. Sri Lanka is planning two coal-fired power plants with imported coal; Pakistan is beginning to show interest in
exploiting its lignite coal reserves in Sindh Province; and Afghanistan and Bangladesh are also beginning to signal a shift toward

exploiting their limited coal reserves.

Given these trends, coal has emerged as a fuel with significant energy security and climate change implications for South Asia. We
are beginning to see that cleaner-coal technologies—pre- and post-combustion—are inducted along the entire coal power cycle,
from mining and transportation to storage and conversion stages. In India, the use of beneficiated coal, as an alternative to run-of-
mine and high-ash coals, has helped reduce transportation costs and storage space, while improving the conversion efficiency or

heat rate of coal-fired thermal power plants.
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Together with front-line technologies such as super-critical boilers and the improved operation and maintenance of power plants,
countries have the potential for significant improvements in thermal efficiency and commensurate reduction in greenhouse gases,
notably CO2. Further improvements are also possible through the introduction of transformational technologies, such as
integrated coal gasification combined cycle (IGCC) and carbon capture and storage (CCS). The region is today poised to draw
advantages from a clean coal technology partnership that would enable the sharing of experiences and the transfer of best practices
in the efficient management and operation of coal-fired utilities. India, as the region’s largest producer and consumer of coal and
possessing over 97% of the coal fleet, could play a central role in leading and facilitating this partnership.

ENDNOTES

[1] The views expressed in this interview are the author’s own and do not necessarily reflect those of USAID.

This interview was conducted by Jacqueline Koch, Senior Media Relations Coordinator at NBR. As the leading media liaison for
NBR's Centers for Health and Aging and Trade, Economics, and Energy Affairs Outreach, Ms. Koch works closely with NBR
advisors, sponsors and partners to raise the profile of NBR Summit events. She also is the author of Summit summary reports and

has extensive experience in the global health sector, media development and, more recently, energy issues in the Asia-Pacific.
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South Asia has witnessed a growing imbalance between energy demand and its supply from indigenous
sources resulting in increased import dependence. Energy endowments differ among the South Asian
countries. However, access to the signi cant energy resources in the neighboring countries is denied,
which increases the cost of energy supply and reduces energy security of the individual countries and of
the region as a whole. The countries in the region could bene t signi cantly only by strengthening the
mechanism of energy trade through improved connectivity. Therefore, greater cooperation within South
Asia could be one of the most effective ways to deal with this Regional Energy de cit and ensure Energy
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1. Introduction

The expanding economies of South Asia have led to an increase
in the energy intensity which has resulted in the unprecedented
hike in demand for energy sources. Thus, for South Asia energy
security emanates from the growing imbalance between the
demand for energy and its supply from indigenous sources
resulting in increased import dependence (Newberry, 2007).

The drain on national resources to meet burgeoning energy
import bills is a major political and social issue throughout South
Asia. Hence, to meet the growing aspirations of the people and
economies of South Asia, each South Asian country wants to secure
reliable, sustainable and reasonably priced energy supplies to meet
the ever increasing demand for commercial energy (Lall, 2009).

11. Energy scenario of South Asia

The International Energy Agency (IEA) projects that the energy
demand in the South Asia would grow at more than the double of
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E-mail address: bhupendra.singh@cii.in
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the world over the next several decades. India’s requirement alone
is projected to increase more than 140% compared with an
increase of only 55% for the world as whole.

The oil consumption growth rate is expected to be around six
per cent in all countries. India with 5.7 billion barrels has the
highest crude oil reserves in South Asia (B P Statistical Review of
World Energy, 2012). In comparison to it Pakistan and Bangladesh
have only 341 million barrels and 28 million barrels respectively.
At current level of production, India is projected to exhaust its
crude oil reserves in 30 years.

As far as natural gas is concerned India has proved reserves of
188 trillion cubic meters while Pakistan has 0.44 trillion cubic
meters and Bangladesh has 0.39 trillion cubic meters of natural gas.

The electricity consumption varies from a low of 19 units per
year in Afghanistan to over 540 units in India and Pakistan. The
demand for electricity is growing at a rate of seven percent per
year in most countries except Afghanistan, Bhutan and Maldives
where growth rates of over 13% are expected in the rst decade to
meet rural electri cation needs (Table 1).

The share of renewable energy in indigenous energy produc-
tion in India, Pakistan and Bangladesh is 45%. Among the South
Asian Nations, India has taken a leading global role in renewable
energy. At present, India is one of the world leaders in wind power
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Table 1
Electricity scenario of India, Pakistan, Bangladesh, Bhutan and Sri Lanka
Source: AF-Mercados EMI

Aspect/Value India Pakistan Bangladesh Nepal Bhutan Sri Lanka
Per capita electricity generation (Kwh/annum) 700 600 200 100 746 500
Access to electricity 50% 65% of villages 40% NA NA 100%
Demand and supply gap 4 .15% 425% 25% Peak and base Signi cant Some de cit
de cit de cit surplus
Principal generation resource system losses in  Coal Hydro, gas and liquid Gas and Coal  HydroNA HydroNA Hydro, liquid fuels
electricity 432% fuels NA 23% o 15%
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FISCAL YEAR

[— Available Energy C— 1. NEA Hydro 1 2. NEA Thermal

N Nepal (IPP) =3 India (Purchase) —&— Peak Demand (MW)

Particulars 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009*
Peak Demand (MW) 351.9 391 426 470.33 515.24| 557.53 603.28| 648.39| 721.73| 812.50

Available Energy (GWh)|11701.45]| 1868.42 | 2066.45| 2261.13

2380.89| 2642.75| 2780.92| 3051.82 |3185.95|3130.77

1. Hydro 1233.22| 1113.36 | 1113.13| 1478.04 | 1345.46 1522.9| 1568.55|1747.42 |1793.14 |1839.52
2. Thermal 66.73 27.14 17.01 4.4 9.92 13.669 16.1 13.31 9.17 9.06
3. Purchase (Total) 401.5| 727.93 936.31 778.69 1025.5191106.184 | 1196.27 | 1291.09 |1383.64 |1282.19
India 232.2| 226.54 238.29 149.88 | 186.675| 241.389 266.23| 328.83| 425.22| 356.45
Nepal 169.3| S501.38 698.02 628.81 | 838.844 | 864.795 930.04| 962.26| 958.42| 925.74

Fig. 1. Total energy available and peak demand in Nepal.
Source: International Operation Division, Bharat Heavy Electricals Limited, New Delhi.

generation, ranking fth behind Germany, Spain, the US and
Denmark, in total installed capacity. India is also world’s fth
largest manufacturer of silicon solar modules in the world.

Traditional fuels meet 95% of the energy demand in Afghani-
stan, 87% in Nepal and between 30% and 80% in other countries of
South Asia. The share of biomass consumption as a percentage of
total consumption has declined to about one-third in India and
Pakistan, remains at two-third in Bangladesh and Sri Lanka, and is
higher than 85% in Afghanistan and Nepal.

1.2. Opportunities for South Asia energy cooperation

The very fact is that no South Asian country is going to be able
to meet its energy needs entirely from within its own domestic
resources. India has signi cant coal deposits, Bangladesh has
natural gas and Bhutan and Nepal have substantial undeveloped
hydropower potential (Nexant Study, 2004). Greater cooperation
within South Asia could be one of the most effective ways to deal
with regional energy de cit (Ahmad, 2000). World Bank study
describes such an approach as providing a “logical and rational
public policy choice ... a win—win situation to all the participants”
(Krishnaswamy, 2007). There are following areas where energy
cooperation could be possible.

121. Exploitation of hydropotential and investment opportunity

India's neighbors have huge potential in hydroelectricity, and
co-operation among nations to tap the energy resource can be a
win—win situation for all. The governments of the region need to
take an active role in developing strategic cooperation for opti-
mum exploitation and sharing of energy resources. Hydropower
potential is one of the largest energy resources in the region.

Nepal: Total installed capacity is about 690 MW of which hydro
constitutes 88.33%, thermal — 0.29% and imported power is 11.4%
(BHEL, 2011). Nepal has huge exploitable hydropower potential of
44,000 MW. However, Nepal experiences perennial power de cit.
2/3 of population has no access to electricity. In fact in 2009, the
load shedding was a severe as 16 h per day, bypassing the forecast/
provisioned 9 h per day. In 2008—09 there was a 2.58% growth in
peak power demand which went up to 81250 MW from
72173 MW (Pandey,2011). At the same time there was a 10.58%
growth in energy demand which reached to 3859 GWh from
3490 GWh (Fig. 1).

Pattern of power consumption: The pattern of power consump-
tion indicates that the domestic tariff is higher than industrial
tariff despite 95% of power consumption being done by domestic
users (Figs. 2 and 3).

Opportunities: The Government of Nepal is giving priority to
develop its vast hydropower reserves in order to meet its growing
demand for energy and power export to India. Large potential
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Fig. 2. Patterns in consumption of power in Nepal.

Source: International Operation Division, Bharat Heavy Electricals Limited, New Delhi.
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Fig. 3. Electricity demand forecast in Nepal.

Source: International Operation Division, Bharat Heavy Electricals Limited, New Delhi.

Table 2
Important power projects of Nepal.
Source: Data provided by Power Grid Corporation India Limited, Gurgaon.

Projects Capacity (MW)

Karnali 10,800 (Upper Karnali-600 MW)
Tamakoshi IlI 880

Pancheshwar HEP 5600

Sapta Koshi 3300

Arun HEP 1000

West Seti HEP 750

Arun HEP 1000

Lower Marsyangdih 300

U. Marsyangdi — 2 600

projects being considered for development and export of power to
India has been shown in Table 2.

The 1997 land mark agreement between India and Nepal allowed
power trade between Nepal and India to an amount of 150 MW.
Nepal and India are now working on three 400 KV cross-border lines
(Butal-Gorakhpur, Duhabi—Purnea and Dhalkebar—Muzaffrpur) are
in place, but under a different model — the independent company
model. Unlike inter-governmental exchange modalities, the new
modality involves the establishment of two transmission companies
both in Nepal and in India and these companies to develop these
lines within their territories (Fig. 4).

Nepal Electricity Authority (NEA) is the single buyer of elec-
tricity from IPP's for transmission and distribution. It concludes
PPA agreement with IPP as well as generates electricity on its own
or a subsidiary.

Bhutan: Bhutan's total hydropower potential is about
30,000 MW however the techno economically feasible potential

—fi— System Peak Load (MW)

is only 24,000 MW. Bhutan exports about 75% of its total elec-
tricity generation. Annual export is estimated about 7216.53 MU in
2010. Revenue from the sale of electricity contributes to 40% of the
national revenue. Bhutan’s electricity consumption plus losses is
1628.03 MU in 2010 (Bhutan Power Corporation Limited, 2011)
(Tables 3-5).

Only a small proportion of Bhutan’s hydropower potential has
yet been developed. Potentially Bhutan can be a large power
exporter to neighboring countries like India.

From the decades power exchange is taking place between
India and Bhutan. Bulk of power generated at the various hydro
power projects like Chukha (336 MW), Krichu (60 MW) and Tala
(1020 MW) has been implemented with technical and nancial
assistance of India. The electricity generated from these projects
are been exported to India after meeting the internal demand of
Bhutan through Associated cross-border transmission System
(ATS). PTC has been identi ed as the nodal agency for the purchase
and selling of imported power to India. All the power exported
from Bhutan to India is long term power purchase Agreement.
India also exports power to Bhutan during the winter season when
there is a reduced hydrogeneration in Bhutan.

The Government of Bhutan aims to attract private investment
for hydropower development in the country through independent
power producers. Although the speci c regulations in this regard
are yet to be nalized, these regulations are expected to provide
suf cient incentives for investments in hydropower projects of
Bhutan and to ensure sale of electricity outside the country by IPPs
thereby promoting regional trade (Tables 6 and 7).

