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The debate on the impact of population

growth essentially centres around two

contrary views. The Malthusian view1 is

predicated on the proposition that human population

grows in geometric progression whereas food

supply grows in arithmetic proportion. Food supply

will hence run out, giving rise to the need to curtail

population growth. Malthus believed that high rates

of population will permanently condemn societies

to a perpetual state of under development. This

theory received the support of economists such as

JS Mills and JM Keynes. Karl Marx, however,

gave a contrary view, which was supported by

sociologists. Marx stated that the widespread

poverty and misery of the working class people

was not due to an eternal law of nature as

propounded by Malthus but to the misconceived

organisation of society and by the unequal

distribution of the wealth and its accumulation by

capitalists.

The debate essentially revolves around four

key issues:2

Do small families improve the prospects of

children.

Is a rapidly growing population detrimental to

economic growth?

Is high fertility a result of low income and

poverty?

Is rapid population growth a symptom, rather

than a cause, of poor economic performance?

Food shortages, of which Malthus expressed

Addressing the Core Issue: Reducing Population

*Maj. Gen. Dhruv C. Katoch is Editor, India Foundation Journal and Director, India Foundation.

Dhruv C. Katoch*

EDITOR'S NOTE

concern have been largely overcome by advances

in science and improved agriculture. However, this

does not take away from the fact that larger

populations require greater consumption, which

stresses the environment, pollutes the atmosphere

and causes environmental degradation, which

is already causing concerns to people across

the globe.

The population of the world, which stood at

around 2.6 billion in 1950, took just 37 years to

nearly double to 5 billion in 1987, adding an

additional 2.4 billion people to the planet. The next

billion was added in just 12 years, making the

world’s population touch the 7 billion mark in 1999.

By 2050, the world’s population is expected to

increase to 9.7 billion, and peak at a round 11 billion

by 2100.3

In the Indian subcontinent, an examination of

the populations of India, Pakistan and Bangladesh,

between independence in 1947, to the present

times, reveals that the population of India increased

fourfold during this period. The population of

Pakistan, for the same period, increased seven

times and Bangladesh, six times. In India, the rate

of population increase was not uniform, increasing

about six times among the Muslim population and

three times among the rest.4 There is a view that

the unbridled growth of population in India and in

other parts of the world has adversely impacted

development initiatives to reduce poverty and has

also led to substantive environmental degradation.
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In her book, Building the Population Bomb

(Oxford University Press, 2021), Emily Klancher

Merchant states that overpopulation has been

blamed for everything from climate change to

poverty. She however posits that it is not population

growth but global socio-economic inequality and

environmental degradation that are the causative

factors and that society incorrectly blamed a

“population bomb” for problems that had other

causes. “A wrong diagnosis,” she avers, produces

ineffective solutions. In this, she echoes the

Marxian viewpoint.

That is perhaps an oversimplification of a

problem which has multiple dimensions, but Ms

Merchant is not the only one who believes that

reducing poverty will ipso facto, lead to a reduction

in population. In their book, ‘Population and

Development, Dennis Ahlburg and Robert Cassen

note that, while it is believed that more rapid

population growth increases poverty by reducing

real wages, the relationship with poverty is ‘neither

obvious nor well established’. They question the

assumption that an increase in the labour force

necessarily reduces wages, but caution that the

relationship between population and poverty varies

considerably across regions, countries, growth

sectors and policy environments.5

In a study carried out, examining the link

between population and per capita income growth

and poverty, a case study of Uganda is instructive.

Uganda achieved reasonable economic growth

while also experiencing high population growth.

However, the evidence garnered in the study also

suggested that “the currently high population

growth puts a considerable break on per capita

growth prospects in Uganda”. The study further

went to state that high population growth led to

low achievement in poverty reduction, which

concomitantly, made it very difficult to make

substantial improvements in poverty reduction and

per capita growth.6

There is no gainsaying the fact that unbridled

population growth hinders poverty alleviation

programmes, attenuates consumption and waste

and has a negative impact on societies and the

worlds eco-system. The examples of South Korea

and Taiwan—two countries which have

successfully controlled population growth, are

instructive in this regard. Both these countries have

seen rapid increases in per capita incomes as birth

rates declined, giving them a positive demographic

dividend.7

There is a need to control population growth

through policy initiatives through expanding

education and health care, especially for the girl

child, and on implementing voluntary family planning

programmes. This can succeed, as seen in an

experiment conducted in the Matlab region of

Bangladesh, in a controlled population group, a

portion of which was provided with free services

and supplies, home visits by well-trained female

family-planning workers, and comprehensive media

communication. The programme also had an

outreach to husbands, village heads and religious

leaders to obviate any backlash from the male

population. The results indicated a substantial

decline in fertility rates—1.5 percent— between

the targeted population and the non-targeted

population in the controlled area. This shows that

family planning programmes can succeed in

conservative societies. Other countries such as

Iran and Rwanda too have shown similar results.8
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1 Based on the book, An Essay on the Principle of Population by Thomas Robert Malthus.

2 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2781831/

3 https://www.un.org/en/global-issues/population

4 Data interpolated from census of India and from other sources.

5 Ahlburg, Dennis & Cassen, Robert. (1993). Population and development. International Handbook of
Development Economics, Volumes 1 & 2.

6 http://www2.vwl.wiso.uni-goettingen.de/departmentpaper/NO_133.pdf

7 John Bongaarts, Development: Slow down population growth, available at https://www.nature.com/articles/
530409a

8 Ibid.
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Over the years, based on empirical data, a

causal relationship has been established between

rising prosperity and declining fertility. Both East

Asia and some countries of South East Asia are

examples of this trend that as incomes rise, fertility

tends to fall and between national income growth

and falling birth rates as also between family

incomes and fertility. Improved economic

conditions, therefore, do lead to a decline in birth

rates.9 But for the converse to hold true, would

require good governance models. In any case, the

debate should now focus on both aspects: Good

governance and taking measures to reduce the birth

rates. Both should go hand in hand, simultaneously.

India should lay emphasis on population control

measures that are enlightened and in the interest

of women. Improved education and health care

for the girl child, better and improved access to

reproductive health control, a concerted media

campaign on the need and necessity for small

families, sensitising religious and local leaders on

the issue and making them part of the programme,

are some of the initiatives which could be taken.

Alongside, must be legislation to encourage the

small family norm, through incentives and

disincentives. The recent bill passed in parliament,

bringing the age of marriage of girls on parity with

boys to 21 years is a welcome step.

The resources of the earth are limited and

population control is the need of the hour. This is

also in conformity with the goals as laid down by

the United Nations. While population trends are

not explicitly mentioned in the SDGs, but several

of the SDGs are directly or indirectly related to

future demographic trends. As humans are the only

polluters in the planet, restricting their unbridled

growth must remain the core issue for India and

the world.



{6} India Foundation Journal, January-February 2022

India is the only big economy which has

delivered in letter and spirit on the Paris

Commitment1 stated Prime Minister Modi in

his address at Glasgow COP 26 Summit on 2nd

November. He noted that India with 17% of the

world’s population was responsible for only 5% of

greenhouse gas emissions annually. He committed

India to achieve the target of net-zero emissions

by 2070 and reducing CO2 emissions by 1 billion

tons by 2030. In one fell swoop, he silenced the

critics (except of course the professional India

baiters) and assumed leadership in the battle against

climate change.

If the road ahead is bound to get more difficult,

the journey thus far for India (and the developing

nations) has not been easy either. “India has been

a late starter and much of its infrastructure remains

to be built. China’s emissions rise is likely to flatten

as its years of intensive growth will soon be behind

it, when it reaches its peak by 2030".2 As such

India’s GHG emissions are bound to rise, attracting

mounting pressure, economic and political, from

the sinners’ turned saints.

Climate change poses an existential crisis to

mankind and is well described as Covid-like

epidemic ‘in slow motion’. That comprehension

has finally dawned on the decision-makers and the

populace at large, the world over. What is still

missing is a genuine sense of urgency and

Vishnu Prakash*

COP26: Can the World do more to prevent Global Warming

*Amb. Vishnu Prakash, has served as High Commissioner to Ottawa, Ambassador to Seoul, Official Spokesperson
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willingness to collectively put the shoulder to the

wheel. Politicking, buck-passing and grandstanding,

remain the order of the day, while the steady build-

up of CO2 and other Greenhouse gases (GHG) in

the atmosphere is choking the lungs of mother

nature with ruinous consequences.

This short paper aims to look at the magnitude

of the crisis, reasons for foot-dragging by the rich

countries, and practical measures by the comity

of nations to contain/reverse the damage. Humanity

has no choice but to rise to the occasion. The only

imponderable is whether or not substantive climate

action will be initiated before nature’s balance is

disrupted irreversibly.

Background
In the last 200 years, global temperature has

risen by at least 1%. This is the result of the huge

stock of greenhouse gases that have accumulated

in the process of carbon-intensive development of

the industrialised world with little regard for the

environment. It is as if a thick blanket has

enveloped the earth. Here it is important to

distinguish between GHG stock and flow. The latter

is the addition of GHG annually which currently

measures a whopping 51 billion tons, while ‘stock’

represents the cumulative quantity of pollutants

released by mankind. The restrictions imposed

around the world during the Covid pandemic saw

{6}{6}
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an overall decline in CO2 emissions of 5.6% in 2020.3

GHG remains in the atmosphere for over 100

years and therein lies the foremost challenge. Even

if the emissions are brought down to zero, it would

take a century for the environmental poison to

dissipate. Methane (CH4) is 262% and nitrous

oxide (N2O) is 123% of the levels in 1750 when

human activities started disrupting Earth’s natural

equilibrium. “The amount of CO2 in the

atmosphere breached the milestone of 400 parts

per million in 2015. And just five years later, it

exceeded 413 ppm”.4 Roughly half of the CO2

emitted by human activities today remains in the

atmosphere. The other half is absorbed by oceans

and land ecosystems, which act as “sinks.”

The challenge will get compounded with the

addition of some 3 billion inhabitants in Africa

between 2020-2100. The African population is

expected to increase from 1.3 billion to 4.3 billion

despite significant resource constraints, socio-

political instability and security deficit. This would

greatly aggravate inter and intrastate strife. Most

of the increase will come in sub-Saharan Africa,

which is expected to more than triple in population

by 2100.5 Meanwhile, the European population

would shrink. The Asian population is likely to

increase from 4.6 billion in 2020 to 5.3 billion in

2055, when it would start shrinking. China’s

population should peak in 2031, while India’s should

grow until 2059 to touch 1.7 billion.

In spite of damaging the environment, polluting

the rivers, cutting down trees, and generating

unconscionable levels of plastic waste, experts

were divided about the extent of the actual impact

on the climate. Many believed and some still do,

that climate change is a boogie meant to extract

resources from the industrialised world and pave

the way for the development of new forms of

energy and technologies, to the detriment of oil-

producing nations. Nevertheless, the first serious

attempt at taking stock of the situation was made

at the Rio conference in 1992 which recognised

the need for taking corrective measures and put

the onus essentially on the industrialised world under

the principle of ‘polluter pays’. Both mitigation and

adaptation measures were envisaged. It was

agreed that the rich nations will help the developing

countries in curtailing pollution and enhancing

energy efficiency.

The 1997 Kyoto Summit which was meant to

concretise the gains of Rio turned out to be a tame

affair. President Clinton signed the Kyoto Protocol

but was unable to secure Senate backing. A bigger

fiasco was to follow in 2017 when President Donald

Trump, a climate sceptic, decided to pull out of the

Paris Accord (2015). The withdrawal came into

effect three years later thanks to an inbuilt

stipulation that no nation will be able to quit before

3 years of signing it.  Mercifully, with the change

of regime, President Biden re-joined the Accord.

All the same such a yo-yo approach does not augur

well for effective climate action, particularly since

the US is the lead actor in the matter. Given the

inevitable electoral cycle in the US, the COP

(Conference of the Parties) would have to brace

for such disruptions, unless there is a groundswell

of support for effective climate action in the US

and politicians fear a voter blowback for being seen

as a naysayer.

Climate solutions entail a cost, are not

attractive politically and gains are intangible. In

other words, climate action does not win votes, as
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it is an investment into the well-being of future

generations while politics is mostly about instant

gratification. There are a handful of leaders who

have the vision to recognise that the present

generation has a fiduciary responsibility to leave

the earth habitable. Meanwhile, the industrialised

world has been looking at ways to wriggle out of

the commitments. They ganged up to gradually

chip away at their responsibilities to facilitate

mitigation and adaptation by the rest of the world.

The first to be attacked was the principle of

common but differentiated responsibilities (CBDR)

which front-loaded action by the developed

Nations.

