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Keynote Address
AHSAN IQBAL

Mr Hasan Nawaz Tarar, Secretary Planning, Development and Reforms, Dr Asad
Zaman, Dr Musleh ud Din, distinguished economists, members of the Pakistan Institute
of Development Economics (PIDE) and the Pakistan Society of Development
Economists, students, ladies and gentleman, it is indeed a great honour and privilege for
me to open the PSDE’s Conference, which has become an annual feature of the Pakistan
Society of Development Economists. It offers us a great opportunity to deliberate on the
challenges that our country is facing. Before | proceed with what | have to say, | would
like to place on record my appreciation for the outgoialso ng Vice Chancellor of PIDE,
Dr Musleh ud Din, who has provided leadership to PIDE and has been instrumental in
arranging this Conference. | would also like to welcome Dr Asad Zaman as the new
President of the PSDE and Vice Chancellor of PIDE. | hope that under his leadership
PIDE will touch, In sa’ Allah, new heights and become a centre of excellence, not only in
Pakistan but also in Asia.

Being in a meeting of economists and a leading public sector economic think tank,
I am reminded of an anecdote about an economist. A man was walking by a road in
countryside where he saw a flock of sheep. He could not resist and said to the shepherd
that he would like to make a bet on correctly guessing the number of sheep in the flock.
He said to the shepherd that he would give him a hundred dollars if he were unable to
guess correctly the exact number of sheep. But if he were right, the shepherd would give
him one sheep from the flock. Shepherd thought that it was a huge flock, this person had
to be crazy, so it was an easy hundred dollars and accepted the bet. Within a few minutes,
the man said that these were nine hundred and eighty one sheep. The shepherd was
surprised because the man was exactly right. He said he was man of his word and told the
man to pick up any of the sheep. The man picked up a sheep and started to walk away. As
he was walking away, the shepherd said he wanted to get even with the man and asked
him to make another bet. He said that he could tell him exactly what his occupation was,
to which the man agreed. He was from a far off place and thought there was no way the
shepherd could guess his profession. The shepherd asked him if he were an economist
from a government think tank. The man was greatly surprised because the shepherd was
right. He asked the shepherd how was he able to guess his profession. The shepherd
asked him to put down his dog first. The man had picked up shepherd’s dog instead of a
sheep! I hope it is not the case here and hopefully we have economists who can not only
count the sheep exactly but who can also pick sheep from the flock and not a dog.

Ahsan Igbal is Deputy Chairman, Planning, Development and Reforms, Government of Pakistan,
Islamabad.
The Keynote Address was transcribed at the PSDE Secretariat using the video recording of the speech.
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Ladies and gentlemen, | am happy to note that the Society initiated in 1982 is
continuing its tradition of promoting scholarly research and debate on critical
socioeconomic issues that Pakistan faces. It helps to revive a tradition of exchanging
ideas from which the country can benefit immensely. The 29th Annual General Meeting
and Conference of the PSDE comes at a particularly opportune time. The country is in the
midst of preparing the eleventh five-year plan, which is set to, /n sa’ Allah, revive our
economic fortunes after a period in which the Pakistan did not show a steller economic
performance. You would all know that until nineties, Pakistan maintained an average of
almost five and a half to six percent GDP growth rate and during the same period India
had an average of two and a half to three percent GDP growth rate, which in the literature
was known as the Hindu growth rate. Unfortunately, the fortunes have reversed—we
have adopted the Hindu growth rate and have passed on the Pakistani growth rate to
India, which has been, since then, growing at an average of 6-8 percent. Therefore, we
need to reverse our fortunes and not only go back to the old growth rate but must also
surpass it.

You may be aware that the five-year plan is being prepared in view of the
framework of a vision for Pakistan. The Vision 2025 sets out the broad goals that we
would like to see the country attain by the year 2025 and describes the macroeconomic
and sectoral strategies for attaining these goals. The vision is being articulated after
consultations with a wide range of stakeholders, including a conference of more than
1,500 stakeholders last month. The Conference was chaired by the Prime Minister in
which all the chief executives of the federating units were present, regardless of their
political affiliation. It is a very positive step forward because we have demonstrated to
the world that whatever our politics may be but for the future of this country, and for the
development of Pakistan, we are a one nation and we have one vision. It is important for
any country to have a vision or a strategy because, as they say, strategy without tactics is
the slowest route to victory and tactics without strategy is a noise before defeat.
Therefore, without a direction towards which we want to go, tactics will not take us
anywhere and unfortunately in last thirteen years we have run this country without a clear
vision about in which direction we need to go.

In the last thirteen years, we had no five-year plan nor did we have an
articulated vision. Only one document was prepared but it perhaps only remained in
the libraries of the Planning Commission. But at the national level, we did not have a
shared vision, a direction, or a framework. If you go to a bank to borrow, say, fifty
thousand dollars as an SME, the bank would ask you for your business plan, which
shows that even banks will not lend you a loan unless they have confidence in your
business plan. Therefore, a country that has no medium or long-term business plan
and is run on a year-to-year basis, eventually meets the fate we are facing today. It is
very unfortunate that nobody looked at the gaps, or deficits, that were emerging
between the demand and supply in different sectors. We do not have just a terrible
energy crisis but we also have terrible economic imbalances. Since the theme of this
Conference is energy, | would particularly like to mention the major energy deficit
that we have to tackle for our future development needs. However, the energy deficit
is not the only deficit we have to address in order to put this country on a fast track
of development. In my opinion, there are eleven deficits that we have to overcome if
we want to put this country on a fast trajectory of growth.
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First is the savings and investment deficit. A country that has such low savings and
investment rates, and where savings are less than investment, can never have the
resources it needs to finance its infrastructure development and development needs. One
lesson from all the successful countries of East Asia is that they developed and promoted
policies, which enabled them to achieve higher savings and investment rates, with their
savings being higher than their investment rates.

The second deficit that we have to overcome is the fiscal deficit, which had gone
as high as nine percent of GDP. No economy that has such a huge fiscal deficit can have
a sustainable development or growth trajectory. In order to overcome this fiscal deficit
we need to find ways to mobilise resources through taxation reforms. We need to put in
place better policies to cut down wasteful expenditures in the government so that we do
not run huge deficit, which financed by more borrowing.

The third is the current account deficit. In the context of current account deficit,
again we find that we normally have to borrow foreign loans to plug the gaps in our
balance of payment account. All countries that have grown fast have focused on
extraordinary growth in their exports so that they can have foreign exchange reserves that
are not dependent on IMF tranches, inflow of remittances, or foreign aid. Rather, they
have developed a robust, sustainable and dynamic export sector that is able to provide
them with the foreign reserves to meet their needs of infrastructure development.

The fourth deficit is that of energy. We face energy deficit not to the tune of just
about five thousand megawatts today, which is normally mentioned, but | would say
there is a requirement for additional energy to meet the dormant demand which cannot
be met due to energy shortage. If we want to provide more energy, probably there is a
greater need to produce beyond six thousand megawatts. Moreover, it is not just today
that we have to focus on but we also have to look for our future growth projections if we
are aiming to grow at 7 to 8 percent growth rate. Therefore, we have to look at the extent
of energy demand that we will have in the next 10 to 12 years. In addition, as it was
pointed out elsewhere, we also need to take into account the kind of energy-mix we need.

The next deficit to me is the deficit in infrastructure. We did not invest in
infrastructure in the past. During the past thirteen years, not many infrastructure projects
have been undertaken in Pakistan. After the 9/11 incident, Pakistan was able to achieve
very high growth rates because there was higher liquidity in the economy arising from
huge inflow of remittances, higher foreign aid coming into the country, and relatively
more liberal inflows by multi-lateral institutions. Unfortunately, that higher growth rate
was driven by consumer economy and the inflow of money was not invested in
infrastructure and productive sectors to create a more sustainable growth. In other words,
the inflows were not invested in infrastructure so that it could be upgraded to take load of
higher growth platforms. Today we think that it is the demand and supply issue in the
energy sector. Even if we have twenty thousand megawatts by any magic, we do not have
the transmission and distribution infrastructure that can carry twenty thousand
megawatts. Therefore, there is an infrastructure deficit, or infrastructure gap, which we
have to overcome not just in the energy sector but also in every sector, such as the
railways and roads in the urban centres.

The sixth deficit that we have to overcome is in the housing sector. Our demand of
housing is much greater than the supply of housing, which is creating problems in our
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cities. Due to gap in the demand and supply of housing, our cities cannot become growth
centres and our social conditions are deteriorating. People do not have basic civic
amenities and in order to provide people with good quality of life and in order to turn our
cities into real engines of growth, we have to address this housing deficit aggressively.

The seventh deficit is the human resource deficit. Unfortunately, in all our past
growth track record, we have focused mainly on the hardware of development, such as
building physical monuments of development, dams, transmission lines, etc. but we
overlooked the social and human capital, resulting in huge human and social capital
deficit. We are ranked 142nd in the human development index. No country can develop
and grow today without overcoming the human and social capital deficit. Pakistan is one
of those countries that has actually not improved but has gone down in terms of the
nutrition of its people. About 44 percent of children face stunting, more than 15 percent
of children face acute malnutrition and most of them face malnutrition in their first one
thousand days. Malnutrition does irreversible damage to the learning and social abilities
and if we have young people growing up with learning disabilities, we can never compete
in this knowledge revolution age. This is the age of knowledge economy in which it is the
brainpower that rules over the muscle power. We need a nation that has creative and
innovative minds and if we do not have good quality human resources, we can never
provide the engine of growth to our economy, which we need because these young minds
are our most valuable assets. We can overcome the human and social capital deficit in our
society by investing more in human resources.

The eighth deficit is the productivity deficit. Unfortunately, in every sector—
whether it is agriculture, industry, manufacturing, or the services sector—we still have
one of the lowest benchmarks for productivity. Hence, there is a great room where we
can gain a lot without making, relatively speaking, strong investments in physical inputs.
Just by improving our systems and process innovation, we can make great productivity
gains, and that is a challenge we must overcome. We are, In §a’ Allah, planning to
dedicate 2014 as the year of quality and productivity in Pakistan and launching a quality
and productivity movement in all sectors of economy to overcome this productivity gap.
Because of this productivity gap, we are facing a major competitiveness deficit, which
may be termed as the ninth deficit. If we look at the competitiveness figures in World
Economic Forum’s report, we find that Pakistan is lacking and falling behind other
nations in today’s global economy. It is the competitiveness of an economy which
matters and sustains the country on the path of development. Therefore, we need to
identify and focus on the contributors and the pillars on which a strong competitive
economy can be built.

The tenth deficit is the governance deficit, or governance crisis. Our governance
model is outdated, due to which we are not getting the value for money we are spending
in public sector and on public sector programmes. Our public sector management is
lacking behind the private sector management, which has transformed and revolutionised
the concept of service delivery. But in the public sector, the service delivery standards
have deteriorated. We need to overcome the governance deficit by introducing
performance culture in the public sector by leveraging newer technologies, such as e-
governance, mobile governance and introducing innovations and entrepreneurial spirit in
the public sector. We are also starting a major reform and innovation programme with
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one billion rupees to encourage performance culture and also to promote innovation. We
will set up an innovation fund for public sector officials who have innovative ideas to
finance their projects so that we can bring a transformational change—a cultural change
within the public sector through innovation.

Lastly, ladies and gentlemen, we have to overcome the confidence deficit. This
crisis of confidence is mainly caused by our history. In this connection, however, | would
like to submit through this Conference, with full respect, to the media owners and
managers to please review their programmes. Though | am great advocate of media’s
freedom and admirer of the role the media has played in Pakistan for democracy and rule
of law, but the news telecast and bulletins have become bulletins of gloom and doom and
cynicism for the Pakistani nation. Indeed, there are things that are not right and it is
media’s duty to highlight all the shortcomings but it is not media’s duty to dedicate the 90
percent of its news bulletins to negativities and the pessimistic view of this country.
There is so much good happening in this country.

I was at the conference of the network of Pakistani entrepreneurs, OPEN, in
Lahore. It was a pleasure to be in the company of a talented group of Pakistani
entrepreneurs who have achieved success out of nowhere not only in Pakistan but also at
the global level. Many of those Pakistani entrepreneurs have achieved great success in
North America and have built huge empires. It is time to project these successful
Pakistanis as role models for our youth and so that they understand and realise the good
things happening in this country. There are many other positive things taking place in
Pakistan. For example, there are so many innovations taking place and there are many
scientists and researchers, who are conducting world-class research in universities today
but none of those researchers ever get any space in the newspapers or any coverage on
the electronic media. Today, sadly, all the people need to do to capture media attention is
to wear turbans, hold guns or batons in their hands, go out on the streets and chant
slogans. Or the media these days pays attention to the people like Sikandar, the odd
fellow, who put the Blue Area in Islamabad under siege for a few hours. Unfortunately,
the media never bothers to highlight the Pakistani scientists, economists and researchers
who are winning laurels for the country internationally. The media needs to change its
agenda and menu because we need to give the people of Pakistan self-confidence and
hope. We are as good a country as any other country; we are not the most corrupt country
in the world but we are only as corrupt as any other country and we are as honest as any
other country. In short, we are a perfectly normal nation and people, so do not take away
our confidence. Al-hamdu lillah, you can see the change. There was a time when there
used to be a corruption scandal every week on the media but now six months have passed
and not a single corruption scandal has surfaced. In sa’ Allah, in the next four-and- a-half
years not a single corruption scandal will appear because we are committed to having an
honest and transparent government in this country.

Ladies and gentlemen, though | have many things to say on the energy crisis but |
know there is a limitation of time, so let me just say that our challenges are known. It is
not that most of our challenges are unknown or that there is any rocket science to fix our
energy problem. We need to have actionable ideas and we need to overcome the
knowing-doing gap that we have in this country. We need to have a roadmap that is both
implementable and ambitious but that is also doable at the same time. The roadmap also
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needs to have backing of all the stakeholders. | hope the forums like these where
researchers, economists and other stakeholders come together will be able to give us,
through research and knowledge, new insight and show us the way forward. The
Conference should come up with the way forward to fix the energy crisis. Pakistan is still
one of the lowest energy consuming countries in the world as one third of our population
lives without electricity. In the today’s world, electricity is a fundamental right of every
citizen. There is no quality of life without electricity. | think it is our duty not only to
supply and provide electricity universally but also at affordable rates.

Unfortunately, in 1994 when energy policy was formulated, nobody calculated
what should be the cap on thermal based power stations. We reversed the mix
between hydro and thermal electricity from 30-70 to 70-30. It was fine to have
thermal-based energy when price of fuel oil was between 20 to 40 dollars a barrel but
with 110, 120, or 130 dollars a barrel price, this mix is not a sustainable mode for us.
Therefore, the government has taken steps to address the energy challenge on short-,
medium-, and long-term bases. In the short-term, ladies and gentlemen, we have been
able to put on line, additional 1,700 megawatts by paying off the circular debt and
you have seen that it has enabled us to improve the load-shedding situation in the
country. We have also made improvements in the governance by trying to plug the
holes of energy theft in this country and we are launching a campaign against the
defaulters to recover dues of energy companies. We have taken steps to promote
renewable energy as a short-term solution because it is the fastest way to put up wind
and solar energy plants. However, the problem with solar and wind energy is that it
still has relatively high cost of generation. The cost is almost the same as the cost of
furnace oil power generation. If we have to change to the cheaper mix, we have to go
to hydel-, gas-, or coal-based power generation. We have run out of gas, so we are
trying to develop Liquefied Natural Gas (LNG) terminals and we hope that by the
next year LNG would be available, which will help us to ease the gas situation.

In short- to medium-term, our next option is to promote coal as a medium of
energy generation, which is cheaper than oil and the Government has announced to set up
6,600 megawatts coal power project in Gadani. The government is developing Thar Coal
so that indigenous resources can be used for cheaper electricity in the country. Similarly,
along with Thar and Gadani coal power projects, we are replacing the existing thermal-
based units with coal-based units in Jamshoro, which was based on furnace oil. We hope
that these measures will bring down the cost of generation and in the medium- to long-
term, our ultimate solution lies in harnessing the hydel potential with which Allah has
blessed this country. We have started work on two mega projects, nhamely Dasu and
Diamer-Bhasha dams and both will, In sa’ Allah, produce about 8,000 megawatts in the
next five to ten years. This 8,000-plus megawatt capacity in the next five to ten years will
help not only to provide for new demand but will also drastically change our energy mix.
At the same time, we are doing the spadework on Bhoji dam, which will have capacity to
produce about 6,500 to 7,000 megawatts. The government is also using nuclear energy as
a cheaper mode of power generation and recently we have inaugurated 2,100-megawatt
power project in Karachi, called the Karachi Coastal Nuclear Power Plant, which will be
the biggest nuclear power plant in Pakistan yet. These measures, In $§a’ Allah, are going
to bring dividends.
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At the same time, we should not just focus on electricity. Energy has a much wider
connotation and one of our weaknesses has been that we have failed to take an integrated
view of the energy picture. When CNG licenses were being given, no one paid attention
to what was happening in the industrial and domestic sectors. As a result, today we have
a situation that if we provide gas to CNG stations, we have to interrupt supply to the
domestic and industrial sectors or vice versa. Therefore, this whole energy planning has
to be integrated. We must look at our water resources, oil and gas resources, coal
resources, and renewable resources and come up with an optimal mix that will provide us
with the solution that is best and cheap. Moreover, the solution has to be “green” for the
future because we have to be very conscious of emissions and the environment. | think it
is a challenge for the planners and economists to give us a way forward that will optimise
our resources, with which Allah has blessed us.