Bangladesh: At present, 88% of the power plants are run by
natural gas. Electricity for all will be ensured by 2021.The produc-
tion capacity will be enhanced to 11,500 MW by 2015 and it
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Fig. 4. Procedure for corporate to obtain license for electricity production (IPP Route).

le3

Existing major hydro power plant in Bhutan.
Source: Bhutan Power Corporation Limited

Sl Hydropower Year of Installed Average annual
no. plant commissioning  capacity generation(MU)
1 Chukha HP 1986-1988 336 2024
2 Basochhu HP- 1999 22 105
Upper Stage
3 Kurichhu 2000-2001 60 400
4 Basochhu HP- 2004 40 291
Lower Stage
5 Tala HP 2006-2007 1020 4865
Total 1478 7865
Table 4

Existing transmission network in Bhutan.
Source: Bhutan Power Corporation Limited

Table 5
Transmission works completed recently in Bhutan.
Source: Bhutan Power Corporation Limited

220 kV S/C from Rurichhu to Tsirang 47.50 km
132 kV S/C line from Tingtibi to Yurmoo 32.60 km
132kV S/C from Deothang to Rangia 56.46 km
66 kV Yurmoo to Trongsa 20.3 km and
66 kV Yurmoo to Bumthang 34.70 km

Table 6
Power Plants of Bhutan in Pipeline.
Source: Bhutan Power Corporation Limited

Length of 400 kV D/C lines 74143 km
Length of 220 kV D/C lines 35.780 km
Length of 220 kV S/C lines 183.739 km
Length of 132 kV S/C lines 379.484 km
Length of 66 kV S/C lines 267196 km
Length of 66 kV D/C lines 5.960 km
Length of 66 kV M/C lines 3.405 km

Total transmission line length 949.707 km

requires USD 9.00 billion investment out of which USD 8.00 billion
is expected to be provided by private sector. The total production
of powver is targeted at 8500 MW by 2013, 11,500 MW by 2015 and
20,000 MW by 2021 (BHEL, 2011a) (Table 8).

Power generation: Per capita electricity production is around
200 KW/h, which compares poorly with the other developing
countries as has been shown in Table 8.

River basin Project name Installed capacity Construction
(MW) period
Punatsangchhu Punatsangchhu-I 200 2007-2014
1
Mangdechhu Mangdechhu 770 2009-2016
Punatsangchhu Punatsangchhu-II 990 2009-2016
Bumthangchhu Chamkharchhu-1  670/570...1240 2014-2020
&Il
Drangmechu Kuri Gongri 1800
Drangmechhu  Kholongchhu 485 2020-2024
Amochhu Amochhu 500
(Dorokha)
Nikachhu Nikachhu 210
Kurichhu Rothpashong 400
Dagachhu Dagachhu CDM 114 2007-2011
Punatsangchhu Sunkosh 2500
Total 10,064

there are huge potential of hydropower sources and thermal in the

About 40% of the total population has access to electricity.

Presently the quantity of transmission and distribution line are

res

pectively 8359 Line Kilometer and 2,66,460 Line Kilometer. 88%

of total electricity is produced from gas-based power plants. The
breakup of the power generation in Bangladesh is given as follows:

When the domestic energy supplies are not enough to ful Il

the rapid demand growth for electricity, it will be necessary to tap
other power sources from outside Bangladesh. As we know that

neighboring countries such as India, Nepal and Bhutan, these can
be utilized by Bangladesh to meet its electricity requirement.
Hence, in such a scenario it is imperative that the neighboring
countries of Bangladesh can play a very vital role to meet the ever
growing energy demand of Bangladesh.

Keeping this in mind, Bangladesh is trying to explore the
possibilities of building electrical interconnections with neighbor-
ing countries since long. In fact, the construction of electrical
interconnections among the neighboring countries has become
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Table 7
Future transmission work in Bhutan.
Source: Bhutan Power Corporation Limited

400 kV line from Mangdechhu to Jigmeling via Goling pooling station

400 kV line from Punatshangchhu-I11 to Jigmeling

66 kV line from Pangrizampa, Thimphu to Damji, Gasa

400 kV lines from 2500 MW Sunkosh HEP to Alipore

400 kV line from Amochhu/Torsa Projects to Siliguri (new Binnaguri) pooling
station

220/66/33 kV substation at Dhamdhum Industrial Estate (Samtse)

66/33 kV substation at Sipsu (Samtse)

Table 8
Future electricity generation of Bangladesh.
Source: Outline perspective plan of Bangladesh (2010-2021)

Electricity generation in the country by 2013 8500 MW
Electricity generation in the country by 2015 11,500 MW
Electricity generation in the country by 2021 20,000 MW

Electricity for all by 2021

urgent necessity for signi cant bene ts to regional economics
through closer cooperation on regional power transfer, enhanced
system reliability, improved security and diversity of supply,
increased economic ef ciency in system operation, reduced envir-
onmental impacts, and lower cost to consumers.

Due to the chronic power shortage, over 80% of the manufac-
turers are equipped with captive power, mostly gas red thermal
engine. That is, there is redundant investment occurring in Bangla-
desh, by power companies and by manufacturers. The generation
cost of such captive power is estimated to be 15 times higher than
the usual grid's electricity tariff, even though they are able to
purchase fuel, natural gas inexpensively owing to government’s
subsidy. This situation has obviously undermined the international
competency of the manufacturers, leading to immense economic
costs paid and obstacle of investment.

To overcome the above constraints and to ful Il Bangladesh's
policy “ electricity to all by 2021” targeting the electri cation rate
100% achievement and 600 kwh per capita, Bangladesh demand is
forecasted as 17,000 MW in 2020 and 33,000 MW in 2030. To
meet the said forecasted demand a long term transmission plan
has also been prepared in the country power system master plan
taking into account the potential interconnection with neighbor-
ing countries.

1.3. The potential interconnections

The potential interconnections are mentioned below:

13.1. The planned project

The cross border trading between Baharampur(lndia) and
Bheramara(Bangladesh) has been under implementation by adopt-
ing back to back DC system.

1.3.2. Other potential projects
For the cross border trading with the neighboring countries,
the following candidate points have been considered at present.

13.2.1. Indian Meghalaya state. The hilly area of the 2000 m class
extends to the Indian Meghalaya state which is adjacent to the
northeast of Bangladesh. It is considered that the new
transmission line for the interconnection will be dif cult due to
geographical factors, though there is existing hydropotential.

1.3.2.2. Pallatana, Indian Tripura state. Recently the burial of large
scale natural gas has been discovered in the Indian Tripura state
which is adjacent to the east of Bangladesh; Pallatana gas power
generation project (726.6 MW) is planned. It is considered that the
majority of the power generation will be consumed by the home
country as the solution to power shortage and a portion of
generation can be traded to Bangladesh.

Power import of about 100 MW from Tripura has been dis-
cussed and it is expected that the amount could be more in future.
For this reason the transmission infrastructure for grid intercon-
nection is proposed having the capacity of importing 500 MW
which is 230 kV double circuit line from Tripura to Comilla. And,
synchronous connection with dedicated generating units is
considered as low cost solution instead of back to back HVDC
interconnection.

13.2.3. Indian Assam state. There is potential of coal and
hydropower in the Indian northeastern Assam state. The
reinforcement of the power system in India will be necessary
because it is far from Bangladesh.

13.2.4. Bhutan and Nepal. It is necessary to import the electric
power via India as there is a large scale hydropower potential in
Bhutan and Nepal.

1.3.2.5. Bangladesh—West Bengal (India). To meet the present
severe electricity demand of the country within shortest possible
time it has been planned to establish interconnection between
West Bengal (India) and south west part of Bangladesh.

To explore possibility of grid inter-connection between the
networks of West Bengal State Electricity Board and Bangladesh
within short period at minimal cost in addition to Bheramara—
Baharampur 400 kV back to back HVDC inter-connection, four
member delegations from Bangladesh headed by Managing Direc-
tor, PGCB visited WB from 27.07.2010 to 31.07.2010. During the
visit, the delegation discussed the matter with West Bengal State
Electricity Transmission Co. Ltd. (WBSETCL) and West Bengal State
Electricity Distribution Co. Ltd. (WBSEDCL). The team has also
examined the different options for connections between the sub-
stations lying in border areas of West Bengal and Bangladesh (Roy,
2011) (Table 9).

The expansion of transmission network including cross border
interconnections as well as enhancement of power generation is
mandatory to meet the future power demand growth which
requires huge investment. It is impossible for the government
power sector to bear such huge investment alone. Hence, coopera-
tion with other sectors such as industry and commercial enter-
prises will be needed for investment as private public partnership
(PPP) for successful implementation of the infrastructure.

Sri Lanka: Sri Lanka energy consumption is dominated mainly
by biomass and petroleum. There are no proven oil, gas or coal
resources. Large hydroresources have already been tapped to a

Table 9
Possibility of grid interconnection between India—Bangladesh.
Source: Power grid

Priority Indian Bangladesh Distance
132/33 kV 132/33 kV Indian part Bangladesh part
Substation Substation

1 Bongaon Jessore 10 km 40 km

2 Dalkhola Thakurgaon 26 km 36 km

3 Krishnanagar Chuadanga 24 km 22 km

0org/10.1016/j.enpol.2013.07.128

Please cite this article as: Kumar Singh, B., South Asia energy security: Challenges and opportunities. Energy Policy (2013), http://dx.doi.



http://dx.doi.org/10.1016/j.enpol.2013.07.128
http://dx.doi.org/10.1016/j.enpol.2013.07.128
http://dx.doi.org/10.1016/j.enpol.2013.07.128
http://dx.doi.org/10.1016/j.enpol.2013.07.128

6 B. Kumar Singh / Energy Policy  ( ) —

great extent. Sri Lankan energy mix constitutes of 55% of Biomass,
34.5% of petroleum and about 8% of electricity. Biomass whose
consumption is increasing by 3% annually is consumed mainly by
households in rural areas.

Sri Lanka electricity installed capacity is about 3000 MW
(Wickramasuriya, 2011). Energy generated is 10764 GWh while
peak demand is 1963 MW. Electricity demand growth is increasing
by 9.8% per annum. The per capita consumption of electricity is
449. In the electric energy mix hydro constitutes 52% while
thermal contribution is about 47% (Table 10).

Opportunities: There are ample opportunities for developers'
investors and equipment providers as there are many projects
which have been planned for the future. This is depicted in
(Table 11).

Tablel0
Electricity scenario of Sri Lanka (2010-11).
Source: Ceylon electricity board

Installed capacity

Approx. 3000 MW

Peak demand 1963 MW
Energy generated 10,714 GWh
Energy mix Hydro 52% Thermal 47%
Demand growth 9.8%
System losses 13.5%
Load factor 62.57%
Access to electricity 88%
Per capita Elec. consumption 449 kWh
Table 11
Future generation projects in Sri Lanka.
Source: Ceylon electricity board
Under construction Year
Upper Kotmale Hydro Project 150 MW 2012
Puttalam Coal Power Plant — St. Il 2 300 MW 2013/14
Committed
Uma Oya Hydro Power Project 150 MW 2015
Broadland Hydro Power Project 35 MW 2017
Planned/under negotiation
Trincomalee Coal Power Project 2 250 MW 2017
Detailed design
Moragolla Hydro Power Project 27 MW

Since the electricity demand is increasing, Sri Lanka has to
import power and this gives big business opportunities for South
Asian countries. Several power plants based both on hydro and
thermal are being planned to meet the increasing demand in the
years ahead. Consideration is being given to import electric power
from India through long underwater cables.