In 2000, the biggest polluters were the US and

European Union, both in terms of absolute and per

capita emissions. India’s per capita emissions, for

example, was barely 5% of that of Europe. By

2020, the per capita gap started to shrink, emissions

by the developed nations have peaked or are close

to peaking while that of the developing countries

are naturally rising. It may be pertinent to note

here that though at the receiving end, the developing

countries have not been very successful in staking

out common positions nor do they have

institutionalised consultative mechanisms like the

G7. Just to cite one example, Brazil, South Africa,

India and China constituted a group called

‘BASIC’ in November 2009, to co-ordinate

positions on negotiations on climate change. They

worked well during COP 17 in Copenhagen and

COP 18 in Doha in 2012. However, China broke

ranks when it outgrew BASIC. “As the run-up to

the 2015 Paris climate conference showed, China’s

interests in climate change negotiations could now

be reconciled with those of the US. It was the

China-US joint announcement and statement that

largely produced the Paris outcomes” writes

Shivshankar Menon.6

The 2015 Paris Conference introduced the

concept of voluntary commitments “in the form of

‘nationally determined contributions’ (NDC)

targets, to be communicated by each signatory to

the UNFCCC. It represented “a ‘bottom-up’

approach where countries themselves decide by

how much they will reduce their emissions” by a

certain year. It essentially forces developing

countries to share the burden and responsibility of

climate action and dilutes the principle of CBDR

reached in Rio. The Paris Agreement was signed

by almost all (193) countries in the world at COP21

in Paris in 2015. Its other salient outcome was an

agreement to limit the rise in the global average

temperature to ‘well below’ 2 degrees above pre-

industrial levels, and ideally to 1.5 degrees;7

strengthen the ability of nations to adapt to climate

change and build resilience; and align all finance

flows with ‘a pathway towards low greenhouse

gas emissions and climate-resilient development’.

The affluent nations committed to providing $100

billion annually by 2020 which constitutes the core

for climate action.

Glasgow Summit of COP26
The NDCs submitted under the Paris

Agreement were collectively not ambitious enough

to limit global warming to ‘well below’ 2 degrees,

forget 1.5 degrees. However, there is a provision

for the signatories to submit more ambitious –

NDCs every five years, known as the ‘ratchet

mechanism’. COP26 was the first test of this

ambition-raising function. And that objective was

{8}{8}



India Foundation Journal, January-February 2022 {9}

well served. 126 countries submitted new NDC

targets while 41 countries did not, as of 12

November 2021. The new NDC targets cover

90.8% of global emissions.8

The UK has, for instance, pledged to reduce

emissions by 68 per cent by 2030 compared to

1990 levels, and 78 per cent by 2035. The European

Union (EU) is aiming at a reduction of at least 55

per cent by 2030 relative to 1990 levels, and the

US is targeting ‘a reduction of 50-52 per cent’

compared to 2005 levels. Considerable skepticism

existed among the participants at Glasgow summit.

Hardly anyone spoke of climate justice and the

rich nations remained hesitant to walk the talk. It

further sanctified the concept of net-zero emissions.

Magnitude of the Challenge
At the beginning of the industrial revolution,

atmospheric CO2 levels were roughly 280 ppm,

which rose by the early 21st century to 384 ppm

and by 2020 to 413.2 ppm.9 The US has emitted

399 billion tonnes (bt) of CO2 or 25% of the global

total since 1751. China, which was a late starter,

has already released 200 bt of pollutants since 1899

or 13.8% of the global total, as compared to a mere

3.21% by India over the same period. But Chinese

annual emissions are now the highest at 10.17 bt

annually or 20% of the global total. They will

continue to rise and peak by 2030. Emissions of

Europe and the US have already peaked.

Graph: GHG emissions from the top 10 emitting regions10
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Security, health and economic impact
The impact would be as under:11

 By 2050, more than 143 million people could

be driven from their homes by conflict over

food and water insecurity and climate-driven

natural disasters according to the World

Bank.

 Rising temperatures threaten biodiversity,

with one million species in danger of

extinction that affect crop growth, fisheries,

and livestock.

 Warmer temperatures could expose as

many as one billion people to deadly

infectious diseases such as Zika, dengue,

and chikungunya.

 A warmer climate could lead to an additional

250,000 people dying of diseases including

malaria each year between 2030 and 2050,

as per the World Health Organisation.

 The Red Cross estimates that more than

50 million people around the world have

been jointly affected by COVID-19 and

climate change.

 An additional one million people could be

pushed below the poverty line by 2030 due

to climate change as per World Bank

estimates

 By 2050 at least 300 million people who live

in coastal areas will be threatened by

dangerous flooding.

 A Stanford University study found that

climate change has increased economic

inequality between developed and

developing nations by 25% since 1960.

COVID-19 pandemic is likely to exacerbate

the impact of climate-driven challenges and disrupt

efforts to address them. Climate-driven disasters

threaten to overwhelm local health systems at a

time when they are already under extreme stress,

and the costs of damage and recovery from a

natural disaster when compounded with the

pandemic are estimated to be as much as 20%

higher than normal.

Where does India stand?
India is the 7th most vulnerable country to

climate change, according to Global Climate Risk

Index 2021, both in the mainland and her over 7000

km long coastline. The good news is that India is

“now ranked 10th in fighting climate change”12 —

and is probably the only G20 country compliant

with its commitments and the Paris agreement.

India has already reduced the emissions intensity

of GDP by 28% over 2005 against its target of 33-

35 percent by 2030 and increased her installed

capacity of renewable energy to 38.5% against its

target of 40% by 2030. At Glasgow, India

committed 500 GW of renewable energy by 2030

equivalent to almost 50% of her capacity.

The task is cut out for India especially as the

“energy investment requirement will rise from

about USD 70-80 billion annually to USD 160

billion. Much of India’s wealth is yet to be created.

It is estimated that 60% percent of India’s capital

stock—factories and buildings that will exist in

2040—is yet to be built”.13 Therefore, the adoption

of green technologies is the best option for growth,

to create a more responsible and sustainable

economy. “USD 10 billion of FDI in the past 20

has been received in the renewable energy sector

but there has been a slowdown since. Also, in the
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last 2-3 years Indian investment in the renewable

energy sector especially wind energy has fallen.”14

India has taken a slew of salutary initiatives to

mitigate the impact of and adapt to climate change

including launching the National green hydrogen

mission to promote production and usage of green

hydrogen across sectors; a Coalition for Disaster

Resilient Infrastructure (CDRI) of 25 countries to

reduce risk through research innovations and share

of good practices has been established; ISA or the

International Solar Alliance was unveiled in 2015

along with France which now has 101 member-

countries (the US joined in Glasgow) to promote

solar energy. A Rs. 400 / ton cess on coal (or carbon

tax) has been quietly imposed.

India has substantial low-grade coal reserves

and her dependence on coal-fired thermal plants

will continue for the foreseeable future. Coal-based

plants are the most polluting. Chinese coal

consumption comprises 50% of the global total and

India’s 11%. “For years, climate geopolitics was

premised on the approach that developed

economies must bear the lion’s share of mitigating

climate crisis. It was considered unfeasible to

impose the same burden on developing economies.

India has reshaped that understanding of climate

commitments fundamentally—we have shifted the

global balance of power by showing that developing

countries can lead the way in pledging

comprehensive climate targets while also

successfully meeting their socioeconomic

objectives”15 says Minister Puri, making a virtue

of necessity.

But on the flip side, partly due to the Covid

pandemic, mass poverty has risen in India from 60

to 134 million as per Pew Research Centre

measured on the yardstick of people earning up to

USD 2 in PPP terms.16 India has also become the

3rd largest emitter of GHG globally, contributing

6.6% of the total as against 27% by China and

11% by the US. But in per capita terms, Chinese

emissions are four-fold that of India.

Major steps being taken to
combat climate change

Renewable and Nuclear Energy
Two-thirds of global energy is generated by

fossil fuels, which account for 67% of annual GHG

emissions. Oil-producing countries and

multinational oil corporations have considerable

clout and resources to lobby the decision-makers

and blunt any campaign to kick the oil addiction.

The better way is to innovate and come up with

green energy solutions like renewable energy

which today is the cheapest form of energy. The

green premium, for the generation of renewable

power, especially solar, has come down

dramatically. As per IEA (International Energy

Agency), “The world’s best solar power schemes

now offer the ‘cheapest electricity in history’ with

the technology cheaper than coal and gas in most

major countries”.17 But battery storage poses a

huge challenge as a cost is as high as dollars 200

per unit. According to IEA report the technology

for energy transition up to 2030 is proven and

known. But only 50% of the technology needed

for the transition during 2030-2040 has been

developed so far.

The Fukushima incident adversely impacted

national plans of enhancing nuclear energy

capacity. IEA recommends that nuclear energy
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comprise 10% of the total capacity of a nation.

The reason is that, other than renewable energy,

nuclear power is the cleanest. It is impossible to

switch to 100% renewable energy capacity as the

generation is weather-dependent. Therefore, to

avoid blackouts and ensure continuous supply some

amount of nuclear capacity is necessary. Taking

all factors into consideration, Bill Gates in his new

book also recommends nuclear power as the best

non-renewable energy source.

Presently, France is the biggest user of nuclear

energy comprising 70% of its total capacity; it is

about 20% in the case of the US and Europe and

a mere 2% in India. 4% of Chinese capacity is

nuclear but could rise to 10% by 2030 as some

150 nuclear plants are proposed to be established.18

Research on producing three types of hydrogen

power is being stepped up. The big difference is

that the burning of hydrogen produces water instead

of CO2.

Green Buildings
Globally, the buildings sector consumes more

than half of all electricity for heating, cooling and

lighting and accounts for 28 percent of energy-

related greenhouse-gas emissions. Green buildings

represent one of the biggest investment

opportunities of the next decade—USD 24.7 trillion

across emerging market cities by 2030.19 Most of

this growth will occur in residential construction,

particularly in middle-income countries. Most of

this investment potential—$17.8 trillion—lies in

East Asia Pacific and South Asia, where more than

half of the world’s urban population will live in 2030.

The investment opportunity in residential

construction, estimated at $15.7 trillion, represents

60 percent of the market. There is a strong business

case for growing the green buildings market.

Construction of Green buildings could cost up to

12 percent more, which is easily offset by a

reduction in operational costs up to 37 percent,

higher sale premiums of up to 31 percent; up to 23

percent higher occupancy rates, and higher rental

income of up to 8 percent.20

Climate Finance
The transfer of “climate finance and low-cost

climate technologies have become more important.

India expects developed countries to provide

climate finance of USD 1 trillion at the earliest.

Today, it is necessary, that as we track the progress

made in climate mitigation, we should also track

climate finance. “The proper justice would be that

the countries which do not live up to their promises

made on climate finance, pressure should be put

on them”, said PM Modi, who did not mince his

words at the Glasgow summit.21

A Green Climate Fund was established in 2010

by some 190 countries to help developing countries

respond to climate change. The fund has raised

over USD 10 billion since 2014, and has directed

resources to projects dedicated to both mitigation

and adaptation. Through partnering with a number

of international organisations, NGOs, and private

sector companies, the fund has helped build

resilience for an estimated 350 million people

worldwide. Special Climate Envoy John Kerry

recently stated that the United States would

recommit to the Fund as part of renewed efforts

to support global climate finance.

Over a decade ago, developed countries

promised to mobilise USD 100 billion a year by
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2020 to help poor countries deal with the worst

impacts of global warming and invest in green

energy sources. In 2019, rich nations raised USD

80 billion for climate action but mostly on

commercial terms. In November 2021 U.S.

President Joe Biden pledged to double his

contribution to USD 11.4 billion, but that money is

for 2024 and hasn’t been approved by Congress.

Rich countries now estimate they have raised

between $88 billion and $90 billion annually, and

are seeking to reach the $100 billion goal in 2022.22

Truth be told, there is no paucity of resources in

the developed world—only a lack of political will.

Conclusion
The solution to the climate challenge is

innovation and technology, especially green

technology. Significant initiatives have been taken

in the last few years. Green banks are being set

up. Buildings are going green. Green energy or

renewable energy, especially solar, has become

the cheapest to install, generate and maintain. Even

more significantly, the employment opportunities

being created in establishing renewable energy

facilities are more than conventional energy. But

as noted above, this is just a beginning and the

journey ahead is far more uphill. Availability of

climate finance on soft terms is critical for the

success of mitigation and adaptation measures by

developing nations. The difficulty is that the need

for climate justice does not weigh on the conscience

of the western world.