At the same time, we must not ignore the challenge of governance in the power
and energy sector. We have to look at why we are going with privatisation of the
distribution and generation companies. We also have to look at the kind of regulatory
regime we should have so that NEPRA can play an effective regulatory role to avoid
cartelisation in energy sector, just as the role the State Bank of Pakistan played in the
financial sector when we allowed privatisation. State Bank was able to perform the role
of a regulator effectively because of the reforms in the State Bank. Without an effective
regulatory body, privatisation can also become a great menace. Therefore, if we have to
reap the full advantage of private potential, we must simultaneously focus on developing
effective regulatory mechanisms and bodies in the country so that the rights of the
consumers are protected.

Ladies and gentlemen, energy price variations are set to affect industrial
competitiveness, which will influence investment decisions and company strategies.
Therefore, it is very important that we have an efficient energy sector and a renewed
focus on energy. | am very glad that after my address, the theme of Dr Ilhan Oztiirk’s
lecture is on energy efficiency, which is an area where we still have large benefits to
harvest.

Let me also say that when we look to the future, we should not ignore the
innovation and the genius of mankind through technology, which will change our
projections for the future. When we plan, we can do extrapolative planning in
incremental mode, where we project the present and assume that the future will be like
present. But, ladies and gentlemen, there have been disruptive innovations in the history
of mankind where mankind has used its genius to create new ideas and technologies,
which have revolutionised the every area of production. Similarly, recent breakthroughs
in natural gas extraction highlight the speed with which game changing technologies can
transform the natural resource landscape. Just over the horizon are electric vehicles with
advanced internal combusting engines, solar photovoltaic system, and LED lighting that
are benefiting from the convergence of software, consumer electronics and traditional
industrial processes and each has the potential to grow by a factor of 10 in the next
decade. Placing rapidly evolving technologies, such as these, on a resource cost curve is
difficult but their impact could be very big or very small and that is even more the case
for technologies that require significant scientific and engineering innovations to reach
commercial scale at viable cost. However, there are five technologies that could start
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arriving in earnest by 2020 or so. One is the grid scale energy storage due to which the
concept of storage at the grid stage is going to undergo a revolutionary change in the
coming years. Second is the digital power conversion. Third is the compressor-less air
conditioning and electrochromic windows, which is going to change the whole energy
efficiency landscape, fourth is clean coal, and fifth is the electrofuels and new biofuels,
which again have great potential in energy sector. When we look at the future we must
also look at the new technologies and the new trends, which have the ability to carry out
massive transformational change in the energy sector.

In the end, 1 wish the organisers of this Conference success. | hope the outcomes
will not be just theoretical but that these outcomes will have practical relevance for the
future. 1 would like to request Dr Asad Zaman that we all need to work together and put
up a research agenda for this country that has direct development and economic
relevance. This is a society of development economists and we must produce research
that will provide us with evidence and data to make better choices to ensure that we have
maximum value for money that we spend in the public sector. It must give us research
and ideas so that we are able to spot challenges and opportunities when they begin to
emerge, rather than letting them become crises so that we have to deal with them in crises
management mode. We need to deal with our future challenges and opportunities in a
more proactive manner so that we become beneficiaries of change and create great
opportunities in Pakistan, which is a land of opportunity, for our most wonderful resource
which is the youth of Pakistan. | think if they are given right opportunities, the youth has
the enterprise, intellect, vigour and commitment to take Pakistan to a path of glory, which
it rightfully deserves.
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The Presidential Address

Energy Security and Economic Sustainability:
The Way Forward

ASAD ZAMAN

Honourable Minister for Planning, Development and Reforms and Chancellor
PIDE, Past Presidents and Distinguished Members of the Society, Excellencies, Ladies
and Gentlemen,

It is my pleasure to welcome you all to the 29th Annual General Meeting and
Conference of the Pakistan Society of Development Economists.

On behalf of the members of the PSDE, | would like to thank you, Honourable
Prof. Ahsan Igbal for having spared your precious time to open this important meeting. |
would also like to especially thank our members and guests who have come from
different parts of the country and from different continents to participate in the
Conference. We are extremely pleased to see here today many young students—
Pakistan’s future economists and business leaders—who | am sure are enthusiastic to
learn from the many leading specialists attending this Conference on the critical issue of
‘Energy’ that we in Pakistan face today.

Let me join Dr Durr-e-Nayab in especially welcoming Dr Ilhan Ozturk, Professor
at the Cag Universitesi in Turkey who will be delivering the The Mahbub Ul Haq
Memorial Lecture. Dr Prof. Zhaoguang Hu, Vice-President and Chief Energy Specialist
at the State Grid Energy Research Institute in Beijing who will deliver Gustav Ranis
Lecture. Professor Mohan Munasinghe, Chairman of the Munasinghe Institute of
Development, Sri Lanka who will be delivering The Allama Igbal Lecture and Dr
Rajendra K. Pachauri, Chief Executive of the Energy and Resources Institute, New Dehli
who will deliver The Quaid-i-Azam Lecture this year.

Ladies and Gentlemen,

The limited access to commercial energy combined with widespread shortages is
inhibiting economic growth and employment generation. In the last ten years or so,
growth in the supply of energy has failed to keep pace with the growth in demand. The
energy constraint has contributed significantly to the Pakistan’s economic growth along a
low trajectory for the past couple of years.

Asad Zaman <vc@pide.org.pk> is President of the Pakistan Society of Development Economists, and
Vice-Chancellor of the Pakistan Institute of Development Economics, Islamabad.
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It is this backdrop that has led us to hold this year’s annual conference on the
theme of ‘Energy’, to look deeply into the causes of the crisis and develop
recommendations to address it. Moreover, to encourage research on the subject of
‘Energy’ we, at the Pakistan Institute of Development Economics, also initiated a
research competition for our staff. Research proposals were invited in the month of May
this year. After a thorough and competitive process, five studies were awarded. | am
pleased to report that three of these studies will be presented in this conference.

Ladies and Gentleman,

Pakistan’s energy crisis, as we know well, has many facets. Supply shortages,
transmission losses, power theft, circular debt, high cost, inefficient use, poor governance
and weak regulation, all have contributed to the crisis that we face today. To overcome
the crisis, a comprehensive policy that accounts for these issues was called for and | am
happy to note that the national power policy announced by the government seeks to
address all the issues that plague the power sector.

It is well known that our current energy mix is too costly. In the Power Sector, out
of the total installed capacity, only about one third is accounted for by hydro power and
the balance comes from thermal sources. The costly energy mix is not only at the root of
the problem of circular debt but is also straining the macroeconomic environment. The
costly mix contributes to excessive government borrowing from the central bank,
inflation, depreciation of exchange rate, depletion of foreign reserves and higher trade
deficit.

We know that hydro power is one of the cheapest sources of power and that huge
hydro power potential is available in the country. Regrettably we have not been able to
tap the potential due to lack of political consensus over large dams. Focus on small hydro
power projects on the canal and river system will help increase the share of hydro power
in the power mix. Reportedly the potential for this source is significant and the projects
can be developed quickly with relative ease.

Coal based technologies and the nuclear technology offers cheaper ways of
generating power and the government has decided to increase reliance on these sources
for developing the cheaper energy mix. The environmental concerns associated with coal
based thermal power projects are substantial, which call for using clean coal combustion
technologies to conform to international standards. Similarly, one hopes that the best
available safety measures will be introduced in the nuclear power plants.

Under the 18th amendment the provinces have been allowed to generate electricity
but still the provinces have to look towards the centre for a host of issues like the
sovereign guarantees. Given that almost all the potential for generating electricity is in
fact located in the provinces, the number of power generation projects that the provinces
have initiated and the megawatts of electricity that these would generate, is rather low.
Perhaps greater attention is required to resolve the problems faced by the provinces in
this regard. A dedicated intergovernmental forum involving the federal and provincial
governments is called for to speed up the resolution of the issues being faced by the
provinces in initiating power generation projects.

The renewable energy sources can be used in a decentralised setup which saves the
investment required for extending the grid to the generation point. The added benefit of
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using alternate energy sources is that these are environment friendly. Therefore efforts
should be made to use alternate energy sources like wind, solar and biomass to generate
electricity. | am pleased to note that the letter of support for a 450 megawatt wind project
has already been issued by the government and the feasibility of several wind, solar and
biomass power projects is being assessed.

While we make efforts to bridge the demand-supply gap, we should be cognizant
of the possibility that demand may increase rather rapidly. Currently we are using only a
fraction of the per capita energy used in developed countries. Our per capita energy
consumption at 489 kg of oil equivalent is even less than India’s 575 kg of oil equivalent.
This clearly suggests that demand may increase at a fast pace as the economy and the
population grows. The measures aimed at meeting demand should keep in view the
possibility of very rapid growth in demand for energy.

The severity of the power crisis should not be allowed to lessen our focus on the
oil and gas sector and fortunately this has not happened. While the initiatives under
consideration to import gas through pipelines are needed to meet the energy needs in the
coming years we should continue to focus on oil and gas exploration for a sustainable
supply over a long period of time.

Roughly around 29 trillion cubic feet of natural gas remains unexplored. To
encourage exploration we need to revisit the policy in this regard. The well-head gas
price has failed to offer adequate incentives to the exploration and production companies
to explore indigenous gas resources. Though, the Petroleum Policy 2012 offers good
enough well-head gas prices but still Pakistan is far behind the countries of the Asia-
Pacific region in attracting upstream investments. Not only policies are fragmented, a
uniform policy for exploration in all geographic locations of Pakistan, may not provide
enough incentives, to explore and produce in difficult locations.

Shale Gas is relatively new area that calls for immediate policy attention. Crude
estimates suggest that over 50 trillion cubic feet of Shale Gas in the lower Indus Basin
and approximately 150 trillion cubic feet in the entire Indus Basin is available for
exploration. However due to the inadequate policy incentives, absence of geological data,
lack of know-how and lack of access to required technology, initiating the exploration of
Shale gas seems difficult in the next few years.

Moreover with the emphasis upon altering the energy mix and relying more upon
coal for power generation, the known coal fields need to be developed at a fast pace.
This, however, requires huge capital investments in addition to transmission networks.
Both require appropriate incentives from government.

So far | have discussed measures required to increase the supply of energy
however managing demand is equally important.

Energy intensity in Pakistan is more than double the world average and more than
five times that of Japan and the UK. Moreover, for each dollar of GDP, Pakistan
consumes 15 percent more energy than India and 25 percent more than the Philippines.

A conservation culture should be inculcated right at the schools by emphasising
upon and demonstrating conservation to the kids. The culture needs to be fostered by
using energy efficient technology and equipments, designing energy efficient buildings
and improving the efficiency of existing energy infrastructure. The chief merit of the
conservation strategy is that it is environment friendly.
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A conservation programme based upon use of energy savers is already underway.
It is said that if all the 50 million consumers are converted to fluorescent bulbs a saving
of 1000 megawatts is possible. If this is true, one should give a thought to enacting a
legislation banning the manufacture and import of non-fluorescent bulbs thereby
gradually phasing out their use.

While we put in efforts to alter the present costly energy mix and conserve energy,
we should be cognizant of and stand ready to tackle sinister moves aimed at killing such
initiatives. For instance, efforts were made in the past to blend fuel ethanol with gasoline.
Evidence suggests that efforts from the oil lobby led to calling off this initiative.

Finally, Ladies and Gentlemen, the regulation of monopolies or industries that
have few players is crucial to safeguard the interests of the consumers. The two
regulators of the energy sector, NEPRA and OGRA are still young and need
strengthening to become independent, transparent and strong regulators. For instance the
NEPRA is primarily focused on determination of tariffs and licensing and has not
indulged in making power producers efficient. Reportedly the thermal power plants in
Pakistan consume substantially more fuel than power plants in Bangladesh and India.
However, the NEPRA, despite enjoying the mandate, is yet to force the power producers,
to augment the efficiency of their plants to international standards.

With privatisation of the electricity distribution companies and further
privatisation in the oil and gas sector, the role of the regulator will become all the more
crucial. It is very important that a sound institutional framework is developed to ensure
that lobbying by the private sector does not influence the regulator. It will promote the
cause of transparency if the NEPRA widely publicises the dates when the applications of
the distribution companies for revision in tariffs are to be heard, so that the public,
including experts may attend. It would also further the cause of transparency if the two
regulators can widely publicise the detailed computation of price/tariff revisions. Public
scrutiny of such tariff revisions will force the regulator to be more meticulous in
determining tariffs.

Ladies and Gentlemen, | conclude with the hope that this conference will offer
practical recommendations for alleviating the energy crisis.

I thank you for your patient hearing.
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Honourable Federal Minister for Planning, Development and Reform, his excellency
Mr Ahsan Igbal, the President, Pakistan Society of Development Economists, discussants,
Dr Ashfaque Hasan Khan and Dr Rehana Siddiqui, Dr Durr-e-Nayab, distinguished ladies
and gentlemen, let me say at the outset that it is a great privilege for me to be here and to
be given this opportunity to deliver the Quaid-i-Azam Lecture. | regard this as a signal
honour and | feel particularly privileged coming from India being able to speak in honour of
the Quaid-i-Azam, the founder of this country. | want to express my gratitude for this
particular privilege which | have been given. I also want to acknowledge the very warm
sentiments expressed by his Excellency the Minister. | certainly believe that in this day and
age we have to look forward, we have to look at the future and | think we have to erase
some of the problems, demolish some of the barriers and the hindrances that have prevented
South Asian cooperation in the past. So Sir, your words in that context are certainly
appreciated and | would say that we have to put them into effect by ushering in a new future
for this region. | want to mention that when | had the privilege of accepting the Nobel peace
prize on behalf of Inter-governmental Panel on Climate Change (IPCC) in 2007 along with
Mr Al Gore, in my acceptance speech | used a Sanskrit phrase which is Vasudhaiva
Kutumbakam and that means the universe is one family. Now if the universe is one family,
may | submit that, we particularly in Pakistan and India are really the core of that family. |
believe the future lies in our ability to develop a model of economic growth and
development that serves as an example for the rest of the world.

Let me at the very outset say that we have been somewhat negligent and perhaps
short sighted in emulating what has been established as a form of development in other
parts of the world and | will say a little more about this as | move on. Let me start by
referring to the definition of sustainable development which essentially comes out of the
work of the Brundtland Commission that was completed in 1987 and it’s a very simple
definition. It defines sustainable development as that form of development which allows
the current generation to meet their own needs without compromising on the ability of
future generations to meet their own needs. So, therefore, it essentially takes into account
the issue of intergenerational equity. Whatever we do today should not be selfishly
oriented by which we might meet more than our needs today but we certainly make it
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difficult for future generations to be able to meet their own needs. May | also submit that
the emphasis here is on needs, which of course is a very difficult concept to really come
down to grips with. A billionaire’s needs or what he calls needs might be very different
from the needs of a poor person who has to look for his next meal. However, | think both
in terms of humanitarian as well as purely biological considerations we can define certain
needs which include adequate nutrition, shelter and livelihood.

I believe that in coming up with directions for the future we would necessarily have to
keep in mind the concept of sustainability. Now this was also something that was clearly
articulated in the very first conference on the human environment which was held in
Stockholm in 1972, and to a large extent it was also given attention in the Rio plus Twenty
(Rio+20) conference which took place last year. But may | say the world has moved on in
several respects but it has not moved on in several other aspects. Now this is why | would like
to refer to what is known as the tragedy of the commons, a tragedy which you see around you
everywhere. This was a concept that was perpetrated by a biologist of all people and to my
mind it represents a very powerful new way of looking at economics. The tragedy of the
commons was defined by Garrett Hardin who as | said was a biologist and I quote from what
he wrote. He said, “The tragedy of the commons develops in this way. Picture a pasture open
toall. It is to be expected that each herdsman will try to keep as many cattle as possible on the
commons. Such an arrangement may work reasonably satisfactorily for centuries because
tribal wars, poaching and disease keep the numbers of both man and beast well below the
carrying capacity of the land. Finally, however, comes the day of reckoning, that is the day
when the long desired goal of social stability becomes a reality. At this point the inherent logic
of the commons remorselessly generates tragedy”. Because essentially what he is trying to say
is that global commons, whether it is the air that we breathe, the forest and the pastures which
are open to the use of various societies and communities or for that matter the water that flows
through our rivers and oceans from which we derive a lot of benefits are commons. They are
resources that everybody benefits from but nobody has responsibility for looking after. If we
exploit them to a level where they get damaged and degraded, then that clearly represents a
tragedy and that also defines the conditions that go against the very concept of sustainable
development. If you degrade and damage these common resources then clearly future
generations are going to find it very difficult to be able to meet their own needs.