A MoU on feasibility study for India—Sri Lanka Electricity Grid
Interconnection was signed among GOSL, GOI, CEB and Power Grid
Corporation of India Limited (PGCIL) on 9th June 2010. Executing
Agencies: CEB and PGCIL are jointly carrying out the feasibility
study. The portion in the Indian Territory is studied by PGCIL.
The undersea cable route study is also being done by PGCIL, while
the portion in the Sri Lankan territory is being studied by CEB. The
total cost is US $ 3 million shared by the Government of India and
the Government of Sri Lanka in equal proportion. Out of which
marine survey will cost US $1.5 million. Studies on Indian soil will
cover US$ 0.875 million while that of Sri Lankan soil will cover US
$ 0.625 million.

Possibility of quantum of power exchange is 500 MW from
2015 onwards and 1000 MW from 2020.

Pakistan: The Pakistan Power Sector consists of two major
Power Utilities, i.e PEPCO and KESC. KESC has been privatized.
While PEPCO consists of ve generation companies, nine DISCOs,
NTDC and 17 IPPs. WAPDA holds charge of the hydel generation,
development and management of water in its reservoirs and
related infrastructure. Total installed generation capacity of the
power system is 20,231 MW. Out of that 6516 MW is produced
through Hydropower, 3580 MW by Government (GENCOSs),
8295 MW by Independent Private Power Producers (IPPs) and
594 MW through private rental. The demand of power is currently
about 20,000 MW which will rise to 36,000 MW in the year 2015.

WAPDA has added 72 MW to the system in 2010 whereas it will
add 1556.76 MW when Duber Khwar HPP (130 MW), Allai Khwar
(121 MW), lJinnah HPP (96 MW), Gomal Zam Dam (17.4 MW),
Satpara Dam (17.36 MW), Rehabilitation of Tarbela (100 MW) will
produce power within 2011-12 whereas Golen Gol (106 MW) and
Neelum Jhelum HPP (969 MW) will produce powver in year 2015-16.
In addition, WAPDA has initiated activities to produce 19,194 MW in
next 5 years through Diamer Basha Dam (4500 MW), Kurran Tangi
Dam (84 MW), Tarbela 4th extension (1410 MW), Munda Dam
(740 MW), Dasu Dam (4320 MW), Bunji Dam (7100 MW) and Kohala
Dam (1100 MW) (Pakistan Water and Power Development Authority,
2011) (Fig. 5).

PAKISTAN'S HYDROPOWER POTENTIAL

Swat & Chitral
River =

Fig. 5. Pakistan's hydropower potential.
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Source: Pakistan Water and Power Development Authority.

@ Indus River Basin
@ Jhelum River Basin
O Swat & Chitral River

® Small Hydel

Indus River
Basin

Please cite this article as: Kumar Singh, B., South Asia energy security: Challenges and opportunities. Energy Policy (2013), http://dx.doi.
org/10.1016/j.enpol.2013.07.128



http://dx.doi.org/10.1016/j.enpol.2013.07.128
http://dx.doi.org/10.1016/j.enpol.2013.07.128
http://dx.doi.org/10.1016/j.enpol.2013.07.128
http://dx.doi.org/10.1016/j.enpol.2013.07.128

B. Kumar Singh / Energy Policy  (

To achieve the above objectives the Government of Pakistan
through WAPDA and the private sector plans to concentrate on the
following water and power projects in the next few years: (i)
construction of large dams including Diamer-Basha Dam for public/
private partnership, (ii) construction of hydropower projects, (iii)
construction of medium/small water storage dams, (iv) construction
of canals, (v) construction of transmission lines for dispersal of power
from hydropower project to load centers of national grid.

India: India currently ranks as the worlds fth largest energy
producer and is also the world's fth largest energy consumer,

Fig. 6. Energy mix of overall installed capacity (MW).
Source: Central Electricity Authority, India.

Fig. 7. Cumulative capacity addition in 11th plan (MW).
Source: Central Electrical Authority’s Annual Report 2009-10.
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accounting for about 4% of the world's total annual energy
consumption. With the economy projected to grow at 8-9% per
annum, rapid urbanization and improving standards of living for
millions of Indian households, power demand in the country, the
world’s second largest economy, is likely to grow signi cantly.
Given the ambitious capacity addition targets of the Indian
government, the country's power market offers one of the highest
growth opportunities for private developers.

Coal dominates the energy mix with 53% of the capacity added
so far, (64% including gas and diesel) followed by hydro with 22%
and renewable energy sources with 11%. The overall energy mix of
the installed capacity is shown in Fig. 6.

Fig. 7 shows the cumulative capacity additions during the 11th
Five Year Plan (Thermal, Hydro, Nuclear) along with the year wise
growth percentage.

Fuel wise capacity addition: The fuel wise capacity addition in
previous ve years is shown in Fig. 8.

14. Hydro power generation
India has 174 hydropower stations producing a total power of

375 GW. A total capacity of 4121 MW has been added so far
during the Xlth plan period. According to the Central Electricity

0
2007 2008

2009 2010 2011

ORES 7760.6 11125.41

13242.41 15521.11 18454.52

EHydro 34653.77 35908.76

36877.76 36863.4 37567.4

ONuclear 4120 4120

4120 4560 4780

O Diesel 1201.75 1201.75

1199.75 1199.75 1199.75

B Gas 13691.71 14656.21

14876.61 17055.85 17706.35

OCoal 70682.38 76798.88

Fig. 8. Fuel wise capacity addition.
Source: Central Electricity Authority, India.

77948.88 R4448.38 94653.38
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Fig. 9. Year-wise likely capacity additions (in MW).
Source: Central Electricity Authority, India.

Authority (CEA), another 5330 MW, currently under construction,
is expected to be commissioned during the current plan period
(by 2012) taking the total capacity addition to about 9451 MW
against the targeted capacity of 15,627 MW. The private sector
will account for over 58% of the capacity additions in 2011-12,
followed by the central government which will add about 38% of
the total capacity.

There is a huge potential to capitalize on the country's hydro-
potential. In fact, India ranks fth in the world in terms of exploitable
potential with the economically exploitable potential from these
river systems being assessed at 84,044 MW at 60% load factor
corresponding to an installed capacity of around 150,000 MW.

Of this potential only about 23% has been developed so far. In
addition, pumped storage sites with an aggregate capacity of
approximately 94,000 MW have also been identi ed, but only
about 5000 MW has so far been developed. The assessment of
small hydro (up to 25MW) potential has indicated nearly
15,000 MW distributed across 4000 sites.

To meet the requirement of additional capacity during 12th
Plan (2012-17), 109 hydro projects aggregating to 30,920 MW
have been shortlisted. Fig. 9 shows the year wise likely capacity
addition in the 12th plan period.

15. India interactions with South Asian countries for power:

India—Nepal interconnection: About 22 links at 132/33/11 KV
have been identi ed. About 50 MW of power is being exchanged in
radial mode and supply of 70 MU/annum from Tanakpur (India) to
Nepal (as per the Mahakali Agreement) is going on. About 10% of
demand of Nepal met from India.

Muzaffarpur—Dhalkebar transmission line: One of the important
transmission line between Muzaffarpur(India) and Dhalkebar
(Nepal)is in progress. It is a 400 kV interconnection. The length
is 125 km.

The line length of Indian portion is about 86.43 km and
estimated cost is Rs. 13175 crores. It is to be implemented by
Cross Border Power Transmission Company Pvt. Ltd. (CPTC).

Proposed equity shares of JV partners are IL&FS (38%), POWER-
GRID (26%), SIVNL (26%) and NEA (10%).

The line length of Nepalese portion is 39 km and estimated cost
is 131.75 crores. It is to be implemented by Power Transmission
Company Nepal Ltd. (PTCN). Proposed equity shares of JV partners
are NEA (50%), POWERGRID (26%) Financial Institutions of Nepal
(14%), IL&FS (10%).

India—Sri Lanka interconnection: On 9th June 2010, MoU on
the feasibility study for interconnection of India—Sri Lanka Elec-
tricity Grids was signed among the Government of Sri Lanka, the
Government of India, the Ceylon Electricity Board and the Power
Grid Corporation of India Ltd.

As per the memorandum of understanding, the feasibility study
for interconnection of India—Sri Lanka Electricity Grids is to be
prepared in three sections.

The rst and second sections covering the Indian portion and
the undersea-route respectively are to be prepared by PGCIL. The

third section covering the portion in the Sri-Lankan territory is to
be prepared by CEB.

The work entrusted to both PGCIL and CEB are being executed.
PGCIL with the concurrence of CEB has engaged the National
Institute of Oceanography, India, for conducting the marine survey
and marine EIA study. Marine survey and EIA study is in progress.

Anuradhapura has been identi ed as the suitable location in Sri
Lanka to interconnect the HVDC line, during the system studies
carried out by CEB. The estimated cost of preparation of the
feasibility study is US$ 3.0 million, which is shared by the
Government of India and the Government of Sri Lanka in equal
proportions (Fig. 10).

India—Bhutan interconnection: For import of power from
Bhutan following projects have been in operation (Table 12):

About 11,000 MW identi ed to be implemented in future in
Bhutan. Major portion of power from the future generation
projects in Bhutan is envisaged to be imported into Indian grid.
The 1st of the future projects to be commissioned in Bhutan is
Punatsangchu-I (1200 MW) in 2014-15 (Table 13).

India—Bangladesh interconnection: A MoU had been signed
between Indian Delegation and BPDB & PGCB of cials, Bangladesh,
on November 24, 2009 at Dhaka. The Indian portion is being
executed by Powergrid, India, while the Bangladesh portion is
executed by PGCB (Power Grid Company of Bangladesh Ltd.),
Bangladesh. The total cost estimated for India portion is Rs
169.86 crores (USD 36.06) and for Bangladesh portion is Rs.
736.84 crores (USD 156.44). Commissioning schedule is April
2013. The Asian Development Bank is extending about USD 100
million equivalent loans for India—Bangladesh cross border elec-
tricity interconnection to increase South Asia power trading (ADB,
2010) (Table 14).

15.1. Regional power grid

Bhutan and Nepal have huge hydropower potential. It provides
a good opportunity for energy trade within the region to bridge
the demand—supply gap. A prerequisite for electricity trading is
the establishment of a regional power grid. This view was adopted
as a priority in a South Asian Association for Regional Cooperation
(SAARC) Declaration issued in January 2004. Countries like Nepal
and Bangladesh can generate income for national economic
development by selling hydropower while importing countries
such as India and Pakistan can bene t by reducing the constraints
on growth imposed by inadequate electricity supplies. There is a
huge potential for cross border hydropower exchanges due to
varying seasonal and daily load curves. In summer, Bhutan and
Nepal usually have surplus power and Bangladesh can import
power from these countries due to its high domestic demand. Due
to its geographical location India can bene t from the wheeling
charges for the utilization of its transmission system for power
wheeling between these countries. Indian could provide transit
rights for building of dedicated transmission systems for power
trading in the subcontinent. Power exchanges between India and
Pakistan could also meet the demand of electricity in the border
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Fig. 10. India—Sri Lanka grid interconnection.
Source: Power Grid Corporation of Indian Limited.

Tablel2
India—Bhutan ongoing transmission system.
Source: Power Grid Corporation of Indian Limited.

Chukha HEP (4 84...336 MW)
— Chukha — Birpara 220 kV 3 ckts
Kurichu HEP (4 15...60 MW)
— Kuruchu — Geylegphug(Bhutan)
— Salakati(NER) 132 kV S/c
Tala HEP (6 170 MW...1020 MW)
— Tala — Siliguri 400 kV 2x D/c line

Table 13
Future generation projects.
Source: Power Grid Corporation of Indian Limited

Punatsangchu-I 1200 MW
Punatsangchu-II 1000 MW
Mangdechu 720 MW
Sankosh 4000 MW
Chamkhar Chu-I 670 MW
Kurigongre 1800 MW
Amochu 620 MW
Kholongchu 486 MW
Wangchu 900 MW
Bunakha 180 MW

areas. Power exchange between India's and Bangladesh is also
possible as suggested by the ‘Regional Report’, issued by South
Asia Initiative for Energy (SARI/Energy). India’s power generation
in eastern region can bene t Bangladesh's western region and
Bangladesh can supply power to India's north eastern region. Such

arrangements would reduce investment requirements, lower
transmission losses, improve reserve margin and enhance the
reliability of supply.