A sticking point which has angered the poorer

nations is the failure of rich countries to make good

on their promise. The poorer nations rightly state

that they cannot cut emissions faster without the

cash. As per the figures collated by the OECD,

almost no progress has ben made between 2018

and 2019.23 It is quite evident that despite the tall

talk and half-hearted commitments to help the

developing countries in adapting to climate change,

the rich countries will try to get away with as little
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as possible. As most of the growth will come from

emerging markets and the least developed

countries, it would be efficacious if they transition

straight away to Green Technologies and energy,

instead of crossing the pit in two leaps, which would

entail delays and higher costs. Lack of money

cannot be held as an excuse. The pandemic has

shown that governments can find money where

necessary.24

While some amount of finance and green

technologies will be contributed by the affluent

nations, realistically, the heavy lifting will have to

be done by the developing countries themselves,

from their own resources. And in reality, they have

no choice, as the cost of neglecting climate action

will be too high to bear.

A holistic approach will have to be followed

entailing action and changes in every sphere especially

lifestyle; aggressive recycling and cutting down on

waste; creating environmental consciousness at home,

school and public space; reducing and eventually

eliminating green premium; increasing R&D budgets

for innovation in green technologies; information

exchange, adoption of best practices, imposing

penalties like carbon tax and providing incentives for

adoption of green practices.
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Technological Solutions Addressing
India’s Environmental Concerns

Steady depletion of the environment has been

a global concern for the past few decades

and has precipitated a climate emergency.

This is especially true for countries like India where

the sheer size of population increases the magnitude

of the challenges of balancing development and

ecology. As the world’s second most populous

country and a powerhouse economy, India has

multi-dimensional challenges that lead to poor

environmental outcomes. Considering that fulfilling

a need as fundamental as food is the duty of the

state and agriculture is a well-known source of

pollution, fostering the practice of sustainable

agriculture will remain critical in meeting the

sustained demand for nutrition while adapting to

the climatic changes, and securing the livelihood

of farmers who make up about 43 per cent of

income-generating Indians.1 By the same criterion

of population, India is also at risk of becoming the

junkpile capital of the world, unless well-thought

out and calibrated measures are taken to establish

the processes to pivot it into a circular economy. It

is intriguing to see that technologies like plastics or

pesticides that were once indicators of

development and were deemed necessary for a
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better life have turned into the major contributors

to pollution, affecting all aspects of human life.

However, there is little doubt that in the era of the

fourth industrial revolution, technology will play a

vital role in mitigating the socio-economic concerns

caused by environmental degradation. Technology

has to be the mainstay of this transition – whether

to fill the gaps or to promote innovation.

Sustainable agriculture for
nutrition and income security

India has traditionally been an agrarian country

and is among the top 10 agri produce exporters,

providing a fairly large amount of rice, cotton, soya

beans and meat to the world.2 In turn, Indian agri

exports ensure nutrition security globally and

income generation for farmers locally. However,

agriculture is threatened by the changing climatic

patterns – untimely rainfall and rise in sea level

that increases the challenges of farmers, while

increasing the demand for climate-resilient seeds,

an R&D-intense area where India is still making

progress.

Agriculture is an input-intensive activity where

use of water for irrigation, fertilisers and pesticides,
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farm machinery and tilling add to the adverse

environmental impact. Besides, it is also an

established source of greenhouse gas (GHG)

emissions. A report by the International Energy

Agency states that India emitted 2,299 million

tonnes of carbon dioxide (CO
2
) in 2018, contributing

about 7 per cent of the global emissions.3

Agriculture and livestock owned a share of 18 per

cent of gross national emissions, i.e., more than

400 million tonnes of carbon dioxide. Making

agriculture sustainable will encompass using less

chemicals and reducing the intensity of use of

natural resources like water, and smart, frontier

technologies like Internet of Things (IoT).

The term IoT refers to physical devices

embedded with sensors, software, processing

ability, and other technologies and are connected

through the Internet or other communications

networks so as to enable them to exchange data

with other devices and systems. The benefits of

using IoT in farming are:

 It enables remote monitoring of farm

conditions and infrastructure, thereby saving

time and labour on routine activities

 It helps transform information into data and

improve decision making by analysing them

 It generates faster and quicker insights from

data across the value-chain, and helps

farmers respond to market needs

 It promotes efficiency in food production

by reducing wastage and ensures safe and

sustainable food to our customers through

better traceability, thereby creating positive

impact on a farmer’s income

According to IBM estimates, IoT may help

farmers increase food production by 70 per cent

by 2050. Apart from better pest management and

weather forecasting, IoT, with the help of sensors,

could save up to 50 billion gallons of water every

year by optimizing water usage.4 To drive the

uptake of digital technology in agriculture,

Agriculture Victoria has rolled out a 12-million

dollar on-farm Internet of Things trial in four

regions for sheep, cropping, dairy and horticulture

farmers.5

IoT can be used for a host of agricultural

activities, including:

Irrigation and water quality management:

India is a frontrunner in exporting rice, one of the

most water-intensive crops – producing a pound

of rice may need up to 2,273 litres (500 gallons) of

water6 and flood irrigation, a highly inefficient

method, is preferred by farmers in the north-

western India. This has substantially stressed the

groundwater level in these states and enabling

better insight about irrigation can help people

counter the growing threat of drinking water. The

Internet of Things is a critical ingredient in

optimising water use for irrigation in farming and

related activities. There are four factors which can

nudge farmers to adopt smart irrigation systems.

These are: integration of real-time weather

forecast data, enabling synchronization of the

systems with moisture sensors installed in the farm,

control of the system from anywhere in the world,

and reducing farmer’s input cost while helping to

conserve limited water resources. When combined

with sensor nodes powered with wireless

communication, it can help in monitoring the water

quality as well. Such a system can measure the

physical and chemical parameters of the water

such as temperature, pH, turbidity, conductivity,
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and dissolved oxygen, and the data can be viewed

on Internet-powered devices using cloud services.

Integrated pest management: Though

agrochemical use by Indian farmers is far less than

the global average, most of the farmers are

unaware of which fertilizer or pesticide to use for

which crop and at what stage. This often leads to

problems like residue or contamination of water

bodies. While the government has proposed

methods like Zero Budget Natural Farming

(ZBNF), the uptake across India has been

sporadic. As a result, adopting integrated pest

management (IPM), an effective and

environmentally sensitive approach to pest

management that relies on controlled use of

pesticides and fertilizers, becomes imperative. It

helps increase the quality of the crop even as it

reduces the input cost for farmers. However,

implementing integrated pest management requires

real-time information on pest infestation. IoT

infrastructure can play an important role by

collecting disease and insect pest information using

sensor nodes, and processing the data for enabling

action. Even in cases where farmers are not

comfortable handling devices on the system, local

Krishi Vigyan Kendra (KVKs) can be connected

on the platform to inform farmers about pest

infestation status of their farms and guide them

about the type and of pesticides they need to use.

Soil quality monitoring: The quality and

fertility of soil are dependent on factors such as

soil temperature, soil moisture, and microbial

diversity. However, seemingly unrelated factors

such as air temperature may also impact the quality

and fertility of soil. Sensors connected to IoT

systems can monitor the parameters and help

farmers make informed decisions on sowing the

seeds, use of irrigation or harvesting the crop,

thereby reducing manual effort and water usage,

thus controlling cost and environmental impact.

They are also easy to install and low maintenance.

IoT systems can be used for backup data securely,

review historical or instant data to track trends or

predict irrigation needs, and set up reminders. It

also makes overwatering or underwatering of crops

less likely and may arrest depletion of groundwater

by promoting water conservation.

Other advanced technologies for

sustainable agriculture: Tractors are one of the

best friends a farmer can have. It reduces the

effort to prepare the ground for sowing. However,

a tractor can weigh anything between 1700-2600

kg7 that also exerts intense pressure on the soil.

This may lead to compaction of soil, affecting its

ability to hold water and making water and

nutrients available to the plant. Deploying small

robots instead of tractors can prevent soil’s

exposure to this pressure as well as help farmers

to take care of their crops better – these robots

can be fitted with geotagging-enabled cameras,

equipment for precise broadcasting of pesticide,

and planting saplings. Adopting genome editing can

also help in better practice of sustainability in

agriculture. Genetic modification of select crops,

e.g., fruits, can have twin benefits of saving them

from being plucked too raw and use chemical

ripening agents for making them consumable and

preventing them from rotting naturally. According

to the United Nations Food and Agriculture

Organization (FAO) estimates, more than 40 per

cent of food produced in India is wasted, costing

the country an estimated US$14 billion every year.8
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Genome editing can help fruits like banana, which

releases ethylene gas upon ripening that leads to

ripening of other bananas in the proximity, to

produce less of the plant hormone and remain

healthy looking without any brown patches.9 Owing

to the volatile public sentiment towards GM crops

and genome editing, a transparent and robust

governance framework is necessary before

implementing such measures.

Case study: Shepparton East orchard,
Australia

In 2015, Maurice Silverstein decided to

upgrade his irrigation system to an automated drip

system on his apple and pear orchard at Shepparton

East, Australia. This upgraded system will allow

him to access real-time soil moisture readings from

sensors across the orchard and will also shift from

sprays to drip irrigation, promoting more efficient

and less water usage. It will alert him to problems

in the system, such as blockages or leaks, and can

be controlled by an app on his phone, empowering

him to respond more quickly than relying on field

inspections alone. This system allowed Maurice

to be more efficient with his time and water, even

as allowing him greater flexibility in terms of

movement. Though he needs to be close at hand

to fix any problems, he can manage his irrigation

system and his orchard from anywhere that has

internet coverage.

Case study: Detection of borer insects
in tomatoes, India10

A study presented at the International

Conference on Computing and Communication

Systems in Shillong in 2015 discussed an

investigation on IoT-based borer insect detection

in tomatoes using a robot attached to a wireless

web camera and Azure cloud service. The web

camera used in the investigation took videos of

tomato plantation real-time and sent the data to

the Java enabled Software-as-a-Service (SaaS)

where the detection in unripe tomato is done. The

information was then processed by the database

stored at the Azure cloud platform for matching

with appropriate pesticide amalgamation, following

which a robot sprayed appropriate amounts of

pesticides on the tomato plants.

The process consisted of two stages. In stage

1, real-time video feed from wireless webcam,

accessed at Cloud end, was converted into

grayscale imagery. Image segmentation was

performed later to eliminate leaves and branches,

and images of tomatoes were retained by

performing dilation, following which RGB images

of tomatoes were retrieved using masking of

dilated images. In stage 2, the number and type of

pest on the tomatoes were identified, and an

adequate amount of pesticide was sprayed over

the tomatoes.

Waste management for better environ-
ment and economy

It is not startling to realise that India is home

to 17.7 per cent of the world population and as per

a 2016 estimate, generates more than one-tenth

of global waste. India produces an estimated 277

million tonnes of municipal solid waste every year,

of which 77 per cent is disposed of in the open or

end up in landfills, 18 per cent is made compost

and 5 per cent is recycled. However, according to

the “Swachhata Sandesh Newsletter’’ by the
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Ministry of Housing and Urban Affairs (MoHUA),

as of January 2020, 84,475 wards of India produced

147,613 metric tonnes of solid waste every day.

The tally is led by Maharashtra (22,080 MT a day),

Uttar Pradesh (15,500 MT a day), Tamil Nadu

(15,437 MT a day), Delhi (10,500 MT a day) and

Gujarat (10,274 MT a day).11

Inefficient management of solid municipal

waste and poor implementation of existing

regulations have made it a major source of air and

water pollution in India. New-age, smart

technologies can help us integrate waste

management, monitor collection and disposal, and

minimize the environmental impact due to waste

mismanagement. Integrated waste management

systems, powered by Programmable Logic

Controller (PLC) and Supervisory Control and

Data Acquisition (SCADA) monitoring systems,

can monitor automatically, and operate from a

centralised control station to ensure efficiency and

will require minimum manual intervention, reducing

margin of error. Smart technologies can be used

in the fields of:

Waste segregation: Despite several

attempts, instilling a culture of segregated waste

disposal remains a dream in India. Technology can

help improve the situation with innovations like

smart bins. These sensor-powered, pre-

programmed bins can enforce waste segregation

and trigger a warning when the wrong type of

waste is dumped in it. The bins may also come

with interactive screens to guide users on next

steps for a safe disposal of that type of waste.

Improving waste segregation at source is at the

heart of efficient management and will play a vital

role in optimising the whole chain.

Waste collection:12 Currently, trucks

carrying dumpsters to landfills are powered by fossil

fuel, particularly diesel. This makes the waste

disposal process a double jeopardy – while landfills

themselves are a source of pollution, emissions

from the trucks add to the pollutants in the air.