This is something that Amartya Sen and Sudhir Anand have talked about. As they
say, and I quote, “It would be a gross violation of the universalist principle if we were to
be obsessed about intergenerational equity without at the same time seizing the problem
of intergenerational equity”. There is a terrible problem of poverty in our part of the
world and clearly that is also something that goes totally against the concept of
sustainable development. Our society has stark disparities and large number of people are
living in abject poverty. In India this is a reality that you see despite the fact that we have
had fairly healthy growth over the last fifteen odd years. The fact, however, is that we
still have a very large number of people in India who are living in abject poverty. Now
that clearly goes against the very concept of sustainable development because the society
which has these disparities cannot possibly be a sustainable society. It will have tensions.
It will have conflict and it will certainly have inherent in it the problems that often spill
over borders as well, and | think we need to be concerned about the multifarious impacts
of poverty that make it one of the worst problems that we have and therefore, the most
important challenges for us to meet.
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Sustainable development can reduce vulnerability to climate change, and here let
me introduce the concept of climate change. In my view, climate change is one of the
biggest threats we face across the globe that imperils and endangers the possibility and
potential of sustainable development. For making development more sustainable we need
to enhance mitigative and adaptive capacities, reduce emissions and also reduce
vulnerabilities, but there may be barriers to implementation. The point | would like to get
across is that if we were to integrate the challenge of meeting the problem of climate
change and facing that challenge effectively through adaptation as well as mitigation
efforts then clearly that would also define a sustainable path of development.

Let me now move to the concept of planning for energy within the context of
sustainable development. Energy is something which is essential to development and in
our part of the world we have some serious challenges in that regard. | would like to
focus now on some of the serious challenges that the world as a whole and certainly we
in South Asia face in respect of meeting the energy problem. If you look at Figure 1, you
see the share of the growth in world primary energy demand by region in the new policy
scenario.  This new policy scenario is a progressive scenario developed by the
international energy agency and published in the World Energy Outlook. What this shows
clearly is, as you would notice, that how energy is going to change over a period of time.
If you look at the period from 1995 to 2011 you have a 44 percent of the total energy
being consumed by China. By 2011 to 2025 it goes down to 37 percent of the total and is
projected that by 2025 to 2035, China’s share would go down to 18 percent. On the other
hand India’s share is going up quite sharply and | would say that it will also apply to the
rest of South Asia. It is unfortunate that we do not have projections for South Asia as a
whole and that to my mind is symptomatic of the lack of cooperation that we have.
Certainly in respect of defining our challenges and the problems that we should meet in
the future, this kind of joint exercise would be extremely helpful. If you look at Southeast
Asia their share also goes up significantly and the rest of the world by and large stays
more or less constant. The South Asian region, | believe, is certainly going to be the
driver that is going to account for changes in the energy market of the world.

Fig. 1. Share of the Growth in World Primary Energy Demand by Region
in the New Policies Scenario
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Figure 2 shows something that clearly is of common interest to all of us and
certainly to us in South Asia. It shows the production that would be observed from all
currently producing fields in the absence of any further investment. Now this is not to say
that there would not be further investment. | want to point out to you that in North
America for instance you have got a major revolution which has taken place with the
exploitation of shale gas. Deep sea drilling for exploration of oil is becoming quite
common but may | submit that it carries a number of environmental and other risks. You
would be aware of what happened at the deep water horizon well in the Gulf of Mexico
about 3 years ago, when as a matter of fact the amount of damage that took place as a
result of the oil spill that occurred has still not been mitigated effectively and BP which
was the company responsible for that well is still facing a lot of litigation and paying out
large sums of money to be able to meet the legal demands of its responsibility. So the
point | would like to make is that the new areas where oil is to be explored for and drilled
are going to be increasingly difficult and perhaps fraught with technical as well as
economic risks that we have to keep in mind. The arctic ice is melting as a result of
climate change. That region is being looked on as a very attractive area for exploration
and drilling but may | submit that it will carry several environmental hazards. The reality
is that whether it is 10 years, 20 years or 30 years, the depletion of oil is certainly going
to raise the price of oil over a period of time.

Fig. 2. Production that would be Observed from All Currently Producing Fields
in the Absence of Further Investment (Excluding NGLs)
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For energy security, while we do need to move ahead with some large projects
which are essential for our countries, there are ample opportunities to bring about
improvements in energy efficiency and also to be able to exploit renewable sources
of energy particularly on a decentralised basis but not confined only to decentralised
sources. Here if | could deviate just for a minute and introduce my institute, The
Energy and Resources Institute (TERI). It is a fairly large non-profit organisation,
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now having a staff of over twelve hundred people with a presence in several parts of
the world. We have launched a programme called Lighting a Billion Lives, which
essentially addresses the stark reality of 1.3 billion people in the world who have no
access to electricity. This to my mind is in some sense worse than the tragedy of the
commons because well over a hundred years ago Thomas Edison discovered the
filament incandescent lamp but you still have 1.3 billion people who have never seen
a lamp light up or do not have a lamp in their homes in the twenty first century. So
what we are doing is to implement solutions at the grassroot level in a number of
villages in India as well as in Africa, and | would submit that even though Pakistan
has a large number of villages that are electrified there might still be opportunities
for implementing some of these renewable energy solutions. | will just take a minute
to describe one such solution. We train women in a village to install a solar panel on
the roof. She charges about fifty odd lanterns during the daytime and rents them out
to the whole village at night, and they come back to her in the morning to get the
lamps recharged again. The benefits are that people in villages can work longer
hours, and children can do their homework over clean, pollution-free and totally
reliable lighting. They also have health benefits because otherwise people are sitting
around a kerosene lamp and inhaling all those toxic fuels. That is just one example of
what can be done, and what | wanted to point out over here is the imperative of
energy independence. We really need to set out on a direction by which we reduce
and minimise our consumption of fossil fuels, and this of course will require changes
on the demand side as well, for instance in the transport sector. We know that the
proliferation of personalized motor vehicle is something we all aspire but in essence
if we were to provide good public transport options people would not drive to work
in their own cars.

The total energy consumed by the SAARC countries shows large disparities, as
can be seen in Figure 3. Some of those differences are inherent in the size of the countries
of this region but the growth in energy use is somewhat even, as we can see from the
graphs on the right hand side of Figure 3. There is in my view a very strong and
compelling logic for us to work together in finding energy solutions. One of the things
that we are doing in India, and my institute has been involved in carrying out its
feasibility study, is to set up solar parks which would be about three thousand megawatts
each and these would use concentrated solar power. The benefit of this is that most of the
equipment can be fabricated within the country itself and, therefore, the cost would be
substantially lower than if we were to import all the equipment that is needed. | was very
happy to see the honourable Chief Minister of Punjab show lots of interest in the
Cholistan Region in Punjab. I believe it is a perfect region for the purpose as it has plenty
of land, very high levels of insulation and, therefore, solar energy could be an option but
before that there are also options for photovoltaic. The benefit of a country of the size of
India is that we can exploit economies of scale. If there is trade between the two
countries, including that of energy, it would be possible to ensure that if you set up a
plant in Cholistan, using large scale power generation on the solar source, then you need
not consume all that electricity yourself, part of it could be exported to India due to
growing demand there over time. So | think some of these renewable energy solutions
clearly would benefit from cooperation across all of South Asia.
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Fig. 3. Energy Consumed by SAARC Countries
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At TERI we have carried out very extensive energy economic modelling for
India and we have got a number of very detailed models for the country as a whole
and we have come up with different scenarios as presented in Figure 4 for the year
2031. The bar on the extreme right hand side of Figure 4 is particularly important
because it comes up with solutions that would be low cost, assuming technological
developments in the renewable energy field. This is going to happen because cost
reduction in renewable energy is around the corner which would lower the
production costs. So my submission is that each of us, perhaps on an integrated basis,
should carry out a detailed exercise on the choices that we have in the energy sector
by which we can minimise the total cost of energy supply and also ensure a much
higher level of energy security by exploiting those particular sources of energy that
are in abundance. With this the benefit that you would see is the substantial reduction
in fossil fuel dependency across scenarios (see Figure 5). It should be one of the
objectives of any energy policy that we must reduce such imports simply because we
have an abundance of solar energy, in some cases wind and certainly biomass.
Agriculture residual is also a significant source of energy supply and | think with the
technologies that research and development is now trying to develop it would be
possible to produce even liquid fuels from agriculture residual.
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Fig. 4. Distribution of Primary Commercial Energy Supply—2031 India
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The stark reality is that energy poverty is very wide spread. A large number of
people, around 1.3 billion as | have told you about, have no access to electricity and more
than twice the number who are totally dependent on biomass for cooking and other
domestic applications. That to my mind is again a massive tragedy as those burning
biomass in the house are often living in little huts where you have very poor ventilation.
Women and children in particular inhale large quantities of these forms of pollutions and
they have very serious health problems as a result. So there are enormous benefits in
moving to clean renewable forms of energy.
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Fig. 6. Energy Poverty is Widespread
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There are also other environmental problems that we need to address. These
include: increasing air pollution that largely comes from transport and biomass; indoor air
pollution; rivers, wetlands and ground water reserves being polluted; depletion of ground
water; deforestation and loss of biodiversity; and degradation of soil. Soil is something
we get from nature literally as a free gift. If we are going to deplete that then clearly we
have to substitute that with chemical fertilisers which in themselves have serious
problems. We carried out a very detailed exercise in 1997, on the eve of the fifty years of
independence of India, and this created a major stir because we found that India was
losing over 10 percent of its GDP on account of pollution and environmental cost. The
loss of agricultural output due to soil degradation was between 11 to 20 percent. Decline
in water availability was very serious and in fact in 1997 it had gone down to about one
third its value since the time of independence, and we projected that it will go down even
further to about two thirds of the value it had in 1997 over time in 2047. May | submit
here that we really need to come up with the path of development which is resource
efficient, which ensures that we maintain our natural resources and that we minimise
environmental degradation and damage. Here | would like to invoke a little anecdote of
Gandhi which is one of my favourite anecdotes. Gandhi-ji was once asked would if he
like India to become as prosperous as Britain and his answer was, “It took Britain half
the resources of this planet to achieve this level of prosperity. How many planets will a
country like India require?”. We have to accept the fact that even though technology and
human ingenuity makes possible for us to exploit resources almost on an unlimited basis,
there is finiteness in resources. There is a certain quality that we have to maintain
whether it is the air that we breathe, the water that we drink or the soil on which we grow
our crops. My submission, therefore, is that South Asia has to evolve a pattern of
development that is highly resource efficient and can serve as a model for the rest of the
world.

This brings us to the problem of climate change and why is it that we need to take
that into account very seriously in our development planning strategies. | had occasion to
fly over Pakistan in the year 2010 and it was a very clear day. What | saw below me was
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something that | just could not believe. A huge area of land was under water, muddy
water, so not only were you losing water but also losing very rich top soil. That is a major
loss quite apart from the fact that this was a major threat to life and property. I want to
submit to you that we at the Inter-governmental Panel on Climate Change (IPCC) have
projected that extreme events are going to increase in the future. It is virtually certain that
the upper ocean, that is 0 to 700 meters, has warmed from 1971 to 2010 and the rate of
sea level rise since the mid nineteenth century has been larger than the mean rate during
the previous two millennia (see Figure 7). Why is sea level rise taking place? It is
because of thermal expansion of the ocean with warming and also the melting of the
bodies of ice across the globe—over the period 1901 to 2010 global mean sea level rose
by 19 cm. That is close to a foot and definitely something to worry about.

Fig. 7. Observed Changes in the Climate System
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Source: IPCC ARS.

If you look at the Maldives islands, most of the island, in over a thousand plus
islands, are just about a meter high, or may be a little more, and if the sea level rises by
one foot that clearly represents a major threat to that nation as also to low line coastal
areas everywhere else in the world. | also want to draw your attention to the fact that
since the 1950s many of the observed changes have been unprecedented over the last
millennia (see Figure 8). The atmosphere in the oceans are warm, the amounts of snow
and ice have diminished, sea level has risen, the concentration of greenhouse gases has
increased and each of the last three decades has been successively warmer at the earth
surface than any preceding decade since 1850. So we are affecting the climate of this
planet in a very serious way.
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Fig. 8. Warming of the Climate is Unequivocal
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Over the last two decades, | want to highlight the fact that, the Greenland and the
Antarctic ice sheets have been losing mass, glaciers have continued to shrink almost
worldwide and Arctic sea ice and Northern Hemisphere spring snow cover have
continued to decrease rapidly. The arctic region was covered entirely with ice not so long
ago but not any longer. Since the early 1970s, glacial mass loss and the ocean thermal
expansion as a result of warming explain about 75 percent of the observed global mean
sea level rise, as can be seen in Figure 9. The increase in carbon-dioxide concentration
from two hundred parts per million at the beginning of industrialisation has gone up to
over four hundred part per million now. We in a short period of time, in the age of
industrialisation, have affected the atmosphere of this planet to an extent where it is really
leading to the very serious problem of climate change. The ocean has absorbed about 30
percent of the entire anthropogenic carbon dioxide causing ocean acidification. The
overall human influence on the climate system is, therefore, very clear and it could be
said with confidence that changes in total solar irradiance have not contributed to the
increase in global mean surface temperature over the period 1986 to 2008. And of course,
if we continue with increasing our emissions of greenhouse gases, climate change will
become far more serious.
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Fig. 9. Observed Changes in the Climate System
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We have developed four different scenarios of economic growth and development
for the future and Figure 10 presents two of these scenarios—the RCP 2.6 and RCP 2.8.
The darker the shade in Figure 10, the higher the temperature. The lower emission
scenario on the left hand side, which involves some very stringent mitigation of emission
of greenhouse gases, gives you a much lower temperature increase but the one on the
right hand side which involves low mitigation of emissions leads to very high
temperature increase. In fact at the upper end of that range, by the year 2100 you would
end up with the temperature increase of 4.8 degree Celsius and that can really play havoc
with our ecosystem and all forms of life on the planet.

Fig. 10. Warming will Continue Beyond 2100 under All RCP Scenarios
Except RCP 2.6
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Figure 11 shows the global mean sea level rise under different scenarios and we
see that the highest increase projected can get the sea level rise close to a meter, 0.98 cm
to be precise. Clearly if that were to happen large parts of the globe would be submerged,
and we would practically have a changed geography of the planet.

Fig. 11. Future Changes in the Climate System
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Figure 12 gives changes in temperature that would take place and the global mean
surface temperature increase that is shown here as the function of the cumulative total
global CO, emissions from various lines of evidence. It is evident that there is a range
because you cannot predict the future with perfect certainty but indeed what you find
over here are temperature increases that would cause some very serious problems. As |
mentioned earlier, at the upper end you could get a temperature increase of up to 4.8
degree celsius.

Fig. 12. Changes in the Climate System
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A far more serious problem and consequences of climate change is the increase in
extreme events during and by the end of twenty first century and here | want to highlight
two types of extreme events. It is very likely that the length, frequency, and/or intensity
of warm spells or heat waves will increase over most land areas. So much so that under
some scenarios, a one in twenty year hottest day is likely to become a one in two year
event in most regions. In other words, heat waves will increase to the extent that those
heat waves which currently take place once in twenty years can occur in the future once
in two years. What is even more serious, and | think this is something that in our part of
the world we have to be concerned about, is the fact that it is likely that the frequency of
heavy precipitation or the proportion of total rainfall from heavy falls will increase over
many areas of the globe. You could, thus, get very heavy rainfall as a result of which
flooding is likely to become more frequent and more intense.

Countries like Bangladesh, China and India are susceptible to increasing salinity of
their ground water and surface water resources due to increases in sea level. In India,
gross per capita water availability will decline from 1820 cubic meter per year in 2001 to
about 1140 cubic meters per year in the year 2050. There would also be serious impacts
on human health. These include: malnutrition with implications for child growth and
development; death, disease and injury due to heat waves; floods; storms; fires; droughts;
diarrheal disease; and frequency of cardiorespiratory diseases. The projected climate
change exposures are likely to affect the health status of millions of people particularly
those with low adaptive capacity. Please do remember that there are a large number of
people in the world who are living in the state of malnutrition. Partial loss of ice sheets on
polar land could imply meters of sea level rise, major changes in coastlines and
inundation of low lying areas. We also found that 20 to 30 percent of the species that we
assessed were likely to be at risk of the extinction if increases in warming exceed 1.5 to
2.5 degree Celsius.