15.2. Regional gas grid

India and Pakistan are gas imploring countries while Bangla-
desh has recoverable reserves of 66 trillion. Bangladesh can export
gas to India and Pakistan but it is reluctant to do so as it believes
that this reserve is for domestic use only. However, a regional gas
grid in the region could help the South Asian countries obtain gas
from Myanmar, Central Asia and West Asia. From Myanmar natural
gas could be obtained by a pipeline crossing through Bangladesh.
Natural gas by pipeline could be imported through Afghanistan
and Pakistan. The two important gas pipelines are Iran—Pakistan—
India gas pipeline and Turkmenistan—Afghanistan—Pakistan—India
gas pipeline.

The project was conceptualized in 1989. A Joint Working Group
(JWG) of the three countries had been formed to discuss the
details of price, transportation tariff and transit fee.

Dubbed the “Peace Pipeline,” the 2700-kilometer pipeline
could transport 2.8 billion ft of gas daily from Iran's South Pars
natural gas elds to India across Pakistan. As expected, the United
States strongly opposed the IPl. Even wrangling continued over
pricing, customs tariffs and transit fees.

India's vote against Iran at the IAEA in 2006 momentarily froze
bilateral relations between both the nations. The Indians boy-
cotted a number of talks from 2008. The Mumbai terror attacks
also resulted in a new low in Indo-Pakistani relations. With no
conclusive decision from New Delhi, Teheran and Islamabad went
ahead with the agreement in 2009. The signing of the Iran—
Pakistan phase of the pipeline triggered reports that New Delhi
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Table 14
Interconnection between India and Bangladesh.
Source: Power Grid Corporation of Indian Limited

Purpose

Exchange of power between India and Bangladesh

Interconnection Baharampur (India)-Bheramara(Bangladesh) 400 kV D/c line and 500 MW HVDC B/b station at

Bheramara(Bangladesh)

Type of Asynchronous(HVDC)
connection

Transfer 500 MW (upgradable to 1000 MW)
capacity

had nally buckled under US pressure and walked out of the deal.
Interestingly, China now expressed interest in the expansion of the
pipeline. The Indians, however, have never of cially abandoned
the IPI pipeline.t

Turkmenistan—Afghanistan—Pakistan—India: The 1680 km, US$
7.6 bn pipeline project sponsored by the Asian Development Bank,
will transport Caspian Sea natural gas from Turkmenistan through
Afghanistan and Pakistan to India. India, Pakistan and Afghanistan
have signed a framework agreement to buy natural gas from
Turkmenistan in April 2008. Turkmenistan has already nalized
the Gas Sale Purchase Agreement (GSPA) with all the participating
countries for the US$ 7.6 billion TAPI gas pipeline that will pave the
way for the supply of 3.2 billion ft* of natural gas per day from
South Yolotan/Osman and adjacent gas elds to South Asian states
through the pipeline.?

Gas as LNG could be imported from Indonesia and Australia and
could be of oaded at economically optimal locations in each
country and after re-gasi cation could move the gas along the
regional grid to any desired destination.

15.3. Transfer of technology

There would appear to be considerable potential for coopera-
tion in sharing the technology of low-grade coal, lignite use and
the equipment manufacture for coal based power generation
plants as well as renewable energy technology. To achieve the
above mentioned objectives at the SAARC Energy Minister's
Conference held in Islamabad in September 2005, creation of a
SAARC Energy Centre (SENTER) was proposed. The primary objec-
tive of SENTER is to facilitate intra-regional energy planning,
research, training and trade. Key activities include the assessment
of a power interconnection master plan, formation of a regional
energy database, and development of relevant information, train-
ing materials, studies and position papers to support regional
energy cooperation and trade.

16. Challenges of South Asia energy cooperation

The availability of energy resources, potential for their econom-
ical exploitation, competitive cost advantages, adequate infrastruc-
ture harmonious and enabling policies, lack of trade barriers, a
climate of mutual trust and strong political will to cooperate for
gaining mutual bene ts are the prerequisites for cross border
energy trade.

Followings are the major challenges in the South Asia Energy
Sector:

Absence of competitive power market: India is the only
country in South Asia to have permitted electricity trade as a

1 “The Georgetown Journal's Guide to The Iran—Pakistan—India “Peace Pipe-
line”, available at http://journal.georgetown.edu/2012/03/14/the-georgetown-jour
nals-guide-to-the-iran-pakistan-india-peace-pipeline-by-sumitha-kutty/.

2 “pakistan, India discuss Petroleum products trade, TAPI Pipeline” available at
http://www.dawn.com/2012/03/22/pakistan-india-discuss-petroleum-products-tra
de-tapi-pipeline.html.

commodity and has recently put in place an energy exchange for
electricity trading. Such options are not available to the buyers and
sellers of electricity in other countries of the region. Although it is
not a precondition for regional trade in energy, a vibrant power
market with competitive segments offers better opportunities for
electricity trade.

Lack of funds: Energy infrastructure including power projects
and transmission inter-connections require large capital outlay.
South Asian countries do not have adequate nancial resources for
the development of these projects and have to seek support from
international donors and multilateral funding agencies. But, given
the focus of these agencies on the soft sectors, their support would
be limited. Inadequate internal nancial resources and lack of
developed capital markets in the most of the South Asian coun-
tries act as a major barriers.

Lack of harmonious energy policy and related framework:
Existence of well-de ned, coherent/harmonious energy policies,
enabling legal and regulatory framework are essential criterion for
cross-border trade and investments (Ebinger, 2011). As such, there
is an urgent need to put in place related mechanism that would
not only facilitate but also encourage energy trade among the
South Asian countries.

Lack of infrastructure for developing remotely located
hydro projects: Most of the hydropower projects are located in
the remote and mountainous areas where infrastructure such as
accessible roads and high voltage transmission lines do not exist.
This necessitates the development of these infrastructures for each
and every projects with the associated cost being added to the
overall cost of the projects. This ultimately leads to the higher
costs for the hydropower project and adversely affects their
competitiveness.

Lack of energy infrastructure: A prerequisite for energy
availability is existence of requisite infrastructure to facilitate
transmission/transportation of energy supplies. Lack of infrastruc-
ture had an adverse impact on exploitation of resources and also
to access the available resources. Building a robust energy infra-
structure may also reduce the need for building dedicated trans-
mission corridors across the region and regional trade could be
undertaken through interconnection points between neighboring
member states.

Institutional constraint: There exist institutional barrier
within the region that impedes the promotion of regional power
exchange. The existing leadership has failed to push forward the
idea of power trade. No effective institutional arrangement exists
among other member countries of the region except India and
Bhutan. This re ects the priority attributed by the member
Government towards cooperation in energy. Perhaps a beginning
could be made by identifying focal institution in each of the
member countries and then setting up a network of these
institutions charged with the responsibility of working out an
arrangement on energy cooperation (Srivastava and Mishra, 2007).

Political mindset: Divergent national policies and political
mindset of the governments of the region proved to be a major
inhibitor of energy cooperation. Power trade should not be seen
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just as a simple trading in power but it needs to be understood as a
policy which has the potential to bring about necessary change in
the equality, reliability and ef ciency of power supply and thereby
accelerate the process of economic growth (Lama,1999).

Commercial and nancial constraint: Commercial barriers in
terms of tariff limit the ability to identify and evaluate the real
delivered cost of power. The basic problem emanates from the fact
that powver trading is most often treated on political rather than on
commercial considerations (World Bank, 2007). Governments
need to provide enabling agreements covering the sector and
the deal should be left to the commercial decision making
speci cally to ensure its long term sustainability and to inject
transparency and accountability.

Lack of a coherent and ef cient power sector: Power sector
in the region is predominantly states owned. Despite the intro-
duction of power sector reform, which envisages change in
investment and ownership pattern, increased role for the private
investment, transformation of power industry from the present
single buyer model to a multiple buyer-multiple seller model and
establishment of a strong and independent regulatory body to
create a level playing eld to all the participants in the industry, its
implementation has been very slow.

Private sector involvement has been minimal. Poor nancial
performance of the utilities made them dependent on state funds
which are scarce and which faces numerous other competitive
claims. The slow rate of progress in sector restructuring has been
recognized as an impediment to growth in the sector both within
the country and the region.

Past legacy of mistrust: Some of the constraints in improving
the scope of regional energy cooperation pertain to the relations
among the South Asian countries which have remained bedeviled
by a lack of trust and transparency, which in turn have com-
pounded poverty and deprivation in the region (Lama, 2007). This
pernicious mindset has greatly eroded goodwill and con dence
and generated mistrust and suspicion. The situation is further
aggravated by the failure of political leadership in creating a public
opinion in favor of developing a vision for regional cooperation,
despite the existence of SAARC for more than a decade.

There is also a need to publicize widely at the national level,
the rationale of energy trade policy and the sector reforms, such
a policy choice implies with a view to create popular support. The
political commitment to trade accompanied by evolution of such
a consensus helps to conclude trade deals successfully. This
approach is extremely essential in case of Nepal and Bangladesh.

Inef cient operational utilities: Insolvency of the utilities is
another constraint to energy cooperation in trade and investment.
Power systems in the region operate in a supply constrained
environment with a very low level of quality and reliability. Load
shedding and power outages are common during peak hours and
during certain seasons of the year. Electricity utilities are used as
vehicle of social policy and average tariffs are kept substantially
lower than supply costs. With such a poor operational and

nancial performance of the power utilities in the region, entry
of independent power producers for generation could only be
possible on the basis of “take or pay” contract under full
guarantee.

2. Conclusion

South Asian region is experiencing unprecedented economic
growth. The growth, however, is becoming constrained by sig-
ni cant shortages in energy supply. Energy endowments differ

among the South Asian countries, and the countries in the region
could bene tsigni cantly by strengthening mechanism of energy
trade through improved connectivity. Only India, Bhutan, and
Nepal currently trade electricity. The national energy systems—
gas and electricity networks—in the South Asian countries are
largely isolated from each other. There are no gas pipelines
crossing the national borders, whether within South Asia or
between South Asia and its neighbors. Consequently, optimal
development of the region's internal energy resources is ham-
pered and access to the signi cant energy resources in the
neighboring countries is denied, which increases the cost of
energy supply and reduces energy security of the individual
countries and of the region as a whole.