Deploying a fleet management technology,

common in the logistics sector, can optimize the

waste collection step in the chain. Fleet

management technologies use a network of

sensors connected through GPS to create and

analyse data to identify the best route for the fleet

or individual vehicles, as required. This will help

trucks to avoid traffic and not only reduce emissions

but also enable maximum trash collection in less

time. Besides, using vacuum suction to empty

garbage bins through a network of underground

pneumatic tubes can help in increasing the speed

of waste collection and disposal.

Other advanced collection and disposal

technologies:13 Advanced economies have made

substantial effort to improve their waste

management measures, some of which may prove

useful for India as well. One such innovation is a

solar-powered waste compactor. This is a smart

device that registers the bin’s fill level in real time

and activates an automatic waste compaction. The

compactor-bin has effectively increased a normal

trash bin’s capacity by up to 5-8 times. A similar

technology is an ultrasonic trash can sensor that

regularly informs the user on how full is the

container and helps in reducing the cost of

overfilling a skip. Another similar intervention is

an image-based trash can sensor that is connected

through GPS and automatically monitors both

fullness and contents. The sensor also determines
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which containers need service each day, schedules

routes and allocates jobs to drivers.

Waste-to-energy generation: This is a well-

known technology for recycling residual waste that

uses combustion to provide heat and power, and in

turn, reduces the speed of landfills that dot the

fringes of all metropolitan and smaller cities in

India. Though waste-to-energy is around for some

time, the uptake has remained a challenge. There

is little doubt that increasing the uptake of this

technology will substantially reduce waste disposal

to landfills and generate clean, reliable energy from

a renewable fuel source, reduce dependence on

fossil fuels and greenhouse gas emission.

However, the technology faces hurdles in India

due to various operational and design problems,

lack of segregation of waste at source being the

primary one.

Case Study: New York (the US) and
The Hague (The Netherlands)14

New York has one of the more complicated

waste management ecosystems in North America.

The city is home to about 8.6 million people and

employs around 72 hundred waste collectors to

keep itself clean and sanitary. Times Square alone

receives a daily footfall of about 500,000

pedestrians, creating roughly 15,300 pounds of

garbage. In March 2013, as part of the largest

public space recycling initiative in New York City,

30 smart waste and recycling stations were

deployed in Times Square. These units were

capable of waste compaction, equipped with real-

time fill level monitoring and collection notifications.

Connected to smart stations, these units increased

the total trash collection capacity by nearly 200

per cent while the frequency of collection per bin

decreased by half.

In 2009, the city of Hague in the Netherlands

began installing underground trash bins that can

hold a larger quantity of waste. By 2017, there

were 6,100 such units installed below the

pavements with the top of the bin coming out of

the ground at waist height. More than half of these

bins are sensor-enabled, allowing officials to

remotely monitor the fill levels of containers and

set up ‘smart schedules’ for emptying them. The

Hague’s success with these underground

containers put the city as an example of innovative

waste solutions in a 2017 New York City Zero

Waste Design guidelines report.

Case study: A zero-waste
film set (India)15

A gathering is an ideal setting for waste

generation – be that a feast, a meeting, or work,

e.g., shooting of a film. However, a recently-

released Bollywood cinema titled ‘Chandigarh

Kare Aashiqui’ ensured that the city, which acts

as its setting, does not start a landfill with its 17,000

kgs of waste generated in three months.

Six steps followed by the team include:

 Replacing plastic water bottles with water

dispensers and reusable water bottles

 Using biodegradable bamboo toothbrushes

and big bottles of toiletries instead of small

disposable ones

 Providing colour-coded bins for disposing

solid and liquid waste and PPEs

 Deploying a trained crew for segregating

waste at source

 Distributing leftover food among low-
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income families in the area

 Recycling the waste into bricks, lamps, and

other products

Conclusion
The prevailing discourse on environment-

friendly technology often overlooks their hidden

harms. Besides, most of these technologies are

capital-intensive in nature. While COVID-19 has

pushed the world to think about the environment

with commitment, harnessing only capital-intensive

solutions can cause ‘greenflation’ and affect overall

productivity and growth of the country. For low-

and-middle-income countries like India, access to

advanced technologies to mitigate environmental

concerns is almost always affected by lack of

knowhow, adequate funds, and scepticism on part

of the user. These can be addressed by focusing

on easy-to-use and cost-effective technologies as

well as right policy and regulatory interventions,

and their implementation to promote adoption of

technological solutions.

However, when it comes to environmental

challenges, there is no better way to save the planet

than to prevent the damage. Interestingly, though

sustainable agriculture and waste management are

India’s bigger ‘trouble’s, they overlap when it

comes to food waste. A UN report in March 2021

states that household food waste in India is about

68.7 million tonnes a year. Food waste alone is a

major source of anthropogenic greenhouse gas

emissions – the Food and Agriculture Organization

of the United Nations estimates that global food

loss and waste generate 4.4 Gt CO2 eq every year,

or about 8 per cent of total anthropogenic

greenhouse gas emissions, effectively making the

contribution of food wastage emissions to global

warming almost equivalent to global road transport

emissions.16 According to the World Wildlife Fund

(WWF), stopping food waste can reduce all human-

caused greenhouse gas emissions by about 6 to 8 per

cent.17 However, the bigger concern is, wasting food

also aggravates the overall greenhouse gas emissions

scenario as it adds to the emissions caused during

the production, processing, and marketing of these

products. Besides, it adds on to India’s burgeoning

and unmanageable waste burden. Therefore, in

addition to sourcing or developing technologies to

address the environmental challenges at hand, it is

equally urgent to create awareness about the pitfalls

of irresponsible consumption and nudge for

behavioural change in consumers.
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Anil Chopra*
Aviation & Environment - The Way Ahead

The 26th session of the Conference of the
Parties (COP 26) to the United Nations
Framework Convention on Climate

(UNFCCC) was finally held from 1-12 November
2021, in Glasgow, UK. With climate change
intensifying, scientists are warning that humanity
is running out of time to limit global warming to
1.5°C over pre-industrial levels. The Emissions
Gap Report 2021 shows that new national climate
pledges combined with other mitigation measures
put the world on track for a global temperature
rise of 2.7°C by the end of the century.1 That is
well above the goals of the Paris climate agreement
and would lead to catastrophic changes in the
earth’s climate. To keep global warming below
1.5°C this century, the aspirational goal of the Paris
Agreement, the world needs to halve annual
greenhouse gas emissions in the next eight years.

Civil air flights continue to see very high growth
especially in major developing nations and emerging
economies. This includes both passenger and cargo
movement. New airports are being built and old
modernised to cater to the increasing demand.
Aviation affects the environment in many ways:
people living near airports are exposed to noise
from aircraft; streams, rivers, and wetlands may
be exposed to pollutants discharged in storm water
runoff from airports; and aircraft engines emit
pollutants to the atmosphere. India is amongst the
top five fastest growing markets. Besides flight

*Air Marshal Anil Chopra, PVSM, AVSM, VM, VSM is a QFI, test pilot, and a pioneer of Mirage-2000 fleet. He
was AOC J&K, ACAS (Inspections) and retired as Air Officer-in-charge Personnel (AOP). Post retirement, he
served as a member of the Armed Forces Tribunal. Presently, he is the Director General, Centre for Air Power
Studies (CAPS), New Delhi.

and ground safety, environmental protection is the
most important issue for all aircraft operations.

Global aviation contributes about two percent
of global greenhouse gas emissions and are
growing with growth in aviation. But aviation
supports eight percent of the world’s economic
activity in terms of GDP. As a result of massive
increase in air travel by 2025, it is estimated that
the total CO2 emission due to commercial aviation
may reach around 1.5 billion tons. The amount of
nitrogen oxide (NO) around airports, may rise from
2.5 million tons in 2000 to 6.1 million tons by 2025.
The number of people who may be seriously
affected by aircraft noise may rise from 24 million
in 2000 to 30.5 million by 2025. However, analysts
believe that the aviation related greenhouse gas
emissions figure should peak at around 3 percent
due to sustained actions being evolved by the
governments and industry.

Many actions need to be taken. The aircraft
engines have to be made more efficient with lesser
emissions. Managing the airport construction
related pollution, operating waste, e-waste, noise
and chemical emissions are many of the concerns
requiring technological solutions. Ecological airport
redesign, changes in air and ground operating
procedures, and eco-friendly initiatives can alleviate
environmental pressures without causing passenger
and operational stress. The terms ‘Sustainable
Aviation’ or ‘Green Aviation’ are increasingly being

FOCUS
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used to address the technological and socio-
economic issues facing the aviation industry to
meet the environmental challenges of twenty-first
century. The environmental programs have to be
scientifically evolved specific to each airport.
Balance has to be maintained between social,
economic and environmental imperatives. The
ultimate goal is to produce the greatest
improvement in the quality of life of the citizens.

Greenfield Airports and Biodiversity
Airports have considerable effect on city’s

urban development and have negative impacts on
the environment. At a local level, even though noise
seems to be the main concern, air emissions,
resource (energy and water) availability, waste and
water management, and ecosystems and land use
planning constitute issues that are directly linked
to local communities’ tolerance. Environmental
impact and sustainability require life cycle
sustenance. Selecting a site for airport or its
expansion, must look at ecological balance, bird
and animal habitats, compatible land use, landscape
deterioration and biodiversity damage. We need
to avoid building on green spaces and work with
local communities and organisations to conserve
biodiversity on sites near airports.

Climate Change
Internationally, aviation is considered one of

the fastest growing sources of greenhouse gas
emissions. Even though aircraft emissions are not
included in Kyoto protocol, emissions that are
directly controlled by airport operators are ground-
based, and therefore are subject to national targets.
Air pollution caused due to various reasons including
the burning of aviation fuel greatly contributes to

climate change. Disruptive weather affects
aviation the most. The most important measures
require improvements in energy efficiency and
conservation, ground fleet conversions, low
emission power generation plants on site or
renewable energy supplies. Geothermal,
hydropower, solar or wind power is used to cover
a significant proportion of energy needs. Many
airports focus on achieving carbon neutral
operations by offsetting carbon emissions that they
cannot eliminate.

Air Pollution
Degradation of local air quality is another issue.

The most significant sources of air pollution (lead
emissions) are aircraft, airside and landside
vehicles, ground support equipment, fuel storage,
engine testing, fire training and road traffic. Burning
of aircraft wheel tyre rubber during landing and
take-off contributes to particle matter in the air,
and fuel transfer and storage facilities contribute
to increased volatile organic compound (VOC)
concentration. Key pollutants of concern include
oxides of nitrogen, carbon monoxide, hydrocarbons,
particulate matter, sulphur oxide and carbon
dioxide. The most common applied measures to
control air pollution include air quality monitoring
systems, air traffic management, promotion of
green transport, reduction in commercial vehicle
trips to-and-from airports by providing efficient
public transport like airport metro etc.

Noise Pollution
Noise disturbance is a difficult issue to

evaluate as it is open to subjective reactions. There
are significant consequences on the surrounding
areas as take-off and landings are a major source
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of noise. Large airports normally install noise
monitoring systems, put operating restrictions and
limits, manage air traffic, create anti-noise barriers,
and support home insulation etc. Adverse effects
on people living close to an airport, could include
interference with communication, sleep
disturbance, annoyance responses, performance
effects and cardiovascular and psycho-
physiological effects. Aircraft flying at a height of
10,000 ft above ground do not usually produce
‘significant’ noise impact. Noise monitoring
computer software models produce aircraft-wise
noise footprints to help calculate noise levels around
the airport. These noise ‘contours’ can then be
placed on a map to see which communities are
subjected to different degrees of noise levels.

All commercial aircraft are supposed to meet
the International Civil Aviation Organisation’s
(ICAO’s) noise certification standards. The
‘balanced approach’ is reduction of aircraft noise
at source; land-use planning and management
measures; and noise abatement operational
procedures and restrictions. Avoiding overflying
residential areas hospitals and schools as far as
possible; using least affected runway(s) and routes;
using continuous descent approaches and departure
noise abatement techniques; avoiding unnecessary
use of auxiliary power units by aircraft on-stand;
building barriers and engine test-pens to contain
and deflect noise; towing aircraft instead of using
jet engines to taxi; limiting night operations; applying
different operational charges based on the noisiness
of the aircraft, are some of the measures.