The interactions among climate change mitigation and adaptation and disaster
risks reduction may have a major influence on resilient and sustainable pathways. We,
therefore, have to create communities, we have to create cities that are sustainable and
resilient and are able to meet the threats of climate change. | want to give you an example
here. Little over a month ago we had a terrible cyclone which hit the eastern part of India
in the state of Orissa. Ten years ago a cyclone of similar intensity hitting that region
would have led to a loss of lives of hundreds of thousands of people but today with early
warning system and government taking preventive steps they were able to protect life and
property by giving people shelter and moving them to safer locations. This is a form of
adaptation that | wanted to bring to your attention. All of us have to assess the impact of
climate change in the future and start adapting to them and taking steps by which we can
save life and property.

Some key findings of the special report we brought out highlight heavy
precipitation events, warm/cold daily temperature extremes, heat waves and sea level
rise. As | have already mentioned the fact that some scenarios show a one in twenty year
heat wave becoming one in two years, and the trend in disaster losses unfortunately are
very unfavourable for developing countries. Now total economic losses from natural
disasters are higher in developed countries no doubt. Economic losses as a proportion of
GDP are higher in developing and middle income countries, which have borne the
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highest burden. I also want to mention that the economic losses from weather and climate
related disasters vary from year to year and place to place but overall have increased. In
the year 2005 we had hurricane Katrina which hit part of the US, a city in New Orleans,
and in that year total losses worldwide were about two hundred billion dollars. That is
only the economic aspect but there is the loss of heritage, the loss of culture, the loss of
lives and those things on which you cannot possibly put a dollar value. As it happens the
fatalities are higher in developing countries and over the period of time from 1970 to
2008 these have been 95 percent in developing countries as opposed to five percent in
developed countries.

Our development strategies have to focus on adaptation as well as mitigation
because neither one nor the other alone is going to be able to help us meet the challenge
of climate change and the cost of doing so is really very low. We have assessed the cost
of mitigation that means reducing emissions of greenhouse gases. As it happens in 2030,
the total cost of very stringent mitigation would be less than the three percent of the GDP
which basically means that the level of prosperity or GDP growth that you would attain
will be postponed by a few months or years at the most and that clearly is not a very high
price to pay for saving lives and be able to take care of some of the worst impacts of
climate change. In Table 1 below | want to focus on the top most line which shows that if
we want to limit temperature increase globally by 2 to 2.4 degree Celsius, the CO,
emissions will have to peak no later than 2015. Delayed emissions reduction significantly
constrain the opportunities to achieve lower stabilisation levels and increase the risk of
more severe climate change impacts. So that is the challenge before the global society,
and here | come to the importance of exploiting renewable sources of energy.

Table 1
Characteristics of Stabilisation Scenarios
Stabilisation Global Sea Level Rise above
Level Global Mean Temp. Year CO2 Needs Pre-industrial from Thermal
(ppm CO2-eq) Increase (°C) to Peak Expansion (m)
445-490 2.0-24 2000-2015 0.4-1.4
490-535 2.4-2.8 2000-2020 0.5-1.7
535-590 2.8-3.2 2010-2030 0.6-1.9
590-710 3.2-4.0 2020-2060 0.6-2.4

Source: IPCC ARA4.

We carried out a detail study at the IPCC and brought out the report on renewable
energy resources and climate change mitigation and found that in several applications,
renewable resources of energy are already economically viable. If we look at the left
hand side of Figure 13 we see a band which represents the cost of conventional forms of
energy. In those applications you could find that the renewable energy overlaps with that
band, which in other words mean that the costs are identical and very favourable and,
therefore, | think the time has come for us to look at these opportunities and achieve
economies of scale and cost reduction through technological up-gradation. The future
really belongs to renewable sources of energy and the sooner we move on that path the
better. We actually carried out an assessment of how renewable energy can contribute to
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total energy supply. We assessed 164 different scenarios which have been produced by
scholars and researchers and found that the range varies. According to this assessment, at
the upper end by 2050, the world could get almost 80 percent of its energy needs from
renewable resources. By implication this means that we have to put in place policies
today which promote research, development, commercialisation and large scale
installation of renewable energy devices. We have to basically overcome a number of
barriers if we want to bring about a transition to a high share of renewable energy. We
would need investments in technologies and infrastructure and policies, of course play a
crucial role and these policies include regulations for instance. What | would propose is,
let us say a city like Islamabad or Lahore can go in for a large scale roof top solar
programme with buyback arrangements. You would, of course, have to make some
improvements in the grid to be able to buyback power when people are not consuming it
on their own. We have reached the point today with photovoltaic prices where this could
be a very attractive option. So I think if we can come up with some of these solutions it
would help alleviate the problem to a large extent. What we really need is a set of
enabling policies.

Fig. 13. Costs of Renewable Energy and Existing Energy Prices
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Mahatma Gandhi rightly said, “We may utilise the gifts of nature just as we choose
but in her books the debits are always equal to the credits”. So my submission is that
when we devise development policy we have to keep in mind that at present stock of
natural resources does not enter the GDP system. We have to put in place accounting
systems through which we see how our policies are really affecting the stock of natural
resources and the quality of natural resources because neglecting them clearly go against
the very concept of sustainable development and have an unfavourable impact on the
generations to come. This is a responsibility that we have to shoulder. We have to ensure
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that the future generations do not justifiably have a basis to blame us for leaving a planet
to them that is degraded, that is denuded and that has destruction of the ecosystem on
which all forms of life depend. There is no religion in the world that does not highlight
the importance of taking care of nature, ‘qudrat’ and what we have inherited from those
before us.
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1. BASIC FRAMEWORK

1.1. Background

Following the 1992 Earth Summit in Rio de Janeiro, the 2002 World Summit on
Sustainable Development (WSSD) in Johannesburg, and the 2012 Rio+20 Earth Summit
in Rio de Janeiro, sustainable development has become a widely accepted concept. World
decision makers are seeking a more sustainable development path through the ongoing
UN Post-2105 Agenda discussions, which includes key themes like the Green Economy
(GE) and the Sustainable Development Goals (SDG). They are hoping to find integrated
solutions to many critical problems, including traditional development issues (such as
energy scarcity, economic stagnation, poverty, hunger, and illness), as well as newer
challenges (like climate change and globalisation).

Energy is critical for sustainable development. Sustainable energy development
(SED) is an operational framework involving the harnessing of energy resources for
human use, in a manner that supports lasting development [Munasinghe (1995)]. We
begin with a review of sustainable development itself, before describing the key role of
energy. The World Commission on Environment and Development originally defined it
as “development which meets the needs of the present, without compromising the ability
of future generations to meet their own needs”, and there have been many subsequent re-
definitions.

Given the lack of an operational approach or practical framework that attempts to
define, analyse, and implement sustainable development, Munasinghe first proposed the
Sustainomics framework at the 1992 Rio Earth Summit, as “a transdisciplinary,
integrative, comprehensive, balanced, heuristic and practical meta-framework for making
development more sustainable” [Munasinghe (1992, 2002, 2010)]. One key element of
this approach is the widely-accepted sustainable development triangle shown in Figure 1.
It encompasses three major perspectives—economic, social and environmental. Each
viewpoint corresponds to a domain (and system) that has its own distinct driving forces
and objectives. The economy is geared towards improving human welfare, primarily
through increases in consumption of goods and services. The environmental domain

Mohan Munasinghe <mohan@mindlanka.org> is Founder Chairman, Munasinghe Institute for
Development (MIND), Colombo, Sri Lanka.
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focuses on protection of the integrity and resilience of ecological systems. The social
domain emphasises enrichment of human relationships, achievement of individual and
group aspirations, and strengthening of values and institutions.

Fig. 1. Sustainable Development Triangle—Harmonising Economic,
Social and Environmental Dimensions
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Meanwhile, energy has emerged as a key resource, which interacts critically with the
economic, social and environmental dimensions of sustainable development. First, it has
long been perceived as a major driving force underlying economic progress, and in turn,
economic growth itself further stimulates energy demand. Second, energy production and
use are strongly interlinked with the environment. Third, energy is a basic human need,
which significantly affects poverty and social well-being. Recently, growing energy
demand has also become associated with global climate change—posing an unprecedented
challenge to humanity. The wide-ranging inter-linkages between energy and sustainable
development are analysed in this article, especially the role of renewable energy.

1.2. Risks to Current Development Prospects

The world is currently facing multiple economic, social, and environmental
threats, which can interact catastrophically, unless they are addressed urgently and in an
integrated fashion—by making development more sustainable [Munasinghe (2009)].
Piecemeal responses have proved to be ineffective, since the problems are interlinked.
Sustainable Energy Development (SED) is a key part of the solution.
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Economic, Social and Environmental Threats

The economic collapse is the most urgent and visible global problem (Figure 2). An
asset “bubble” driven by investor greed rapidly inflated the value of financial instruments well
beyond the true value of the underlying economic resource base. The collapse of this bubble
in 2008 caused the global recession [OECD (2009) and Taylor (2009)].

Fig. 2. Multiple Global Crises and Human Priorities
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Major social problems of poverty and inequity are also shown in Figure 2, which
continue to undermine the benefits of recent economic growth, excluding billions of poor
from access to productive resources and basic necessities [World Bank (2009)]. In 2000,
the top 20 percentile of the world’s population by income, consumed 60 times more than
the poorest 20 percentile [Munasinghe (2010)]. Economic recession now exacerbates
poverty, worsening unemployment and access to survival needs.

Finally, mankind faces major environmental problems, because myopic economic
activities continue to severely damage the natural resource base on which human well-
being ultimately depends [MA (2005); UNEP (2008); UNEP (2011)]. Climate change is
one major global outcome, but equally serious issues are the degradation of local water,
air, and land resources. It is a potent risk multiplier, systematically worsening the other
crises described earlier. Ironically, the worst impacts of climate change will fall on the
poor, who are not responsible for the problem [IPCC (2007)].

Unfortunately, our current policy priorities are inadequate to face these challenges.
Governments very quickly found over six trillion dollars for stimulus packages to bail out
rich banks and boost consumption [G20 (2009)]. However, only about 100 billion dollars
per year are devoted to poverty reduction, and far less to combat climate change [World
Bank (2009)]. Annual military expenditures at almost $2 trillion are 20 times larger than
development aid. The asset bubble (over $100 trillion) far exceeded annual global GDP
(%60 trillion), while the high share of trade (>30 percent) in GDP underlines global
connectivity that increases systemic risk. Furthermore, the recession has dampened
enthusiasm to address more serious sustainable development issues.

1.3. Elements of Sustainomics

In the sustainomics framework, sustainable development is described as a process for
improving the range of opportunities that will enable individual human beings and
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communities to achieve their aspirations and full potential over a sustained period of time,
while maintaining the resilience of economic, social and environmental systems. The precise
definition and implementation of sustainable development remains an ideal, elusive (and
perhaps unreachable) goal. Sustainomics proposes a less ambitious, but more focused and
feasible strategy that merely seeks to ‘make development more sustainable’. Such an
incremental (or gradient-based) method is more practical, because many unsustainable
activities are easier to recognise and eliminate. This approach seeks continuing improvements
in the present quality of life at a lower intensity of resource use, thus leaving behind for future
generations an undiminished stock of productive assets (i.e., manufactured, natural and social
capital) that will enhance opportunities for improving their quality of life.

Decision makers are invariably pre-occupied with immediate problems like
growth, poverty, food security, unemployment, and inflation. The best method of seizing
their attention is to pursue an integrated approach that addresses all these issues within a
broad national sustainable development strategy. Economic analysis has a special role in
national policy making, since many important decisions are economic ones. The practical
and holistic Sustainomics framework (Box 1) seeks to overcome the shortcomings of
mainstream (neoclassical) economic policy-making, which often ignores many crucial
environmental and social aspects.

Box 1.

Principles of Sustainomics

First, making development more sustainable (MDMS) becomes the main goal. It is a step-by-step
method that empowers people to take immediate action, which is more practical because many unsustainable
activities are easy to recognise and eliminate—like conserving energy. While implementing such incremental
measures, we also continue parallel efforts to achieve long term sustainable development goals. One key test
for potential climate policies would be whether they would make development more (or less) sustainable.

Second, policy issues need balanced and integrated analysis from three main perspectives: social,
economic and environmental (described earlier in Figure 1). Interactions among these three domains are also important.

Third, we need to transcend conventional boundaries imposed by values, discipline, space, time,
stakeholder viewpoints, and values. It is essential to replace unsustainable values like greed and selfishness with
sound ethical principles including altruism and enlightened self-interest—this is a longer term task involving
education, communication and leadership, especially focusing on the young. Trans-disciplinary analysis is needed to
find innovative solutions to complex problems of sustainable development and climate change that cut across
conventional disciplines. Spatial analysis must range from the local to the global—typically from the community to
the trans-boundary river basin and planetary scales. The time horizon needs to extend to decades or centuries. Cross-
stakeholder data sharing, transparency and cooperation (especially civil society and business working with
government) need to be strengthened, by promoting inclusion, empowerment and participation.

Finally, the sustainomics framework uses a variety of practical full cycle tools—both new
methods and conventional ones. They are applied innovatively to encompass the full operational cycle from
initial data gathering to practical policy implementation, monitoring and feedback. Munasinghe (2002, 2010)
describes practical tools of sustainomics at the global and national levels, including integrated assessment
models (IAMs), macro- and sectoral-modelling, environmentally adjusted national income accounts (SEEA),
poverty analysis, and the Action Impact Matrix (AIM). At the project level, other useful methods for
sustainable development analysis (SDA) are cost-benefit analysis (CBA), multicriteria analysis (MCA),
environmental and social assessment (EA, SA), and economic valuation of environmental and social impacts.
At all levels, the choice of appropriate sustainable development indicators is also vital, derived from the basic
economic-social-environmental metric (UNCSD 2007). The range of policy instruments includes both
economic methods (like pricing, taxes and charges, tradable permits, investments and financial incentives),
and non-economic ones (like regulations and standards, quantity controls, voluntary agreements, information
dissemination, and research and development).
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In general, sustainomics leads to the following solutions. First, wastes ought to be
generated at rates within the assimilative capacity of the environment. Second, scarce
renewable resources should be utilised at rates below the natural rate of regeneration.
Third, non-renewable resource use rates should depend on the substitutability between
these resources and technological progress. Both wastes and natural resource inputs
might be reduced, by moving from linear throughput to closed loop (or recycling) mode.
Finally, inter- and intra-generational equity, and poverty alleviation, pluralistic and
inclusive decision making, and enhanced social values and institutions, are important
additional considerations.

2. SUSTAINABLE ENERGY DEVELOPMENT (SED)
2.1. Linkages between Energy Use and Sustainable Development

Energy-economy Linkages

Energy has become a driving force for modern economies, with extensive use
of commercial energy. Figure 3 shows that past energy supply has been dominated by
fossil fuels like oil, natural gas and coal, while the share of renewable energy is
expected to increase sharply from 17 percent in 2009 to 30-75 percent of total
primary energy by 2050—in various future growth scenarios [GEA (2012)]. The
main renewable sources in 2009 were traditional biomass and hydropower (Figure 4),
but new renewables (like wind, solar, geothermal, and ocean energy) will dominate
in 2050, since their technical potential is much greater (Figure 5) and relative costs
will fall. An estimated US$260-1120 billion per year will need to be invested in
renewables to achieve 2050 targets.

Technological progress and efficiency improvements have reduced the energy
intensity of economic production (i.e., lower requirements of physical energy per unit of
economic output). Electricity will continue to play an increasingly important role, as a
safe, clean and convenient form of energy.

Energy-Environment-Society Linkages

The environmental and social implications of energy use have not been as well
analysed as energy-economy linkages. Complete life-cycle analyses of the mining,
refining, processing, transport, conversion and transformation of various fuels like oil,
coal and nuclear materials, all show significant impacts. While electricity has relatively
few environmental and health consequences at the point of end use, key environmental
and social issues arise from power generation, depending on the energy sources. Oil- and
coal-fired plants not only have national impacts but also regional and global
environmental and health effects. Even renewable energy sources, which are perceived to
be “clean,” have some negative social and environmental impacts. Yet, access to
affordable energy (especially electricity), yields substantial social benefits, often
transforming the quality of life of poor households.
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Fig. 3. Growth of World Primary Energy by Source 1950-2008, and Three Future
Scenarios Developed by the Global Energy Assessment (GEA).
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Transnational Issues

Acid deposition is perhaps the most serious of the transnational issues faced today. It
is caused by oxides of sulphur and nitrogen that originate from fossil fuel combustion,
falling to the ground as particulates and acid rain. Coal- and oil-fired power stations emit
significant amounts of sulphur dioxide and nitrogen oxides into the atmosphere. The
transport of sulphur dioxide occurs over distances more than 1000 km, across national
boundaries. Acid depositions caused by sulphur and nitrogen oxides result in damage to
trees and crops, and sometimes extend to acidification and destruction of aquatic
ecosystems like streams and lakes. They also lead to the corrosion, erosion, and
discoloration of buildings, monuments and bridges. Indirect health effects are caused by the
mobilisation of heavy metals in acidified water and soil. Other important transnational
issues include environmental and health impacts of radiation due to severe nuclear
accidents, oceanic and coastal pollution due to oil spills, downstream siltation of river water
in one nation due to deforestation of water sheds and soil erosion in a neighbouring country,
and changes in hydrological flow and water conditions caused by dams.