Key solutions to these problems involve fostering cross border
energy investments and promotion of regional energy trade in
order to take full advantage of the energy resources available
within the region and its neighborhood (Behuria, 2009). Therefore
it is essential to create signi cant opportunities for cooperation
and trade in the energy sector and eventually for creating one of
the worlds' largest integrated energy markets.
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abstract

With limited land resources, inadequate energy supply, and growing water stress, South
Asia faces the challenge of providing enough water and energy to grow enough food for the
burgeoning population. Using secondary data from diverse sources, this paper explores the
food, water, and energy nexus from a regional dimension, emphasizing the role of Hindu
Kush Himalayan (HKH) ecosystem services in sustaining food, water, and energy security
downstream. The analysis reveals that the issues and challenges in the food, water, and
energy sectors are interwoven in many complex ways and cannot be managed effectively
without cross-sectoral integration. The most distinctive feature of the nexus in South Asia is
the high degree of dependency of downstream communities on upstream ecosystem
services for dry-season water for irrigation and hydropower, drinking water, and soil fertility
and nutrients. This Pnding suggests that along with cross-sectoral integration to improve
the resource-use efpbciency and productivity of the three sectors, regional integration
between upstream and downstream areas is critical in food, water, and energy security.

systems

S);uth Asia Within the nexus approach in South Asia, equal attention should be paid to management of
HKH ecosystemsbespecially the watersheds, catchments, and headwaters of river systemsb
and to tapping the potential of collaborative gains in water, hydropower, and other

ecosystem services through coordination across HKH countries.
# 2014 The Authors. Published by Elsevier Ltd. All rights reserved.
" World Economic Forum 2011, the Bonn2011 Nexus Con-
1. Introduction ference, the sixth World Water Forum, and World Water
Week 2012, to mention a few, have urged an integrated
Food and water are essential human existence and approach to food, water, and energy security. The Rio + 20
energy is the key to human development. Access to these declaration OTheFuture We WantO, which stresses the need
resources and their sustainable management are the basis for a balanced integration of economic, social, and environ-
for sustainable development. Recognizing that efbcient use mental issues in economic development, also stresses the
of these limited or declining resources is essential to need to address societyOs core issues of food, water, and

sustainability, the global community has turned its attention
to the concept of the food, water,

energy security in a manner that reduces the adverse

and energy nexus. The impacts on natureBwater, biodiversity, air, and climate.
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The nexus approach recognizes the interdependencies of
water, energy, and food production and aims to systemize
the interconnections to provide a framework for assessing
the use of all resources and to manage trade-offs and
synergies (Hellegers et al., 2008; Bazilian et al., 2011; Scott
et al.,, 2011; Hermann et al., 2012; Hussey and Pittock, 2012;
Sharma and Bazaz, 2012).

The concept of the food, water, and energy nexus is
extremely relevant to Asia as the region has to feed two-thirds
of the worldOs population (4.14 billion people) and accounts for
59% of the planetOswater consumption. Ensuring food security
and providing access to safe drinking water and modern
energy for all remains a key challenge for AsiaOssustainable
development. The challenge is especially great in the South
Asian countriesbAfghanistan, Bangladesh, Bhutan, India,
Maldives, Nepal, Pakistan, and Sri Lankabwhere more than
40% of the worldOs poor live and some 51% of the population is
foodbenergy debcient (Ahmed et al., 2007). With just 3% of the
worldOs land, South Asia has about one-fourth of the worldOs
population (1.6 billion people). Rice and wheat, the staple
foods in the subregion, require huge amounts of water and
energy. Freshwater, once abundant, is under growing stress
due to the increased demand for competing uses, and climate
change is creating additional uncertainties (Eriksson et al.,
2009). About 20% of the population of South Asia lacks access
to safe drinking water (Babel and Wahid, 2008). The increase in
water stress and water demand raises questions about how to
ensure enough water for growing food without losing hydro-
power for energy security. The energy required to make water
available for crop production, for example through ground-
water pumping, is in serious shortage (Shah, 2009); per capita
energy consumption in this region is among the lowest in the
world, only 300 kg of oil equivalent, which is just one-third of
ChinaOs 2001 per capita consumption (USAID, n.d.). With a
large and rising population, limited land resources, inade-
quate energy supply, and growing water stress, South Asian
countries face a common challenge of how to produce more
food with the same or less land, less water, and increased
energy prices.

1.1. Ecosystems S the missing link in the food, water, and
energy nexus

The nexus approach provides a framework for addressing
competition  for resources and enhancing resource use
efpciency with a cross-sectoral focus. However, the nexus
discourse has yet to appreciate the value of ecosystems, their
functions, and their services in water, energy, and food
production. Food and freshwater services critically depend on
the RBow and services from ecosystems (MA, 2005; Molden,
2007; Krchnak et al, 2011; Boelee, 2011). The ecosystem
functions and services provided by mountains, for example
including freshwater, energy, biodiversity, forest products and
services, food and medicinal products, and Psh and other
aquatic products are central to food, water, and energy
security (Molden et al., 2014; Rasul, 2010, 2012; Lepez-Moreno
et al., 2011).

The Hindu Kush Himalayas provide ecosystem services
that are critical for water, energy, and agricultural sustain-
ability and productivity in South Asia (Fig. 1). All of the

subregionOs major rivers and their numerous tributaries
originate in the Himalayas. About 1.3 billion people in South
Asia (the mainland population) rely on freshwater obtained
directly or indirectly from the Hindu Kush Himalayan (HKH)
mountain  systems.

Failure to recognize the value of HKH ecosystems results in
inadequate measures to manage the headwaters of the
subregionOs rivers, their catchments, watersheds, and vital
natural resources, posing aserious threat to the sustained Row
of ecosystem services critical for food, water, and energy
security in the HKH and downstream (Rasul, 2010; Tiwari and
Joshi, 2012).

1.2. The regional dimension

Many ecosystem resources such as water from transboundary

rivers are used and managed at multiple scales local,
national, and regional and governed by diverse stake-
holders. Much of the food, water, and energy nexus debate so
far has focused on intersectoral coordination for efbcient use
of competing resources; the emphasis has been on integrating

policies, mainly for water pricing and withdrawing subsidies
to reduce energy demand for water in agriculture or for
construction of big infrastructure to store water to support the
growing demand for water and energy for irrigation (Shah,
2009; Mukherji, 2007; Kumar et al., 2012). Sofar, few systematic

efforts have been made to understand the spatial and regional

dimensions of the nexus, in other words to examine the
spatial patterns of resource availabilty and use, how
resources RBow, upstreambdownstream  linkages, and the

potential benebts of addressing challenges through regional
and river-basin approaches (Bach et al., 2012). The nexus
approach has also paid little attention to the upstreamb
downstream linkages of ecosystem services, biophysical and
socio-economic interdependencies, and the importance of
cross-scale coordination in managing nexus challenges
(Krchnak et al., 2011; Boelee, 2011; Scott et al., 2011). Since
different countries have different resource endowments and
face different challenges in managing the nexus, upstreamb
downstream coordination can tap the potential of synergies in
transboundary river basins (Priscoli and Wolf, 2009; Bach et al.,
2012; Rasul, 2014).

In South Asia the food, water, and energy nexus has a
strong regional dimension, with upstream actions often
having downstream effects. For instance, Roods generated
in Nepal also result in RBoods in India; glacial lake outburst
Boods in China can affect hydropower stations in Nepal;
erosion in one country deposits sediment in another; and
hydropower potential in one country serves markets in
another (Tiwari, 2000). Approaching the food, water, and
energy nexus from an ecosystem-based regional perspective,
which takes into account the transboundary nature of HKH
ecosystems and rivers, offers opportunities to enlarge plan-
ning horizons, increase economies of scale, identify trade-offs,
and maximize synergies in food, water, and energy (Bach et al.,
2012; Grey and Sadoff, 2007).

This paper explores the food, water and energy nexus in the
Hindu Kush Himalayan region and South Asia from a regional
dimension using an ecosystem perspective, focusing particu-
larly on the role of HKH ecosystem services in sustaining food,
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Fig. 1 — Interdependencies

of food, water, energy, and ecosystem services.

water, and energy security in downstream areas. It begins by
assessing the issues and challenges in food, water, and energy
security in South Asia. Section 3 presents the contribution of
HKH ecosystems to food, water, and energy security in South
Asia, while the following section enumerates the challenges of
sustaining these vital mountain ecosystems. The article
concludes by suggesting some policy measures to promote
food, water, and energy security in South Asia and the HKH
region. This study relies predominantly on information drawn
from secondary sources, including books, reports, and journal
articles. Some information has been drawn from research by
the authors and ICIMODOsresearch experience in the HKH
region over the past 30 years.

2. Key challenges of the food, water, and
energy nexus in South Asia

South Asia is one of the most dynamic regions of the world in
terms of population growth, economic progress, urbanization,

and industrialization  (Table 1). The demographic, economic,
and environmental changes in South Asia have increased the

demand for natural resources and intensiped their uses,
which has serious implications for food, water, and energy
security in the subregion. The key features and challenges of
food, water and energy security and their interlinkages are
presented in Table 2 and brieRBy described here.

2.1. Increasing population and declining agricultural land

In the half century from the late 1950s to 2010 the population
of South Asia almost tripled from 588 million to 1621 million.
With high population growth and industrial development, per
capita agricultural land has been declining sharply over the
years. Between 1980 and 2010, per capita arable land fell from
0.11 to 0.05 ha in Bangladesh, 0.23 to 0.13 ha in India, 0.15 to
0.08 ha in Nepal, and 0.24 to 0.12 ha in Pakistan (Kumar et al.,
2012).

It is estimated that in 2025 there will be 2.2 billion people in
South Asia, and with the increased population cereal demand
will rise to 476 million tonnes as compared to 241 million
tonnes in 2000 (FAO, 2012) (Table 1). The projected cereal
demand rises to 550 million tonnes if higher incomes are taken
into account (Dyson, 1999).
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Table 1 —Key indicators

related to agriculture,

water, and energy security in South Asia.

Indicators 2007% 2050 projection
Population (millions) 1520 2242
Population density (per km 2) 352 b
Annual population growth rate (%) 1.5 0.53
Population below USD 1.25 a day (million) 596 (2005) 14.1
Poverty ratio (below USD 1.25 a day) 40.3 (2005) b
Per capita GDP growth (%) 3.6 (1995 1997) b
Undernourished people (millions) 331 93
Undernourished population (%) 21.8 4.2
Population without access to safe water (millions) 269 b
Total land area (million km 2) 4.47 5]
Cultivable land area (million km ?) 2.19 b
Cultivated area (million km 2) 2.04 b
Arable land (million ha) 204 213
Irrigated area (million ha) 104.3 (2000) 135.2
Total rainfed area 98 (2000) 110
Annual growth rate in irrigated area (%) 1.6 0.1
Cultivated area (% of total area) 93 b
Cultivated land (ha per person) 0.12 0.08
Cultivated land irrigated (%) 39 b
Contribution  of irrigated agriculture in total food production (%) 60D80 b
Fertilizer consumptions (millions tonnes) 27 59
Fertilizer consumption (kg/ha) 210 256
Agriculture  growth rate (%) 24 13
Crop production growth rate (%) 21 0.9
Cereal production growth rate (%) 1.9 (1997) b
Irrigated cereal yields (tonnes/ha) 2.7 (2000) 4.1
Per capita cereal consumption (kg/person/year) 169 (1997) b
Cereal demand (million metric tonnes) 241 (2000) 476
Livestock production growth (%) 3.2 (2007) 2.2
Milk and dairy products growth rate (production) 4.1 2.0
Milk and dairy products growth rate (consumption) 4.1 2.0
Total water withdrawal (km 3) 1023.40 b
Annual water withdrawal by sector (%)

Agriculture 91 b

Municipalities 7 b

Industry 2 b
Total water consumption in agriculture sector (km °) 1479 (2000) 1922
Total water withdrawal for irrigation(km 3) 1095 (2000) 1817
Per capita water withdrawal (m?3) 631 b
Agricultural use (% of total withdrawal) 82.30 b
Total irrigated area (million ha) 88. 60 b
Total irrigated area (%) 47.48 b
Irrigation

Surface water contribution 36.7 (2009) b

Groundwater contribution 54.7 (2009) b
Energy use per capita (kg of oil equivalent) 515 (2009) b
Household with no access to electricity (%) 63 b
Households using traditional biomass for cooking (%) 65 b
Electricity consumption in agriculture sector per tube well (kwh) 8100 (2001) b

Sources: FAO, 2012; de Fraiture and Wichelns, 2007; Lal, 2007. Sources: FAO, 2012; de Fraiture and Wichelns, 2007; Lal, 2007.

2 All data are for 2007 unless otherwise specified.

2.2. Stagnating or declining food production

Although total food production is increasing because of
additional area brought under irrigation, the growth rate of
food production has slowed down in many parts of South Asia,
and per capita food consumption has remained stagnant even
though per capita incomes have registered impressive growth
in recent years (Alagh 2010). Climate change may further
exacerbate the situation. According to the Intergovernmental

Panel on Climate Change (IPCC,2007), crop yields in South Asia

may decrease by up to 30% by 2050 without
practices.