Supersonic/Hypersonic Flights
Concorde was the only supersonic airliner in

commercial use. Many countries did not permit its

operations or even overflights in view of sonic
booms and resultant high sound and vibrations.
Even military aircraft are allowed supersonic
training flights in restricted areas away from
population centres. Sonic booms over hospitals
have resulted in premature deliveries of babies.
However, the human beings want to travel faster.
Hypersonic flight is already a reality. Hypersonic
airliner could do Mumbai to New York in just two
hours. The saving grace is that hypersonic flight would
normally be at very high altitudes closer to space.

Waste Management
Airports generate large amounts of waste,

including a considerable proportion by companies
involved in cargo handling, retail, flight catering,
and aircraft maintenance. As most of the waste
produced at airports is generated by customers
and contractors, it is important to encourage good
waste management practices. A holistic waste
management approach would include efficient
disposal and recycling of engineering material and
human waste.

Water Management
As airports cover large areas of land, it creates

large amounts of runoff water which has to be
effectively managed to comply with environmental
standards before being discharged. Water is a
valuable resource, one that needs to be used
sparingly. Airport water run-offs are known to
contain high levels of chemicals and toxic
substances coming from aircraft and airfield de-
icing, fuel spillage, fire-fighting foam, chemicals
and oils from aircraft and vehicle maintenance,
detergents used for aircraft and vehicle cleaning
etc. Waste water and effluents need proper
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management to avoid polluting the environment.
Most common measures applied against these are
waste-water and sewage plants, drainage systems,
surface and ground water quality monitoring, oil/
hydrocarbons and grease separators, use of
biologically degraded de-icing and anti-icing agents
etc. As infrastructure providers, airports use
significant volumes of water in operations. Regular
water usage monitoring, leak detection and
targeting, and introducing water conservation
practices are important. Airports may install various
leak detection systems, install water reduction
devices and implement water recycling operations
to reduce the demand of potable water. Drainage
and rain water harvesting have to be inbuilt.

Need for Green Aero-engines
Among the many factors requiring attention,

the aircraft engine requires special addressing.
Most airliners nowadays fly at above 30,000 feet
(9 km) altitude. Therefore, the majority of aircraft
emissions are injected into the upper troposphere
and lower stratosphere (typically 9 - 13 km in
altitude). The resulting impacts are unique. The
impact of burning fossil fuels at altitude is
approximately double that due to burning the same
fuels at ground level. This requires technological
innovations and intervention. New aircraft and
engine designs/technologies, and alternative
materials need to be evolved. Interestingly, the most
important role in an airplane’s fuel efficiency is also
of the engines. Any solution must thus look at both.
The two most-widely used aircraft today—the Boeing
737 and the Airbus A320 have shown that newer
models of the same aircraft, with better engines, can
not only carry more passengers and payload, but do
so while burning nearly 25 percent lesser fuel.

Sustainable and Green Aero-Engines
Sustainable and Green Aero-Engines (SAGE)

initiatives are being taken both in the European
Union and in the USA, to develop aero-engine
technologies, with new engine architectures that
offer opportunities for reduction in CO2 emissions
relative to current turbofans. Emissions of CO

2,

H
2
O, O

2
 and N

2 
which are products of hydrocarbon

fuel combustion are all function of engine fuel burn
efficiency. Areas being addressed include
lightweight low pressure systems for turbofans;
composite fan blades and high efficiency low
pressure turbine; advanced engine externals and
installations including novel noise attenuation; high
efficiency Low Pressure (LP) spool technology
while further advancing high speed turbine design;
option of an aggressive mid turbine inter-duct; high
efficiency and lightweight compressor and turbine;
and low emission combustion chamber for next
generation rotary-craft engine. Developments in
controls and electronics, lightweight metallic and
composite materials, hydraulic and pneumatic
systems, and novel manufacturing methods,
specific aero-engine parts, like casing, tanks, pipes,
high temperature materials such turbine blades, and
sensors would require attention.

SAGE 2 Project
European Union’s SAGE 2 project headed by

Rolls-Royce and Safran focuses on demonstrating
the technologies such as composite propeller blades
with aero-acoustic optimisation, electric de-icing
system and equipment. The gas generator used in
the SAGE 2 open rotor demonstrator is derived
from a Snecma M88 engine. The Airbus A340-
300 MSN001 aircraft is being used as a flight test
vehicle, with one full size Contra Rotating Open
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Rotor (CROR) pusher engine attached to a
representative pylon and engine mount. Open rotor
technologies offer the potential for significant
reductions in fuel burn and CO2 emissions relative
to turbofan engines of equivalent thrust. Open rotor
engines remove the limitation by operating the
propeller blades without a surrounding nacelle, thus
enabling ultrahigh bypass ratios to be achieved.
Installation of the open rotor engine on the airframe
has its complexities, as the airflow through the
propellers interacts with the supporting airframe
structure in a different manner. The trend for Very
High Bypass Ratio (VHBR) engines requires
technology developments across a broad range of
complex gas turbine systems, from fan inlet through
the complete compression, combustion and turbine
to exhaust.

CAEP Targets
The aircraft engines account for most of the

noise and fuel consumption characteristics of
airplanes. The International Civil Aviation
Organisation (ICAO) has a Committee on Aviation
Environmental Protection (CAEP) since 1983.
Aircraft are required to meet the engine
certification standards adopted by ICAO. Of
particular relevance is the Standard for NOx, a
precursor for ozone, which at altitude is a
greenhouse gas. Standard for NOx was first
adopted in 1981. It was made more stringent in
1993, 1999, 2005 and 2011. CAEP/8 standard was
set in 2010. The CAEP medium and long-term
NOx technology goals was to target reduction by
45% of CAEP/6 standard by 2016; and 60% by
2026. GE clean-sheet engine GE9X class engines
employ modern technologies give better specific
fuel consumption (SFC). It means 10 percent lower

fuel costs even when compared to the 300ER. The
engine has 15db noise levels well within stage 4
margin, and 29 percent emissions within CAEP/8
margin. Novel cycles that increase bypass ratios,
incorporation of lean burn technology is evolving.
ICAO is developing the first non-volatile PM
(nvPM) standards (covering soot or black carbon
particles) for turbofan/turbojet engines. Similarly,
standards are being set for turboprops, helicopter
turbo-shaft, and APU engines. The nvPM standard
will help better assess impact.

Design Considerations
Changes in engine design or operation might

include ultra-high bypass turbofans; open rotor
engines; use of alternative fuels; relocating engines
on the body of the aircraft such that engine noise
gets deflected upwards. An example of a ‘green’
design change can be seen in the blended wing
and body of the subscale, flying X-48B aircraft
prototype. Other concepts may include capitalising
on the potential of advanced electrical power
technologies such as batteries or fuel cells to
reduce the amount of fuel needed. Using High-
tech engines, propeller efficiency, advanced
aerodynamics, low-drag airframe etc. can result
in higher fuel saving and less gaseous emissions.
Improvement in performance can be achieved by
moving from a component-based design to a fully
integrated design by including wing, tail, belly
fairing, pylon, engine, high lift devices etc. into the
solution. At the April 2018 ILA Berlin Air Show, a
high-efficiency composite cycle piston-turbofan
hybrid engine for 2050, combining a geared
turbofan with a piston engine core was presented.
The 2.87 m diameter, 16-blade fan gives a 33.7
ultra-high bypass ratio. The 11,200 lb. (49.7 kN)



India Foundation Journal, January-February 2022 {29}

engine could power a 50-seat regional jet. Although
the engine weight increases by 30 percent, the overall
aircraft fuel consumption is reduced by 15 percent.

New Engine Concepts
Two new engine concepts currently under

investigation include the ‘Combined Brayton Cycle
Aero Engine’ and ‘Multi-Fuel Hybrid Engine’.
Even though modern engines are supposedly very
efficient, a large part of the energy input is ejected
as waste heat (over 50%). Improving performance
by heat recovery is the requirement. A heat
exchanger integrated in a turbofan core can convert
recovered heat into useful power which can be
used for onboard systems or to power an
electrically driven fan to produce auxiliary thrust.
A dual combustion chamber, with first stage
between HP Compressor and HP Turbine burning
cryogenic fuel like Hydrogen/Methane or liquid
natural gas, and the second combustor at an inter-
stage uses kerosene/bio-fuel in the flameless
combustion mode is being considered. High
temperature generated in the first stage, allows
flameless combustion in the inter-stage, thus
reducing CO, NOx etc. Cryogenic bleed air cooling
can enhance the engine thermodynamic efficiency
by cooling the bleed air thus allowing increase in
temperature of the fuel. contra-rotating fans (CRF)
can use boundary layer ingestion to reduce both
noise emission and improve propulsive efficiency.

Next Generation Innovations
Developed under the US Department of

Defense’s Adaptive Versatile Engine Technology
(ADVENT) and adaptive Engine Technology
Development (AETD) programs, is the GE
Adaptive Cycle Engine (ACE). Unlike traditional

engines with fixed airflow, the GE ACE is a variable
cycle engine that will automatically alternate
between a high-thrust mode for maximum power
and a high-efficiency mode for optimum fuel
savings. ACE is designed to increase combat
aircraft thrust by up to 20 percent, improve fuel
consumption by 25 percent to extend range by more
than 30 percent, and provide significantly more
aircraft heat dissipation capacity. These adaptive
features are coupled with an additional stream of
cooling air to improve fuel efficiency and dissipate
aircraft heat load. The joint GE/U.S. Government
investment of more than US$ 1Billion, the ACE
engine will incorporate both heat-resistant materials
and additive manufactured components. In the
ADVENT program, GE reached the highest
combined compressor and turbine temperatures
ever. The Adaptive Engine Transition Program
(AETP) is underway. The challenge remains in
going to higher overall pressure ratio engines due
to increasing cooling air temperatures, constraints
imposed by developing new material technologies
and detrimental weight and drag impact on ultra-
high bypass ratio engines. GE Aviation’s Passport
engines feature a higher-pressure ratio and a
compressor made of new—and unnamed—
advanced materials. GE predicts that the engines
will achieve 8 percent lower fuel consumption and
considerably lower NOx emissions. The pulse
detonation engine (PDE), which has the potential
to radically increase thermal efficiency, is one of
the more exciting propulsion technologies being
researched. PDE uses detonation waves to
combust the fuel and oxidiser mixture. Instead of
burning it, it explodes it. In theory it can be used
up to Mach 5.0.

Some of the statistics around aero engines can
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explain the challenges of engine technologies, and
why very few manufacture modern engines. Each
wide-chord fan blade exerts a centrifugal force of
around 70 tons, equivalent to the weight of a modern
locomotive; each high-pressure turbine blade
generates the same amount of power as a Formula
1 car; and the turbine discs will now have a “dual
microstructure” to give different mechanical properties
at the centre and at the edge of the disc.

Electric and Solar Engines
A number of electrically powered aircraft,

such as the QinetiQ Zephyr have been designed
since the 1960s. Some are used as military drones.
In 2007, France flew a conventional light aircraft
powered by an 18 kW electric motor using lithium
polymer batteries, and became the first electric
aircraft to receive an airworthiness certificate.
Solar-powered manned aircraft designed to fly both
day and night without the need for fuel are already
under development. Solar electric propulsion have
been performed through the manned ‘Solar
Impulse’ and the unmanned NASA ‘Pathfinder’
aircraft. Many big companies, such as Siemens,
are developing high performance electric engines
for aircraft use. Small multi-copter UAVs are
almost always powered by electric motors.

Hydrogen Fuel Cells
Hydrogen fuel cell technology is fast evolving.

A hydrogen fuel cell is an electrochemical device
that uses a chemical process to convert hydrogen
to electrical power, which in turn can drive one or
more electric propulsion motors on the unmanned
aerial vehicle. Electricity, water and heat are the
only products of this chemical process, which
makes hydrogen an extremely clean fuel.

Hydrogen fuel cells are smaller, lighter, more
versatile and more resilient than alternatives like
batteries or small gasoline and diesel engines.
Unlike batteries, hydrogen fuel cells do not need
to be recharged. Simply connect a carbon fibre
hydrogen storage tank to the fuel cell, and fly!
Drones powered by a hydrogen fuel cell have much
longer range and flight duration than a comparably
sized battery-powered aircraft. Typical rotary and
fixed wing platforms can fly up to three times longer
with hydrogen fuel cell onboard. UAVs are already
flying far beyond the capabilities of drones
powered by batteries or gasoline engines.
Operators of fixed-wing or multi-rotor platforms
can fly up to three times longer with proven
hydrogen fuel cell onboard.