Global Issues

The Intergovernmental Panel on Climate Change [IPCC (2007)] has identified that
energy use is the major contributor to anthropogenic greenhouse gas (GHG) emissions—
mainly CO, and other gases like N,0, CH, and CFCs that will lead to climate change and
undermine sustainable development prospects. First, global warming poses a significant
potential threat to the future economic well-being of the majority of human beings.
Second, climate change will harm the poorest groups disproportionately, undermining
social welfare and equity. Third, from the environmental viewpoint increasing
anthropogenic emissions and accumulations of GHGs will significantly perturb a major
global subsystem—the atmosphere. Climate change will also threaten the stability of a
range of critical, interlinked physical, ecological and social systems and subsystems.

2.2. Framework for SED

Sustainable development is the broad rationale underlying most national level
planning and policy-making. Ideally, power and energy planning must also be part of and
closely integrated with overall sustainable development strategies, to meet many
interrelated and frequently conflicting national objectives. Specific goals for sustainable
energy development might include: (a) ensuring economic efficiency in energy supply
and use to maximise growth, including energy efficiency; (b) raising sufficient revenues
from energy sales, to finance sector development; (c) socioeconomic concerns, like
meeting basic energy needs of the poor, or developing special regions (particularly rural
or remote areas) and priority sectors of the economy; (d) preserving the environment; (e)
diversifying supply, reducing dependence on foreign sources, saving scarce foreign
exchange, and meeting national security requirements; (f) price stability; etc.

Integrated Approach

Successful planning and implementation of national energy programmes must
explicitly link the energy sector to sustainable development of other parts of the
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economy. An integrated approach will help decision-makers to formulate policies and
provide market signals and information to economic agents that encourage more efficient
and sustainable energy production and use, as shown in Figure 6a.

The middle column shows the core—a framework for integrated, hierarchical,
multilevel analysis and integrated national energy planning (INEP) [Munasinghe (1988)].
The top level of SED recognises transnational linkages. Thus individual countries are
embedded in an international matrix, and global economic, social and environmental
conditions impose exogenous inputs or constraints on national decision-makers.

Fig. 6a. Sustainable Energy Development (SED) Framework
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The second hierarchical level in the figure focuses on the multi-sectoral national
economy, of which the energy sector is a part. Thus, energy planning requires analysis of
links between the energy sector and other sectors, including energy needs of user sectors
(like industry, transport, and agriculture), input requirements of the energy sector, and
impacts of energy supply and pricing policies.

The next level of SED disaggregates the energy sector into sub-sectors such as
electricity, petroleum products, coal etc. This permits detailed analysis, with special
emphasis on interactions among different energy sub-sectors, substitution possibilities,
and resolution of policy conflicts.

The lowest hierarchical level pertains to energy analysis within each energy sub-
sector, where line institutions (both public and private) carry out detailed energy resource
evaluation, planning and implementation of projects—including sustainability
assessments.

In practice, the various levels of SED merge and overlap considerably, requiring
careful study of (inter) sectoral linkages. Energy-social-environmental interactions
(represented by the vertical bar) cut across all levels, and provide important paths for
incorporating environmental and social considerations into national energy policies.
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SED facilitates policy-making and does not imply rigid centralised planning. The
process results in the development of a flexible and constantly updated sustainable energy
strategy designed to meet national goals. This strategy (of which the investment
programme and pricing policy are important elements), may be implemented through
energy supply and demand management policies and programmes that make effective use
of decentralised market forces and incentives.

In particular, SED implies improvements in overall economic efficiency through
better energy management. Figure 6a shows various policy instruments available to
decision-makers for implementing sound energy management. While formulating policy,
one must consider the interests of multiple government, business and civil society
stakeholders, ranging from international institutions to local energy users. This figure
also indicates the most important impediments that limit the effectiveness of policies.

Investments offer a good opportunity to pursue sustainable energy development. In
ten years, new plants will account for over half the industrial output of developing
countries and in twenty years, for practically all of it. Therefore, it will be possible to
have a major impact by putting in place policies, legislation, mechanisms, systems, and
incentives that facilitate sustainable energy development.

A macro-energy modelling framework is needed to implement this approach—a
typical example is shown in Figure 6b. A computable general equilibrium (CGE) multi-
sector macroeconomic model links the energy supply and user sectors and shows impacts
of broad macro-policies. The energy sector itself is disaggregated into different energy
types, facilitating analysis of energy subsector interactions. Finally, each subsector is
studied in detail using specialised submodels—e.g., the electric power sector is modelled
in detail using a long term power system expansion planning model.

Fig. 6b. Macro-energy Modelling Framework
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Identifying Sustainable Energy Options: “Win-Win” Options vs. Trade-offs

To identify sustainable energy options, policy-makers need to consider the
economic, social and environmental aspects of sustainable development. Options that
lead to improvements in all three indices are referred to as “win-win” options. Once
“win-win” options are realised, policymakers are able to make tradeoffs among other
available options.

Incorporating environmental and social externalities into energy decision-making
is particularly important, where concerns (like pollution from nuclear or fossil-fuelled
plants, and inundation at hydro plants) have hampered project implementation.
Environmental and social concerns need to be addressed early—at the sectoral and
regional planning stages, rather than at the final stage of project SDA. Unfortunately,
when dealing with energy sector issues at this aggregate planning level, the application of
many project-level valuation techniques becomes extremely difficult. First, the impacts
are difficult to value (e.g., health effects of pollutants from coal-fired generating stations,
biodiversity loss from large scale hydro storage, and impacts of greenhouse gas
emissions). Doubts raised about the valuation techniques themselves, divert attention
away from critical policy trade-offs. Second, many techniques appropriate at the micro-
level, are less effective at the sector level. Thus, contingent valuation is more valid where
respondents can be asked specific questions about local impacts of a project to which
they can relate, and difficult to apply at the sector level where one deals with large
numbers of technology, site and mitigation options.

In countries where inappropriate policies have encouraged wasteful and
unproductive uses of some forms of energy, better energy management could lead to
improvements in economic efficiency (higher value of net output produced), energy
efficiency (higher value of net output per unit of energy used), energy conservation
(reduced absolute amount of energy used), and environmental and social protection
(reduced energy related environmental and social costs). However, it may not be possible
to satisfy all the above goals simultaneously. For example, in some developing countries
where existing levels of per capita income and energy consumption are very low,
affordable energy might have a high priority, to meet basic energy needs.

The economic efficiency criterion which maximises the value of net output from
all scarce resources in the economy (including energy) is usually applied through
traditional cost-benefit analysis (CBA), which also subsumes purely energy-oriented
objectives such as energy efficiency and conservation. Furthermore, costs arising from
energy-related adverse environmental impacts may be included in the energy economics
analytical framework by monetarily valuing such impacts, to determine how much other
benefits society should be willing to forego, in order to avoid environmental damage.
When valuation is not possible, methods like multicriteria analysis (MCA) could be used
to supplement CBA.

Energy use and production may be improved in several ways to make them more
sustainable. First, energy efficiency may be increased by supply and demand side
improvements. Second, environmentally and socially more benign technologies can be
introduced, including fuel switching and renewable energy sources. Finally, price,
institutional and regulatory reforms could contribute to SED.
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2.3. SED Options Matrix and Renewable Energy Costs and Benefits

Table 1 shows typical impacts of selected energy options on the three elements of
sustainable development (+ is beneficial and — is harmful). While, efficient supply side
options (e.g., reductions in T&D losses), have clear economic gains in terms of savings in
capital investments and environmental benefits from reductions in greenhouse emissions
that result from decreased energy supply, the social impacts are unclear. Efficient end-use
options as shown in the case of an efficient fuelwood stove have benefits relating to all
three elements. Although advanced technologies such as clean coal combustion
technologies help reduce air pollutants such as CO, and NO, that cause respiratory
diseases and reduce productivity, many developing countries cannot afford such high cost
technologies. Likewise renewable energy sources also provide environmental and social
benefits by reducing a country’s dependence on traditional fossil fuels. However, in terms
of power generating costs, renewables may be more expensive than fossil fuels,
especially if environmental and social externality costs are ignored.

Table 1
Selected Sustainable Energy Development (SED) Options Matrix |

Impact
Option Economic Environmental  Social
Supply Efficiency + +
End Use Efficiency + + +
Advance Technologies - + +
Renewables - + +
Pricing Policy + + +/—
Privatisation/ Decentralisation + +/— +/—

Broader social, environmental and economic benefits and costs associated more
specifically with renewable energy options are summarised in Table 2.

3. APPLYING THE SED FRAMEWORK

In this section, practical case studies are presented which illustrate the application
of the ideas presented earlier. While many sophisticated energy and electricity models
exist for planning and policy analysis, we focus below on simpler SED examples linked
to sustainability and renewable energy.

3.1. Global Scale: Carbon Mitigation, Energy Efficiency and Sustainable
Development Paths

The energy-related problem involving greenhouse gas mitigation provides an
interesting example of how such an integrative framework could help incorporate climate
change policies within a national sustainable development strategy. The total GHG
emissions rate (G) may be decomposed as follows:

G = [Q/P] x [Y/Q] x [G/Y] x P;
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where [Q/P] is quality of life (Q) per capita; [Y/Q] is material consumption (Y) required
per unit of quality of life; [G/Y] represents GHG emissions (G) per unit of consumption;
and P is population.

A high quality of life is consistent with low total GHG emissions, provided that
each of the three terms on the right hand side could be minimised. Reducing [Y/Q]
implies ‘social decoupling’ (or ‘dematerialisation’) whereby satisfaction becomes less
dependent on material consumption—through changes in tastes, behaviour and social
values. Similarly [G/Y] may be reduced by ‘technological decoupling’ (or
‘decarbonisation’) that reduces the intensity of GHG emissions in consumption and
production. Finally, population growth could be reduced, especially where emissions per
capita are already high.

Focusing on the decarbonisation term [G/Y], Figure 7 illustrates the different
challenges facing developed and developing countries [Munasinghe (2011)]. On this
stylised curve of environmental risk against a country’s level of development, poor
nations are at point A (low GHG emissions and low GNP per capita), rich nations are at
point C (high GHG emissions and high GNP per capita), and intermediate countries are at
point B.

The sustainable development path to be followed by any country depends on its
position along this curve. Industrial countries (already exceeding safe limits) should
mitigate and follow the future growth path CE, by restructuring their consumption and
production patterns to delink carbon emissions and economic growth, thereby making
their development path more sustainable. Middle income countries could adopt
innovative policies to “tunnel” through (along BDE—below the safe limit), by learning
from past experiences of the industrialised world. Poorer developing countries should be
encouraged (with technical and financial assistance) to increase their consumption and
production more sustainably by following a growth path that is less carbon-intensive.
Finally, the poorest countries and poorest groups must be provided an adaptation safety
net, to reduce vulnerability to climate change impacts.

Fig. 7. Balancing the Development Path and Climate Risk
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Clearly, the same generic arguments may be applied to all forms of natural
resource use, to ensure that the basic consumption needs of the poor are met while
limiting excessive consumption of the rich within the bounds of planetary sustainability.

3.2. National/Sectoral Scale: Energy Sector Planning in Sri Lanka

The incorporation of environmental and social externalities into decision-making is
particularly important in the electric power sector. A Sri Lanka study [Munasinghe (2010)],
demonstrates how externalities could be incorporated into power system planning in a
systematic manner. Sri Lanka presently depends largely on hydro power for electricity
generation, but over the next decade the main choices seem to be large coal- or oil-fired
stations, or hydro plants whose economic returns and environmental impacts are
increasingly unfavourable. In addition, a wide range of other options (such as wind power,
increasing use of demand side management, and system efficiency improvements),
complicates decision-making—even in the absence of the environmental concerns.

The methodology involves the following steps: (a) definition of generation options
and their analysis using sophisticated least-cost system planning models; (b) selection and
definition of attributes that reflect planning objectives; (c) explicit economic valuation of
those impacts for which valuation techniques can be applied with confidence—the resultant
values are then added to the system costs which is the main economic attribute; (d)
quantification of those attributes for which explicit economic valuation is inappropriate, but
for which suitable quantitative impact scales can be defined; (e) translation of attribute
value levels into value functions (known as “scaling”); (f) display of trade-offs to facilitate
decision making; and (g) definition of options for further study, which also involves
discarding eliminating inferior options.

Main Results

The main set of sectoral policy options examined included: (a) variations in the
currently available mix of hydro, and thermal (coal and oil) plants; (b) demand side
management (e.g., compact fluorescent lighting); (c) renewable energy options (e.g., wind
generation); (d) improvements in system efficiency (using more ambitious targets for
transmission and distribution losses than the base case assumption of 12 percent by 1997);
(e) clean coal technology (e.g., pressurised fluidised bed combustion (PFBC) in a combined
cycle mode); and (f) pollution control technology options (e.g., various fuel switching and
pollution control options like importing low sulphur oil for diesels, and fitting coal power
plants with flue gas desulphurisation (FGD) systems).

A limited number of criteria or attributes should be selected with care, to reflect
issues of national as well as local project level significance. CO, emissions were used as
proxy for the potential impact on global warming. Health impacts were measured through
population-weighted increments in both fine particulates and NO, To capture the potential
bio-diversity impacts, a probabilistic index was derived. Employment creation was used as
an illustrative social impact.

Figure 8(a) illustrates a typical trade-off curve for biodiversity. The “best” solutions
lie closest to the origin. The trade-off curve is defined by the set of “non-inferior” solutions
(or superior options) that are best in terms of both objectives. For example, on this curve,
the option defined as “no hydro” is better than the option “wind”, in terms of both economic
cost and biodiversity loss.
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Fig. 8. Trade-off Curves between Economic Costs and (a) Biodiversity Impacts;
(b) Health Impacts
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Conclusions

There are several useful conclusions. First, the results indicate that those impacts for
which valuation techniques are relatively straightforward and well-established (like the
opportunity costs of lost production from inundated land, or benefits of establishing
fisheries in reservoirs),are small compared to overall system costs. Therefore, including
such impacts in the benefit-cost analysis does not materially change results. Second, even in
cases where explicit valuation is difficult (e.g., mortality and morbidity effects of air
pollution), implicit valuation based on analysis of trade-off curves can provide important
guidance to decision-makers. Third, certain options were clearly inferior/superior to others,
when one examines all impacts simultaneously. For example, the high dam version of the
Kukule hydro project can be excluded from further consideration, because of poor
performance on all attribute scales. Fourth, it is possible to derive attribute scales that
provide useful proxies for impacts which are difficult to value. For example, the population-
weighted, incremental ambient air pollution level was the proxy for health impacts, which
yielded several important conclusions—independent of any economic values assigned to
health effects.

Finally, with respect to the practical planning, the study identified several priority
recommendations, including the need to re-consider (i) demand side management
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options, especially fluorescent lighting; (ii) whether the present transmission and
distribution loss reduction target of 12 percent ought to be further reduced; (iii)
possibilities of pressurised fluidised bed combustion (PFBC) technology for coal power;
(iv) replacement of some coal-fired power plants (on the South coast) by diesel units; and
(v) cooling system options for coal plants.

3.3. Local-project Scale: Multicriteria Analysis (MCA) of Renewable
Energy Projects

Well accepted environmental and social assessment procedures at the project/local
level may be readily adapted to assess environmental and social effects of micro-level
activities. When monetary valuation of environmental and social effects is not feasible,
MCA may be used. Here, we summarise how multi-criteria analysis (MCA) may be used
to compare hydroelectric power schemes [Munasinghe (2011)]. The three main
sustainable development issues considered comprise the economic costs of power
generation, ecological costs of biodiversity loss, and social costs of resettlement.

The principal objective is to generate additional kilowatt-hours (kWh) of
electricity to meet growing power demand in Sri Lanka. Assume that the benefits from
each additional kWh are the same, the analysis seeks to minimise economic, social and
environmental costs of generating one unit of electricity from different hydropower sites.
Following the MCA approach, environmental and social impacts are measured in
different (non-monetary) units, instead of attempting to economically value and
incorporate them within the monetary-valued CBA framework.