Low levels of consumption have contributed to persistent
hunger and malnutrition (Kumar et al., 2012). Despite
impressive economic growth in the last decade, South Asia
is home to over 40% of the worldOs poor (living on less than
USD 1.25 a day) and 35% of the world®s undernourished
(Ghani, 2010). More than 56 percent of the worldOs low-birth-
weight babies are born in South Asia (Ahmed et al., 2007)
(Table 1).

changes in
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Table 2 —Key features and challenges

in food, water and energy security in South Asia.

Key features

Socio-economic, environmental,

Interdependence of food, water,

and developmental implications and energy resources
and challenges
Food security
Huge chronically undernourished population To meet the nutritional needs of all, Provision of food, water, and energy

About half of the worldOs poor (46%) live in South Asia

Burgeoning human population
About 25% of the world population (projected to reach
2.3 billion by 2050) living on 3% of the worldOs land area

Declining cropland per person

Very low per capita arable land area, declining continually
owing to population growth, urbanization, and growing
biomass cultivation for fuel to meet energy demand

Land degradation and declining soil fertility

Over 104 million hectares of land degraded due to water
erosion, soil erosion, waterlogging, salinization, and
fertility decline

Diversion of biomass to fuel use causing deterioration
of soil fertility and soil structure
Increasingly water and energy intensive food production
Increased electricity consumption in agriculture because
of increased use of groundwater for irrigation
Changing food preferences towards meat

Sensitivity to climate change

Food production highly sensitive and vulnerable to
climate changes (temperature rise, accelerated glacial
melting, increased evapo-transpiration, erratic rainfall)

Water security

Growing water stress

Growing water demand for agriculture, energy, industry,
and human and livestock use: Annual water demand
predicted to increase by 55% from 2005 to 2030

Only 0.03 ha of irrigated land area per capita in several
countries in the region

Uneven endowment of water resources over time and
space

Upstreambdownstream  linkage

High dependency of downstream communities on water
from upstream to grow food and generate hydropower

Increased dependency on groundwater for food production

About 70 80% of agricultural production depends on
groundwater irrigation

Energy security

food production needs to double in

next 25 years

Increased pressure on land, water,
and energy to meet increased de-
mand

Limited options for growing more
food grain by expanding crop area

Growing demand for land and water
for biofuel production

Increased use of chemical and inor-
ganic fertilizers to keep productivity

High dependency on irrigated agri-
culture which supplies 60 80% of
staple food

Production requires more energy and
water: about 7 kg of grain equivalent
energy is required to produce 1kg of
meat

Uncertainty of water availability
owing to rapid glacier melting in the
Himalayas

About 20% of the population without
access to safe drinking water

Increased water pollution and water-
borne diseases, high child mortality,
poor human health

Need for enhanced upstreambdown-
stream coordination and coopera-
tion for sustainable development of
HKH water resources

Decline in water tables, posing
threats to the sustainability of agri-
culture, food production, health, and
environment

Saline soils already affecting almost
20% of irrigated areas in Pakistan

Environmental
insecurity

stress and ecological

Growing pressure on water resources

to large malnourished  population

without degrading natural resource
base and environment
70% increase in agricultural produc-

tion and 40% increase in energy
needed to feed the growing popula-
tion

Further intensiPcation of food pro-

duction needed with more external
inputs (water, energy, fertilizers)

Competing demand for land for food
and bioenergy production and for
ecosystem services

Increased energy intensity in food
production

Agricultural growth constrained by
shortage of energy and water

Increased pressure on water for
meeting food requirement

Climate change likely to be a critical
factor in increasing water and energy
demand for food production and
land demand for bio-fuel production

Providing access to safe drinking
water with increasingly variable
water supply

Balancing water demand for food

production, energy, industrial
growth, urbanization, and environ-
ment

Irrigation, hydropower, and major

economic activities depend on HKH
rivers for dry season water

Increased electricity demand for
groundwater pumping for irrigation
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Table 2 (Continued)

Key features

Socio-economic, environmental,
and developmental implications
and challenges

Interdependence of food, water,
and energy resources

High energy poverty

About 63% of population without access to
electricity and 65% dependent on biomass
for cooking

Supply insufbcient to meet demand; demand-
supply gap widening

Energy demands expected to triple in next
two decades.

Intensibcation of energy use in food production
Greatly increased electricity consumption in
irrigation due to ground water pumping
(e.g., in India, sixfold increase of electricity
consumption per 1,000 ha cultivated from
1980/81 to 1999/2000)

High dependency on traditional fuel sources,
fossil fuels, and imported energy

Wood, crop residues, animal dung, and other
biomass used as prime source of energy for
cooking in rural areas

Underutilized potentials for hydropower and
clean energy

Promotion of hydropower and clean energy
needed to reduce carbon intensity in
energy production

Inadequate and unreliable energy
supply limiting opportunities  for in-
creased food production and water
supply

Economic growth could be acceler-
ated by 2 3%if quality energy can be
provided

Access to modern energy required
for rural people at affordable cost
Reliability and quality of energy not
keeping pace with increased demand
and use, with huge private and social
losses in terms of foregone agricul-
tural production and frequent burn-
out of transformers and motors
Serious health, socio-economic, and
environmental implications of tradi-
tional biofuel use including emission
of black carbon

Soil fertility and thus crop productiv-
ity reduced by use of crop residues
and animal dung for cooking

Energy diversibcation needed to
meet the demands of arapidly grow-
ing economy

Growing water and land demand for
energy production

Increased water demand to meet
energy demand: IndiaOs water de-
mand expected to grow from 20 to
70 billion m?® between 2010 and 2050

Reliable and quality energy required
for agriculture, water, industry and
other economic activities

Reduced soil fertility challenging
food production

Black carbon emissions accelerating
melting of glaciers, affecting water
availability and hydropower

Clean energy a means of reducing
glacial melting and associated risks
in hydropower development and
helping to ensure water availability

2.3. Increasingly water- and energy-intensive food

have serious implications

for water availability in the dry

production

About 39% of the cropland in South Asia is irrigated, and
irrigated agriculture accounts for 60 80% of food production
(World Bank, 2013). Agriculture consumes about 90% of the
water and about 20% of the energy used in South Asia.
Although in the early 1960sthe major source of irrigation was
surface water, the contribution of groundwater has been
increasing steadily and has now overtaken surface-water
irrigation  in some countries. At present groundwaterOs
contribution in irrigation is 79% in Bangladesh, 63% in India,
19% in Nepal, and 21% in Pakistan (FAO, 2012). In total about
three-bfths  of the regionOs irrigation water comes from
groundwater (Shah, 2009).

2.4. Water and energy scarcity

Water, once considered abundant, has become increasingly

scarce. Per capita water availability in Pakistan, for example,

fell from 5000 m S per annum in 1951 to 1100 m 2 per annum in
2006 and is predicted to drop closer to 1000 m by 2010. Water
stress is also growing in India, with per capita water
availability falling from 1986 m® in 1998 to 1731 m?® in 2005
and projected to decline to 1140m?® in 2050 (Gupta and
Deshpande, 2004).India is already extracting groundwater 56%
faster than it can be replenished. Climate change is likely to

season (IPCC, 2007; Eriksson et al., 2009; Shrestha and Aryal,
2011). As about 70% of South AsiaOscereal production comes
from irrigated agriculture, water scarcity may affect food
production unless appropriate measures are taken (Aggarwal
et al.,, 2004; Rasul, 2012).

Increased extraction of groundwater has increased
demand for energy and lowered the groundwater table in
many parts of the HKH region, especially the northwestern
Himalayas. This has created a serious concern for the entire
region as the shortage of water and energy has severely
constrained not only agriculture but also overall economic
growth and human wellbeing. Forinstance, energy shortage in
Pakistan is causing a loss of about USD 1 billion per annum
along with a loss of 400,000 jobs (GoP, 2013). The situation is
similar in Bangladesh, India, and Nepal and is challenging
overall macroeconomic  stability. It is estimated that in
2011 2012 about 50% of IndiaOs export earnings were spent
to import crude oil to meet the energy demand (ASSOCHAM,
2012). Similarly, about 35% of export earnings in Pakistan are
needed for the import of petroleum products (Ghauri et al.,
2011).

2.5. Impacts of burning biomass for energy

Inadequate access to modern energy and the prevalent
practice of burning biomass for cooking and heating also
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has impacts on the food, water, and energy nexus in South
Asia. About 70% of the population in South Asia uses biomass
such as fuelwood, crop residues, and animal dung asthe main
source of energy for cooking and heating. In traditional
burning practices, incomplete combustion of biomass con-
tributes to emissions of atmospheric black carbon aerosol
particles that absorb solar radiation and release the energy as
heat, contributing to atmospheric warming (Venkataraman
et al., 2005). When black carbon is deposited on ice and snow it
reduces the albedo of these surfaces, increasing the absorp-
tion of heat; it is thus thought to be accelerating melting of
Himalayan glaciers (Ramanathan et al., 2005; NAS, 2012). Black
carbon particles also inBuence cloud formation. Scientibc
studies suggest that the haze referred to as the atmospheric
brown cloud might have a signibcant effect on rice and wheat
yields in South Asia through reduction of solar energy to the
surface and change in rainfall (Ramanathan et al., 2005). Thus,
by accelerating the melting of the Himalayan glaciers and
inBuencing light and rain, black carbon could affect water
availability and food and energy security in South Asia.

Moreover, diversion of animal wastes from fertilizers to
fuel use has serious implications in the food, energy, and
water nexus. Cattle dung, rich in organic matter, was used
traditionally as manure in agriculture and also provides food
for a wide range of animal and fungus species which are
recycled into the food chain. Its increasing use as fuel for
cooking in rural areas leads to loss of soil nutrients, affecting
crop production. In India, about 30% of rural energy con-
sumption is derived from animal wastes; annually, 300 to 400
million tonnes of cattle dung are used as fuel for cooking (Gol
2002). In Bangladesh, where 60% of rural energy comes from
biomass, household consumption of biomass fuel is 219 kg per
month, of which 42kg is cow dung (Hassan et al., 2012). In
Pakistan about 50% of cattle dung is used as fuel (Khurshid,
2009). Biomass is also the main source of fuel in Afghanistan
and Nepal, and cattle dung is increasingly being diverted from
manure to fuel (Pant, 2010). South Asian soils are very poor in
organic matter, and with the reduced use of cattle dung in crop
Pelds and the increased use of inorganic fertilizers, the organic
matter content in soil is declining (Lal, 2007). In Bangladesh,
for instance, the average organic matter content of topsoils
has gone down from about 2% to 1% over the past 20 years
(BARC, 1999). In Pakistan, soil carbon ranges from 0.52% to
1.38% and most soil series have less than 1% carbon (ljaz,
2013). In India, the use of dung as fuel has resulted in an
estimated loss of nitrogen to crops of 3 kg per hectare per year
(Ravindranath and Hall, 1995). About 11 million hectares of
South Asian cropland suffer from nutrient depletion and land
degradation, which has led to stagnation or even decline in the
productivity  of the riceBbwheat system (Lal, 2007). Finally, the
diversion of cattle dung from farm manure to fuel has
accelerated the use of chemical fertilizers, whose production
is highly energy intensive again, having an impact in the
food, energy, and water nexus.

3. The role of the Hindu Kush Himalayas

From a nexus perspective the essential question is whether
water and energy constraints can be overcome to grow

adequate food for the growing population without degrading
the natural resource base.