The 600-watt and 1200-watt liquid-cooled
hydrogen fuel cells and compressed hydrogen fuel
source are ideal for military and commercial
missions of all kinds, including intelligence,
surveillance and reconnaissance (ISR), search and
rescue, law enforcement, infrastructure and
agriculture inspections, and other missions where
silent operation and long duration flights are critical.
The hydrogen fuel cell advantages can be summed
as nearly three times the range or flight time of
batteries, no need for recharging, all-temperature
performance, faster turnaround times between
missions, no environmental footprint, virtually
noise-free, logistic simplicity, liquid-cooled
technology operates more efficiently at high
altitudes than air-cooled fuel cells, and longer
service life. Hydrogen fuel cell technology will be
increasingly used on larger aircraft.

Flight Planning Tools
The flight efficiency approach requires
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choosing optimum flight routes. All aircraft
operators and computerised flight plan service
providers exchange and compare their flight plans
with the best filed flight plan accepted by the
integrated initial flight plan processing system.
Special software tools show shortest route plans.
Dynamism through the application of the Flexible
Use of Airspace (FUA) concept, under which the
military release airspace to civil aviation helps. The
flight planning from aircraft start-up to switch-off
can be a great tool to reduce engine use and fuel
consumption. This allows substantial savings in
distance flown, time, fuel and environment. The
air and ground crew, the airline operator, air and
radar controllers, among many others can play a
significant role.

India’s Aviation Environmental
Regulations

India’s Directorate General of Civil Aviation
(DGCA) which is responsible for all aspects of
enforcement and regulation has an Aviation
Environmental Unit. All operators such as the
airlines, navigation service providers and airport
authorities too, have environmental cells. It is
mandatory to submit to DGCA monthly fuel
consumption data to set up a carbon dioxide
emission inventory. The DGCA sponsored noise
study for Indira Gandhi International Airport (IGIA)
Delhi has now become the standard for all major
airports in India. DGCA has laid down guidelines
for noise measurement and monitoring at airports,
including noise mapping, validation, action plan,
noise reporting and proposed aviation noise limits.
The Indian Ministry of Civil Aviation’s Green
Aviation Policy, 2019 aims to achieve the
sustainable and inclusive growth of the aviation

industry in the country and remedy the ecological
concerns posed by the industry. The policy creates
a regulatory framework to remedy the
environmental issues created by the civil aviation
industry by identifying key areas that require guiding
principles and regulations.

Environmental Initiatives -
Indian Airports

Indira Gandhi International Airport (IGIA),
New Delhi, was the first Indian green-field airport
build with international best practices keeping
environmental excellence and sustainable work
practices in mind. The focus was on natural
resource conservation, pollution preventions and
environmental skill development. All the aspects
and associated impacts due to services and
operations is based on ISO 14001:2004
Environment Management Systems (EMS). IGIA
ensured building green infrastructure, renewable
energy initiatives, climate change & greenhouse
gas management, followed international
environmental standards and controls, and resource
conservations (water, energy, & materials). Noise
abatement is one of the key areas. Automatic
aircraft noise monitoring System is installed in
approach’s of all runways and identify noisy
aircraft. Distribution of aircraft movement across
the three runways is based on time of the day and
individual aircraft noise levels. Inputs from noise
complaint system are also factored in. Continuous
decent approach is followed to reduce noise. IGIA
has target of net zero carbon emissions by 2030.
Other major Indian airports have introduced many
energy efficient technologies such as energy
efficient air-conditioning and water chillers, solar
water heating, solar boundary lighting, Compressed
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Natural Gas (CNG) or electric ground vehicles,
LED lighting, waste water treatment plants, and
high efficiency pumps. Cochin, Delhi, Mumbai and
Chandigarh airports have already installed solar
power plants. Bangalore and Hyderabad airport
solar projects are under implementation.  Ultimate
aim is to make the airports carbon neutral.
Bangalore has 273 hectare of green belt and 971
hectare of natural greenery. Chandigarh
International airport uses only natural light during
day and mostly LED lighting thereafter. It also has
a transparent glass roof with low heat gain that
cuts down air conditioning requirement.

Conclusion
Advances in engine architecture,

aerodynamics, and materials have resulted in
today’s aircraft engines consuming 40 percent less
fuel — and emitting 40 percent less CO2 — than
engines manufactured in the 1970s and 1980s.
Each kilogram of fuel saved reduces carbon
dioxide (CO2) emissions by 3.16 kg. Modern
aircrafts are 30-40% more efficient than those of
15 years ago. Fixed electrical ground power can
reduce the amount of fuel burn used on ground
power by up to 85%.

However, we cannot be satisfied with the pace

of progress from the past. The next set of engine
technologies, including open fan architectures,
hybrid-electric and electric propulsion concepts,
and advanced thermal management concepts, offer
the potential to achieve at least a 20 percent
additional improvement in fuel efficiency compared
to today’s state of the art single-aisle aircraft
engines. Industry initiatives to approve and adopt
100% Sustainable Aviation Fuel (SAF) and
investigate hydrogen as the zero-carbon fuel of
the future should deliver. Aero-engines of the future
will be more and more fuel efficient and
environment friendly. The future of flight will be
defined by how the aviation industry innovates to
lower emissions and improves fuel efficiency.
Global warming is causing global mean sea level
to rise in two ways. First, glaciers and ice sheets
worldwide are melting and adding water to the
ocean. Second, the volume of the ocean is
expanding as the water warms. On future
pathways with the highest greenhouse gas
emissions, sea level rise could be as high as 8.2
feet (2.5 meters) above 2000 levels by 2100. More
than 260 airports are at risk of getting submerged
due to such a sea level rise or coastal flooding. Up to
20% of flight routes could be disrupted. Therefore,
time to act is now, lest it becomes too late.

1 https://www.unep.org/resources/emissions-gap-report-2021
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Politics and Economics of Climate Change:
Opportunities for India

Any event can be easily manipulated

politically if the intent from the start is to

set a narrative contrary to the belief of

the people, the geography, culture or history. The

Western world has mastered that art. History

reveals the attitude of the West to first get a

foothold, and then overlook well-established ideals

of sustainable development used by local societies.

Following a consumerist approach, they have

manipulated and replaced those models for their

own benefit—monetary, political and social.

By controlling the branding and shaping of

perceptions they control mindsets, which enables

them to propagate matters in a chosen manner.

By glamourising their own lifestyles, they create

new markets. Simultaneously, they sow insecurity

in the minds of the target social group. Climate

Change is one such notion that has been twisted

into politics and economics. It is a term coined

only by the West and they have succeeded in making

it look or seem more attractive than it really is.

What is Climate Change
Weather is essentially the state of the

atmosphere at a particular place and time. Although

a definite time scale cannot be attached to it,

weather conditions can change rapidly or last for

weeks. Climate is the synthesis of weather for a

long enough period for reliable statistical

*Prof K. Siddhartha is an Earth Scientist, Knowledge and Perception Management Consultant and Thought
leadership trainer. A strategic thinker, he has been advisor to several Governments. He has written 116
research articles, authored 43 books, and is a mentor to a large number of civil servants in India.

determination of its properties. Changes in weather

are collectively known as climate. Unlike the

weather, where the change is instantaneous or may

last for weeks, the climate is relatively constant

from year to year or century to century.

Nevertheless, there is evidence of fluctuations

or variations in climate. When these fluctuations

follow a particular trend, it is called a climatic trend.

These fluctuations may themselves be cyclic in

nature and are known as a climatic cycle. Over a

longer period of time, climatic fluctuations may be

such that they will shift the climate of a given area.

Such changes in climate are called climate change.

Various terms like climatic variations, climatic

fluctuation, climatic trend, climatic cycle and

climatic change refer to relevant time scales and

are mostly just terminologies.

Variations in climate on geological time scales

run into millions of years. Such variations in climate

that occurred during recent history dating back to

perhaps a few thousand years are collectively

called climatic change. Changes in climate usually

occur over a period of 100 to 150 years and are

termed secular or instrumental changes. Other

variations in climate that happen within a period of

less than 30 to 35 years are used to calculate values

of climatic normals. These variations are too rapid

to be considered climatic change.

FOCUS
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Are we in a Climate Change?
Article 1 of the United Nations Framework

Convention on Climate Change (UNFCCC)

defines climate change as: “a change of climate

which is attributed directly or indirectly to human

activity that alters the composition of the global

atmosphere and which is in addition to natural

climate variability observed over comparable time

periods”. Thus, the UNFCCC makes a distinction

between ‘climate change’ due to human activities

altering the atmospheric composition and ‘natural

climate variability’ that occurs due to natural causes.

It is unanimously agreed that the earth is

warming. How much of this warming can be

directly attributed to or caused by human activity

is not clear? Their effects are extremely difficult

to assess, though accumulations of greenhouse

gases like carbon dioxide are more than likely

taking their toll. What is clear is that, globally, 14

of the 15 warmest years on record have all

occurred in the 21st century. Each of the last three

decades has been warmer than the previous one.

2001-2010 has been the warmest decade on record.

Average global air temperatures over land and

sea surface in 2014 were 0.57 °C (1.03°F) above

the long-term average of 14.00°C (57.2 °F) for

the 1961-1990 reference period. By comparison,

temperatures were 0.55 °C (1.00°F) above

average in 2010 and 0.54°C (0.98°F) above

average in 2005, according to WMO calculations.

The estimated margin of uncertainty was 0.10°C

(0.18°F).

Is it man-made?
It’s our recklessness that we multiply

uncontrollably, deforest, burn stubble and use

chemicals, knowing well that they cause destruction

and degradation. We understand that if we do not

take action now it will be too late! Ironically, we

ourselves are products of climatic change. Had

climate not changed, reptiles and mammoths would

have ruled the earth and there would be no coal.

We are a product of such transformations and this

climate change will ultimately pave way for other

ecosystems to evolve.

We cannot master the functionality of nature

or its ways. What we see today might not be there

tomorrow and there might be something new in

the climate that we still do not know about.

However, to link every event in the atmosphere to

global warming defies logic. What we do know is

that climate change has acquired a new dimension

in the form of opening up new battles, disputes

and new war including perception war.

The Politics of Climate Change
Climate change is a natural event but the

concept can and has been used to convey

manipulative motives more than it has been dealt

with naturally. Ever since the term came into use,

it is strongly used to build narratives that are even

contradictory and are altered in different regions

and for various purposes by assorted groups.

When a model of change is not in sync

sustainably, does not adjust naturally, and is laced

with consumerism, it speaks of hidden intents and

motives. When it is being done with the purpose

of changing the perception of people, it is nothing

but a deception of the highest order, an epidemic

(infodemic) and a form of war (perception war).

Solutions turn political when there are many

unexplained truths and a refusal to accept change
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is woven into the scheme of things.

Climate Change is politics when its

interpretation is manipulated, converted into

economics and used in trade. It becomes a weapon

to threaten and destabilise countries. With different

narratives in mind, Climate Change is used as a

power projection. Politics comes into play with the

setting of a narrative and usually involves hiding

the truth by justifying lies. To begin with, Climatic

Change has been used by its supporters with an

aim to shift blame. Secondly, when it involves

treatment, it is using economics and business.

Climate Change politics is about looking away from

simple solutions. Thirdly, it gets converted into a

tool that is used to threaten all those who do not

subscribe to a particular view. Towards this end,

facts are doctored, information deliberately hidden,

some arrangements camouflaged, and scientific

knowledge is interpreted with a hidden agenda.

The Industrial Revolution and
Crony Capitalism

The industrial revolution saw almost all the

western economies present a consumerist model

that was capital-driven and energy and resource-

intensive. There was little thought given to the

impact this would have on the environment. Now,

having created a dirty world, the same creators

are scrambling to treat the negative effects.

Crony consumerism has generated waste that

required constant management. Energy use at

every stage created the present man-made climate

change. The industrial revolution created by

Western economies has now become one of the

greatest catastrophes to infest mankind. The waste

generated by the combined western world in the

last 200 years still remains in the atmosphere and

is now the greatest cause of global warming. It is

the biggest source of all greenhouse gases and

subsequent environmental degradation. Western

economies have made every effort possible to hide

and manipulate this fact from the world. They seek

to absolve themselves from the magnitude of

damage caused by them and are shifting the blame

to developing economies. They have also

outsourced manufacturing and thus have exported

pollution and emissions to developing countries.

Having used coal lavishly during their industrial

revolution phase, the Western world now wants to

prevent developing countries from using this cheap

source of energy. This comes at a time when the

developing world wants to attain a better GDP to

come to some degree of parity and has just started

to use coal on an industrial scale.

Food Consumption Patterns
Food consumption habits, tastes and pattern

of the West leaves much to be desired. Let us

examine the issue of meat production and

consumption. Meat production causes global

warming at a much higher rate than the cultivation

of vegetables and grains. 51% of all greenhouse

gas emissions come from livestock and their by-

products. The industry accounts for at least 32,000

million tons of carbon dioxide (CO2) per year.