Environmental, Social and Economic Indicators

Sri Lanka has many varieties of endemic or endangered fauna and flora. Often, large
hydro projects destroy wildlife at dam sites and in downstream areas. Hence, a biodiversity
loss index was estimated for each hydroelectric site as the main ecological indicator (see
previous case study). Although dam sites are usually in less densely populated rural areas,
resettlement is still a serious problem. In general, people are relocated from the wet to the
dry zone where the same level of agricultural productivity cannot be maintained, due to
limited water and poor soil quality. Living standards often become worse and several
problems (like malnutrition) could occur. Moreover, other social issues might arise, such as
erosion of community cohesion and psychological distress due to changed living
conditions. Hence, minimising the number of people resettled due to dam construction is an
important social objective.

The project costs are available for each site, from which the critical economic
indicator—average cost per kWh per year—may be estimated. The annual energy
generation potential at various sites ranges from about 11 to 210 KWh (Figure 8). All three
variables (biodiversity index, number of people resettled, and generation costs), are
calculated per kWh of electrical energy generated at each site. This scaling removes the
influence of project size and makes them more comparable.

Figure 10 provides a more comprehensive three-dimensional analysis of sustainable
development indicators for these hydropower sites, where the respective axes represent
economic, ecological, and social objectives. The closer to the origin any given coordinate
point is plotted, the better is the corresponding project in terms of achieving these three
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objectives. This type of analysis gives policy-makers some idea about which project is more
favourable from a sustainable energy development perspective.

Fig.9. Average Generation Costs (AVC), Biodiversity Index (BDI), and Number of
Resettled People (RE) by Hydroelectric Project.
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Suppose we arbitrarily give all three objectives an equal weight. Then, each project
may be ranked according to its absolute distance from the origin. For example, rank 1 is
given to the one closest to the origin, rank 2 is the second closest, etc. (Figure 10). On this
overall basis, from a sustainable energy development perspective, the most favourable
project GINGO74 (project 5) is closest to the origin, whereas the least favourable one
MAHAQ96 (project 14) is the furthest.

Fig. 10. Three Dimensional MCA of Sustainable Development Indicators
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Conclusions

The strength of this type of analysis is in helping policy-makers to compare project
alternatives more comprehensively and effectively. The simple graphical presentations are
readily comprehensible, and clearly identify sustainable development characteristics of each
scheme. The multi-dimensional analysis supplements more conventional CBA (based on
economic analysis alone). Since each project has different features, assessing them by
looking at only one aspect (e.g., generation costs or effects on biodiversity or impacts on
resettlement) could be misleading.

The MCA approach used here could be improved. First, for simplicity each major
objective is represented by only one variable. There may be additional key variables which
could describe other important sustainable development impacts. Further analysis that
includes other attributes might provide new insights. Second, the study could be extended to
include other renewable sources of energy. Finally, more sophisticated 3D-graphic
techniques may yield better and clearer representations.

4. CONCLUSIONS AND KEY POLICY IMPLICATIONS
FOR PAKISTAN

The SED-INEP approach based on sustainomics leads to several generic
conclusions.

(1) Integrated solutions are the most effective where energy policies are
incorporated within the sustainable development strategy, using the SED-INEP
framework.

(2) Transformation of energy systems is an urgent task because the issues are
complex and serious, while changes take time to become effective. Applying
the MDMS principle is important since we know enough already about
technologies, policies and methods to take immediate steps to solve the
problems.

(3) Energy options that have an important role, include energy efficiency (which
yields quick returns), demand management, renewable energy and advanced
technologies.

(4) Renewable energy is becoming less costly and more widely available, with
increasing economies of scale. More rapid diffusion is possible with
investment incentives and portfolio standards, better integration within
conventional energy systems (e.g., feed in tariffs to power grids), including
externality costs within fossil fuel prices, and improved R&D through training
and tax credits, etc.

(5) SDA analysis will identify win-win energy solutions that simultaneously meet
economic, social and environmental criteria, while facilitating trade-off
decisions where different criteria might conflict.

(6) The full mix of policy options need to be applied, including sustainable energy
pricing and economic incentives, regulation, advertising, etc. to encourage
more sustainable consumption and production, especially with respect to
energy use. In the long run changing social values will be critical.
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(7) Energy poverty can be reduced sharply, by supplying basic energy needs of all
human beings, and focusing on improved cooking stoves, cleaner fuels for
homes, and greater access to electricity.

SED Options for Pakistan

The SED-INEP framework helps to identify broad issues and strategic options to
support Pakistan’s sustainable development efforts. As shown below, energy sector issues
are complex and the structural changes required to address them calls for far-sighted
leadership, guided by sustainability principles.

Pakistan’s present (2012) total installed generation capacity is about 19.6 GW
(hydro, fossil, independent power producers or IPPs, and nuclear sources). The existing
capacity of thermal power generation in Pakistan stands at 12.6 GW, which is almost
two-third (65 percent) of the country’s total generation capacity. Hydro energy is the
second largest source of electricity and accounts for 33 percent of total power generation.
The national electricity demand is projected to increase to around 40,000MW by 2020
[WAPDA (2013)]. There is need for a high and sustained growth in energy supply and
infrastructure capacity of 7-8 percent per annum to support economic growth in the
country.

The strategic shift away from fossil fuels must be encouraged. Demand for energy
in Pakistan has grown almost six-fold from 1980 to date and is expected to double again
by 2015. The high dependence on hydrocarbons as the primary energy source needs to
be reduced, to make energy development more sustainable.

From the perspective of Environmental Sustainability, SED analysis indicates that
increasing hydro generation capacity would be a clean, and low cost method of meeting
rising demand. However, the water storage capacity is decreasing rapidly due to
sedimentation of existing reservoirs, caused by unsustainable environmental practices
upstream. There is an urgent need to commence construction of large storage reservoirs
to hold the water flowing in the only river that runs through Pakistan (Indus), while
strengthening environmental and social safeguards. Better water storage will not only
help with power generation but also help provide irrigation and potable water, promote
fisheries and sustain communities. Pakistan has a potential for producing over 50 GW of
electricity, if hydro power resources are used effectively.

Economic Unsustainability arises from costly electricity shortages and system
losses. With the increase of population, urbanisation and industries, the demand-supply
gap is large. Electricity shortfalls reached a peak of 8,500 megawatts (MW) in June 2012
or more than 40 percent of national demand. Load-shedding of up to 12-16 hours a day
across the country has led to economic costs as high as 4 percent of GDP. Reasons for
poor supply include inefficient energy utilisation, indiscriminate use of subsidies, lack of
public awareness, ineffective or unenforced legislation, poor governance, under-
developed infrastructure and theft, etc. The existing energy infrastructure needs to be
urgently upgraded, transmission and distribution networks made more efficient, and the
capacity of major water reservoirs restored.

An important manifestation of Social Unsustainability is the high incidence of energy
poverty in Pakistan. Although overall energy demand continues to rise, per capita energy use
remains one of the lowest in the world, especially among the poor. There are several reasons.
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First, the energy sector is inefficient, and it is estimated that almost 20 percent of Pakistan’s
overall energy consumption could be saved by 2015. Such energy conservation will be more
cost effective than building new generation capacity. Second, power generation from
expensive thermal sources makes electricity less affordable to the poor. Third, the poor are
still highly dependent on biomass and traditional fuels, which are inconvenient. Continued
dependence on bio mass and petroleum products could worsen poverty issues.

In terms of indigenous energy resources; Pakistan is rich in natural gas,
hydroelectricity, and coal. However, due to the high consumption of oil and gas, experts
predict that indigenous oil reserves will be exhausted by 2025, and natural gas by 2030.
Meanwhile, hydroelectricity supply is imperilled by climate change, with less rainfall
reducing river flows. This trend is exacerbated by wasteful water consumption. For
example, decades of water-intensive agriculture practices like subsidised flood
irrigation—have helped deplete surface water tables and prompted farmers to make
excessive use of electric tube wells to extract groundwater.

Alternative energy is being used only at a miniscule scale in the current energy
mix but by 2030, the government plans to have a minimum of 5.0 percent of total
commercial energy supply provided by wind, solar, and bio-waste (i.e., 2.5 percent of
Pakistan’s overall energy generation will come from new renewable sources). In
addition, the government plans to invest in the country’s vast coalfields (in Thar) where
200 billion tons of reserves have lain dormant since their discovery more than twenty
years ago. Clean coal technology has more potential to address Pakistan’s current energy
supply crisis and to potentially reduce dependency on expensive imported oil and gas.
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National and international energy policies have very important role in regional and global
power equilibrium and its importance is increasing. In this respect, diversification of energy
resources and their transportations routes, efficient use of local resources and the use of
existing energy resources with various technological and strategic practices in the most
efficient way possible are necessary in order to improve energy security and reduce
dependence on foreign energy sources.

Energy efficiency and renewable energy sources stand out as an important issues
especially regarding energy supply security, reducing foreign energy dependency, economic
development, maintaining the balance between environment and sustainability as well as
making important gains in all these issues. Thus, Improving energy efficiency saves money,
reduces carbon emissions and decreases country’s dependence on foreign energy supplies.
Energy security—the uninterrupted availability of energy sources at an affordable price—can
also profit from improved energy efficiency by decreasing the reliance on imported fossil fuels.
Possible improvements in energy efficiency are examined in six main categories: (1) buildings,
(2) industry, (3) transportation, (4) electricity generation and distribution, (5) appliances and
equipment, and (6) lighting.

According to the Turkish Energy Efficiency Strategy Document (2012-2023), it was
observed that with rational policies and technological improvements, a minimum of 20 percent
increase is possible in energy efficiency between 2013 and 2023. In the last year, major
energy-consuming countries also have announced new measures: China is targeting a 16
percent reduction in energy intensity by 2015; the United States has adopted new fuel economy
standards; the European Union has committed to a cut of 20 percent in its 2020 energy
demand; and Japan aims to cut 10 percent electricity consumption by 2030.

The aim of this paper is to study the importance of energy efficiency and renewable
energy sources and their roles in reducing energy dependency and promoting energy security.
In addition, the energy efficiency applications of Turkey will be discussed and general energy
Outlook for Pakistan and some policy implications to solve the energy crisis in Pakistan will
be presented.

Keywords: Energy Efficiency, Energy Dependency, Renewable Energy, Energy
Security, Turkey, Pakistan

1. INTRODUCTION

National and international energy policies have very important role in regional and
global power equilibrium and its importance is increasing. In this respect, diversification
of energy resources and their transportations routes, efficient use of local resources and
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the use of existing energy resources with various technological and strategic practices in
the most efficient way possible are necessary in order to improve energy security and
reduce dependence on foreign energy sources.

All societies require energy services to meet basic human needs (e.g., lighting,
cooking, space comfort, mobility, communication) and to serve productive processes. For
development to be sustainable, delivery of energy services needs to be secure and have
low environmental impacts. Sustainable social and economic development requires
assured and affordable access to the energy resources necessary to provide essential and
sustainable energy services. This may mean the application of different strategies at
different stages of economic development. To be environmentally benign, energy
services must be provided with low environmental impacts and low greenhouse gas
(GHG) emissions. However, the Intergovernmental Panel on Climate Change (IPCC)
Fourth Assessment Report (AR4) reported that fossil fuels provided 85 percent of the
total primary energy in 2004, which is the same value as in 2008. Furthermore, the
combustion of fossil fuels accounted for 56.6 percent of all anthropogenic GHG
emissions (CO2) in 2004. The IPCC is the leading international body for the assessment
of climate change. It was established by the United Nations Environment Programme
(UNEP) and the World Meteorological Organisation (WMOQO) to provide the world with a
clear scientific view on the current state of knowledge on climate change and its potential
environmental and socio-economic impacts.

Climate change is one of the great challenges of the 21st century. Its most severe
impacts may still be avoided if efforts are made to transform current energy systems.
Renewable energy sources have a large potential to displace emissions of greenhouse
gases from the combustion of fossil fuels and thereby to mitigate climate change. If
implemented properly, renewable energy sources can contribute to social and economic
development, to energy access, to a secure and sustainable energy supply, and to a
reduction of negative impacts of energy provision on the environment and human health.

Renewable energy is largely a domestic source of energy. When it displaces
imported fuels, it contributes to greater national energy security and directly reduces import
bills, which represent a fairly significant percentage of gross domestic product (GDP) in
many importing countries and often contribute to a trade deficit. Renewable energy sources
(such as wind, solar and biomass) have the potential to reduce these effects significantly.
Moreover, greater use of renewables could indirectly put downward pressure on oil and gas
prices and reduce price volatility. In the electricity sector, renewables mainly reduce the
need to import gas or coal, as oil use is limited in this sector.

While GDP per capita and population growth had the largest effect on emissions
growth in earlier decades, decreasing energy intensity significantly slowed emissions
growth in the period from 1971 to 2008. In the past, carbon intensity fell because of
improvements in energy efficiency and switching from coal to natural gas and the
expansion of nuclear energy in the 1970s and 1980s. In recent years (2000 to 2007),
increases in carbon intensity have been driven mainly by the expansion of coal use in
both developed and developing countries, although coal and petroleum use have fallen
slightly since 2007. In 2008 this trend was broken due to the financial crisis. Since the
early 2000s, the energy supply has become more carbon intensive, thereby amplifying the
increase resulting from growth in GDP per capita.



Energy Dependency and Energy Security 311

Baseline projections for the EU indicate that electricity consumption will grow on
average by 2 percent/y to 2030, with a potentially slightly slower pace each year because
of energy efficiency improvement measures and higher fossil fuel prices, in particular
natural gas, which will consequently affect electricity pricing. This provides an impetus
to improve technologies in coal- and gas-based power generation and more specifically to
improve conversion efficiency, as this would result in substantial CO2 and fuel savings.
For example, each percentage point efficiency increase is equivalent to about 2.5 percent
reduction of CO2 emitted. Power plant efficiency is therefore a major factor that could be
used to reduce global CO2 emissions.

Since 2008, China has become the largest emitter of GHG in the world overtaking
the United States. Now China accounts for 25 percent of total global CO2 emissions, up
from 11 percent in 1990. The top five countries with the highest energy related CO2
emissions in addition to China, include USA, India, Russia and Japan, which in total
represented 58 percent of global emissions in 2011). Adding the cumulative emissions of
the next five countries: Germany, South Korea, Iran, Canada and Saudi Arabia
demonstrates that the top ten countries accounted for slightly more than two thirds of
world emissions in 2011. The largest increase has taken place in China and India, where
emissions per capita in China increased by a factor of three and in India by 2.5
respectively, and the Middle East (+75 percent), due to the high economic growth.

In 2009, the European Union released the Renewable Energy Directive, which set
legally binding targets for the share of renewable energy (covering electricity, heat and
biofuels) in gross final energy consumption of each member state by 2020, equating to 20
percent in total. To ensure that their targets are met, each country is required to prepare
an action plan and provide regular progress reports. Renewable energy is expected to
continue to be central to EU energy policy beyond 2020. A recent European Commission
report indicated that renewable energy could meet 55-75 percent of final energy
consumption by 2050, compared with less than 10 percent in 2010 [EC (2011); EU
(2011)]. According to the Turkish Energy Efficiency Strategy Document (2013-2023), it
was observed that with rational policies and technological improvements, a minimum of
20 percent increase is possible in energy efficiency between 2013 and 2023. In addition,
major energy-consuming countries also have announced new measures in 2012: China is
targeting a 16 percent reduction in energy intensity by 2015; the United States has
adopted new fuel economy standards; the European Union has committed to a cut of 20
percent in its 2020 energy demand; and Japan aims to cut 10 percent from electricity
consumption by 2030.

2. ENERGY EFFICIENCY

Efficient energy use, sometimes simply called “energy efficiency”, is the goal of
efforts to reduce the amount of energy required to provide products and services. Energy
efficiency is a way of managing and restraining the growth in energy consumption. For
example, insulating a home allows a building to use less heating and cooling energy to
achieve and maintain a comfortable temperature. Installing fluorescent lights or natural
skylight reduces the amount of energy required to attain the same level of illumination
compared to using traditional incandescent light bulbs. Compact fluorescent lights use
two-thirds less energy and may last 6 to 10 times longer than incandescent lights.
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Energy efficiency stands out as an important issue especially regarding supply
security, economic development and competitiveness on the one hand, and maintaining
the balance between environment and sustainability as well as making important gains in
all these issues on the other.

Energy efficiency offers a powerful and cost-effective tool for achieving a
sustainable energy future. Improvements in energy efficiency can reduce the need for
investment in energy infrastructure, cut energy bills, improve health, increase
competitiveness and improve consumer welfare. Environmental benefits can also be
achieved by the reduction of greenhouse gases emissions and local air pollution. In
addition, energy efficiency reduces country’s dependence on foreign energy supplies.