3.1. Water

Rice and wheat are the staple foods in South Asia; about 50% of
dietary energy comes from these two crops. But these crops
require huge amounts of water Babout 1000 tonnes to produce
1 tonne of grain (Brown, 2009). Their production depends on
the availability of water in the dry season and on irrigation

facilities, which depend on water from the Hindu Kush
Himalayas. These mountains are the source of AsiaOs 10
largest rivers including the Brahmaputra, Ganges, Indus,
Mekong, Yangtze, and Yellow Rivers, which are a lifeline for
more than abillion people, almost half of humanity (Beniston,

2013). These rivers and their numerous tributaries are the
main sources of freshwater in South Asia. They provide water
for drinking, irrigation, Psheries, navigation, and hydropower

and support terrestrial and aquatic ecosystems.

The worldOs largest irrigation concentration is in the Indo-
Gangetic plain. In Pakistan, food, water, and energy security
depends heavily on the state of the Indus River. The Indus
irrigation  system, the worldOs largest contiguous irrigation
system, irrigates about 14.3 million hectares of farmland,
representing about 76% of the cultivated area in Pakistan; it
enables the production of more than 80% of the food grains of
Pakistan and cash crops, in particular cotton (GoP, 2010).
Agricultural water withdrawal in Pakistan is 170 billion cubic
metres per year.

Similarly, the Ganges River system is the main source of
freshwater for half the population of India and Bangladesh
and nearly the entire population of Nepal. The Ganges and
Yamuna canal systems irrigate vast areas of India by using
surface and groundwater received from the Himalayas.
Almost  60% of IndiaOsirrigated area of 546,820km ? is in the
Ganges basin (National Ganga River Basin Authority, 2011).
Water use for irrigation in the Ganges basin is about 100 billion
cubic metres per year.

The Brahmaputra River supports irrigation, hydropower,
and bsheries for avast part of Bangladesh, Bhutan, and India.
Almost 6000 km 2 are irrigated using 1.4 billion cubic metres of
water per year. AfghanistanOs food and water security heavily
depends on the Amu Darya. More than 5billion cubic metres of
water per year are drawn from this river and its tributaries in
northern Afghanistan to irrigate 385,000 ha of farmland (NAS,
2012).

Himalayan freshwater resources: The Hindu Kush Hima-
layan mountain system is often called the Othird poleOor Owater
tower of AsiaObecause it contains the largest area of glaciers
and permafrost and the largest freshwater resources outside
the North and South poles. About 30% of the worldOs total
glaciated mountain area is in the HKH region. Estimates of
glacier area vary considerably; one estimate suggests the
glacier area in the HKH region is 114,800 km 2 (WGMS 2008,
cited in NAS, 2012). A study conducted by ICIMOD inventoried
54,000 glaciers in the HKH covering 60,000 km ? (Bajracharya
and Shrestha, 2011). Himalayan ice reserves are estimated to
be equivalent to about three times the annual precipitation
over the entire HKH region (Bookhagen, 2012; Immerzeel and
Bierkens, 2012). During summer and early autumn, meltwater
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released from glaciers, ice, and snow feeds the rivers reaching
downstream, increasing their run-off and recharging river-fed
aquifers. Glaciers provide a natural antidote for hydrological
seasonality, providing water during the dry season when it is
most needed.

However, the role of meltwater varies through the region:
In the northwestern and far-eastern Himalayas more than 50%
of the annual discharge comes from snow that falls during the
winter westerlies. By contrast, the central Himalayan rivers
generally receive less than about 25%of their annual discharge
from snowmelt, and are instead fed mainly by summer
monsoon rainfall. It is estimated that about 50 80% of the
inBows in the Indus River system is fed by snow and glacier
melt from the Hindu Kush Karakoram part of the HKH. With
over 5000 glaciers, the upper Indus basin has a glaciated area
of about 15,000 km 2, which corresponds to about 2700 km 2 of
stored ice, equivalent to about 14 years of average Indus River
system inBows (GoP, 2010). The Hindu Kush Karakoram and
western Himalayas are the source of about 90% of the lowland
RBow of the Indus River and its tributaries (Liniger et al., 1998,
cited in Winiger et al., 2005).

Groundwater: Although estimates of the Himalayan con-
tribution to downstream groundwater recharge are limited, a
recent study claims that it may be substantial (Bookhagen,
2012). Andermann et al. (2012) report that groundwater Row
through bedrock is approximately six times the annual
contribution  from glacial ice melt and snowmelt to central
Himalayan Groundwater is an invisible ecosystem
service of the Himalayas; it is vital for irrigation in the entire
agricultural landscape of HKH countries, in addition to serving
other human uses and sustaining wetland ecosystems.
Further study, therefore, is needed to determine the potential
role of HKH watershed management in reducing runoff and
increasing inPltration to ensure groundwater recharge down-
stream.

rivers.

3.2. Energy

From a nexus perspective, the major challenges facing South
Asian countries relate to supplying enough energy for
increased food production and other economic activities as
well as domestic use without increasing carbon intensity.
Hydropower from the HKH mountain systems can enhance
energy security in South Asia, provide quality energy for
agriculture and food production, reduce to some extent the
vulnerability and impacts of Buctuations in supply and prices
of fossil fuels (especially imports), and provide local, national,
and global environmental benebts through the reduction in
consumption of fuelwood and fossil fuels. Harnessing the
huge untapped hydropower resources in the region could fuel
industrialization  and economic growth as well as strengthen
food security.

Hydropower and clean energy potential in Himalayan
rivers: The Himalayan topography and rivers with abundant
rainfed and snowfed water resources provide an opportunity
for generating an enormous amount of hydropower. The
hydropower potential of the HKH region is more than 500 GW
(Vaidya, 2012). The contribution of hydroelectricity to total
commercial energy is about 50% in Bhutan, 17%in Nepal, 13%
in Pakistan, 6% in India, and 4% in Afghanistan (ADB, 2011);

and to the total electricity supply is about 100%in Bhutan, 92%
in Nepal, 74%in Myanmar, 33%in Pakistan, 17%in India, and
16% in China (Molden et al., 2014).

The hydropower potential of the Brahmaputra River is one
of the largest among the worldOsrivers Pmore than 296.8 TWh
(Cathcart, 1999). The location where it drops 2300 m from the
Tibet Autonomous Region of China to Assam in India has
immense potential. The BrahmaputraOs theoretical hydro-
power potential is estimated to be about 83,000 MW in Nepal,
21,000 MW in Bhutan, and almost 59,000 MW in northeast
India. The GangesbBrahmaputrabMeghna river system is
estimated to have about 200,000 MW of hydropower potential,
of which half or more is considered to be feasible for
harnessing (Chalise et al., 2003). Nepal has identiped 28
potential reservoir sites with an aggregate gross storage
capacity of 110 billion cubic metres. Biswas (2004) notes that
Nepal and Bhutan could harness this hydropower potential at
a relatively low cost compared to alternative energy sources.
The 1986 Brahmaputra Master Plan of India identibed 18
storage sites in northeast India, Pve classibed as large, with a
total gross storage capacity of 80 billion cubic metres. Several
multipurpose  projects with large reservoir storage capacities
have been identibed in India in the Brahmaputra and Meghna
basins (Sharma and Awal, 2013; Rahaman and Varis, 2009;
Sharma, 1997; Rao, 2006). One large storage site (Tipaimukh)
has been identiped in the Meghna (Barak) system with a gross
storage potential of 15 billion cubic metres (Mohile, 2001).

In the Indus River system in Pakistan, 800 potential sites
have been identibed. The collective potential of hydropower in
the Indus River system is about 60 GW, but only 6720 MW (11%)
have been realized (Siddigi et al., 2012).

The Ganges and its tributaries also have huge potential for
hydropower development and trade. A recent study con-
ducted by the World Bank suggests that about 25,000 MW of
electricity could be generated in the Ganges basin through
upstream storage of water in 23 dams, and that this could
provide benebts worth of USD 5 billion per year with little
trade-off (Sadoff and Rao, 2011).

Of the total hydropower potential in India, 79%
(117,329 MW) is in the Himalayan region. However, only
12,543 MW has been developed, with another 12,375 MW in
development (Gol, 2010).

In Afghanistan, hydropower contributes more than 54% of
the total power supply. The upper Amu Darya and Panj Rivers
in Afghanistan are estimated to have about 20,000 MW of
hydropower potential. Ten hydro projects with atotal capacity
of more than 10,000 MW have been identibed. However,
present utilization is only 256 MW (Ahmadi, 2012).

Micro-hydropower:  In addition to the potential on a large
scale, Himalayan streams and rivers also offer ample
opportunity  for generating hydropower at small and medium
scales. Nepal and Pakistan have good experience with micro-
hydropower plants (less than 100 kW capacity), especially in
relation to community involvement in planning, construction,
and operation. These countries also have a signibcant
industrial base that produces the required electro-mechanical
equipment. In northern Pakistan, under an initiative of the
Aga Khan Rural Support Programme, communities in remote
mountain valleys built 240 micro hydro plants between 1990
and 2005, with a total capacity of more than 10,000 kW. A
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Clean Development Mechanism (CDM) project was registered
with the CDM Executive Board in October 2009 to develop 103
new micro and mini hydropower plants in Pakistan with a
total capacity of 15 MW at a cost of USD 18 million (Molden
et al., 2014).

India has also initiated small and micro-hydropower
development in its Himalayan region. By 2006, 3,434 MW
had been installed in Himachal Pradesh, Uttaranchal, Assam,
West Bengal, Sikkim, and Bihar, contributing about 13.2% of

renewable power (Reddy et al., 2006).
3.3. Other ecosystem services

Climate regulation: The Himalayan mountain system creates
conditions conducive to agriculture by regulating microcli-
mate as well as wind and monsoon circulation in the
Himalayan region. Because of their altitude and location,
the Himalayas block moisture-laden monsoon winds from
travelling further northward and thus facilitate timely and
heavy precipitation (snow and rain), saving South Asia from
the gradual desiccation that affSicts Central Asia (NAS, 2012).
During winter, the mountains pose a barrier to storms coming
from the west, and as a consequence receive snow at higher
elevations and rainfall at lower elevations and in the adjacent
plains of northern India (Gol, 2010). The Himalayan ranges also
prevent frigid and dry arctic winds from blowing south into
the subcontinent, keeping South Asia much warmer than
other regions at corresponding latitudes around the globe.
Soil fertility: In addition to providing surface and ground-
water, Himalayan rivers carry soil and nutrients to down-
stream areas, making Roodplains in South Asia, particularly
the Indo-Gangetic plain, fertile and contributing substantially
to productivity —of agriculture and aquatic resources (Aggarwal
et al., 2004; Prasad and Kar, 2005; Sharma et al., 2007).
Agro-biodiversity: ~ The Himalayas are important store-
houses of agro-biodiversity, which is fundamental for agri-
cultural sustainability and human wellbeing in South Asia and
beyond. Over 675 edible plants and nearly 1743 species of

medicinal value are found in the Indian Himalayan region
alone (Singh, 2006).

Aquatic resources: Both tropical and Himalayan cold-
water bsh are important sources of nutrition and food

security in the HKH region and downstream. The Himalayan

river systems harbour some of the richest Psh biodiversity

resources in the world. Connecting Himalayan headwaters

with the sea, they serve asbiological corridors for migration of
bsh and other aquatic species, thus supporting biological
diversity and livelihoods. The Ganges river system alone
hosts around 265 species of bsh. Because of the perennial

water from mountain snow and ice in the Ganges and the
Brahmaputra, India and Bangladesh stand second and third
respectively in the world in terms of inland bsheries
production (Hussain, 2010). Subsistence and semi-intensive

bsheries also support the livelihoods of a huge population. A
total of 2.5 and 0.4 million Pshers in India and Bangladesh
respectively rely on bshing in Himalayan rivers for income,
food security, and nutrition (FAO, 2012). The Koshi River, a
major tributary of the Ganges, has 103 bsh species and
contributes  about half of NepalOs total bsh production of
33,000 tonnes per year; more than 30,000 people depend on

bshing in the Koshi and other rivers in Nepal for their
livelihoods (Sharma, 2008).