Cows produce around 150 billion gallons of

methane each day. Methane has a global warming

potential 86 times that of carbon dioxide (CO2)

and is 25-100 times more destructive than CO2

over a 20-year time frame. Livestock farming is

responsible for 65% of all human-related emissions

of nitrous oxide – a greenhouse gas with 296 times
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the global warming potential of carbon dioxide. It

stays trapped in the atmosphere for 150 years.

Agricultural practices in the western world are also

highly energy-intensive and without principles of

ecological conservation. The higher rate of

production ignores the cost involved in terms of

energy and other inputs. The same goes for their

livestock farming. The West carries on with it since

they think they are correct and have the right to

do so. To top it all, they convince the world of the

correctness of this practice and shamelessly defend

it too.

The Fashion Industry
Camouflages Intent

Unmonitored growth of the fashion industry

contributes to extreme levels of greenhouse gas

emissions. The western world hides the truth to

maintain its superiority in branding and identity,

apathetically to an extent of affecting global

warming. In fact, the industry accounts for 10

percent of global carbon emissions which is more

than the emissions for all international flights and

maritime shipping, combined.

Carbon dioxide emissions in the manufacture

of polyester are three times more than those for

cotton. By 2030, such emissions from the

manufacture of textile alone are projected to

increase more than 60 percent.

Pets come with “Climatic Price” Tags
When it comes to climate change, fondness

for pets is not far behind. There are 470 million

pet dogs and 370 million pet cats on the planet,

and they all add to climate change. An average-

size cat generates 310 kg of CO2e per year, an

average-size dog produces 770 kg of CO2e per

year, and a large dog creates 2,500 kg of CO2e

per year. Over 64 million tons of greenhouse gases

are released only because of America’s pet cats’

and dogs’ eating habits. A minor shift will bring

about change, though of a minuscule level.

Travel has side effects
Travel generates huge amounts of carbon. The

travel industry accounts for 8 percent of global

carbon emissions and tends to grow at a rate of

4% annually. It is the need of the hour to promote

carbon offsetting to compensate and reduce travel

emissions. Visitors from high-income countries

contribute to a majority of this footprint. Also, we

indeed to promote local tourism to cut on air travel.

Unless the lifestyle, GDP-oriented consumerist

model, and the so-called industrial revolution-based

model are changed, climate change will remain.

Narratives and Concealments
as Politics

It is ironic that several narratives are aided

with concealments that abound in the world. While

the whole world is undergoing warming at a

differential rate, there are many anomalies too.

The role of methane and Trifluromethyl Sulphur

Pentaflouride has been inconsistent and so has

been on Ozone hole whose mechanism of

formation left some in quandary and also which

never grew to the desired size once the West found

a market for new alternative to CFC.

The information on Arctic as well as the

information and interpretation on glacier melts is

inconsistent and contradictory. The causes of

Arctic warming and its domino effects remain
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mired in contradictions. What is never even

mentioned is that water temperature increases in

the Arctic region contribute significantly to carbon

dioxide and methane emissions and the resulting

warming leads to more thawing—an effect called

‘positive feedback’.

One may not even know the truth behind the

narrative related to petroleum reserves and their

potential for the world but here too, the negative

consequences are glossed over. The truth behind

fusion reactors being environment friendly too are

not very clear, neither is the reality behind the

damage that could be caused by the lithium

batteries. The impact of disposing of solar cells

when they have lived their life is hidden too. The

reality of the environmental impact of nuclear

power, solar panels is replaced with another

narrative. Misconceptions associated with limitless

energy remain disguised. Such narratives are set

in the name of so-called development and

globalisation. It was western societies that coined

the term ‘Climatic Change’. They then funded think

tanks to pour doubts over global warming, and then

later hired retired scientists to shower scorn over

climate science. This resulted in enormous bias in

their so-called researches that lacked objectivity.

Though the West comes out with researches on

global warming at frequent intervals the aim is to

seed doubts and therefore the intent of the

researchers even if the research was absolutely right.

Global Warming and Power Politics
The likely impact of global warming is a scary

eye-opener. Projections indicate that in the US,

rising seas will render important naval bases (like

Norfolk, Virginia, and Mayport, Florida) essentially

useless. A good number of islands and many

coastal cities around the world are on the brink of

submerging.

While the polar warming raises concern,

contrastingly, the same areas will benefit from a

more temperate climate. Greenland may have a

flourishing agricultural industry by the middle of

this century. 40 years ago, Arctic ice was near

impenetrable. Submarines could navigate the Arctic

Ocean, but not destroyers or cruisers. That is no

longer the case. As the ice caps melt, there will be

a geopolitical ocean-heist in the far north to gain

control of aquatic hydrocarbons, deep-seabed

mining and shipping routes. With Russia on one

side of the Arctic and five NATO nations on the

other (Canada, Denmark by virtue of Greenland,

Iceland, Norway and the US), the possibility of

conflict is likely to rise just like the ocean levels.

The USA of course will be the last country to give

any advantage to the Russians.

In the Arctic, where temperatures are rising

doubly as the global normal, Russia, China and

others are formally trying to establish a geopolitical

foothold over the region. Resources here that were

once under the ice, now stand exposed. The melting

of permafrost in Siberia will pave way for the

expansion of the agricultural area and its

simultaneous effect will be felt on the food security

of Russia too with an added muscle power to its

politics. China can use Tibetan region and its snow

cover to alter the albedo and affect the monsoons.

Checking Russia, China and
other Choke Points

Phasing out oil imports will help reduce the

income and geopolitical power of countries like
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Russia, which currently relies heavily on the EU

market. Of course, the loss of this key source of

Russian revenue could lead to instability in the near

term. Strategically, as oil becomes less relevant,

the old strategic chokepoints — starting with the

Strait of Hormuz, Bab-el-Mandeb strait will

become less dangerous. These seaborne passages

have preoccupied military strategists for decades.

But as the oil age passes, they will be less subject

to competition for access and control by regional

and global powers.

Business Economics as Politics
A transition, either economic, technological or

perceptual is a good business proposition as it offers

opportunities that never existed before. It could

be in the form of technological development. To

begin with, developing countries have already been

converted into trash bins of recycling. Developed

countries have smartly outsourced all the dirty

manufacturing and made the third world a dump

yard for pollutants. Energy shift and transition in

the Middle East economies will mean conversion

to solar energy. The new climate change politics

is creating and has created two different blocks,

“petra” and “electra” with a concomitant effect

on control of energy politics and consequently

power politics.

Greater emphasis on electric power reliance

will allow China to rise and petrostates will fall —

or so says conventional wisdom. In reality, the

geopolitical fallout of a clean energy transition will

be far more subtle, complex, and counterintuitive.

But politics and economics will always speculate.

China also dominates the market for some of the

commodities—such as lithium and cobalt—that are

critical inputs for many clean energy technologies

such as batteries. This naturally raises national

security risks, particularly in military and

communications applications, where these

commodities are also crucial.

Shrinking demand for oil and gas will mean

lower prices, implying that even if petrostates gain

market share, they would still see revenues collapse.

West Asia will have a lot of stranded assets to

deal with once there is a shift in energy and power

structure. Unable to sustain themselves, these

organisations will become mere tools for

negotiations. Of course, the reality is more

complicated

The future scenario could will be that some

petrostates may be tomorrow’s electrostates.

Saudi Arabia, for example, which has abundant,

low-cost solar power, announced a US$ 5 billion

project to turn renewable energy into hydrogen,

and has also sent Japan the world’s first blue

ammonia shipment. Other countries rich in cheap

renewable power, such as Chile, may also emerge

as the superpowers of a new hydrogen-based

economy. Moreover, advances in carbon-capture

technology could create opportunities for natural

gas to play a role in a low-carbon economy, either

directly or converted to other fuels such as

hydrogen. Such energy transition in itself will shift

power away from those controlling and exporting

fossil fuels to those who master green technologies

of the future. Gradually eliminating fossil fuels and

reducing its dependence on energy imports will

vastly improve European Union’s strategic position.

In 2019, 74% of their gas and 87% of their oil came

from imports. Fossil-fuel products worth US$ 386

billion or €320 billion came from abroad that year.
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In short, the western countries used untested

unsustainable energy and distributed toxic pollutants

into cleaner environments. They invaded

developing countries and industrialised them on

their own paradigms of consumerism and crony

capitalism. Then they de-industrialised themselves

by exporting dirty industries. Now, citing

environmental ethics, western powers are blaming

the same countries to which they exported their

emissions and are asking them to pay for cleaning

the garbage and dirt that they themselves created

everywhere! To prevent genuine forthcoming

action, western funded think tanks pour doubts into

minds over who is responsible for global warming.

Unprincipled retired ‘scientists’ are being hired to

pour scorn over climate science.

Politics of Solution and
the Perception War

Manmade climatic change should not have

taken place in the first place. Simple sustainable

solutions exist, but they are not being propagated

by the polluters. Global powers keep on inserting

infodemics to alter the truths, to discard genuine

and easy solutions for their own purposes.

To begin with, tackling CO
2
 emissions is simple.

The Covid 19 pandemic showed us that the

lockdowns imposed in 2020-21, which halted social

and economic activities led to global carbon dioxide

emissions dropping by 6.4% or 2.3 billion tonnes.

While lockdowns are not being advocated, global

warming can be tackled using simple natural

systems. In order to make the transit from an

energy-intensive society to a more ecocentric one,

(commercially speaking to electric one), we will

have to stop producing pollutants and greenhouse

gases. Reducing the carbon dioxide level in the

atmosphere can be achieved through dietary

changes and through innovate building designs that

consume less energy. We will also have to follow

environment-friendly practices like afforestation,

carbon storage by expanding wetlands, expand

mariculture through seaweeds and kelp farming

and encourage basalt weathering.

In terms of dietary habits, a shift to reduced

calorie consumption (2000 calories per day instead

of 2500 calories) will suffice. Today, about 20%

of the world overeats and it leads to obesity. A diet

shift is also suggested to cut down the consumption

of proteins to the recommended level. We need to

focus more on plant-based proteins and cut down

on meat-based ones. When protein requirements

are to the order of 55 grams of proteins per day,

there is little need to consume 75-90 grams of

protein daily. In addition, cutting down on beef

consumption and cattle in general from our daily

diet will offer both dietary and environmental

benefits. It saves agriculture for land use and

reduces greenhouse gases. Rather than beef, one

can choose poultry, fish, and, of course, legumes.

Other simple solutions include lifestyle changes

that can be supplemented with other changes like

changes to building design, curbs on commuting

habits, and weekend spending. That means altering

the lifestyle and brand image of the West and

homogenisation of lifestyle to be closer to nature.

The world has involved itself in various

conventions and concepts. These include the

United Nations Conference on the Human

Environment (1972), United Nations Environment

Programme (UNEP) or UN Environment,

UNFCCC: United Nations Framework



{40} India Foundation Journal, January-February 2022

Convention on Climate Change, Kyoto Protocol

(COP 3; UNFCCC Summit 1997) and other

important UNFCCC Summits Post Kyoto, the last

one being the Katowice (Poland) Climate Change

Conference 2018. They have practically achieved

nothing.

The new solutions such as the Net Zero

concept, bears testimony to the ongoing

manipulative streak. In simple words, net-zero

refers to the balance between the amount of

greenhouse gas produced and the amount removed

from the atmosphere. We reach net zero when

the amount we add is no more than the amount

taken away.

Net-zero, which is also referred to as carbon-

neutrality, does not mean that a country would bring

down its emissions to zero. Rather, net-zero is a

state in which a country’s emissions are

compensated by absorption and removal of

greenhouse gases from the atmosphere.

Absorption of the emissions can be increased by

creating more carbon sinks such as forests, while

removal of gases from the atmosphere requires

futuristic technologies such as carbon capture and

storage.

The emission-reduction targets for 2050 or

2070, for rich and developed countries seem an

eyewash. The same rich countries whose

unregulated emissions over several decades are

mainly responsible for global warming and

consequent climate change assured the rest of the

world to wait. They did nothing other than boost

pollution. The net-zero formulation does not assign

any emission reduction targets to any country.

Theoretically, a country can become carbon-neutral

at its current level of emissions, or even by

increasing its emissions, if it is able to absorb or

remove more. From the perspective of the

developed world, it is a big relief, because now the

burden is shared by everyone, and does not fall

only on them. Glorifying its net-zero targets the

West is putting pressure on the developing nations.

India constitutes around 18% of the global

population but contributes less than 5% of pollution.