According to World Energy Council 2013 Report, most countries have
significantly reduced their total energy use per unit of GDP over the last three decades.
The decline in energy intensity has been driven largely by improved energy efficiency in
key end-uses such as wvehicles, appliances, space heating and industrial processes.
Governments have implemented a wide range of policies and programmes such as energy
efficiency standards, educational campaigns, obligations for market participants and
financial incentives to accelerate the development and adoption of energy efficiency
measures. Western Europe is currently the region with the lowest energy intensity, while
among the large consumer countries; CIS uses almost 3 times more energy per unit of
GDP than Europe. In China, Africa and the Middle East, the energy intensity is two times
higher than the average in Europe. High energy intensities can be attributed to a number
of factors, including the structure of the industry, the share of energy intensive sectors,
low energy prices and other. Latin America and OECD Asia and Pacific are about 15
percent above the European level, while India and other Asia are at the same level as the
world average with energy intensity 50 percent higher than in Europe and slightly less
than North America.

Primary Energy Intensity Levels by World Regions (2011)
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Energy efficiency has proved to be a cost-effective strategy for building economies
without necessarily growing energy consumption. For example, the state of
California began implementing energy-efficiency measures in the mid-1970s, including
building code and appliance standards with strict efficiency requirements. During the
following years, California’s energy consumption has remained approximately flat on a
per capita basis while national U.S. consumption doubled. As part of its strategy,
California implemented a “loading order” for new energy resources that puts energy
efficiency first, renewable electricity supplies second, and new fossil-fired power plants
last.

Energy conservation is broader than energy efficiency in that it encompasses
using less energy to achieve a lesser energy service, for example through behavioural
change, as well as encompassing energy efficiency. Examples of conservation without
efficiency improvements would be heating a room less in winter, driving less, or working
in a less brightly lit room. As with other definitions, the boundary between efficient
energy use and energy conservation can be fuzzy, but both are important in
environmental and economic terms. This is especially the case when actions are directed
at the saving of fossil fuels. Reducing energy use is seen as a key solution to the problem
of reducing greenhouse gas emissions. According to the International Energy Agency
(IEA), improved energy efficiency in buildings, industrial processes and transportation
could reduce the world’s energy needs in 2050 by one third, and help control global
emissions of greenhouse gases.

America is an “energy hog” and uses twice as much energy per capita as most
European countries and perhaps ten times as much as most of Asia and Africa (see
following figure).

Per Capita Energy Use for Selected Countries
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Itis due to a large extent to a greater degree of industrialisation. Much of industry
is energy demanding. More industrialised countries in Asia, such as Japan, China and
Taiwan, use more energy than the rest of the Asian countries but not as much per capita
energy use as in the U.S. More of Asia is rapidly industrialising so it is certain that its


http://en.wikipedia.org/wiki/Energy-efficient_buildings
http://en.wikipedia.org/wiki/Sustainable_transportation
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energy demands will increase and offer more competition for energy supplies to the more
energy intensive countries. These changes are inevitable and relate to the increase in the
quality of life associated with such industrialisation, rising population and income. In any
case, the energy needs of much of the rest of the world will increase, and if this is
accompanied by the increasing energy use in America that we have experienced, the
world’s energy requirements are bound to grow. If this occurs in a time of limited
resources, problems will arise. There will be increasing strife among competitors for the
available resources and increased cost, leading to a limitation of the rate of growth. The
burden of this limitation will fall more heavily on the poorer parts of society. To decrease
these problems, it appears desirable to reduce the per capita energy use for ourselves and
to find ways for others to grow in a less energy intensive way. This can be accomplished
through changes in life style, finding ways for using energy more efficiently and using
alternative energy sources such wind, solar and biomass.

In addition to the possibility of diminished sources of fossil fuels, there is a
problem in the production of carbon dioxide from burning fossil fuels. The evidence is
clear that the carbon dioxide (CO2) concentration in the atmosphere has greatly increased
[Weart (2008)]. The increase in carbon dioxide has been accompanied by a change in the
Earth’s climate. The climate change in turn has been ascribed to the greenhouse effect.
Human activity, that has increased the amount of the greenhouse gases in the Earth’s
atmosphere, has led to an increase in climate warming [Physical Geography (2009)].

It is evident that because of the limitations of fossil fuel supply and consideration
of the environmental deterioration arising from their use, that other sources of energy
should be considered. To secure energy supply and meet the energy demand in future, the
importance of renewable energy (such as wind, solar and biomass) becomes even more
critical.

Energy security—the uninterrupted availability of energy sources at an affordable
price—can also profit from improved energy efficiency by decreasing the reliance on
imported fossil fuels. Energy security is very important, especially for energy importing
(energy dependent countries, such as Pakistan and Turkey) countries. Because rising
energy prices or decreasing energy supply will have a negative impact on the growth of
these countries.

In addition, the question of energy security also is one of the main concerns for the
future of Europe because of the growing dependency of the European countries on third
parties, namely Russia, for natural gas. The future of European energy security will be
shaped by the EU’s dependence on Russia and its ability to find alternative sources of
energy as well as multiple routes of transport. Turkey’s location between the major
energy producers in the Caspian and the major energy consumers in Europe has increased
Turkey’s potential role as the transit country.

To promote energy security of Europe, Nabucco is projected to transport natural
gas from the Caspian region through Turkey, Bulgaria, Romania and Hungary to Austria,
and the Cooperation Agreement was signed between these five countries in October 2002
(see following figure). The Agreement signed on 13 July 2009 between these five
countries enabled the operationalisation of these plans. The consortium for the pipeline,
the Nabucco Gas Pipeline International, was founded in 2004 with the objective of
constructing a new pipeline connecting the Caspian region, the Middle East and possibly
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Egypt as a new supply route for Europe. The investment for the pipeline, which will be
approximately 3,300 kilometres, is estimated to cost around 8 billion Euros. Potential
suppliers to the pipeline are the Caspian states, Azerbaijan, Kazakhstan, Turkmenistan,
Iran, and, if possible, Egypt and Iraq as well. The major supplier for the initial stage of
the Nabucco pipeline is projected to be Shah Deniz fields of Azerbaijan.
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Distance: 3,300 km

Investment: 7.9 bill. €
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3. TURKEY ENERGY OUTLOOK

Turkey’s importance in the energy markets is growing, both as a regional energy
transit hub and as a growing consumer. Turkey’s energy demand has increased rapidly
over the last few years and likely will continue to grow in the future.

Over the last two years, Turkey has seen the fastest growth in energy demand in
the OECD, and unlike a number of other OECD countries in Europe, its economy has
avoided the prolonged stagnation that has characterised much of the continent for the past
few years. The country’s energy use is still relatively low, although it is increasing at a
very fast pace. According to the International Energy Agency (IEA), energy use in
Turkey is expected to double over the next decade, while electricity demand growth is
expected to increase at an even faster pace. Meeting this level of growth will require
significant investment in the energy sector, much of which will come from the private
sector. Large investments in natural gas and electricity infrastructure will be essential. In
addition to being a major market for energy supplies, Turkey’s role as an energy transit
hub is increasingly important. It is key to oil and natural gas supplies movement from
Russia, the Caspian region, and the Middle East to Europe. Turkey has been a major
transit point for seaborne-traded oil and is becoming more important for pipeline-traded
oil and natural gas (see following figure).
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In 2010 and 2011, Turkey’s economy was one of the fastest growing economies in
the world, at over 8 percent annual growth rates, and with this economic expansion,
Turkey’s oil consumption grew. In 2011, Turkey imported more than 90 percent of its
total liquid fuels consumption. According to the IEA, Turkey’s imports are expected to
double over the next decade.

In the following figures, the developments in the energy demand and energy
supply of all types are given.

Turkey Primary Energy Consumption (2010)
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Development of Primary Energy Consumption of Turkey (1980-2011)
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Development of Domestic Energy Supply and Energy Demand (1990-2011)
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The Rate of increase of Aggregate Demand between 2000-2009
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3.1. Energy Efficiency and Applications in Turkey

Turkey, forging ahead with confident and rapid steps to become a pivotal and
strong country in her region and the world, should aim for more efficient use of energy
resources, development of deliberate policies of energy security, diversification of energy
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resources (using renewable energy sources), and development of new technologies.
Turkey’s energy import (mainly crude oil and natural gas) in 2011 was around 54 billion
dollars, which equals 69 percent of the account deficit. Turkey should reduce its
dependence on foreign energy sources and become a pioneer rather than a follower in the
energy sector, especially among developing economies.

Possible improvements in energy efficiency are examined in four main categories:
(1) buildings, (2) industry, (3) transportation, (4) electricity generation and distribution.
Data analyses and optimisation studies lead to the following conclusions: It is estimated
that a saving of 20 percent to 60 percent in yearly energy consumption can be made with
efficiency implementations in buildings; 10 percent to 40 percent increase in efficiency
can be obtained with the use of energy management systems in the industry; compared to
vehicles with internal combustion engines, electric vehicles provide 70 percent cost
benefit and 65 percent decrease in CO2 emission; and 16 percent to 28 percent
improvements in electricity generation and distribution can be achieved with
compensation, introduction of SCADA systems, and smart grid implementations in
distribution.

As a result of the analyses by the academicians and government authorities of
Turkey, it was observed that with rational policies and technological improvements, a
minimum of 20 percent increase is possible in energy efficiency between 2012 and 2023.
To achieve these objectives, Turkish government announced and applied the following
“Turkey Energy Efficiency Strategy Document” in 2010.

Turkey Energy Efficiency Strategy Document (2012- 2023)?:  This document
targets to decrease at least 20 percent of amount of energy consumed per GDP of Turkey
in the year 2023 (energy intensity).

— To reduce energy intensity and energy losses in industry and services sectors.
— To decrease energy demand and carbon emissions of the buildings; to promote
sustainable environment friendly buildings using renewable energy sources.

— To provide market transformation of energy efficient products.

— To increase efficiency in production, transmission and distribution of
electricity, to decrease energy losses and harmful environment emissions.

— To reduce unit fossil fuel consumption of motorised vehicles, to increase share
of public transportation in highways, sea roads and railroads and to prevent
unnecessary fuel consumption in urban transportation.

— To use energy effectively and efficiently in public sector.

— To strengthen institutional capacities and collaborations, to increase use of
state of the art technology and awareness activities, to develop financial
mechanisms in public financial institutions.

— To have at least 3 operating nuclear power plants.

— Turkey, which continues efforts to construct nuclear power plant, aims to use
36,000 MW hydroelectric, 20,000 MW wind, 3,000 MW solar, 600 MW
geothermal, 2,000 MW biomass energy by 2023.

! http://oip.ku.edu.tr/energy-matters/turkeys-energy-efficiency-assessment-and-targets
Zhttp://www.eie.gov.tr/verimlilik/document/Energy_Efficiency_Strategy_Paper.pdf
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— Turkey’s renewable energy resource potential is around 136,600 MW.
However, Turkey uses only 13.6 percent of its domestic renewable energy
resources.

— Turkey aims to drop natural gas’ share in electricity production to 30 percent
but raise renewable energy resource share to 30 percent by 2023.

— To increase the share of nuclear power to 5 percent in the electricity
production.

— To increase utilisation of local and renewable energy sources to reduce
excessive dependence on natural gas (15-20 percent of energy).

The envisioned goals can only be achieved with a National Energy Strategy that is
future-oriented and holistic; has realistic objectives and measurement mechanisms; is
oriented towards local resources, manpower, scientific research and technology
development; is open to global opportunities and partnerships; is shaped by active
participation of all stakeholders in the guidance of the public sector; and is implemented
consistently and adamantly.

Japan, Switzerland, Germany, and Denmark are all very successful in energy
efficiency, as well as the example of the United States should also be emulated, which
continuously puts more and more emphasis on energy efficiency.

3.2. Energy Efficiency and Energy Dependency Relationship in Turkey

Let me first point at the relationship between import dependency in energy and
current account deficit. Turkey is dependent on imported energy. More than 70 percent of
energy consumption is imported. The energy import was 38,5 billion USD (20.8 percent
of total import) in 2010 and 60,1 billion USD (25.1 percent of total import) in 2012.

As of 2011, Turkey’s current account deficit was 10 percent of its GDP (see Chart
1 and 2). Turkey’s dependency on energy imports is the main driver of the current
account deficit. Deficit in current account was considered as one of the elements of
fragility in Turkish economy. As a result, Turkish economy had to choose between
economic growth and current account deficit.

Foreign Trade Developments in Turkey

Annual (Billion $) Periodic (Billion Dollar)
Change (%)
2011 2012 2012 / (JAN - FEB) 2013 / (JAN - FEB) 2012/2013
Export 134.9 152.5 2.1 239 83
Energy Export 6.5 1.7 13 11 -14.5
Gold Export 15 133 0.7 1.0 41.6
Import 240.8 236.5 35.3 38.2 83
Energy Import 54.1 60.1 9.5 9.1 -3.6
Gold Import 6.1 1.6 04 17 307.2
Foreign Trade Volume 375.7 389.0 57.4 62.1 83
Foreign Trade Balance -105.9 -84.1 -132 -14.3 8.4
Balance excl. Energy -58.4 -31.6 -5.0 6.2 252
Export/Import (%) 56.0 64.5 62.7 62.7 &
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Chart 1. Growth Rate and Current Account Deficit/GDP Ratio
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Because of Turkey’s dependence on external sources for energy, it is clear that any
problem or crisis in energy supply can negatively affect the economic growth of Turkey.
Thus, policies that provide energy supply security should be put into practice, which is
critical because of Turkey’s geographic and geopolitical location. The expansion of
renewable energy will reduce dependence on foreign energy sources, volatile oil and
natural gas prices in international markets, and curtail the long-run environmental
degradation associated with carbon emissions. Therefore, Turkey’s energy policies
should be such that they should diminish the country’s dependency for external energy
sources by substituting them with renewable energy sources of Turkey and increasing
energy efficiency.

Turkey, forging ahead with confident and rapid steps to become a pivotal and
strong country in her region and the world, should aim for more efficient use of energy
resources, development of deliberate policies of energy security, diversification of energy
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resources (using renewable energy sources) and development of new technologies.
Turkey should reduce its dependence on foreign energy sources and become a pioneer
rather than a follower in the energy sector, especially among developing economies.

By increasing energy efficieny in Turkey, the energy dependency will be reduced
and this will decrease the energy import and finally the current account deficit will be
reduced. As a result, with energy efficiency policies current account deficit of Turkey can
be decreased at least by 30 percent. In other words, current account deficit/GDP ratio can
be decrased to 4-5 percent from 8 percent. Of course energy efficiency is one of the
factors that will decrease the current accout deficit. The others are to export high value
added products, increasing FDI and tourism revenues.

4. PAKISTAN ENERGY OUTLOOK

The economy of Pakistan recovered modestly in 2012 compared to 2011.
However, the overall economic outlook continues to be marked by low growth and high
inflation imposed by energy shortages, security issues, and macroeconomic imbalances.
Pakistan’s inability to meet domestic energy demand has resulted in electricity outages,
which is a key political and economic issue in the country. Thus, securing energy supply
sources of natural gas, oil, hydro, and coal will be critical for Pakistan’s economic
growth.

According to International Energy Agency and Asian Development Bank reports,
the primary energy demand for Pakistan is projected to increase from 84.6 million tons in
2010 to 145.8 million tons in 2035, growing at an annual rate of 2.2 percent. With this
growth, Pakistan’s per capita energy demand will reach 0.59 tons per person as compared
to that of 0.49 tons in 2010.

Pakistan Total Primary Energy Production (1980-2011)
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Pakistan Total Primary Energy Production (1980-2011)
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Dry natural gas production has grown by more than 70 percent over the past
decade from 809 billion cubic feet (Bcf) in 2002 to 1,383 Bcf in 2011, all of which was
domestically consumed. Despite the growth of natural gas production, the country’s
demand is still constrained. Pakistan currently does not import natural gas because it
lacks the infrastructure. Pakistan is self-sufficient in natural gas—the main energy source
to meet its primary energy demand—while domestic production will decline from the
current 38.4 billion cubic metres (bcm) to 13 becm in 2035 and Pakistan will have to start
importing natural gas sometime after 2015.

Pakistan Natural Gas Consumption (1980-2011)
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Electricity net consumption has increased from 47 billion kilowatthours (KWh) in
2000 to 74 billion KWh in 2010. According to the latest World Bank estimates, Pakistan
had an electrification rate of 67 percent in 2010.

Pakistan Electricity Net Consumption (1980-2011)
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Pakistan is a net importer of crude oil and refined products. Oil production in
Pakistan has fluctuated between 55,000 to 70,000 barrels per day (bbl/d) since the 1990s.
The country produced 62,000 bbl/d of oil in 2012. Oil consumption has grown over time
and averaged 440,000 bbl/d in 2012. Oil import dependency may rise to nearly 90 percent
by 2035, if domestic oil production is maintained at a constant level.

Pakistan Total Oil Production (1980-2011)
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Coal import dependency will decline to 20 percent in 2035 from 67 percent in
2010. Coal production is projected to increase from the current 1.4Mtoe to 9.7Mtoe by
2035, with the expanded production from the Thar coalfield.

Pakistan Coal Consumption (1980-2011)
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Carbon dioxide emissions from consumption of fossil fuels have been increasing
during last two decades in Pakistan due to inreasing demand for energy.