4. Challenges of sustaining Himalayan
ecosystems for food, water, and energy security

Throughout  the Himalayas, the growing demand for
resources, widespread poverty, and the strong probt motive
of commercial enterprises, and inadequate incentives for
sustainable management have led to unsustainable use of
resources (Singh, 2006). Rapid population growth  with South
AsiaOspopulation projected to increase from 1.36 billion in
2000 to 2.31 billion in 2050 (Lal, 2007) has increased demand
for food, fodder, grazing land, water, and other natural
resources in the mountains and downstream. Rapid urbaniza-
tion at an annual rate of 2.87%, as compared to 2.34%
worldwide (Sardar, 2012) is also increasing the demand for
water, energy, and food. The urban population of South Asia
has grown from 73.95 million in the 1950s to 485.79 million in
2010. Urbanization has resulted in changed food preferences
and higher demand for meat and other water and energy
intensive foods. These demographic pressures and higher
demands, along with increased connectivity and other socio-
economic factors, are resulting in changes in land use and land
cover and intensibed resource use patterns in the upland areas
(Tiwari and Joshi, 2012; Postel and Thompson, 2005; Wasson

et al., 2008).

The HKH region suffers severe land degradation, in
particular  deforestation and forest degradation, erosion,
landslides, overgrazing, biodiversity loss, declining produc-

tivity, and desertibcation (Tiwari and Joshi, 2012; Semwal
et al., 2004; Pandit and Kumar, 2013). Rangelands have been
converted to rainfed farming, marginal lands have been used
for quick-return commercial farming, and minerals have been
extracted without adequate environmental protection (Singh,
2006; Tiwari and Joshi, 2012).

Forests have an important role in replenishing ground-
water and maintaining the volume of river water in the dry
season, sequestering carbon, and supporting agriculture
(Singh, 2006; Singh and Sharma, 2009). Most of the forests in
the central Himalayas were heavily degraded during the last
century as a result of the growing demand for timber and
fuelwood and inadequate management (Haigh et al., 1990).
The southeastern Tibetan plateau, once covered by coniferous
forest, was denuded of forest by the middle of the twentieth
century (Cui et al., 2007). Similarly, most of the forest lands in
the Indus basin have been converted to other uses for short-
term gains (, 98). Forest degradation poses signibcant
challenges to local peopleQslivelihoods and food and energy
security asthey depend heavily on forest for fuelwood, fodder,
and other non-timber forest products (Rasul et al., 2008).

Forest degradation and the loss of vegetation have made
the Himalayan watersheds more vulnerable to erosion, which
has led to loss of soil and nutrients, siltation of rivers and
reservoirs, and increases in the incidence and severity of
Rooding. The Koshi River in Nepal carries an annual load of 119
million cubic metres of silt, which is equival ent to 2 mm of
topsoil depth over its entire catchment (Laban, 1979). Siltation
is not only causing river beds to rise; it is also affecting the
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water infrastructure, reducing the life of reservoirs and dams
for hydropower, irrigation, and Rood control, thus affecting
energy and food production (Tiwari, 2000). Watershed degra-
dation is also resulting in decreased groundwater recharge
and consequent drying up of springs, streams, and other water
sources (Haigh et al., 1990; Tiwari, 2000; Tiwari and Joshi,
2012). This has caused shortage of water for drinking,
irrigation, and other livelihood activities in the Himalayas.

The changes in the headwater regions also have down-
stream impacts in the Indo-Gangetic plain in terms of silting of
river beds, increased incidence of Roods, and decreased water
discharge in rivers (Wasson et al., 2008; Semwal et al., 2004;
Tiwari, 2000; Tiwari and Joshi, 2012). It is estimated that 2400
million tonnes of silt are being transported to Bangladesh
every year (Tejwani 1990, cited in Tiwari, 2000).

So far adequate measures have not been taken to protect
the vital Himalayan ecosystem resources through coordina-
tion between upstream and downstream  stakeholders.
Although mountain communities bear the cost of conserva-
tion in foregoing more productive alternatives, their efforts
bring them few benebts because of a lack of institutional
mechanisms and policy arrangements for sharing the benebts
and costs of conservation (Thapa, 2001; Singh, 2006).

These challenges highlight the importance of urgent action
to protect and sustainably manage Himalayan ecosystems to
ensure food, water, and energy security in the HKH region and
South Asia.

5. Discussion

With limited land resources, growing water stress, increasing
energy demand, unstable energy prices, and poor socio-
economic conditions, South Asian countries face serious
challenges as to how to provide adequate food and nutrition,
access to modern energy, and safe water and sanitation to a
burgeoning  population without ~ degrading the natural
resource base. The nexus approach provides a framework
for better understanding of the interdependencies of the food,
water, and energy sectors and linkages between upstream and
downstream countries as well as better insights into how to
address such challenges by maximizing synergies and mana-
ging trade-offs.

As shown in the above analysis of the role of Himalayan
ecosystem services in ensuring food, water, and energy
security in South Asia, one of the key characteristics of the
nexus in South Asia is that food production in the region has
become increasingly water and energy intensive. While the
demand for food, water, and energy is growing tremendously,
land, water, and other natural and environmental resources
are in decline, so that increased food production in South Asia
will have to come from the same or even less land. Another
distinctive feature of the food, water, and energy nexus in
South Asia is the high economic and environmental depen-
dence on upstream resources. The Himalayan ecosystems are
critical for ensuring food, water, and energy security not only
in the HKH region but also in downstream river basins. As
water, nutrients, and other ecosystem services [ow down-
stream from the Himalayas, the land use and management
practices at the headwaters and in Himalayan watersheds

affect the quantity and quality of water, energy, and other
resources critical for sustaining agriculture and food security
downstream.

The widespread burning of biomass for fuel could also
affect water availability and food and energy security in South
Asia. Although the causes of accelerated melting of snow, ice,
and glaciers in the Himalayas are not fully understood,
growing evidence suggests that black carbon could be one
of the factors responsible for this phenomenon.

The interdependencies in food, water, and energy security
in South Asia thus highlight the need for intersectorally
integrated solutions, while the crucial role of the Himalayas
underlines the need to address the issues from an ecosystem

perspective.

Mountain  communities are the custodians of vital
resources and their actions have important implications for
the condition of the headwaters and watersheds. So far,

however, no effective mechanisms have been developed to
provide adequate incentives for communities to conserve
mountain natural resources. Lack of appropriate incentives or
other policy and institutional ~mechanisms has resulted in
increased degradation of headwaters and emissions of black
carbon along with declining agricultural productivity, with
serious implications for downstream communities. Ecosys-
tem degradation in Himalayan headwaters and watersheds
could jeopardize the food, water, and energy security in South
Asia.

Despite the urgent need for clean energy to meet the
growing demand for food, water, and energy, the hydro-
power potential of the Himalayan rivers has remained
under tapped. Acute energy debcit in Bangladesh, India, and
Pakistan and huge hydropower potential in Bhutan and
Nepal suggest an opportunity for synergies that could be
obtained by exploiting the hydropower potential of the
Himalayan rivers in a collaborative and integrated manner.
Optimal utilization of Himalayan water for energy, irriga-
tion, navigation, and Psheries can contribute signibcantly in
achieving food, water, and energy security in South Asia in
the long run.

It may be argued that the exploitation of hydropower in
upstream areas might affect water availability for irrigation
downstream and thus intensify food energy trade-offs.
However, hydropower generation is a non-consumptive use,
so it does not necessarily reduce water availability down-
stream; the water used for hydropower can also be used for
irrigation  if it is properly managed. Arguably, upstream
storage of monsoon water for hydropower may augment
downstream water availability in the dry season (Rasul, 2014).
This perspective is supported by a detailed World Bank study
in the Ganges basin which found that huge hydropower
benebts can be obtained with a very small trade-off in
irrigation  (Sadoff and Rao, 2011). In harnessing hydropower
potential, of course, it is essential to address any potential
adverse impacts on the environment, ecology, and society
(Biggs et al., 2013) and to ensure equitable benebt sharing
following the framework set out by the World Commission on
Dams (WCD, 2000).

The potentials cannot be realized without coordination and
collaboration across countries, as most of the Himalayan
rivers Bow through more than one country. At present,
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cooperation between upstream and downstream countries is
minimal, and its absence is a major constraint in addressing
the nexus challenges (Rasul, 2014). To address the challenges
of food, water, and energy security, it is therefore necessary to
identify synergies across boundaries at the basin level (Crow
and Singh, 2009). For example, the Aswan Dam on the Nile
River not only contributes to mitigating drought and Rood
damage but also supplies electricity to half of the rural

communities in Egypt, supports the Pshing industry, and has
created new livelihood opportunities (Lindstro-m and Granit,
2012).

6. Conclusions and policy recommendations

The bndings of this study suggest that ecosystem services and
their upstreambdownstream  linkages, particularly in the
regionOs transboundary river basins, are an integral part of
the food, water, and energy nexus. In a transboundary river
basin  where resource Rows transcend national boundaries,
and where management practices and conservation initia-
tives upstream have impact in downstream areas the
synergies and trade-offs in food, water, and energy cannot be
optimally managed unless a basin-level approach is taken.
The Himalayas are a regional public good, and it is the
common interest and shared responsibility of all in South Asia
to protect the Himalayan ecosystems for the benebts of the
region. To address the nexus challenges, a two-pronged
approach is needed: Prst, to enhance cross-sectoral coherence
and second, to improve management of the Himalayan
headwaters, watersheds, forests, rangelands, soils, and farm-
lands on which the sustainability and stability of Row of
ecosystem services depend. The following are some broad
recommendations.

Harmonize policies among the three sectors, taking into
account interdependencies of resources across both sectors
and scales, upstream and downstream, aswell asthe role of
Himalayan ecosystems in long-term security of water,
energy, and food in the region.

Integrate planning and management of water, energy, land,
forest, ecosystems, agriculture, and food security to reduce
intersectoral  externalities, tap synergies and co-benepts
across sectors and scales, enhance resource use efpciency,
and reduce environmental impacts.

Manage demand for water and energy through regulation
and introduction of incentives for efpcient use of water and
energy for food production.

Strengthen coordination mechanisms among upstream and
downstream countries to maximize synergies and minimize
trade-offs in resource use, and take ariver basin approach to
protect Himalayan ecosystems, catchments, watersheds,
and headwaters and to harness the potential of water
resources, asthe benebts of sustainable watershed manage-
ment transcend national boundaries.

Develop appropriate incentives such as payments for
ecosystem services and mechanisms for sharing the
benebts and costs of conservation to encourage local
communities to use and manage the headwaters sustain-
ably.

To sustain the ecosystem services of the Himalayan glaciers
in providing fresh water to downstream areas, control black
carbon emissions by providing clean energy options to rural
people (such as as micro and macro hydropower, efpcient
stoves for burning biomass, and biogas) and by improving
kiln efpciency in the brick making industry.

In exploiting hydropower potential, take the ecological,
environmental and social implications  of hydropower
development seriously into account. Detailed studies of
technical and economic feasibility are required to identify
potential hydropower areas and to demarcate fragile zones
where heavy construction must be avoided, for example at
high altitude and in vulnerable watersheds.

Establish a cooperation framework for multiple uses of
water (for irrigation, energy, navigation, Pbsheries, and
domestic uses) and for appropriate benebt sharing.

Finally, as knowledge and understanding of the dynamics of
the food, water, and energy nexus and the possible areas of
trade-offs and synergies are limited, support integrated
modeling research and the development of a nexus knowl-
edge base to support decision-making in addressing trade-
offs and promoting synergies among the concerned sectors.
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