The West is under the illusion that the important

target is how much you are going to put into the

atmosphere, before reaching net-zero. They

assume that emissions from burning coal can be

compensated in real-time by protecting a forest.

This is ignorance given the fact that plants need

time to grow whilst cutting fossil fuel emissions

has immediate results. The fact is carbon removal

does not take place in real-time.

India is opposing this net-zero target since it is

likely to be the most impacted by it. Over the next

two to three decades, India’s emissions are likely

to grow at the fastest pace in the world, as it

presses for higher growth to pull hundreds of

millions of people out of poverty. No amount of

afforestation or reforestation would be able to

compensate for the increased emissions. Most of

the carbon removal technologies right now are

either unreliable or very expensive. In any case,

India is not in a position to control emissions on

account of various ongoing development projects

aimed at taking the country forward. These

projects are worth USD 28 trillion.

Opportunities for India
The earth has enough regenerating capacity

environmentally. Economically, Japan and Germany

are live examples of how a country can be rebuilt
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from the rubble after the harshness of World War

II. There are many advantages that a country can

gain when it starts afresh because it can remodel

itself, insert a lot of lateral thinking, and look at

creating new opportunities.

India is in a position to take leadership in

environment protection through its soft power

reach to include prevention, improvement and

control. This can be done through its local wisdom

and knowledge, weaving indigenous people with

technology and making the historical knowledge

gained through millennia to get identified and

respected and implemented by the world (Gleb

Raygorodetsky, Why Traditional Knowledge

Holds the Key to Climate Change)

Managing Indigenous Societies and
their Knowledge throughout the world

 Indigenous people and their traditional ways

of life have contributed little to climate

change, but ironically are the most adversely

affected by it. This is because of their

geographic and historic dependence on local

biological diversity, ecosystem services and

cultural landscapes as a source of

sustenance and well-being. These

indigenous people are located predominantly

at the social-ecological margins of human

habitation—such as small islands, tropical

forests, high-altitude zones, coasts, desert

margins and the circumpolar Arctic.

 The indigenous people, comprise only four

per cent of the world’s population (between

250 to 300 million people). They utilise 22

per cent of the world’s land surface but

maintain 80 per cent of the planet’s

biodiversity in, or adjacent to, 85 per cent

of the world’s protected areas. They are

the real victims of climate change.

 Indigenous lands also contain hundreds of

gigatons of carbon—a recognition that is

gradually dawning on industrialised

countries that seek to secure significant

carbon stocks in an effort to mitigate climate

change.

 Indigenous observations and interpretations

of meteorological phenomena are at a much

finer scale, have considerable temporal

depth and highlight elements that may be

marginal or even new to scientists.

 Indigenous peoples’ observations contribute

importantly to advancing climate science,

and have meaningful experiences applicable

at the local level.

 Resilience in the face of change is

embedded in indigenous knowledge and

know-how, diversified resources and

livelihoods, social institutions and networks,

and cultural values and attitudes.

This local knowledge can be utilised through

several mechanisms. It includes workshops with

the help of several other partners (UNDP,

UNESCO, and CBD) — to promote respect for

the local and traditional knowledge at the national

and local levels. For indigenous peoples, such

workshops will provide an opportunity not only to

present their experiences and knowledge about

climate change in their communities, but to gain

valuable information on global climate processes

that are affecting their communities. Moreover,

indigenous people learn about other indigenous

climate change-related experiences, while
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scientists gain opportunities to ground-truth (field

check) climate models and scenarios.

India can actually play a pivotal role in not

only ending the suffering of indigenous people but

utilising their knowledge and experience of being

a 15,000-year-old actual civilisation. India can

model Universities based on such experience on

the lines of Barefoot College in Tilonia, but will

need to create a realistic model that is visible and

invisible as per its choosing. This is where India

can truly be a ‘Vishva Guru’. This model will help

a new diplomacy for India-Eco-Diplomacy. It will

also empower a lot of local communities across

the globe. India is the only country that has the

willingness and ability to provide a platform to

showcase the indigenous genius to the entire world.

By creating an eco-centric approach that sets

value and importance on the entire environment

and all life in it, India can lead the whole world to

make the shift! By fusing management and

technology with minimal investment, India can

showcase its carbon capture methods to the whole

world. India needs to create self-reliant models of

independent units with zero emissions that are

environmentally sustainable in different agro-

climatic regions. This model could be adopted by

different countries with a similar climate like Mali,

Cambodia, Siberia and Argentina. India can have

a strong stand at the Conference Of Parties

COP26 of the UN Climate Change Conference

and play a major role in carrying its offshoots. She

can set examples by expanding and reclaiming

wetlands to capture and sequester carbon deposits.

Wetlands cover about 6 to 9% of the earth’s

surface and sequester roughly 35% of the global

terrestrial carbon.

Although forests were considered the best

natural protection against climate change, recent

research shows that seaweed is the most effective

natural way of absorbing carbon emissions from

the atmosphere. India has a large Exclusive

Economic Zone (EEZ) that can be used to remove

huge amounts of carbon deposits and provide

protein to its citizens from seaweed. The 7500 odd

km of coastline is an effective way to grow and

nurture kelp—a type of seaweed whose farming

is considered to be a remedy for all the ills

associated with global warming. Kelp can grow

as much as 20 cm every day. It not only absorbs

carbon dioxide but also de-acidifies the ocean

water. By drawing CO out of the waters they allow

our oceans to absorb even more CO from the

atmosphere.

With the largest basaltic exposure in the world,

India can additionally use basalt weathering

technology to absorb carbon deposits. Basalt

weathering means mixing crushed basalt with soil,

which slowly dissolves and reacts with carbon

dioxide to form carbonates. This method would

allow between 0.5 billion and 2 billion tonnes of

CO2 to be separated from the atmosphere each year.

Going ‘local’ is India’s recent mantra, though

this life pattern is from ancient Indian wisdom. Our

distinct set of concepts and thought patterns include

theories based on the revival and evolution of local

wisdom that is seldom found elsewhere in the

world. These concepts can be weaved with our

minimalistic living lifestyle and our nature-centric

development visions. They are suited for different

geographical settings that can be used anywhere

in the world with similar agro-climatic conditions.

Minimalistic living strives to only use things
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that serve a purpose. It’s about simple living and

having only what one needs to go about daily life.

It is a smart rendezvous of technology, attitude

and curbing the desires for sustainably. The

components of the model include energy

management, water management, vegetarian diet

management, housing using natural ingredients and

zero energy agriculture linked with satellites. Rural

India works like a partially closed ecosystem in

which energy obtained from plant photosynthetic

is used to grow crops.  This in turn provides an

essential energy input to grow more food and is an

endless cycle. This can be co-joined with new

farming technologies developed with countries like

Israel, as well as agricultural technologies based

on minimum energy.

The second solution is the modification and

linkage of the Happiness model of Bhutan. Both

these models wean away countries from a GDP-

based development model, but also provide

alternative sustainable income on India’s soft power

platform.

The third is the extension of PM Modi’s

concept of ‘One Sun, One World. One Grid’

(OSOWOG) initiative organised along with the

Chatth festival (the only festival that worships the

Sun). It aims to raise awareness about various

ways to harness energy from the Sun. It aims to

build a transnational grid that would allow countries

to source solar power from regions where it is

daytime to meet their green energy needs when

their own installed solar capacity is not generating

energy.

India is actually at cusp of change to unleash

a new knowledge to the world, cleanse the world

of its infodemics on climate change, weave the

world communities into making the earth a liveable,

sustainable and a more beautiful place.
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Sriparna Pathak*

China’s Culpability for Climate Change

Introduction

The nature of international relations has been

constantly changing over decades and

centuries, as the nature of threats to

humankind’s continued survival has been evolving.

If the transition from the 19th to the 20th century

saw the emergence and the re-emergence of the

conflicts over physical boundaries between states

comprising the international system, then the

transition from the 20th to the 21st century saw the

emergence of the non-state actor as a potent threat

in international relations. The 21st century, as

juxtaposed to the previous centuries, is undergoing

a host of changes ranging from cyber warfare to

increase in artificial intelligence to biological

warfare to the emergence of a global scale

pandemic—all of which seriously threaten the

continued existence of humankind. What has also

become identified as a potent threat in the 21st

century is climate change. While climate change

per se did not emerge overnight and is an outcome

of centuries of pollution, the problem has reached

alarming levels given the massive number of

changes taking place owing to climate change.

What is more worrisome is the fact that while

climate change has been recognised as a threat to

humankind, states of the international system still

undertake an outdated, almost territorial approach

on the issue, refusing to take responsibility for

change and trying to extract maximum benefits

out of the existing international system for the

*Dr. Sriparna Pathak is an Associate Professor at the School of International Affairs, O.P. Jindal Global
University, Haryana, India. She is also the Director of the Centre for Northeast Asian Studies at the School.

fulfilment of their own narrow selfish interests.

The challenge becomes a type of protracted

conflict as developed countries of the rich North

constantly seek to evade their historic responsibility

for polluting the world for decades, while trying to

put emission caps on the developing world. For

the developing world this becomes challenging as

levels of development are directly proportional with

carbon emissions. A halt to emissions also means

a halt to economic development which in turn will

jeopardise the lives of billions living in the

developing world.

In the recent past India and China have often

joined hands at climate change negotiations to

remind the developed rich North of their historic

responsibility for climate change and to negotiate

caps on emissions in accordance with countries’

responsibilities for global warming. However, what

has also been witnessed with regards to China is a

peculiarity in this context. While China is a

developing country and does not have the same

historic responsibility as the developed world, China

currently is also the biggest emitter of fossil fuel

carbon dioxide emissions, and it accounted for

more than 27 percent of total global emissions in

2020 (BBC, 2021). China emits more greenhouse

gases than the entire developed world, with the

US being the second largest emitter at 11 percent

while India was third with 6.6 percent of the

emissions (Ibid.).

China’s emissions have more than tripled in

FOCUS
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the past three decades. In fact, while Xi Jinping

previously stated that China would strictly control

coal fired generation projects, China has only been

increasing construction of coal-fired plants

(Volvovicci, Brunstrom and Nichols, 2021). State

owned Bank of China has been constantly financing

overseas coal projects with its funding reaching

USD 35 billion since 2015 (Stanway, 2021). In

September this year, Xi Jinping stated that China

will not build new coal fired projects abroad.

However, facts on the ground state something else,

as the energy crisis that China finds itself amidst

will push China to consume more coal to ensure

continued electricity supply. Power cuts of various

magnitudes have been witnessed in at least 20

provinces across China since mid-August this year.

Shortage of coal supplies, tougher government

mandates to reduce emissions and a greater

demand from manufacturers have all contributed

to the current situation (Lee, 2021). The energy

crisis has halted production in various factories

across China, which is going to have an impact on

an already slowing economy. Therefore, China will

have to balance its act between clean energy and

declining growth rates. In this context, it becomes

pertinent to look at some of the pledges Xi has

made in the past regarding usage of clean energy.

Xi’s pledges regarding
combating climate change

Even though Xi Jinping did not attend the COP

26 this year, he had announced last year that

China’s carbon emissions will begin to decline by

2030 and that China will reach carbon neutrality

by 2060 (Ibid.). For the purpose, China introduced

a dual control policy which requires Chinese

provinces to limit energy use and to cut energy

intensity, which is defined as the amount of energy

used per unit of gross domestic product (GDP).

The dual control system was first set in China’s

11th Five Year Plan (2006-10). However, it has

gained in significance post Xi assuming the reins

of power and committing to China peaking carbon

emissions by 2030 and to becoming carbon neutral

by 2060 (CGTN, 2021). The plan was to set a

five-year target of energy consumption and energy

intensity for different provinces, autonomous

regions and municipalities in an effort to reasonably

manage the indicators of total energy consumption

and energy intensity (Ibid.).

During the 2015-2020 period, China had a

national target for a reduction in energy intensity

of 15 percent. The latest five-year plan adopted in

March this year targeted a further 13.5 percent

cut by 2025 (Gao, 2021). Because of these plans,

phased goals were set in place, and it was assumed

that by 2025 the dual control system would be more

complete with better allocation of energy resources

and better energy utilisation. In this context, it

becomes pertinent to take a closer look at how

Chinese provinces have performed with regard to

the dual control system.

In mid-August this year, China’s economic

planning agency announced that 20 provinces had

failed to meet their targets in the first half of 2021

(Lee, 2021). In late 2020, several provinces were

reported to be struggling to meet their targets, as

difficulties got exacerbated by COVID19. Some

provinces even took drastic measures of cutting

off power supplies to comply with the targets. This

led to a realisation that an examination of the efficacy

of those targets are needed. In the meantime, China’s












































