Pakistan Carbon Dioxide Emissions Total from Consumption of Fossil Fuels (1980-2011)
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Pakistan is endowed with potential new and renewable sources such as wind, solar
and biomass and their contributions will be important, as well, to diversify the energy
sources. To secure energy supply and meet the energy demand in future, the importance
of renewable energy becomes even more critical. A rich natural potential of renewable
energy resource is already there, the question only lies how to actualise this in practice.
Considering geographical and climatic conditions, Pakistan is well placed to exploit
more renewable energy sources like Wind, Solar, Biomass. Due to more favourable
climatic conditions in Pakistan, solar PV possesses almost infinite potential to generate
electricity in Pakistan. Wind energy also has a huge capacity to produce electricity in
Pakistan. The other potential source of energy is the Biomass energy.

These rich sources of electricity generation potentially available in the country
need special attention and incentives from Government in order to comply with growing
energy demands of the country. In this case, Turkey may be a good example for Pakistan
to get its experience in this area. Because electricity sector is privatised and all the laws
were passed about producing and selling electricity in Turkey. Thus, similar applications
can be done wtih private and public sector together by taking economic and social
conditions of Pakistan into consideration.

With continued energy demand growth in Pakistan, it will be increasingly difficult
to meet demand with domestic sources. Pakistan is faced with constraints in domestic
energy supply as well as the need for upgrades and replacement of obsolete energy
supply infrastructure, including power plants and transmission and distribution systems.
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It is important to note that demand-side efficiency improvements, mainly to reduce
electricity demand, will greatly affect Pakistan’s overall energy requirements and
promote economic growth. As a policy implication, Pakistan government must consider
energy efficiency and increasing the share of renewable energy sources (Solar, Wind,
Biomass, Hydro...) as a priority items in its energy policy agenda.

4.1. Causes of Electricity Shortages in Pakistan

Increase in cost of oil

Number of dams and level of water in rivers
Power theft (electricity theft)

Incomplete projects

Lack of energy conservation programme
Imprudent and reckless energy policies
Weak grid infrastructure

High transmission and distribution losses
Mismanagement

o Corruption

e Growing energy demand and etc.

4.2. Suggestions to Overcome Energy Crisis in Pakistan

Privatising distribution is an especially important step.

the role and share of private sector should be increased.

There is a need for a strategy to launch a sustainable long-term national energy
efficiency programme and most importantly, design effective incentive
mechanisms.

Public’s awareness of the importance and substantial social benefits of energy
efficiency (saving) should be shared with society by using campaigns.

o Pakistan Energy Council should be constituted/created which should include
people from public sector, private sector, professionals and academics.

Prepare SWOT Analysis of Energy

For policy-makers to prepare energy strategy document and give correct decisions on
enery policies, Pakistan authorities must prepare a SWOT analysis. It is necessary to see:

— what we have? (current energy supply, Pakistan energy sources)
— what we need? (energy demand)

— energy demand > energy supply= Energy deficit

— how and from where we get the difference?

— the cost of financing energy

— the effects of the sources on economy, society and environment.

Pakistan Needs Energy Strategy Plan

—To overcome energy crisis, Pakistan needs to take the steps in form of:
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— Short Term Plan

— import electricity from your neighbours.
— strict regulations by government, such as using smart electricity
counters instead of mechanical one to reduce the electricit theft and etc.

— Medium Term Plan

— developing and installing solar and wind projects in small places like
villages.

— announce energy efficiency programme and apply it.

— using energy saving devices (electrical applicances, lighting etc.)

— announce incentive programmes for private sector who can make
renewable energy investment.

— Long Term Plan

— installing coal based powerhouses.

— build nuclear energy plant.

— increasing number of dams.

— increasing efficient natural gas stations.

5. CONCLUSION AND POLICY IMPLICATIONS

The purpose of this paper is to explore the importance of energy efficiency and
renewable energy sources and their roles on reducing energy dependency and promoting
energy security. Energy efficiency helps address the “Energy Trilemma” i.e. energy
security, environmental sustainability and energy equity. Therefore, improving energy
efficiency and using more renewable energy sources will allow energy savings and
reduction in the environmental impacts of energy production and use, and reduce the
energy dependency of that country. Thus, to achieve sustainable development, energy
dependent countries must pay attention to energy security and environment, energy
efficiency, and renewable energy sources in order to deal with energy shortages, negative
effects on economic growth and climate changes.

As mentioned before, both Pakistan and Turkey are energy importing (energy
dependent) countries. Turkey is both natural gas and oil importing country while Pakistan
is oil importing country. Thus, any problem in energy supply will directly affect the
economic growth of these countries.

In this case, the importance of energy efficiency and renewable energy sources
become more critical for these countries. Renewable energy sources and energy
efficiency should be supported for the following reasons:

— for energy supply security and diversification of energy sources,

— reducing dependence on energy imports,

— to fight against climate change, reducing carbon dioxide emissions, creation of
new jobs, contributing to local and regional development (contributing to
economic and social cohesion).
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Electricity Economics and Integrated
Resource Strategic Planning

ZHAOGUANG HU

Electricity supply economics and electricity demand economics are the two major
components of electricity economics. This paper discusses the production functions with
electricity, a core principle of electricity demand economics. In this paper, production functions
with electricity are introduced at the firm level, sectoral level, industrial level, and national
level. This paper also discusses integrated resource strategic planning (IRSP). As a part of
electricity supply economics, it is a useful tool for policy study on low-carbon electricity.
During the national economic development, low-carbon electricity can be recognised as the
IRSP and the implementation of smart grid. The low-carbon electricity would be a great
roadmap to Pakistan’s economic development. Pakistan’s economy is in an early phase of
industrialisation. China’s economy is in the late phase of industrialisation. Experiences and
lessons from China’s economic development would provide references to Pakistan.

Keywords: Electricity Economics, Production Functions with Electricity,
Integrated Resource Strategic Planning (IRSP), Low-carbon
Electricity, Pakistan, China

1. INTRODUCTION

What is electricity economics? This is a popular topic that receives global attention
from all quarters. Electricity economics consists of two parts: electricity supply and
electricity demand [Hu and Hu (2013)]. On the electricity supply side, it studies the
economic issues in the electric power sector, including topics of: economic operation of
power system, economic analysis of power plant construction and operation, power
sector regulation and deregulation, power generation expansion planning, electricity
tariff, economic analysis of power transmission and distribution. It is based on the
fundamentals of economics to study and solve the electric engineering problems on
power supply side. For example, generation expansion planning is to optimise the power
resources such as hydro power, nuclear power, coal-fired power, gas/oil power, wind
power, solar power and etc. to get the best profits or least cost from technical and
economic perspectives [Yuan, Kang, and Hu (2008)]. It investigates optimal allocation of
resources and electric power supply [Stoft (2002)]. How to improve productivity of
power system is also discussed by many economists and researchers [Rothwell and
Goméz (2003)], which is called electricity supply economics [Zhang and Shen (2005)], or
electric power (system) economics.

Zhaoguang Hu <zghu@public3.bta.net.cn> is Vice President and Chief Energy Specialist, State Grid
Energy Research Institute, SGCC, China.
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The electricity demand part investigates the economic and business issues based
on electricity consumption. Electricity consumption is positively correlated with
production output. On the level of firm production, it studies the output such as product
quantity, product sale, value added, and production profit by analysing electricity
consumption for any production line and other economic activities. For commercial
service, it helps managers to analyse revenue, value added, profits, and other business
issues based on electricity consumption. On sector level, it studies the production on the
basis of electricity consumption. On national level, it reviews macroeconomic
developments by analysing electricity consumption on the industrial and state levels.

Production functions with electricity are principles of electricity demand
economics. Since increasing volume of products are being produced and increasing
amount of electricity is consumed, the product quantity can be mathematically expressed
as a function of electricity consumption. Production functions with electricity can be
used with electricity consumption as input production function which can be studied on
firm level, sectoral level and national level [Hu and Hu (2013)].

Electricity demand economics can be helpful to review, study, observe and analyse
economic operation, the trend of economic growth, and the characteristics of the
economy’s dynamics. For firm production function with electricity, the e-¢g function can
show the relationship between electricity consumption e and product quantity ¢, e-re
function studies the relationship between electricity consumption and revenue re, e-v
function demonstrates the relationship between e and value added v, and e-pf function
shows the relationship between e and profit pf. Similarly, there are Es-Q function, Es-Re
function, Es-V function, and Es-Pf function on sectoral level. For three industries
(primary industry, secondary industry, and tertiary industry), there are £;-V; function, E>-
V, function, and E;-V; function to study the electricity consumption and value added for
the three industries respectively. For state, there is E-GDP function to study the
relationship between GDP (gross domestic product) and electricity consumption £ to
exhibit the inherent character of the national economy. Electricity demand economics is a
new area which has not been explored broadly. Details are discussed in the book
“Electricity Economics: Production Functions with Electricity” Springer (2013).

Why do we investigate electricity demand economics? Electric energy, as an important
production factor, has been widely used in almost all economic activities (except
transportation by gas/oil vehicles and etc.). The characteristics of electricity data of being
accurate, accessible and representative of production factors are key elements for electricity
demand economics. With the development of electrification, it is also essential in our
residential life. In the modern society, commercial business and manufacturing activities are
closely associated with electricity consumption. An electric pump can help farmers to irrigate
agricultural land; machines and electric equipment require electric power to drive production
line in manufacturing; shops, hotels, and restaurants must use electricity to do their daily
businesses and services. With the improvement of electric vehicle technologies, transportation
will also use more and more electric energy in the near future.

Electricity economics is used to study the issues in the electric power sector based
on the principals of economics, which is now being recognised as electricity supply
economics. On the other hand, electricity consumption reflects the economic issues of the
electricity, which is now recognised as electricity demand economics.
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Therefore, electricity economics consists both electricity supply economics and
electricity demand economics, i.e. [Hu and Hu (2013)].

Electricity economics = electricity supply economics + electricity
demand economics

2. CHARACTERISTICS OF ELECTRICITY DATA

Since electricity is very difficult to be massively stored, it is required that the
electric power generation and electricity consumption must be balanced simultaneously.
Any unbalance between power supply and demand will make the power system operation
unstable, and then power outage could happen at large scale. If the electricity supply is
interrupted, not only the production of various industries, but also the people’s life would
be disrupted. Power system consists of generators, transformers, power lines, power
users, etc. In order to guarantee a stable power system operation, the following equation
has to hold:

Power generation = line loss + power consumption .. (D

Electricity data can be collected and measured by electric meters. With the
development of metering technologies, it is easy to access electricity data. For example,
China’s official electricity data of the month is published in the middle of the next month.
It has only two weeks of lag period on monthly basis. However, the GDP data is
published quarterly during the year. Furthermore, electricity data obtained from meters
contains the features of highly comprehensive, reliable, accurate, and timely data, not
merely in China but also in Pakistan as well as many other countries in the world.

With technology innovation, smart grid will highly integrate the system of power
grid beyond the boundaries of countries. Smart meters will secure electricity data
classification to be more detailed. It is possible to get the data after each 15 minutes.
Thus, smart grid and related improvements of technologies will provide more detailed
and reliable data on electricity consumption at any time interval. Based on the rule of
power system operation, electricity data is more accurate than any other economic data.

National electricity consumption (referred to as total electricity consumption),
is the sum of primary industry electricity consumption, secondary industry electricity
consumption, tertiary industry electricity consumption, and the residential electricity
consumption. Electricity consumption from the three industries can produce value
added, which is called productive electricity consumption. To summarise: the
productive electricity consumption has four characteristics as follows [Hu and Hu
(2013)]:

(1) Necessity—almost any production must use electricity.

(2) Accuracy—the data of electricity consumption can be collected by reading
meters. It is objective and unbiased, and it can also be checked by formula (1).

(3) Accessibility—it is very easy to get the reading of electricity consumption
from a smart meter per hour (or per 15 minutes).

(4) Representativeness—as a production input, electricity consumption is in
proportion to the other production inputs. Electricity consumption can be the
representative of all other production factors.
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3. PRODUCTION FUNCTIONS WITH ELECTRICITY
[Hu and Hu (2013)]

Production function is the relationship between the input and output. What is
production function with electricity? The characteristics of electricity data are useful to
production function with electricity, i.e. electricity as an input to set up a production
function. The characteristic of necessity makes it possible to set up production function
for almost all production lines in industries. Representativeness makes it possible to set
up the production function with only one production factor, electricity. Therefore, the
production function will be very simple and accurate.

The enterprise production function with electricity can reflect both the technology
level and management level of the production. If the quantity of product in a firm
increases/decreases, it means that the contribution of other production factors also
increases/decreases, then, electricity consumption will increase/decrease accordingly as
well. The change in electricity consumption is the result of the changes in the other
production inputs. Therefore, electricity consumption e will vary accordingly with respect
to the change in other production inputs (/,m,...w). Relationship between the production
inputs (/, m,..., w) and electricity consumption e can be seen as a mapping f [Hu and
Hu (2013)]. It is the positive correlation between e and (/, m,..., w). The production
function with electricity can be expressed as follows [Hu and Hu (2013)]:

y=F(e) ... ... (2

The output y is the function of input e. In fact, the data history and data samples
have shown that the formula (2) is a linear function, it can be expressed as follows [Hu
and Hu (2013)].

y=ae+b ... 3

where « is the slope of the linear function and b is the intercept of the function.

As introduced in [Hu and Hu (2013)], the average output of electricity ay for
enterprise is equal to total quantity of the output y divided by the electricity consumption
e. Marginal output of electricity my is the increase in total quantity of the output Ay that
results from one-unit increase in electricity consumption Ae.

We can see that the slope of the linear function (3) is the marginal output of
electricity.

The output y can be total quantity of the product z¢, revenue re, value added v, and
profits pf. for the firm. As discussed in the book “Electricity Economics: Production
Functions with Electricity” Springer (2013), we can have the following four production
functions with electricity :

e-q function: tg=ae+b ... ..
e-re function: re=a,e+h, ... e (5
e-v function: v=ae+b, ... .. (6)

e-pf function: pf =a,e+b, ... .. (D



335

Electricity Economics and Integrated Resource Strategic Planning

A case study is shown in Figure 1 [Hu and Hu (2013)], an enterprise has three
types of production lines (calcium carbide furnaces) to produce calcium carbide, the
electricity consumption is about 3600kWh per ton of producing calcium carbide with
little difference between the three kinds of production lines. The comprehensive e-g
function for this enterprise is a linear function as follows:

tq = 0.2815e —0.0466 10<e<260 (8)

Figure 1 also shows the curves of the production function with electricity e-tq,
average quantity of electricity ag and marginal quantity of electricity mqg for the product
calcium carbide in this enterprise. The marginal product of electricity varies at electricity
consumption 90 GWh and 160 GWh since the three production lines switched one by
one. The highest mqg is 294 ton/GWh, the lowest one is 270 ton/GWh, and the
comprehensive mq of the three production lines is 281.5 ton/GWh. The aq increases from
277.7 ton/GWh to 284.92ton/GWh, and then falls to 279.3 ton/GWh. It increases
generally since the intercept of the linear e-g function (8) is negative.

Fig. 1. The Comprehensive e-q Function of the Calcium Carbide, ag and mgq
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Source: Hu, Zhaoguang and Zheng Hu (2013) Electricity Economics: Production Functions with Electricity. p.
41 Springer.

Now we look at the sectoral production functions with electricity, a sector consists
of many firms producing the same kinds of product. If we take Q as the total quantity of
all firms produced product, Re as the sectoral revenue, V as the value added of the sector,
Pf as the profit, and Es as electricity consumption of all firms, then, sectoral production

functions with electricity are as follows:
Es-Q function: Q=AEs+B, )

Es-Re function: Re=AEs+B, (10)
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Es-V function: V = A[Es+B, .o (11
Es-Pf function: Pf = AJEsS+B, .. (12)

Figure 2 shows the Es-V Function for the cement sector in China during 2005—
2010. It is a linear function with the slope as 0.4183 and intercept as —5.6704. It shows
that the marginal value added of electricity in the sector is 0.4183%$/kWh (in constant
2010 USD) while the average value added of electricity is increasing with the growth of
electricity consumption in the cement production.

Fig. 2. Es-V Function for the Cement Sector in China from 2005 -2010
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An industry consists of many sectors, and there are three industries as primary
industry (agriculture), secondary industry (industry) and tertiary industry (commercial).
The electricity consumption for the three industries can be expressed as E;, E, and Ej,
and the value added as V), V; and V; respectively. Then, the production functions with
electricity at industrial level can be expressed as follows:

E -V, function: V, = AE +B, .. (13)
EV, function: V, = A/E, +B, .. (14)
E;-V; function: V, = AE, + B, ... (15)

As an example for China, the £; was 23.815TWh and the V; was 1110.79 billio